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1 THE SCIENTIFIC ROLE
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Chapter 1 THE SCIENTIFIC ROLE OF SASA 

In the UK, as in many countries, aspects of the quality, safety
and security of food supplies, and of the environment, have
come under the regulation of government. This is seen as
action for the common good, conferring benefits on all
citizens, in terms of their diet, health and recreation, as well
as protecting the narrower interests of the food producer and
retailer. 

For example, in the early decades of the last century, it was
recognised that farmers and growers needed assurance that
the planting materials (seeds and tubers) for sale were viable
and healthy; they also needed to be certain that a named
variety had consistent useful characteristics. Out of such
concerns came seed and variety legislation as well as crop
certification schemes, regulated and enforced by
government, to ensure the quality of agricultural products. In
the same period, the expansion of trade and travel led to the
awareness that crop production could be highly vulnerable to
invasion by new pests and diseases from other countries and
continents. In response, governments began to assume
responsibility for plant health, supervising movements across
their borders, as well as for the control of some difficult, but
native, pests, diseases and weeds. Later, with the widening
use of powerful synthetic chemicals for the control of pests, it
became necessary to introduce official systems of
registration, surveillance and review of pesticides to protect
human health and the wider environment against
unpredictable as well as predictable risks.

Each of these areas of legislation and regulation has a strong
scientific component, and there was an early need for a cadre
of specialist scientists to provide expert advice and services,
but also to represent government in technical negotiations.
This was the reason for the establishment of the precursors
of SASA, and other government laboratories, nearly a hundred
years ago, and the need for official scientific support has
expanded since then, as responsibilities for wider areas of
science have been assumed.

One aspect of this remit is the major theme of this, the
second, review of the scientific work of SASA, covering the
years 1997-2000. No biological, ecological or economic
system is static, and regulation itself can have effects upon
sectors of the agricultural industry; crop rotations, varieties,
pests, diseases, weeds, crop protection chemicals, and even
the genetic strains of diseases, have altered dramatically over
the years. The first review, of 1992-7, presented a classic
case of such evolution and change: the withdrawal of
organomercury seed treatments, for environmental reasons,
was associated with the reappearance of a seed-borne fungal
disease of barley, leaf stripe, that had been controlled for so
long that most farmers were unable to recognise it. The
challenge to SASA seed scientists was to understand the
biology and epidemiology of the resurgent disease, and to
formulate, in the event successfully, a procedure to ensure
that it did not endanger seed health.

Similarly, the first certification scheme for a seed crop in
Scotland was for oats, the most important crop species at
that time, but oats are now of minor economic importance,
and interest must focus on spring and winter barley, and
winter wheat, as well as newer crops such as oilseed rape.

Pesticide scientists need to understand the properties, use,
and fate in the food and environment of new generations of
active ingredients, following the withdrawal of organochlorine
and many organophosphorus compounds. Ecologists must be
aware that climate change may change the balances upon
which regulation is founded: for example, a warmer, wetter
Scotland may make it difficult to control the aphids which
transmit potato virus diseases; in turn, this provides a
powerful argument for long-term monitoring of aphid
populations.

Over the last nine decades, government scientists in Scotland
have, through their involvement with regulation and the
enforcement of legislation, gained unique knowledge and
insight into crops and the environment, which has, in turn, fed
into the regular review and adaptation of such legislation and
regulations to deal with the economic and ecological realities
of the day. The scientist has been, and continues to be, an
essential component in teams developing new policy. The
following pages provide several clear examples from SASA of
the continuing interaction among the economic, biological
and chemical contexts; the growth of scientific understanding
and competence, including new technology; and the
continuing need for action to safeguard food, health and the
environment:

• Review of the role and effectiveness of scientific advice in the
evolution of regulations (4.5-4.6, 5.2-5.4, 7.4)

• Effects of regulation on biology (2.2, 4.2, 4.8, 7.3)

• Interactions between the economy and biology in setting
regulatory standards (3.5, 3.6)

• The impact of external events (climate change, BSE) (2.3,
2.5, 4.8)

• Interactions among the farmer, the regulator and the
retailer of agricultural produce (4.3)

• The role of the scientist as a monitor of the biological and
wider environmental contexts for possible future
regulation (8.2)

• Ensuring that UK plant breeding activities meet the needs
of Scotland (3.2).

These studies provide the main theme for the review, but it
also includes a number of, generally shorter, accounts of how
SASA is deploying new technologies and approaches in
fulfilling its roles:

• New molecular biological tools in diagnosis and
epidemiology (2.4, 6.2-6.4).

• Production of antibodies to newly-intercepted viruses, and
the development of quality assurance (6.5).

• Machine vision in measurement and shape recognition
(3.3).

• Progress on the corporate use of information technology
(3.4).

• Pan-European collaboration in the generation of variety
databases (4.4).

• Application of new mass spectrometry techniques in the
improvement of pesticide residue analysis (7.2).
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Finally, Section 3.7 records a new service, providing the
official inspectorate for deliberate releases of genetically
modified crops in Scotland.

Taken together, these studies demonstrate that the scientists
at SASA are actively fulfilling the roles of regulator, expert
adviser, and enforcer of the relevant regulations and
legislation, as well as providing a strategic analysis of factors
which will have a major bearing on future policy.
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2.1 Introduction (R Don)
The Official Seed Testing Station for Scotland (OSTS) is the
principal centre for seed testing and seed quality information
in Scotland. For more than eighty-five years it has played a
central role in ensuring the quality of seed, predominately
cereals, traded in Scotland, by testing for analytical purity, the
presence of other seed species, germination and health
(presence of diseases, mostly fungal). The continuity of seed
testing by the OSTS gives SASA a unique perspective of
historic trends in the Scottish agricultural sector in relation to
species grown, the presence of weeds, seed health and
overall seed quality.

Continuous biological records have become of increasing
importance in recent years in support of studies of climatic,
biological and social change. This chapter considers the
effect of legislation on the incidence of seed of other species
in samples of certified cereal seed (2.2) and how climate
affects the occurrence of Microdochium nivale in wheat seed
produced in Scotland (2.3). It charts the recent increases in
levels of infection by Drechslera teres (net blotch) in Scottish
spring barley and whether a strategy of “seed treatment
according to need” could be adopted for this disease (2.4).
The final article (2.5) reports on the incidence of stem and
bulb nematode in the seeds of field bean, a crop that has
become increasingly important in the wake of the BSE
epidemic, with manufacturers of animal foodstuffs moving
away from the use of animal proteins. 

2.2 Weed Seed Contaminants in Cereal Seed,
1986-2000 (R Don)
In the UK, laws to protect the interests of users of seeds for
planting date back to the Adulteration of Seeds Act of 1869,
which was inspired by evidence that much of the seed sold to
farmers was of poor quality, either fraudulently or due to
ignorance. The testing of seed and the control of the trade in
seeds was not compulsory until the introduction of the 1917
Testing of Seeds Order, and many of its provisions were then
embodied in the 1920 Seeds Act and the 1922 Seeds
Regulations. The main objective of this legislation was to
prevent the sale of seed of low viability. It did have the
secondary aim of preventing the sale of seed containing large
quantities (more than 5%) of injurious weed seeds, although
the 1922 Regulations did not require a declaration of
analytical purity (the percentage composition by weight of a
representative sample of seed and the identity of the various
species of seed and other constituents) to be made for seed
of cereals. In a review of the legislation in 1949/50, by the
Horne Committee (Anon., 1950), weeds were divided into
three classes: (i) those which are particularly noxious and
should be prohibited entirely; (ii) other noxious weeds more
generally distributed, the presence of which should be
declared to the purchaser; and (iii) common, but not
particularly noxious weeds, which may be difficult to separate
from seedlots. 

The Horne report recommendations were the framework for
the 1961 Seeds Regulations which, for cereals, required a
declaration of: analytical purity; the percentage by weight of
all weed seeds when this exceeded 0.5%; and the number of
seeds of the injurious weeds, Elytrigia repens, Alopecurus
myosuroides, wild oat (Avena fatua, A. ludoviciana and

A. sterilis) and Rumex crispus, in a 200g sample. UK seeds
legislation required seed to be officially tested and the buyer
given written information on its quality. There were few limits
on the quality that could not be sold but, on entry of the UK
into the EC in 1973, a more protective legislative system was
adopted through the 1964 Plant Varieties and Seeds Act -
implemented with respect to seed in the 1973 Seeds
Regulations. These regulations set standards for various
aspects of seed quality and made it an offence to sell seed
that did not meet them. For “other seed contaminants” (i.e.
species other than the traded species) the standards
required were much more stringent than those of pre-EC
legislation; current standards, as detailed in the Cereal Seed
Regulations 1993 & Amendment Regulations 1995, are
summarised in Table 2.1. Although there have been a number
of studies on the effect of the 1920 Seeds Act, and its
regulations of 1922 and 1961, on the quantities of weeds in
seeds samples (Broad, 1952; Gooch, 1963; MacKay, 1964;
Elliott and Attwood, 1970), there is little available information
on the impact of EC legislation (Don 1997). Work by staff of
the OSTS and Cereal Certification, components of SASA, has
now begun to generate such information, and data relating to
the quality of cereal seed certified in Scotland will be
available on an annual basis from season 2000/1. 

Weed Seed Survey, 1986-2000
The basic data for this survey are records of the occurrence of
other seeds in samples of cereal seed submitted for
certification (Chapter 3), and tested at the OSTS over the last
twenty years. For this survey, results for seasons 1986/7,
1991/2, 1996/7 and 2000/1 have been collated and
analysed. Results obtained from testing other barley samples
before seed cleaning and certification in season 1996/7 are
also presented. 

In Scotland, in 2000/1, 95% of cereal seed was certified at
the Higher Voluntary Standard level (HVS) and the results
reported here are generally based on searches of 1000g
samples of seed. For pre-certification samples, searches were
limited to sample sizes of 120g. All samples were tested in
accordance with the International Seed Testing Association
Rules (Anon., 1999) and the findings were compared with
those of previous surveys, and with evidence provided to the
Horne Committee.

The number of certification samples tested and the
occurrence of seeds of other species found in these samples
are given in Table 2.2. Overall, the levels of contamination
were very low, with a mean over all seasons of less than one
“other seed” found in each sample search of at least
25,000 seed. Oats had the highest proportion of samples
with seed of other species (68%), and it had the highest mean
contamination level (1.80 seeds per 1000g search). Barley
samples had the lowest proportion of samples contaminated
(27%) and the lowest mean contamination levels (0.61 seeds
per 1000g search). The proportion of wheat samples
contaminated (41%) and mean contamination level of wheat
samples (1.06 seeds per 1000g search) was intermediate
between those of barley and oats. Over the period of the
survey there was a trend towards less contamination (Fig.
2.1). A total of 45 other species were found in the samples of
certified cereal seed tested, with the number of species

Chapter 2. SEED TESTING 
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Table 2.1 Maximum number of other seeds permitted by the Seed Regulations currently operating in the UK

Seed Category Sample All other Other All  species Avena fatua Raphanus Raphanus
size species cultivated other than Avena sterilis, raphanistrum raphanistrum

cereal species cultivated Avena ludoviciana or Agrostemma or Agrostemma
cereals (wild oats) githago githago or

or Lolium Bromus sterilis
temulentum or Elytrigia repens

Minimum Standard1 

Basic Seed 500g 4 1 3 0 1 not applicable
1st Generation 500g 10 7 7 0 3 not applicable
2nd Generation 500g 10 7 7 0 3 not applicable
Higher Voluntary Standard
Basic Seed 1000g 1 0 1 0 0 not applicable
1st Generation 1000g 2 1 1 0 not applicable 1
2nd Generation 1000g 4 3 2 0 not applicable 1

1 The Minimum Standards that must be met are laid down in EC Directives but the Directives allow Member States to prescribe more stringent standards for seed produced
in their territory. In the UK Barley, Oats and Wheat may be certified at a Higher Voluntary Standard (HVS) which provides the buyer of seeds with a higher level of freedom
from contaminants such as specific weed seeds.

Table 2.2 Frequency of occurrence2 of one or more seeds of other species in 1000g certified cereal seed samples
examined at the OSTS since 1986/7

BARLEY OATS WHEAT
OTHER SEED 1986/7 1991/2 1996/7 2000/13 1986/7 1991/2 1996/7 2000/1 1986/7 1991/2 1996/7 2000/1

Alopecurus myosuroides - - - - - - - - - - - 0.84%
Anchusa arvensis 0.08% - 0.09% - 0.69% - - - - - - -
Arrhenatherum elatius - 0.18% 0.09% - - - - - - - - -
Atriplex patula - 0.18% - - - - - 1.16% - - - 0.28%
Avena fatua 0.17% - - - - - 1.28% 0.58% - - - -
Avena sativa 1.78% 1.07% 1.56% 1.69% n/a n/a n/a n/a 1.16% 0.53% 0.45% 0.56%
Brassica spp. 1.53% 2.86% 1.20% 0.32% - - 3.85% 2.33% 2.89% 1.05% 1.36% -
Bromus sterilis - 0.18% 0.18% 0.47% - - - - - - - 0.84%
Capsella bursa-pastoris 0.08% - - - - - - - - - 0.45% -
Carex spp. 0.08% - - - - - - - - - - -
Cerastium tomentosum - 0.18% - - - - - - - - - -
Chenopodium album - 1.07% 0.18% - - - - 1.16% - 0.53% 2.71% -
Cirsium vulgare - - 0.09% - - - - - - - - -
Cynosurus cristatus - - 0.09% - - - - - - - - -
Dactylis glomerata 0.34% - - - - - - - - - - -
Daucus carota 0.08% - - - - - - - - - - -
Echium vulgare 0.08% - - - - - - - - - - -
Elytrigia repens 0.76% 3.58% 6.26% 3.06% 4.83% 7.23% 6.41% 1.74% 0.58% 1.58% 2.26% 0.84%
Festuca spp. - - 0.18% - - - - - - - - -
Fumaria officinalis 0.25% 1.07% - - - - - - - - - -
Galeopsis tetrahit 0.17% 0.36% 0.37% 0.21% - - - 0.58% - - - -
Galium aparine 2.20% 3.40% 1.66% 2.53% - 7.23% 2.56% 4.65% 4.05% 19.47% 10.86% 19.78%
Juncus spp. 0.08% - - 0.05% - - - - - - - -
Hordeum vulgare n/a n/a n/a n/a 60.69% 46.99% 50.00% 57.56% 27.17% 36.84% 26.24% 18.38%
Lolium spp. 1.86% 1.07% 1.29% 0.53% 2.76% - - - 1.16% - 1.81% -
Tripleurospernum perforatum 2.12% 0.18% - - - - - - - 0.53% - -
Myosotis arvensis - 0.18% - - - - - - - - - -
Phleum spp. 0.17% 0.36% - - - 1.20% - - - - - -
Pisum sativum 0.51% - - 0.05% - - - - - 0.53% - -
Poa annua - - 0.09% - - - - - - - - -
Polygonum aviculare 1.61% 1.61% 0.83% 0.42% 2.76% - - 2.33% 0.58% 1.05% 1.36% -
Polygonum convolvulus 0.59% 3.04% 0.37% 0.42% 0.69% 9.64% 1.28% 4.65% 1.16% 0.53% 0.45% -
Polygonum persicaria 0.76% 0.36% - - 1.38% 1.20% - - - 0.53% - -
Prunella vulgaris 0.08% - - - - - - - - - - -
Raphanus raphanistrum - - 0.09% 0.53% - - - - - - - -
Rumex obtusifolius - - 0.09% - - - - - - - - -
Sinapis alba 0.08% - - - - - - - - - - -
Sinapis arvensis - - 0.09% - - - - 1.16% 0.58% - - -
Spergula arvensis 0.08% - - - - - - - 0.58% - - -
Stellaria media 0.59% 0.36% 0.18% - - - - - 0.58% - 0.45% -
Trifolium repens 0.08% - - - - - - - - - - -
Triticum aestivum 19.66% 18.60% 17.11% 11.50% 19.31% 10.84% 25.64% 13.37% n/a n/a n/a n/a
Veronica hederifolia 0.08% - - - - - - - - - - -
Vicia sativa - 0.18% 0.09% - 0.69% - - - - - - -
Viola spp. 0.08% 0.36% 0.18% - - - - - - - - 0.28%
No of samples tested 1180 559 1087 1896 145 83 78 172 173 190 221 359
Total number of seeds found 974 543 648 722 276 168 117 283 130 502 161 204
Percentage of clean samples 71% 67% 72% 77% 30% 40% 27% 28% 64% 49% 62% 60%

2 Occurrence is the percentage of samples containing one or more seeds of an individual species. 
3 Data for season 2000/1 includes results from licensed seed testing stations testing cereal seed submitted for certification by SASA.
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found greatest in spring barley (43) and lowest in wheat (22).
The highest numbers of different species found in barley, oat
and wheat samples in a season were 29, 11 and 12
respectively. The number of species found varied with season
and there was an overall downward trend since 1986/7,
mainly due to the reduction in the number of species found
in barley samples (Fig. 2.2).
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Figure 2.1 Trends in levels of contamination by other
species in certified cereal seed since 1986/7

Of species other than cereals, Galium aparine was by far the
most common contaminant in wheat, being present in 14% of
all samples over the four seasons (Fig. 2.5). In oat samples,
Elytrigia repens was present in 5% of samples and
Polygonum convolvulus and Galium aparine in around 4% of
samples. Elytrigia repens was the most common
contaminant of barley samples and was present in just over
3% of all samples over the study period.
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Figure 2.2 Trends in the number of species found in
certified cereal seed 

“Other cereal seed” was the most frequent contaminant (Fig.
2.3), particularly in oat samples where, in 2000/1, the
contribution of cereal contaminants was 85%, and over 70%
of oat samples tested were contaminated with seed of other
cereal species. It is only in wheat samples from 2000/1 that
the proportion of non-cereal contaminants was greater (55%)
than that of other cereal contaminants. There also appears to
be a trend towards a greater proportion of non-cereal
contaminants in wheat samples. Of the cereal contaminants,
barley was the most common in samples of spring oats and
wheat, whereas, in barley samples, wheat was the most
common contaminant. The level of oat contamination of
barley and wheat samples was very low (Fig. 2.4). 
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Figure 2.3 The proportions of cereal and non-cereal
contaminants in samples of certified cereal seed since
1986/7

Figure 2.4 Relative proportions of cereal seed
contaminants in certified cereal seed 
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Whereas certification seed samples were relatively free of
seed of other species, the same was not true of samples
submitted for analytical purity testing before seed cleaning
and certification (pre-certification samples) (Table 2.3).
Although the weight of pre-certification samples examined is
880g less than that of certification samples the mean
content of other seeds was about 20 times greater (11.60
seeds/120g search compared with 0.60 seeds /1000g
search). Except for Anchusa arvensis, Festuca spp.,
Raphanus raphanistrum, Sinapis arvensis, Veronica persica
and Vicia sativa, all species found in 1996/7 certification
barley samples were found in 1996/7 pre-certification
samples. In contrast, seventeen species not found in certified
seed were identified as contaminants of pre-certification
samples, including: Agrostis spp., Anthriscus sylvestris, Apera
spica-venti, Atriplex patula, Avena ludoviciana, Bromus
mollis, Bromus sterilis, Cerastium vulgatum, Chamomilla
spp., Dactylis glomerata, Erodium cicutarium, Plantago
major, Prunella spp., Senecio jacobea, Sonchus arvensis,
Sonchus asper and Veronica hederifolia. 

Although over 70% of certification samples were free from
contamination with seed of other species, 68% of pre-
certification samples were contaminated. Except for Triticum
aestivum the occurrence of individual species was higher in
pre-certification samples (Fig. 2.6). The difference in
occurrence between pre- and post-certification samples
varied among species, being least for Avena sativa and
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E. repens (two and five times respectively) and greatest for
Poa annua where it was more than 100 times (0.09% in
certified seed compared with 16.14% in pre-certification
samples).

The Implications of Regulations for Seed Quality 
Comparison of the results of this survey with other data is
difficult, as previous surveys did not distinguish between
different categories of certified, pre-certified and farm-saved
seed. Sample size has varied from as low as 50g (samples
tested before the introduction of the 1961 Seeds
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3   Chenopodium album
4   Cirsium arvense
5   Elytrigia repens
6   Fumaria officinalis

7   Galeopsis tetrahit
8   Galium aparine
9   Lolium spp.
10 Phleum pratense
11 Poa annua
12 Polygonum aviculare

13  Polygonum convolvulus 
14  Polygonum persicaria
15  Rumex crispus
16  Stellaria media
17  Triticum aestivum
18  Viola spp.

Figure 2.6 The frequency of occurrence of the most
common weed seeds in certification and pre-certification
samples of barley seeds in 1996/7

Table 2.3 Number and frequency of occurrence of seeds of other species in certification and pre-certification samples of
barley seed in 1996/7

1086 x 1000g Certified Seed Samples 254 x 120g Pre-Certification Seed Samples
Species Total Mean % Occurrence Total Mean % Occurrence

Alopecurus geniculatus 0 - 0.00% 8 0.03 1.57%
Arrhenatherum elatius 1 0.00 0.09% 12 0.05 1.97%
Avena fatua 0 - 0.00% 14 0.06 1.18%
Avena sativa 32 0.03 1.56% 12 0.05 2.76%
Brassica spp. 28 0.03 1.20% 36 0.14 6.69%
Capsella bursa-pastoris 0 - 0.00% 11 0.04 1.57%
Chenopodium album 5 0.00 0.18% 72 0.28 7.09%
Chrysanthemum segetum 0 - 0.00% 123 0.48 1.57%
Cirsium arvense 0 - 0.00% 7 0.03 2.36%
Elytrigia repens 134 0.12 6.26% 516 2.03 31.50%
Fumaria officinalis 0 - 0.00% 43 0.17 3.94%
Galeopsis tetrahit 5 0.00 0.37% 73 0.29 5.12%
Galium aparine 24 0.02 1.66% 38 0.15 7.09%
Holcus lanatus 0 - 0.00% 6 0.02 1.18%
Lolium spp. 14 0.01 1.29% 500 1.97 15.75%
Tripleurospernum perforatum 0 - 0.00% 11 0.04 1.97%
Myosotis arvensis 0 - 0.00% 8 0.03 1.97%
Phleum pratense 0 - 0.00% 19 0.07 3.94%
Poa annua 1 0.00 0.09% 473 1.86 16.14%
Poa trivialis 0 - 0.00% 12 0.05 1.57%
Polygonum aviculare 21 0.02 0.83% 324 1.28 24.02%
Polygonum convolvulus 6 0.01 0.37% 151 0.59 2.76%
Polygonum lapathifolium 0 - 0.00% 7 0.03 1.18%
Polygonum persicaria 0 - 0.00% 70 0.28 7.87%
Rumex crispus 0 - 0.00% 9 0.04 3.54%
Stellaria media 2 0.00 0.18% 104 0.41 11.42%
Triticum aestivum 336 0.31 17.11% 59 0.23 7.09%
Viola spp. 33 0.03 0.18% 61 0.24 3.94%
Other species1 13 0.01 1.20% 168 0.66 10.24%
Total seeds of other species 648 0.60 - 2947 11.60 -
Clean samples 783 - 72% 82 - 32%

1 The occurrence of individual species that make up this group was less than 1% in pre-certification samples.

Regulations) to 3000g (samples tested in a survey of wild oat
contamination of cereal seed in 1970). Furthermore, most of
the results of previous surveys are expressed in terms of
frequency of occurrence of individual species, a measure that
does not permit a quantitative assessment of the overall
levels of contamination. Nevertheless, it is clear that weed
contamination of cereal seed lots has decreased
progressively since the 1920s. Weed seed levels in today’s
certified cereal seed are much lower than those reported in
the surveys of Broad (1952) and Gooch (1963). Except for E.
repens, the frequency of weed species in barley seeds was at
its lowest in certified seed in Scotland in 1996/7 (Fig. 2.7),
when overall contamination with weeds was less than 0.38
seeds per sample. On the other hand, the frequency of weed
occurrence in pre-certification seed in 1996/7 was similar to
that found in previous surveys.

There have been major changes in the species composition
of the weed seed population. Besides the increase in 
E. repens, P. annua and S. media have emerged as
significant components of the weed seed population in this
survey; in previous surveys P. annua was not recorded as a
weed of cereals and the only report of S. media was at levels
of occurrence of less than 1% in 1960/1 cereal seed.
Polygonum spp. have been recorded in all surveys but, since
1960/1, there has been a dramatic change in component
species: P. convolvulus, with an occurrence greater than 20%,



control under continuous cereals is difficult. Nevertheless, the
spread of this weed is more likely to be by vegetative means than
by seed. 

The difference in occurrence of weeds between pre-
certification and certification seed is a measure of the
effectiveness of modern seed cleaning equipment, which can
reduce weed contamination to negligible levels. The
prevalence of other cereal seed as the major contaminant of
certified cereal seed is a result of difficulties in removing
seed of similar physical characteristics. Work continues at
SASA to develop methods to identify and remove such
contaminants using machine vision (Don, 1998).

Whereas seed was considered the most important agency for
the introduction of weeds in the 1960s (Salisbury, 1961;
Wellington, 1960), today’s certified seed gives growers a
guarantee of high quality and low levels of contamination.
Weeds are, however, present in pre-certified seed and the use
of uncleaned farm-saved seed could be an important agency for
the spread of weeds within a farm enterprise. More data are
required on the occurrence of weeds in farm-saved seed before
definitive conclusions can be drawn on the significance of weed
seed as a contaminant of today’s cereal seed.

Anon. 1999. International Rules for Seed Testing. Seed Science
and Technology 24.

Anon. 1950. Report of the committee on the qualitative control of
seeds. London: HMSO.

Anon. 1993. The Cereal Seeds Regulations 1993. UK Statutory
Instrument 1993-2005.

Anon. 1995. The Cereal Seeds (Amendment) Regulations 19953.
UK Statutory Instrument 1995-1482.

Broad PD. 1952. The occurrence of weed seeds in samples
submitted for testing by the O.S.T.S. Journal of the National
Institute of Agricultural Botany 6: 275-286.

Don R. 1997. Weed seed contaminants in cereal seed.
Proceedings of the British Crop Protection Council Conference
1997: Weeds 255-262.

Don R. 1998. Machine-vision software for the detection of
contaminant seeds. Scottish Agricultural Science Agency
Scientific Review 1992-1997, 11-12.

Elliot JG, Attwood PJ. 1970. Report on a joint survey of the
presence of wild oat seed in cereal drills in the United Kingdom
during spring 1970. Agricultural Research Council Weed Research
Organisation, Technical Report No. 16. 

was the major component in previous surveys with other
Polygonum species present at levels less than 5%. In
1966/7 the level of occurrence of P. convolvulus was only
2.8%, in pre-certification barley seed, with P. aviculare being
the most frequently occurring species at a level of 24%.

Changes in seeds legislation have played an important role
in improvements in seed quality, and it can reasonably be
claimed that the exceptionally low level of weeds in today’s
certified cereal seed are the results of the standards set in
the Seeds Regulations, which prohibit the sale of seed with
even comparatively low levels of weeds (see Table 2.1). The
success of legislative control is even more clearly
demonstrated in the case of contamination with wild oats
(Table 2.4). Before the introduction of the 1961 Seeds
Regulations, which required a statutory declaration of wild
oat levels in cereal seed, contamination of seed was
widespread and the sowing of seed was thought to be the
most common method of spread of these weeds. The
introduction of the 1961 Seeds Regulations was marked by
a reduction in levels of contamination, and the 1974 Seeds
Regulations, which prevented the sale of cereal seed
containing more than one wild oat seed in 500g, has
contributed to a further lowering of levels of this group of
weeds (Avena fatua, A. ludoviciana and A. sterilis). 

Legislation has, however, not been as successful in the control of
E. repens, whose incidence has increased over recent years. The
main reason is that this weed is perennial and the production of
rhizomes is prolific. The sowing of cereal seed contaminated with
E. repens may lead to the introduction of the weed to new areas
and, once established, seed production is prolific and cultural
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Figure 2.7 The frequency of occurrence of the most
common weed seeds in samples of barley seed

Table 2.4 Frequency of occurrence of wild oats in cereal samples

Percentage containing at least one seed in 50g
1928/9 1930/1 1934/5 1943/4 1947/8 1951/2 1960/1

Wheat 5 3 2 1 2 2 4
Barley 9 13 4 3 4 7 7
Oats 5 4 3 3 3 2 4

Percentage containing at least one seed in 200g Percentage containing at least one seed in 3,000g
1961/2 1962/3 1963/4 1969/70

Wheat 2 4 5 9
Barley 7 8 10 18
Oats 5 5 6 9

Percentage of certified seed samples containing at least one seed in 1,000g
1986/7 1991/2 1996/7 2000/1

Wheat 0.2 0 0 0
Barley 0 0 0 0
Oats 0 0 1.3 0.6



Gooch SMS. 1963. The occurrence of weed seeds in samples
tested by the Official Seed Testing Station. Journal of the National
Institute of Agricultural Botany 9: 353-371.

MacKay DB. 1964. The incidence and significance of injurious
weed seeds in crop seed. Proceedings of the 7th British Weed
Control Conference 583-59.

Salisbury EJ. 1961. Weeds and Aliens. Collins: London.

Wellington PS. 1960. Assessment and control of the
dissemination of weeds by crop seeds. In: Harper JL ed. The
Biology of Weeds. Blackwell: Oxford, 94-107.

2.3 The Incidence of Microdochium nivale in
Scottish Wheat Seed Lots (V Cockerell)
In order to provide SEERAD with accurate and timely advice
on cereal seed-borne pathogen levels in Scotland, the OSTS
collates data from seed samples submitted for testing by
growers and producers. This information can then be used to
help determine the extent of disease incidence, and to detect
trends that may be associated with changes in agronomic
practice and climate. Recent monitoring work of this kind has
revealed the potential threat posed by Microdochium nivale.

Annual and Geographic Variation in the Level of
Microdochium nivale in Scottish Winter Wheat Seed,
1991-2000
Microdochium nivale (Fusarium nivale) is the seed-borne
pathogen with the greatest potential to cause pre-emergence
blight of wheat in Scotland. Cockerell (1995) and Humphreys
et al. (1995) have shown that the field emergence of
untreated winter wheat seed decreases with increased
infection by M. nivale. Although, at present, most winter
wheat seed in Scotland is sown with a seed treatment to
control M. nivale, surveys of pesticide usage on winter wheat,
have shown a 2% increase (1%-3%) between 1998 and 2000
in the area sown untreated (Snowden and Thomas,  1999;
Kerr and Snowden, 2001). Possible reasons for sowing
untreated seed include the interest in treating seed only
when disease levels exceed an advisory threshold (e.g. 5%
for M. nivale), and the increasing demand for organically-
grown wheat. 

According to Hewett (1965), seed produced in the north and
west of the UK tends to be more heavily infected with M.
nivale than in the south and east. Similarly, an analysis of six
years (1994/9) of data from samples submitted to the
Official Seed Testing Station for England and Wales has
shown variation between regions, with samples from the
north and south-west of England most likely to be heavily
infected (Kenyon and Thomas, 2001). In contrast, in the
1992/4 HGCA Survey of cereal seed-borne diseases, levels
of infection recorded in Scotland were lower than those in
England (Cockerell and Rennie, 1996). 
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Table 2.5 The mean percentage of seeds infected with Microdochium nivale in winter wheat seed lots tested at the OSTS,
Edinburgh, 1991-2000

Residual Maximum Likelihood analysis of the mean levels of
infection in Scottish samples in 1991-2000 showed large
variations among years (Table 2.5): in eight out of the ten
years, mean infection was higher than the 5% advisory
threshold (i.e. 5% of the grain in a seedlot infected) and, in
the two years when the mean level of infection was below 5%,
there were samples that exceeded the threshold. In five of
the ten years, more than 40% of samples met the 5%
threshold and could have been sown untreated.  

There was little variation in mean level of infection among the
main wheat growing regions (Borders, East Lothian and
Berwick, Fife, Perth and Kinross, Angus, and North East),
although the North East had substantially more infection
than the other regions in 1992 and 1993 (Fig. 2.8). Unlike the
experience in England (Kenyon and Thomas, 2001) there do
not appear to be major regional differences in incidence of 
M. nivale seed infection in Scotland.  
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Figure 2.8 Mean percentage of M. nivale seed infection for
each region and year

The Relationship between the Incidence of Seed-
borne Microdochium nivale on Winter Wheat and
Climate in Scotland, 1991-2000
Infection of seed with M. nivale has been associated with wet
weather during anthesis, with rainfall providing a dispersal
mechanism for inoculum (Parry, 1995). Kenyon and Thomas
(2001) found that, in England, there was a broadly linear
relationship between total rainfall during the period 9-14
June and seed infection in wheat samples, but this
accounted for only 53.4% of the variation in the years 
1994/9. At SASA, the relationship between total rainfall and
mean temperature, during the period 15 May-30 June, and
mean level of M. nivale infection, were examined by year and
region within Scotland. The positive correlation between
mean infection and rainfall over the ten years was 0.74 
(P = 0.015) (Fig. 2.9), accounting for a similar amount of
variation (54.8%) as found by Kenyon and Thomas (2001).
This association between rainfall and infection level is not
necessarily causal, and although several other variables are

Year 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Mean  % M.nivale 29 12 16 7 3 6 42 35 15 4

Range (% M.nivale) 0-70 0-63 0-69 0-56 0-24 0-45 0.5-89.5 3-78.5 0-53.5 0-34.5

Percentage samples infected 92 96 98 83 71 82 100 100 98 81

Percentage of samples > 5% 82 58 80 35 11 33 96 94 68 27



Jennings P, Turner JA. 1996. Towards the prediction of fusarium
ear blight epidemics in the UK–the role of humidity in disease
development. Proceedings of the British Crop Protection
Conference, Pest & Diseases 1: 233-238.

Kenyon DM, Thomas JE. 2001. The relationship between season,
variety and location on the incidence and severity of
Microdochium nivale levels in winter wheat seedlots. In: Seed
Treatment Challenges & Opportunities BCPC Symposium
Proceedings No. 76, Wishaw: British Crop Protection Council 241-
246. 

Kerr J, Snowden JP. 2001. Arable Crops 2000. Pesticide Usage in
Scotland Report, Edinburgh: Scottish Executive Environment and
Rural Affairs Department. 

Parry DW, Jenkinson P, McLeod L. 1995. Fusarium ear blight
(scab) in small grain cereals – a review. Plant Pathology 44: 207-
238.

Snowden JP, Thomas LA. 1999. Arable Crops 1998, Pesticide
Usage in Scotland Report, Edinburgh: Scottish Executive Rural
Affairs Department.

Winson SJ, Hare MC, Jenkinson P. 2001. The interaction between
ear sprays and seed treatment for the control of Fusarium
seedling blight in wheat. In: Seed Treatment Challenges &
Opportunities BCPC Symposium Proceedings No. 76, Wishaw:
British Crop Protection Council 251-256. 

2.4 The Significance of Seed-Borne Drechslera
teres (Net Blotch) in Scottish Spring Barley 
(V Cockerell).
Net blotch caused by the fungus Drechslera teres f.sp. teres
is an important seed- and trash-borne disease of barley (Fig.
2.10). Although infected seed has always been seen as an
important means of introducing the disease to new areas
(Locke et al., 1981), other sources of inoculum such as
debris, stubble and volunteers have been considered more
significant in terms of disease development particularly in
autumn sown crops
(Jordan, 1981). The
disease can affect
yield in both winter
and spring barley,
causing losses of up
to 40% (Jordan et al.,
1985; Deadman and
Cooke, 1987; Hims
and Gladders,
1994). Crop
infection may lead
to: the need for
increased fungicide
spraying in the field;
a reduction in grain
quality due to
i n c r e a s e d
proportions of small
grains (screenings);
and the rejection of
the crop for malting. 

Although D. teres was common on Scottish spring barley seed
tested during a 3-year survey in the UK 1992/4, less than 5%
of the samples had more than 10% infection (Cockerell and
Rennie, 1996). However, between 1997 and 1999, seed
infections of up to 64% were recorded in samples of Scottish
spring barley received by the OSTS for Scotland for testing in
preparation for certification. This finding was reflected in the
field: during the years 1997/9, concern was raised by

Kenyon and Thomas (2001) investigated the relationship
between the resistance ratings of varieties and levels of M.
nivale infection but found that it accounted for only 5.8% of
the variation among samples. In explaining the development
of ear blight, Jennings and Turner (1996) suggested that cool
dry weather in the spring, which encouraged the
development of M. nivale on the stem base, followed by
heavy rainfall during anthesis, may have accounted for the
widespread ear infection by M. nivale in their experimental
plots. Ear infection was highest in plots maintained at a high
humidity. However, M. nivale is only one of several fungi
associated with ear blight, and years in which high levels of
ear blight are recorded may not necessarily be those in which
high levels of seed-borne M. nivale are recorded.

Recently, a new class of fungicides, strobilurins, has been
introduced to control ear blight, and it has been suggested
that use of these fungicides may have been responsible for
the low levels of M. nivale recorded in some crops (e.g. in
2000 in the SASA survey: Fig. 2.9). For example, wheat ears
sprayed with the fungicide azoxystrobin (a strobilurin) before
being artificially inoculated with M. nivale at anthesis had
lower levels of M. nivale on the harvested seed than seed
from unsprayed controls (Winson et al., 2001). Usage of
strobilurins in Scotland increased by 125% between 1998
(7700 kg of active ingredient) and 2000 (17346 kg)
(Snowden and Thomas, 1999; Kerr and Snowden, 2001).
Over the next few years the incidence of M. nivale and
strobilurin usage will be monitored to determine whether
there is indeed a relationship between strobilurin ear sprays
and M. nivale incidence.

Cockerell V. 1995. Review of work carried out at the Official Seed
Testing Station for Scotland (OSTS) on the control of
Microdochium nivale (Fusarium nivale) on winter wheat in
Scotland. Proceedings of the ISTA Pre-Congress Seminar on Seed
Pathology, Copenhagen, 6 June, 1995, 25-38.

Cockerell V, Rennie, WJ. 1996. Survey of seed-borne pathogens
in certified and farm-saved cereal seed in Britain between 1992
and 1994. Project Report 124. London: Home Grown Cereals
Authority. 

Hewett PD. 1965. A survey of seed-borne fungi of wheat. I. The
incidence of Leptosphaeria nodorum and Griphosphaeria nivalis.
Transactions of the British Mycological Society 48: 59-72.

Humphreys J, Cooke BM, Storey T. 1995. Effects of seed-borne
Microdochium nivale on establishment and grain yield of winter-
sown wheat. Plant Varieties and Seeds 8: 107-117.

probably involved, there was no significant relationship with
mean temperature. Of the ten years, 2000 is clearly
inconsistent, showing low levels of infection in a year with
high rainfall. 
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Figure 2.9 The relationship between total rainfall and mean
percentage M. nivale seed infection per year, 1991-2000

Figure 2.10 Symptoms of net blotch
on barley leaves



producers of certified seed that high levels of net blotch were
occurring in spring barley crops, even though these had been
grown from seed treated with fungicide. Particular problems
were associated with the cultivar Prisma which at the time
was still in demand from maltsters; 25% of Prisma samples
tested in 1997 and 17% of samples tested in 1999 had more
than 20% infection. Although the market for Prisma is in
decline, action to deal with the disease is necessary because
it is still the sixth most popular variety in Scotland (Cereal
Certification, SASA). 

This problem has arisen in a time of diminished returns from
grain production owing to low cereal prices, and the cost of
seed treatment can represent a significant proportion of
seed production costs. There is, therefore, an argument for
alternative strategies such as “treatment according to need”,
where the seed treatment applied is selected according to
the level of disease actually present in the seed. For such a
strategy to be successful the following questions must be
answered: What is the significance of seed-borne D. teres? At
what level of infection is it necessary to apply a seed
treatment? How effective are seed treatments?
Investigations at SASA have been directed at answering
these questions.

According to current advisory limits in England and Wales,
barley seed should be treated whenever more than 2% of the
seedlot is infected with D. teres. This limit is based on the
Voluntary Code of Practice set up in 1991/2 to control barley
leaf stripe (Drechslera graminea), a related fungus. This
approach could be seen as extremely cautious given the
information in the literature that infected seed is not as
important as inoculum from other sources. The possibility of
raising the advisory limit to 10% (or higher), based on sound
epidemiological evidence, would offer the possibility of
economic and environmental benefits (e.g. lower usage of
fungicides).

In order to evaluate the real significance of clean seed
practices in producing a healthy crop free from net blotch, it
is important to assess the true impact of seed-borne
inoculum in causing disease, compared with other sources of
inoculum such as crop debris. Methods developed by CABI
Bioscience for the related fungus Bipolaris oryzae on rice,
permit the discrimination of different fungal strains using
molecular markers (or fingerprints). By studying populations
on introduced seed and in the background field debris using
the polymerase chain reaction (section 6.1), DNA fingerprints
were used by CABI in the quantitative assessment of the
relative amount of disease which had arisen from different
sources of inoculum within a rice crop. This approach has
clear potential in studying the epidemiology of net blotch.

The first two years of a pilot study, funded by the Perry
Foundation and conducted by SASA and CABI Bioscience, to
establish a similar model for the assessment and
quantification of D. teres disease transmission, have now
been completed. Spring barley was sown at two field sites:
Orchardfield, Gogarbank, where there was no history of net
blotch; and Archerfield, near Dirleton, where spring barley
was sown adjacent to a field previously sown with spring
barley which had been infected with D. teres; the infected
stubble was present throughout the experiment. The results
of the experiment using the same seed stock at each site (C1
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Prisma with 40% D. teres infection) indicated that direct seed
to seedling transmission resulted in 22% diseased plants (i.e.
approximately 50% of the level of infection in the original
seed) at both sites. The molecular genetic evidence from
these diseased plants supported the hypothesis that disease
arose from the original seed infection since the background
populations detected in the stubble at Archerfield did not
appear to be carried through into the diseased plants in the
field (Fig. 2.11). Thus, the rapid appearance of disease in the
field at Gogarbank (Fig. 2.12), despite an absence of external
inoculum sources, strongly suggests that the great majority of
the field disease originated form the original seed source. 

Figure 2.11 PCR profiles (fingerprints) obtained from a
range of isolates from seed, crop debris and diseased
seedlings (GS11/12) at Orchardfield, Gogarbank, and
Archerfield, Direlton. The b.p. column provides an index of
DNA fragment size

Figure 2.12 Mean percentage of barley plants showing net
blotch symptoms at different growth stages at two sites
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Initial data from the molecular genetic analyses support the
hypothesis that both field infections at growth stage
GS11/12 (2-3 leaves unfolded) were from the seed.
Nevertheless, although the strain predominating in the
infected seed batch was widespread in later disease
assessments (vegetative, GS40-41 and flag leaf, GS69-73) at
both sites, it was also found in the Archerfield stubble
population. It is, therefore, not possible to rule out infection
from this source at Archerfield, although it is at Gogarbank.
These field trials revealed the existence of a predominant
profile for D. teres. The status of this profile was investigated,
using the same procedure, by evaluating a wider range of D.
teres isolates from seed and stubble from different regions
within Scotland and England. Similarities in the sequence
analyses from these strains indicates that the UK population
is relatively homogenous. Further development and
evaluation of alternative fingerprinting techniques is
continuing, to determine whether the dominant profile can be
sub-divided to link specific strains with sources of infection. 



The results from this pilot study suggest that seed-borne
infection may be more important in spring barley than
previously thought. Through greater understanding of the
epidemiology of the disease, including quantification of the
contribution made by seed-borne infection in disease
development, and the relationship between seed infection
and disease expression, more informed decisions can be
made on the control of D. teres.

Cockerell V, Rennie WJ. 1996. Survey of seed-borne pathogens in
certified and farm-saved cereal seed in Britain between 1992 and
1994. Home Grown Cereals Authority Project Report 124.

Deadman ML, Cooke BM. 1987. Effects of net blotch on growth
and yield of spring barley. Annals of Applied Biology 110: 33-42.

Hims MJ, Gladders P. 1994. Use of fungicide-manipulated
epidemics to determine critical periods for disease control and
yield response in winter barley. Proceedings of the British Crop
Protection Conference – Pests and Disease 1: 283-288.

Jordan VWL. 1981. Aetiology of barley net blotch caused by
Pyrenophora teres and some effects on yield. Plant Pathology 30:
77-87.

Jordan VWL, Best GR, Allen EC. 1985. Effects of Pyrenophora
teres on dry matter production and yields components of winter
barley. Plant Pathology 34: 200-206.

Locke T, Thorpe IG, Carter MA, Gay CE. 1981. Differential
sensitivity of Pyrenophora teres to organomercury formulations.
Plant Pathology 30: 89-93.

2.5 Stem and Bulb Nematode in Field Beans 
(J Pickup)
Stem and bulb nematode (Ditylenchus dipsaci) is a pest that
damages a wide range of crop plants and causes serious
yield losses in cereals (including oats and rye); root crops
(beet, turnip, carrot and, very occasionally, potatoes);
legumes (field beans, peas and clover); strawberry and bulbs
(Narcissus, Allium spp.). Over 400 host plants have been
recorded, including many weed species. The nematode is
spread with infested planting material, including seeds, and
once introduced into a field, can persist for several years in
the absence of a suitable host. The wide host range of this
pest makes cultural control difficult to achieve. 

In January 2001, the UK Agricultural Seed Trade Association
(UKASTA) warned that stem and bulb nematode had become
a major problem for spring- and winter-sown field bean crops,
being responsible for crop losses of up to 75%. The
Processors & Growers Research Organisation (PGRO)
recommend the planting of nematode-free seed as the best
means of protecting clean land, and advocated that
purchasers of field bean seed should ensure that their seed
had been laboratory tested for stem and bulb nematode. The
pest does not appear to have been considered to be a serious
pest of field beans until recently, and no pesticides have
been approved for its control on this crop. 

Stem and bulb nematode, found throughout the world in
temperate soils, has been classified by the European Plant
Protection Organisation (EPPO) as an A2 quarantine pest (i.e.
present within the EPPO area, but not widely distributed, and
subject to official control). EU and UK legislation prohibits the
introduction and spread of this nematode via certain plants
or plant products (including Allium spp. and several species
of ornamentals, but not beans). There is also no requirement
for certified field bean seed to have been tested, and
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declared free of stem and bulb nematode. With its long
experience of testing for potato and other economically
important nematodes, SASA was in an excellent position in
Scotland to carry out the testing required to counter this new
threat to seed health.

In response to requests from growers and merchants
preparing for sowing in 2001, tests were carried out at SASA
on 200g seed samples drawn from 23 commercially-
available stocks of field beans. Of these 23 stocks, 10 were
found to be free of stem and bulb nematode, and the
remaining thirteen (57%) were infested. Over 12,000
nematodes were recovered from the sample with the highest
level of infestation, and over 100 nematodes were recovered
from a total of seven samples. Analysis of a further 17
samples (each comprising 50g of seed) of field beans
submitted to the OSTS, for which no test for stem and bulb
nematode had been requested, revealed infestation in eight
(47%) samples. The results for 2001 are summarised in 
Fig. 2.13.

Free of Stem Nematode

Low Infestation

High Infestation

Figure 2.13 The incidence of stem and bulb nematode
(Ditylenchus dipsaci) in samples of field beans, 2000/1. 
A high level of infestation indicates more than 100
nematodes found in a 200g sample of seed

As manufacturers of animal foodstuffs move away from the
use of animal proteins, in the wake of the BSE epidemic, field
beans are becoming an increasingly important source of
protein. It is clear that stem and bulb nematode may present
a major obstacle to the expansion of the crop. At present, the
best method of limiting the risk presented by this nematode
is to control its spread by ensuring that all seed planted is
free from infestation. The results from these first tests
conducted at SASA suggest that up to 50% of the stocks of
field beans may be infested with stem and bulb nematode. 
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Submitted for Distinctness Uniformity
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McCarthy; G W Horgan, A D Mann and 
A M I Roberts) (Biomathematics and
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3.7 Controlling the Deliberate Release of
Genetically Modified Crops (J Davey) 
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3.1 Introduction (S R Cooper)
The spectacular increase in crop yields in the UK over the last
100 years has resulted from a combination of improved
varieties and better husbandry. SASA has been closely
involved in activities supporting the introduction and
dissemination of improved varieties for about 80 years. Some
of its current activities are described in this chapter, starting
with the development and registration of new varieties,
proceeding through various aspects of maintaining the
genetic purity of varieties in commerce, otherwise known as
seed certification, and concluding with a look at the latest
development, genetically modified organisms.

Development of Herbage Varieties for Scottish
Conditions
The first section of this chapter (3.2), on the selection and
evaluation of herbage varieties, is an illustration of how
considerable benefits can derive from a relatively modest
outlay. When publicly funded plant breeding programmes
were rationalised in the late 1970s, SEERAD, recognising the
importance of rotational grass in Scotland, agreed to fund
some trials work at SASA. Justifying the cost of these trials
has proved difficult at times, given the changing remit of IGER
and the long term commitment required to produce suitable
new herbage varieties, and it is only relatively recently that
the programme has borne fruit in terms of the number of
IGER varieties on both the Scottish and English
Recommended Lists. 

DUS Testing
Scotland’s climate is not always the best for producing seed
crops but it has proved ideal for testing them for Distinctness
Uniformity and Stability (DUS), one part of the registration
process for new varieties. The other, Value for Cultivation and
Use (VCU), is carried out by SAC in Scotland. Cool long days
ensure that the morphological characteristics of the varieties
are fully expressed. DUS testing of new varieties was first
introduced into the UK as a consequence of the Plant
Varieties and Seeds Act (1964). Varieties which have good
agronomic traits tend to become the parents of the next
generation of varieties and, in consequence, it becomes
more and more difficult to tell them apart. At the same time
there are continual demands from the plant breeding
industry for reduced costs. The need for greater precision,
together with the potential benefits from automation, in
terms of efficiency and economy, are the drivers behind the
development of machine vision in DUS testing, as described
in section 3.3. Molecular biologists will doubtless argue that
their techniques, as described in chapter 6, will eventually
provide the best solution, but the jury is still out on this and,
unless there is a major breakthrough in the next few years,
machine vision seems to provide a more immediately useful
addition to the DUS testing toolkit.

Seed Certification
Once a variety is approved for marketing, it is important that
the seed used commercially retains the characteristics that
make the variety desirable. Seed certification is specifically
designed to do this and the next three sections (3.4-3.6)
describe some aspects of the process. The historical
development of seed certification closely parallels that of the
plant breeding industry but, in the UK, it was a purely
voluntary part of the seeds industry until accession to the

EEC. The introduction of compulsory certification caused a
large increase in the amount of information handled by SASA
which, in turn, led to the development of increasingly
sophisticated IT systems, as described in section 3.4.
Although the process of certification is relatively easy to
describe, the complexity of the legislation has been difficult
to transfer to the computer.

The early certification schemes provided assurance with
regard to varietal purity and identity only. The current EU
schemes also include standards for various aspects of seed
quality. Section 3.5 discusses the standards currently in
operation and considers the effect on the Scottish industry of
changing these standards. This is very apposite given that a
parallel review is taking place elsewhere in the UK.

The work described in section 3.6 is another attempt to find
ways of reducing costs to the seed industry. The expertise
and experience in “traditional” agricultural/biological
statistics which lies in BioSS, together with the large amount
of data at SASA, can be used in desk studies which can then
be tested in the field. The work described here might make it
possible to reduce effort in field inspections in the future,
without prejudicing the quality of results.

Genetically Modified Varieties
Finally, the last section of this chapter (3.7) looks at the
regulatory processes governing the release of Genetically
Modified (GM) Crops and SASA’s role in this activity. This topic
is currently of great public interest and is a new task for SASA,
taken on since devolution. The article describes the
underpinning legislation, the evolution of the GM
Inspectorate in Scotland, and its functions.

3.2 Twenty Years of Selecting and Evaluating
Herbage Varieties (K Pearson)
Following the rationalisation of government-funded breeding
of herbage species in the 1970s, a site in Scotland was
required for the screening of material at a relatively early
stage in the breeding programmes to ensure that the new
varieties produced by the Welsh Plant Breeding Station
(WPBS) at Aberystwyth would be suitable for Scotland. The
SASA farm at Gogarbank was selected as a typical Scottish
grassland site, with a relatively low annual rainfall, and a
shorter growing season and lower winter temperatures than
Aberystwyth; around 80% of the grass seed used in Scotland
is sown in areas with similar climatic conditions to those at
Gogarbank. Trials were carried out between 1978 and 1982
to characterise the site and to ensure that it gave added
benefits compared with breeding at Aberystwyth alone. Since
then, it has been an integral part of the breeding
programmes at WPBS, which is now part of the Institute of
Grassland and Environmental Research (IGER). The cost of
the Gogarbank component represents 5% of the total grass
and clover breeding programme in the UK.

Although SASA has been involved in evaluating and selecting
material at Gogarbank since 1978, it is difficult to quantify
the impact of this link before 1988, when the National Seed
Development Organisation (NSDO) was sold to Unilever, and
the existing IGER-bred varieties transferred to the Dutch seed
company Barenbrug. Until then, the NSDO had been
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responsible for marketing seed of all varieties bred by the
government-funded plant breeding stations. IGER lost not
only the rights to income from WPBS varieties in commerce
but also those in official trials and, with a National List testing
period extending over five years, it was 1992 before they
could release any new varieties. Germinal Holdings (David
Bell Ltd. in Scotland), the British seed company, have funded
the finishing and marketing of new IGER varieties since then. 

Breeding Objectives
Since 90% of the grass seed sown in NW Europe is Italian
ryegrass (IRG), perennial ryegrass (PRG) or hybrid ryegrass
(HRG), forage grass breeding at IGER has concentrated on
these species. Similarly, as white clover is by far the most
important forage legume, the breeding effort has been
almost exclusively in relation to that species. The screening of
grass and clover material at Gogarbank to assess the
agronomic performance of selected populations has, since
1992, resulted in varieties with improved characteristics for
northern environments (see Development of Grass and
Clover Varieties). The main breeding objectives applied by
IGER are presented in Table 3.1. 

Recent developments in forage variety breeding, which are
currently being assessed at Gogarbank, include:

• transfer of the delayed senescence “stay green” trait into
agricultural grasses, from improved amenity grass
varieties; this should lead to increased and stabilised
plant protein content, and enhance silage quality and
ruminant performance;

• development of a rhizomatous hybrid white clover which
could have significant implications with regard to the
longevity of clover in the sward; the aim is to produce
varieties with underground stems (rhizomes) as well as
prostrate surface stems (stolons); 

• initiation of a new red clover breeding programme.

Field Evaluation 
Selection and evaluation work is carried out on perennial,
Italian and hybrid ryegrass and white clover, using single
plants or plots (swards mainly of 1m

2
).

Single Plants are used for the very early stages of evaluation.
They are raised from seed under glass at SASA and planted
out at the centre of 60 x 60 cm squares in the field. This

approach is used for the characterisation of perennial
ryegrass (PRG) material from collecting expeditions, and
selection of parents for new hybrid ryegrass (HRG) and white
clover varieties (plants surrounded by bare soil); and for the
selection of potential parents from single plants which
perform well in competition with a red fescue sward. 

Plots, usually 1m
2
, are used mainly for testing the progeny of

crosses at a later stage in the selection and evaluation
process. PRG populations are assessed, using an alternating
conservation and simulated grazing management, over three
harvest years with large numbers of progeny being compared
with the parental material. IRG and HRG populations are
assessed under combined conservation and simulated
grazing management over two or three years. Plots can also
be used for early evaluation if there is enough seed (Fig. 3.1).
The data collected are combined with those from
Aberystwyth, in selecting the very few populations which will
be entered into National List trials as potential varieties. The
acquisition of a Haldrup plot harvester (Fig. 3.2), in 1996,
allowed an increase in the number of plots which could be
maintained and evaluated up to 1,200 each year. 

Table 3.1 Herbage Breeding Objectives 

Figure 3.1 Evaluation of wild ecotypes in 1m2 plots

Figure 3.2 Forage plot harvester 

Objective Potential Benefits

Grasses

Increased total annual yield Higher output from the same nitrogen fertilizer input or, importantly, the same output from less nitrogen

Increased early spring and late autumn growth Reduced dependence on winter feed

Increased digestibility Improved animal performance

Increased water soluble carbohydrate (WSC) content Improved ensiling process

Improved nitrogen use efficiency with and without clover Stabilised or even reduced  nitrogen application

Increased tiller density Increased resistance to poaching and hence sward life

Improved disease resistance Minimised need for fungicides

Enhanced winter hardiness Increased sward life

Clovers

Increased persistency Reduced reliance on fertiliser nitrogen

Increased resistance to heavy grazing Maintenance of  enhanced nutritional benefits of clover compared with grass

Increased tolerance of high nitrogen So that clover contribution can continue to give nutritional benefits, in mixed swards
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Single plant and plot selection and evaluation is carried out
at IGER and SASA, with parental crossing and seed
production taking place at IGER only. Fig. 3.3 emphasises the
long-term nature of forage breeding, and the possibility that
only one finished variety may be released at the end of a 
16-year programme. However, at any one time, there are
normally five grass and clover breeding programmes
proceeding in parallel at Gogarbank (i.e. 2 diploid and 1
tetraploid PRG, 1 HRG/IRG and 1 white clover programme).

Scotland, with the total expected to increase to around 25%
within the next few years. Selection at the Gogarbank site is
beginning to have a major impact on Scottish grassland
farming and this will continue to increase as a full portfolio of
varieties is produced.

Of the varieties produced by IGER/SASA since 1992, 14
appear as Category 1, and 4 as Category 2 on the 2000/1
SAC Recommended List (Table 3.2); there were  none before
1992. The portfolio of varieties is not yet complete as there is
a need for early and late perennial ryegrass (PRG) and Italian
ryegrass (IRG) varieties (Table 3.2). Three ryegrass and 4
white clover varieties appear on the SAC List only, with all the
rest being recommended by both SAC and NIAB. The aim of
current breeding programmes is to produce five or six
finished varieties each year with at least one expected to be
recommended as Category 1 on the SAC List. In 1998,
Category 1 status was awarded to AberCraigs PRG, whose
parents were mainly selected at Gogarbank. Since the life of
a variety on the recommended list is no more than
8-10 years, at best, it is essential that there is a continuing
supply of good material going into the plant breeding
programmes. 

Future Developments
In addition to the techniques already discussed, IGER plant
breeders are now using molecular marker-assisted selection
in forage breeding programmes. This allows “complex” traits
(governed by several interacting genes), of agricultural
importance, to be dissected into individual genetic
components. These components are linked with DNA
markers which are then used to select the progeny which
have the desired alleles. This approach has been used in
selecting, for example, for specific genes associated with high
sugar levels in leaves, and in monitoring the transfer of genes
associated with stress tolerance from fescues into
ryegrasses. In white clover, species hybrids are being
developed which combine good vegetative growth with good
seed production potential, and normal stolon production with

Native Wild
Plants

(Collections)

Existing
Varieties

Hybrids
Between
Species

Base Populations
20,000 plants

Cross Elite
Plants

Progeny
Evaluation

NEW VARIETY
MARKETED

National and
Recommended
List and Plant

Breeders Rights

Selection

5 Varieties

1 Variety Recommended?

Year

1-4 Single Plant Trials
IGER & SASA

Plot Trials
IGER & SASA

IGER only5

6-9

10-14

15

16

Figure 3.3 A model grass-breeding programme 

Table 3.2 IGER Varieties added to the SAC Recommended 
List since 1992

Development of Grass and Clover Varieties
Selection started at Gogarbank in the early 1980s and, since
varieties take 12-15 years to produce, it was only from 1992
onwards that the impact of the contribution of SASA on
recommended lists could be assessed. Recommended Lists
of varieties of the major crop species are produced annually
by SAC & NIAB, based on data from variety evaluation
programmes. Grass and clover varieties are classified
according to their potential usefulness to agriculture in
Scotland, and England & Wales respectively. SAC ratings are
as follows:

1. First choice

2. Second choice – slightly poorer than Class 1 varieties 
in one or more characteristics.

3. Poorer varieties acceptable only when Class 1 or 
2 varieties are not available.

4. Poor varieties considered unsuitable.

Screening at Gogarbank has helped to alleviate the poor
winterhardiness of Aberystwyth varieties from the 1970s. It
has also helped to reduce the time taken to produce
varieties, and resulted in some of the new varieties being
recommended for use in Scotland only (see below). Since
seed of these new varieties became available in 1994/5,
there has been a rapid expansion in the use of already listed
varieties, and a series of new varieties added to the
recommended list. At present, “Aber” varieties bred by IGER
account for 15% of the grass and clover seed sold in

Species Variety SAC Rating Year Listed

Perennial Ryegrass (Early) AberTorch (tet) 1 2000

Perennial Ryegrass (Intermediate) AberElan 1 1993

AberMara (S) 1 1994

AberSilo 1 1995

AberGold 1 1998

AberDart 1 1999

Perennial Ryegrass (Late) AberCraigs (tet) 1 1998

Hybrid Ryegrass AberOscar (tet) (S) 2 1994

AberLinnet (tet) 1 1996

AberExcel (tet) 1 1997

AberStorm (tet) (S) 1 1999

Italian Ryegrass AberComo 2 1992

White Clover AberCrest (S) 1 1994

AberHerald 1 1994

AberVantage (S) 1 1994

AberDale (S) 2 1995

AberDai 1 1997

AberBonus (S) 2 1999

(s) Recommended in Scotland only  (tet) Tetraploid
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rhizome development, with the aim of enhancing persistency
and drought tolerance.

This activity should be seen in the context of UK and world
farming in the 21st century, and the long-term nature of grass
and clover breeding. Present major concerns in the UK are for
human health, animal welfare and the environment, in a
context of agricultural overproduction and the high cost of the
Common Agricultural Policy (CAP). The production of
“designer” grass and clover varieties may play an important
part in helping to address these concerns. For example,
grasses with high sugar content may lead to greater
efficiency in the use of plant protein by ruminants, resulting
in higher efficiency of milk production and better
conservation of nitrogen. Similar work is being carried out on
Italian ryegrass populations with high levels of unsaturated
fatty acids; livestock reared on such grasses may produce
meat with higher levels of beneficial fatty acids, thus
contributing to reduction in levels of blood cholesterol in
humans. The production of forages with improved mineral
composition and low molecular weight components can
contribute to the health of livestock; for example, ryegrass
varieties from IGER with high levels of magnesium, have been
designed to combat sheep death from staggers (magnesium
deficiency).

The EU ban on the use of meat and bone meal in animal
feeds and the recent extension of the ban on fishmeal in
ruminant feed has resulted in a reconsideration of other
protein sources to meet ruminant livestock requirements.
Recently initiated red clover breeding programmes aim to
reverse the problems of extensive protein breakdown during
the ensiling process and inefficient conversion to ruminant
protein, with the accompanying high losses of potentially-
polluting nitrogen in animal wastes. New varieties combining
these traits with increased yield, persistency, etc. will be of
particular interest in the organic sector. Grassland can
provide nutrition for ruminants which is superior to
concentrate feeds, and forage should be regarded by farmers
as the most “natural” feed for ruminants as well as being the
cheapest. The move away from direct subsidy on production,
under the CAP, may result in demand for new “low input”
varieties which require less fertilizer and pesticides to
maintain acceptable yields. 

All new grass and clover varieties will, in future, be produced
by combining classical breeding methodology with new
molecular techniques to provide breeders with more efficient
selection procedures to reduce breeding cycle time and
increase the range of traits selected. The work carried out at
Gogarbank will continue to ensure that there are varieties of
these new types which are suitable for Scottish conditions.

3.3 The Development of an Automated Image
Measurement System to Discriminate among
Varieties of Peas (Pisum sativum L.) Submitted
for Distinctness Uniformity and Stability Tests
(F N Green and L McCarthy; G W Horgan, A D
Mann and A M I Roberts) (Biomathematics
and Statistics Scotland)
Distinctness, Uniformity and Stability (DUS) tests are carried
out by SASA as part of the registration of new varieties on the
UK National List, or for granting Plant Breeders’ Rights. In

some crops, morphological measurements are essential for
establishing variety distinctness, and as these are usually
recorded manually, they are time consuming and often
subjective. Automated measurement systems are being
developed to improve the accuracy, efficiency and objectivity
of DUS tests.

Measurement of seeds or plants using machine vision, to
establish distinctness and uniformity in varieties, has been
applied to many crop species since the late 1980s. The
advantages of using simple machine vision technology for
assessing distinctness were quickly established: 

• automated measurement was more objective than
manual measurement;

• measurements could replace subjective visual
assessments;

• multiple measurements could be made simultaneously;
and

• more samples and larger sample sizes could be recorded
without corresponding increases in staff input.

It was also recognised that subjective visual methods of
assessment of uniformity could be replaced by objective
machine vision recording, thereby improving the accuracy of
testing. 

Early machine vision work concentrated on the measurement
of individual characteristics and used silhouette images from
which lengths, widths, angles and shapes could be measured
(Keefe and Draper, 1988; Van de Vooren and van der
Heijden, 1993; Van der Heijden et al., 1996). More complex
shapes, such as those of onion bulbs, were broken down into
their components allowing more precise discrimination and
description, and mean bulb size and shape could be
displayed by derivation from the recorded population (Draper
and Keefe 1989). More recent work has involved the use of
digitised photographs or digital photography (Keefe, 1999;
Warren, 2000), and machine vision (colour meter) has also
been used to automate the recording of green colour with the
aim of improving subjective visual assessments under
variable light conditions (McMichael and Camlin, 1994).

In 1995, Biomathematics and Statistics Scotland (BioSS) and
SASA introduced the idea that varieties could be grouped or
matched with similar varieties using composite colour and
shape information extracted from an image (Horgan et al.,
1995). The grouping of varieties and the selection of close
controls for candidates under test, are two important
components of DUS testing (see sections 6.2, 6.3). In
addition, it was proposed that machine vision could also be
useful for the objective assessment of uniformity (Davey et
al., 1997). 

A combination of multivariate statistical techniques were
used to compare and match varieties, and to extract the main
characteristics contained in digitised images of carrot,
Brussels sprout, and celery plants (Davey, 1998). The
information was then used to search for varieties with similar
features in a variety image database, VISOR, which had been
developed to match candidates submitted for DUS test with
the most similar varieties (Horgan et al., 1998, 2001). The
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VISOR database may be examined at
http://www.bioss.ac.uk/visor/. It was already known that
certain characteristics varied considerably from site to site
(Thomson, 1999), and it was assumed that the main
limitation of such a database was variation in the expression
of colour and size among years at one site. However,
statistical adjustment for differences in experimental and
photographic conditions among years (Roberts et al., 2001)
has now minimised these factors, making the matching
process more reliable.

Within the context of this work, it was decided to examine
whether machine vision could be used for recording
characteristics used in UK DUS tests.

Objectives
The main objective was to define new machine vision
characters which would give similar or improved accuracy to
that achieved using manual methods. It was decided to
compare the variation in character expression, both within
and between varieties, by both manual and machine vision
recording methods. It was also planned to find out whether
measurements could be recorded accurately using images
captured using a low-resolution digital camera. In addition,
the establishment of standard photographic settings and
image layout were planned, so that future work could be
comparable. Sample orientation would be fixed so that the
computer could recognise individual samples and detect the
correct position to start measurement.

Methodology
In 2000, a project to develop an automated machine vision
measurement system, IMAGIN, was set up by BioSS and
SASA to record characteristics used in Pea DUS tests (Green
1995). IMAGIN is designed to measure simple and complex
characteristics of size, colour and shape, some of which
cannot be measured manually. As part of the recording
process, a standardised image library was created. Leaflets,
stipules and pods were harvested from both the DUS and the
Regeneration Pea trials, with all samples for a particular plant
part harvested at the same time and then photographed.
Leaflets and stipules were arranged in rows and separated to
ensure that they did not overlap.

Photographs were taken with a digital camera (Olympus
Camedia C-2000 Z 2.1 Megapixel) in a photography studio, giving
images (1200 x 1600 pixels), at a resolution of 3.7 pixels/mm,
which were stored as JPEG files. Plant samples were placed on a
black background for ease of separation, and to avoid the
creation of shadows. Apart from the plant samples, the layout
included labels describing the contents of the image, two
standard colour cards and a coin for scale. Surface moisture was
dried from samples before photography. Although the images
were recorded under photographic laboratory conditions
(controlled light and focal length/distance), colour was checked
before each photograph was taken. The layout was designed to
accommodate the largest organ sizes to be expected in DUS
testing, and extra space was allowed to separate each sample for
accurate recognition and measurement by the computer.

A wide range of leaflet, stipule and pod dimensions was
sampled and digitally photographed using between 5 and 18
plants, and manual and digital measurements were recorded

on 7 stipule, 7 leaflet and 7 pod characteristics. In addition,
up to 40 plant samples, harvested from 2 replicates of 20
plants, were photographed for 10 varieties. Machine vision
measurements have not yet been recorded for the latter, but
when completed, will be compared with existing manual data
recorded on the same material.

The analysis processed the images in several stages:

1. Objects in the image were labelled so that each non-
overlapping set of pixels was assigned a unique identifier,
and labelled in the order in which they were encountered
in moving from top to bottom of the image.

2. The green intensity value was used to separate objects
from the background: anything brighter than a specified
value being deemed to be part of an object.

3. The difference between the mean green intensity and the
mean blue and red intensities of each object was
calculated. This is a measure of ‘greenness’. Only objects
whose greenness exceeded a threshold were deemed to
be plant parts. The rest were assumed to be colour
charts, labels, etc.

4. The object outlines were ‘morphologically opened’. This
removes small features such as the peduncles of the
pods, which are not regarded as part of pod length.

5. Objects could be rotated to lie horizontally. The
orientation of an object was determined as that of its
major axis: the direction along which the second moment
(variance of pixel positions) was greatest. At present,
rotation has been carried out for leaflets and stipules
only.

6. Length was measured as the difference between the
maximum and minimum horizontal co-ordinates of each
object.

7. Width was measured as the diameter of the largest disc
that could fit completely inside an object outline. (This is
by-product of step 4).

8. The curvature (of pods) was measured as the vertical
distance from the centre-of-gravity of each object (the
mean pixel position) to a straight line from the extreme
left to the extreme right of the object. It can be positive or
negative.

9. The width at each position along the length of a leaflet or
stipule could be obtained, and how far along this reaches
a maximum was readily recorded. This distance from
base to widest point is another leaflet character.

10. Dentation was measured from the variability of the
direction of the edge of an object. More variability
indicates greater dentation.

11. The flecking of a stipule was determined as the
percentage area of the stipule covered by regions with
brightness above a certain threshold.

12. The bluntness of the end of a pod was determined by how
much of a disc centred on the tip of the pod was occupied
by pod.

Many of the above methods depend on definitions, which can
be adjusted to improve the discrimination of the images.
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Software
The software code that performs the automatic
measurement was written in Fortran 77. It consists of a series
of routines that carry out operations such as isolating
objects, summarising colour distributions, rotation of the
object to the horizontal, and measurement of length and
shapes. The software has a graphical user interface (GUI)
written in MS Visual Basic. The program, IMAGIN, is designed
to run in Windows 95/98/NT in batch mode. The user selects
a directory containing a number of images and instructs
IMAGIN to analyse all these images without further
intervention or supervision.

Results
Simple Characteristics With the exception of the ‘widest point
to base’ in leaflets, measurements of simple characteristics
obtained by machine vision were highly correlated with those
from manual recording (Table 3.3). The low correlation for the
widest point to base measurement in leaflets may be due to
a manual recorder or sampling error: the recorder must
estimate the position of the widest point, and this can be
difficult on long, narrow leaflets. However, the sample
compared was small and it is probable that a higher
correlation will be found when comparing larger samples.

Leaflet and stipule length and width measurements were
distorted by undulation and folding of the leaf surface which
occurred to different extents in approximately 95% of
cultivars. However, most varieties had low levels of
undulation and folding and both manual and automatic
recording methods were similarly affected. In future,
photographs will be taken on material flattened under glass
which will minimise, but not eliminate this distortion. Leaflet
and stipule area were not recorded owing to the difficulty of
visual (subjective) assessment, although the results obtained
in this project suggest that the addition of these
characteristics to routine recording could improve the
discrimination of varieties.

Complex characteristics The different measurements of more
complex characters were not as well correlated, owing to poor
character definition and image quality (resolution). Leaflet
dentation was recognised successfully, although only where it
was clearly expressed. Image quality was insufficient to
reveal very fine dentation and higher resolution, and possibly
improved character definition, would be needed to improve
recognition. It is planned to work with images at higher
resolution in the next stage of development.

Stipule flecking was only partially recognised, which is not
surprising given that, in some varieties, expression is very
faint. Very low flecking density may not be detected,

particularly if intensity is low, as it may be confused with
blemishes on the foliage. The quality of material sampled for
automated measurement is therefore very important. It will
be necessary to define flecking more carefully in terms of
size, density and intensity.

Table 3.3 Correlation between measurements recorded by
machine vision and manual methods

Character Correlation

Leaflet width 0.991

Leaflet: widest point to base 0.434

Stipule length 0.976

Stipule width 0.995

Pod length 0.978

Pod width 0.997

Differences in foliage and pod colour were recognised, but
the green colour intensity measured was not directly related
to the yellow, blue and green character states recorded
visually. The addition of red and blue colour intensity
measurements, planned for the next stage of development,
should give discrimination that is comparable with visual
assessment.

Pod tip shape (blunt or pointed apex) was recognised in
straight pods by machine vision, but it was not accurately
distinguished in strongly curved pods, or where the distal



preparation time should be balanced against the
improvement in accuracy, the ability to measure difficult
characters, and simultaneous measurement.

Although the development of digital measurement has been
variously implemented in DUS testing, integrated machine
vision recording systems, which can be used across a range
of crops, are rare. Most development has been targeted at
the discrimination of varieties in specific crops, but the
development of a broad-based automated measurement
system for assessment of distinctness and uniformity is
possible, with the development of more powerful statistical
analysis on the desktop. Improvement in the resolution of
digital cameras and increased file storage capacity will help.
Additional benefits, as visualised for IMAGIN, will be the
construction of databases with direct relationships to the
measured data, and the ability to generate typical or
‘average’ cultivar images, which could be used in VISOR for
grouping and selection of similiar varieties.

Characteristics with Potential for DUS tests
In the course of this work, several potential morphological
characteristics have been identified and will be evaluated,
and the definition of existing characteristics will be improved
to achieve better discrimination. Leaflet tip shape, serration
of the stipule base and additional components of stipule
shape, using the axil (point of attachment to the stem) as an
easily recognisable fixed point, show promise for establishing
distinctness. Machine vision may also be capable of
recognising and separating leaflet dentation (gene td) and
enhanced dentation (gene Int) thereby achieving genotypic
classification. Similarly, genotypes in other organs of the
plant could be detected; for example, the expression of pod
shape is mainly controlled by 5 genes (bt, co, con, Cp and n).
The combinations of these genes are expressed as one of 10
clear phenotypes (Lamprecht, 1974) which can be used for
cultivar grouping. Using measurements recorded by machine
vision it may be possible to classify varieties into these clear
phenotypic classes. 

Summary
Machine vision is clearly a useful tool for measuring
characteristics of pea plants, as successful measurement of
size and simple shape has demonstrated. The accuracy of
measuring more complex characteristics will depend on
better definition and the use of digital cameras capable of
taking photographs at higher resolution. Machine vision
measurement is more objective than manual methods, and
will enable the recording for characters which are difficult to
measure or assess visually, such as leaf area, curvature, and
shape. However, expert judgement will still be needed for
selection of material for recording and for understanding the
effects of environmental factors. Experience gained from
VISOR, and from this pilot IMAGIN project, should enable the
development of broad-based measurement tools that can be
used to record DUS characteristics in other crops.

Davey JC, Horgan GW, Talbot M. 1997. Image analysis: A tool for
assessing plant uniformity and cultivar matching. Journal of
Applied Genetics 38A: 120-135.

Draper SR, Keefe PD. 1989. Machine vision for the
characterization and identification of cultivars. Plant Varieties and
Seeds 2: 53-62.

3  Varieties

|
S

A
S

A
 S

c
ie

n
t
ific

 R
e

vie
w

 1
9

9
7

–
2

0
0

0

28

seed was not fully developed. Differences in pod curvature were
recognised and distinguished, but where pod curvature was
marked, length measurements were not consistent with
manually recorded data. Curvature contributes to errors in
manual length measurements, where partial compression of
the pod is necessary to assess length. Furthermore, curvature
near the peduncle or the apex, in otherwise straight pods, is not
currently assessed, and complicates the subjective assessment
of curvature. More accuracy could be achieved using machine
vision by measuring the length of the mid-line between the
upper and lower surfaces, and measuring curvature at several
points along the length of the pod.

Operational difficulties and possible improvements The size
of the organs grown and measured in 2000 was larger than
expected and presentation of material for photography
involved time-consuming arrangement. The layout will be
adjusted in future to ensure that the plant material is better
spaced, and an appropriately-sized cardboard frame will be
used as a template for photography, enabling quicker set-up
times. Identification of the plot of origin and full details of the
variety could be provided economically using a bar code, or
other appropriate labels on the photograph. The
measurements were presented in pixels and were later
converted to millimetres; in future, the analysis will be
simplified by measuring directly in millimetres. It is also
planned to write software which would enable automated
machine vision measurements to be imported directly into
the DUST program (UPOV, 1999) for analysis of distinctness
and uniformity.

Evaluation 
Machine vision is now being examined or applied in a wide
range of crops for use in DUS testing in several countries
(UPOV, 2001) and the statistical methodology applied to
machine vision has recently been reviewed (Horgan, 2001).
Two factors are critical to the accuracy of automated
measurement: sampling which must be representative of the
population for effective assessment of distinctness; and 
the quality of harvested samples, which can affect the
assessment of both distinctness and uniformity.

Currently the preparation and harvesting of material for
machine vision takes longer than the manual recording of the
current UPOV characters, for four reasons:

1. Harvesting time is similar to that required for manual
recording, but the transfer of material from the field to the
studio slows the recording process. In-situ image capture
would greatly increase efficiency. 

2. The need to dry material before photography and remove
unwanted plant tissue such as stalks on leaflets and
stipules, and flower remnants on pods.

3. The setting up of the recording system is slow and
requires photographic expertise.

4. The current image capture methods are not automated,
and the throughput speed is slow. Plant material could be
photographed more quickly if samples were moved past
the camera.

These factors will be minimised or eliminated at a later stage
in the development of the project when the automation of
image capture is considered. However, the current
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3.4 Cereal Seed Certification (G Hall) 
“And some fell into good soil and grew, and yielded a
hundredfold”. However, of the seed that falls into good soil,
some may not germinate, some may be the wrong variety, be
weed seeds that will compete with the crop, or be inert
impurities such as chaff. Crop certification schemes exist to
protect the interests of farmers buying seed by ensuring that
what they buy matches or surpasses the statutory quality
standards and that, once sown, it should perform to its
maximum potential. 

The Romans were among the first to attempt to maintain the
quality of, and guard against deterioration of, cultivated races
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of seed. According to Virgil, care “was taken to prevent the
inclusion of variations of inferior value in seed” (Cowan,
1972). Exactly when and where the concept of seed
certification arose is not clear, but the first documented
records are from Sweden: in a lecture to the Royal Swedish
Academy of Agriculture in 1880, Adolf Blum described the
sale of seed by a commercial company in bags sealed by 
the local testing station, with their analysis certificate under
the seal (Kåhre, 1990).

The Welsh Plant Breeding Station started certification in the
UK by promoting seed growers’ associations. The first, in
1923 in Montgomeryshire, produced red clover seed and, in
1933, the Clarach Valley Seed Growers’ Association was
formed to produce seed of cereal varieties bred by the station
(Welsh Seed Growers’ Federation, 1958). In England, the
Cereals Field Approvals Scheme in 1947 arose out of
initiatives to boost production during the Second World War.
In 1954, the Organisation for European Economic Co-
operation (later the Organisation for Economic Co-operation
and Development – OECD) instigated the first international
schemes to standardise seed certification methods in
different countries, to facilitate trade. By 1960, the Herbage
Seed Scheme was operating satisfactorily, and six years later,
the Cereal Seed Scheme was introduced (Kelly, 1966). The
OECD schemes describe approved methods and standards
for the assessment of varietal identity and purity, but they do
not contain methods for laboratory purity and germination,
which are covered by another organisation, the International
Seed Testing Association (see Chapter 2). 

Certification in Scotland 
Although there was a requirement in the Seeds Act of 1920
for vendors of seed to declare certain attributes, including
both varietal and seed quality, it was not until 1950 that the
first official scheme in Scotland, the Scottish Oat Certification
Scheme, was launched. The impetus for this development
came from the Scottish Seed Oat Producers Association,
whose members were of the opinion that a certification
scheme would assist in the improvement of seed and, by
doing so, would increase the demand for seed. This evolved,
by 1969, into The British Cereal Seed Scheme (Scotland),
whose scope covered all the main cereal crops. Nevertheless,
participation in both of these schemes was voluntary and
seed could be multiplied for an indefinite number of
generations, as long as the quality standards were
maintained.

Following the accession of the UK to the EEC in 1973, the
quality control of seed changed from a voluntary to a
statutory basis, and there was a requirement for uniformity in
definitions so that each member state could apply the same
measures of control over seed production and quality
assessment. The certification system adopted by the EEC,
which introduced the concept of a limited sequence of
generations through which seed can be multiplied after it is
released from the breeder, involves a number of compulsory
quality checks at different stages in the process (Fig. 3.4).
The whole system is enshrined in law at EU level through a
series of separate Directives; for example, Directive
66/402/EEC of 14 June 1966 relates to the marketing of
cereal seeds. This, in turn, is incorporated into UK (and now
Scottish) law through the Cereal Seeds Regulations 1993
and the Seeds (Registration, Licensing and Enforcement)
Regulations 1985. 
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In Scotland, approximately 2500 cereal seedlots,
representing 56,000 tonnes of seed, valued at £13m, and
involving around £2m in royalty payments to the Plant
Breeding Industry, are currently certified each year. The
management of cereal seed certification in Scotland is the
responsibility of the Cereals Section at SASA, and other
species, such as grasses and oil seeds, are certified by the
Herbage and Vegetable Section at SASA. There are separate
Authorities responsible for the process in England, Wales and
Northern Ireland.

In response to the Food Safety Act (1990), the farming
industry has introduced farm assurance schemes for
combinable crops, which place the onus on each sector of
the food chain – from production through to consumption –
to ensure the wholesomeness and safety of all food products,
through Quality Assurance and Traceability. The detailed
records of certification schemes can play an important part
in this process, as individual seed crops can be traced back
to the seed that was initially released by the plant breeder.

Seed Certification at SASA
Seed certification is a method of controlling seed quality
during multiplication. In order to provide sufficient seed for
the farming industry, several years of controlled
multiplication are needed, starting with relatively small
quantities of seed released by the breeder from their
maintenance material (Breeder’s Seed), through a number of
specified generations, to the end product bought by the
farmer. As most of the Breeder’s and Pre-basic seed in the UK
is produced in England, and “imported” into Scotland as
basic seed, there is a need for prompt and efficient exchange
of information between the two Certification Authorities. Each
multiplication cycle has two distinct stages. The first relates
to the growing crop, from which it is intended to harvest seed
for certification, which is registered with Cereals Section so
that attributes such as varietal purity and wild oat levels can

be recorded by field inspection (section 3.6). In parallel,
varietal purity is also recorded in small plots grown at
Gogarbank (Fig. 3.4). If found to meet the appropriate
standards, the crops are allowed to progress to the second
stage which occurs during seed multiplication. Merchants
process the grain from the seed crops into separate seed lots
with a maximum weight not exceeding 25 tonnes, each of
which is sampled and tested for weed seeds and germination
by the OSTS or by Licensed Testing Stations under its control
(Chapter 2). Cereals Section combines the seed testing
results with the field records of its parent crop and certifies
the seed if it meets all requirements. 

Seed merchants are the customers for certification, and they
pay for the service through fees; in return, they expect to
receive a fast and efficient service from SASA. To meet these
requirements, the Cereals Section has introduced a series of
performance measures and targets, to ensure that work is
carried out promptly and to the right quality. One of the
factors that has enabled the section to meet its delivery
targets and keep costs down has been the introduction of an
Information Management System. 

In 1974/5, only 68 seed lots were entered for (voluntary)
certification but, with the introduction of EU regulations,
making it illegal to sell uncertified seed, there was a huge
increase in demand from the Scottish Seed trade to certify
seed; by 1976/7, 4257 seed lots were being handled, rising
to a peak of 4995 in 1984/5. Under EU legislation, it was
also necessary to maintain more detailed archives, providing
the motivation to move from a paper-based to a fully-
computerised system. The first system involved using a single
large centralised computer in which completed (paper) data
sets were sent in batches for input by the Scottish Office
Computer Section, and processed information was returned
in the form of paper reports. This early system, which
facilitated the production of annual statistics on quantities of
seed produced, varieties used, areas sown, etc., evolved by
the mid 1980s into an online system with a limited number
of terminals within the Section, but still linked to the central
computer. The Cereal Certification Information System (CCI),
enabled Cereals Section staff to input and retrieve data
directly and resulted in a reduction in the number of staff
needed to run certification, with consequent saving in costs. 

In the mid 1990s, as the central computer neared the end of
its useful life, the Scottish Office IT strategy devolved
responsibility for IT systems to ‘Business Areas’ such as
SASA, using locally based servers. The objectives were
twofold: to enhance the local management of IT systems, and
to reduce the cost of service provision. A SASA project team,
including seed certification and IT experts, was charged with
the following objectives: 

a) Ensuring continuity of service to the customers during
and after the transfer of the system to SASA;

b) Widening access to the information system to all staff
with responsibility for seed certification;

c) Increasing the degree of automation; and

d) Reducing the amount of paper used in the scheme.

Of these objectives (a) and (b) were viewed as essential, (c) and
(d) as desirable. Subsidiary goals were: to explore the potential
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Figure 3.4 Cereal Certification 



for extending the information system to the certification of non-
cereal crops, and to explore the potential for data sharing with
other Sections. The latter was particularly significant, because
several groups within the Agency shared customers and basic
crop information, although each group managed the same
data separately. The project was seen as an opportunity to
remove some of this duplication. Major constraints were the
fixed date for decommissioning the old mainframe system, the
need to update all the relevant software, and the requirement
to transfer (“port”) the archived data to SASA (in the event to an
up-to-date Relational Database Management System). A
particular challenge was that, unlike more modern systems
whose designs are fully documented, the only description of
the old information system was contained in the lines of
program code themselves. This meant that a new system
design was needed, and a new system data model produced
(Fig. 3.5). Together with the supporting dictionaries (i.e. lists of
names and addresses, varieties, seed treatments, etc.) there
are 78 tables, 100 forms and the ability to retrieve information
in the form of 50 different protocols. All of this work had to be
completed without disrupting the certification cycle.
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introduction of the new system, now called CCMS (Cereal
Certification Management System) has resulted in less
reliance on an individual’s knowledge, making it easier for
more staff to be involved. 

The Future
During the development of CCMS, the project board identified areas for
future enhancement, such as automatic decisions for those crops and
seed lots that clearly meet the standards; and the ability to analyse
trends in seed quality over several years. The potential for direct
electronic service delivery to seed merchants is also under review
although, the high costs of implementation and the small number of
customers in Scotland and in the UK as a whole, makes early delivery
of such a system unlikely. For the moment, SASA is taking a smaller
forward step by making the scheme forms available on its website. 

Cowan JR. 1972. Seed certification. In Kozlowski TT ed. Seed
Biology, Volume III. London: Academic Press, 371-397.

Kåhre L. 1990. The history of seed certification in Sweden. Plant
Varieties and Seeds. 3: 181-193.

Kelly AF. 1966. The O.E.C.D. Cereal Seed Scheme. Journal of the
National Institute of Agricultural Botany. 10 Suppl: 64-68.

Welsh Seed Growers’ Federation 1958. Welsh Certified Seed.
Aberystwyth: Welsh Seed Growers’ Federation.

3.5 Seed Standards for Cereal Certification in
Scotland (G Hall) 
The Cereal Seeds Regulations of 1993, which ensure the
quality of seed in commerce in the UK, are based on varietal
identity and purity levels, and several seed testing
parameters (germination, contamination with the seeds of
weeds and other cereal species, and analytical purity; see
section 2.2). Certification under the Regulations not only
ensures that the seed is likely to grow when sown by farmers,
but it also plays an important part in preventing the
dissemination of weeds, some of which can cause severe
losses in crops (section 2.2).

Table 3.4 shows that the size of sample examined, and the
acceptable standards for certification have evolved with the
introduction of different certification schemes, and that there
has been tendency towards lower thresholds. However, EU
Directives permit Member States to have higher standards
for their internal markets, and, mainly at the demand of the
Scottish seed industry, the UK introduced the “Higher
Voluntary Standard” (Table 3.4). Since the introduction of
HVS in 1973, the Scottish seed industry has sought to meet
these more demanding standards: with the exception of
1992, when only 87% of seed lots attained the HVS
standards (owing to accidental contamination of a popular
variety), the percentage has been consistently greater than

Table 3.4 Comparison of Seed Standards in the different
Certification Schemes  in Scotland, 1950-Present

Attribute Scottish Oats   BCSS   EU Standard Current HVS 
Certification (In 4lbs – (in 500g) (in 1000g)

Scheme 1800g)
(in 2lbs – 900g)

Analytical Purity 99.0% 99.0% 98% 99.0%

Germination 95% 90% 85% 85%

Number of Weed and 1 4 10 4
other cereal species
seeds allowed

Figure 3.5 Schematic diagram of the CCMS System 
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Outcome
Of the four major objectives, the two essential objectives
(ensuring continuity of service to the customers and
broadening access to the system to more staff) have been
fully met, and the new system can be used by staff after a
minimum amount of training. More reports are produced by
the information system and a more flexible method of
interrogating the database has made it much quicker and
easier to answer questions about the progress of a particular
crop, or to provide general certification information. The



90%. In contrast, in England and Wales, the proportion of
cereal seed certified at HVS has been as low as 40%,
although it is currently in the region of 80-85%.

DEFRA is currently reviewing cereal certification in England
and Wales, and issues for consideration include withdrawal
or modification of HVS provisions. There has been a general
decline in the amount of certified seed sold in the UK, and a
concomitant rise in the amount of seed saved by farmers for
their own use. The Scottish seed industry has concluded that
the best way to combat this trend, and the associated risks in
relation crop quality, would be to offer a product with
enhanced qualities. To provide quantitative support to such
discussions, the Cereals Section at SASA has examined the
likely effects of the following changes in HVS standards, for
certified seed of the second generation, which have been
proposed by the Scottish seed industry: 

1. increase the germination standard from 85% to 95%;

2. increase the analytical purity standard from 99.0% to
99.5%; and

3. change the weed seed/other cereal seed standard from
4 seeds in 1000g to 1 seed in 1000g.

on seed quality, using data from previously certified Scottish
seed lots.

The Survey
This study is based on data for 7279 cereal samples (winter
and spring barley; winter wheat and spring oats) submitted
for certification in Scotland during three periods (1 August
1998 - 31 July 1999 i.e. seed year 1998; seed year 1999;
and seed year 2000). Since most of these samples would
have been tested for compliance with HVS by the seed
merchant before submission, it was expected that few would
fail to meet the current standard. The samples were tested
either by the OSTS at SASA, or at a licensed seed testing
station, in accordance with the International Seed Testing
Association Rules (Anon., 1996). 

Germination (Fig. 3.6a-e) 
Applying the current HVS germination standard of 85% or
above, 1.3% (97 samples) were rejected, but increasing the
threshold to 90% and 95% would have resulted in a further
6% or 31%, respectively, being rejected. There were
differences among species: for spring and winter barley,
raising the standard to 95% would have resulted in the
rejection of 28% and 23% of the submitted samples; but at
90%, only 4% and 2%. Spring oats had a failure rate of 1.1%
at the current standard, compared with 14% at the 90%
threshold and 42% at 95%. Winter wheat had a 5% failure
rate at the current standard, increasing to 19% at the 90%
threshold and to 47% at 95%. 

Analytical Purity (Fig. 3.7a-e) 
For the three seed years, increasing the standard to 99.5%
would have resulted in only a 1% increase in the number seed
lots failing to meet the standard. The data for the individual
crops indicate that spring and winter barley, together with
oats, would have suffered an increase of 1% in rejection rate,
but of 5% for wheat.
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a) All Species
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Figure 3.6 Germination results for seed years 
1998-2000

Other Seed Content (Fig. 3.8a-e)
Two per cent of seed lots entered failed at the current HVS
standard (4 seeds/kg). If the standard were to be raised to 
1 seed/kg, the proportion of seedlots rejected would
increase to 14% for all species combined (from 1-2% to 12%
for barley; 2% to 17% for wheat; and 5% to 31% for oats).
(See also section 2.1).
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Summary
For all species, the data from the three years studied indicate
that a germination standard of 95% would result in a level of
rejection that would probably be too high for the seed trade
to sustain. Although seed merchants can set pre-certification
requirements at the point of intake from farmers, the present
survey suggests that a high proportion of seed crops would
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Figure 3.7 Analytical purity results for seeds years 
1998-2000

Figure 3.8 Number of seeds found in 1kg, seed years
1998-2000
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be unacceptable at the higher germination standard, and
more seed crops would have to be grown to ensure the
required supplies of seed. With the introduction of a 90%
threshold, few additional spring and winter barley seed lots
would be rejected but, for winter wheat and spring oats, the
likely additional rejections would be significantly greater. The
Scottish seed trade may wish to consider the option of
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different germination standards for barley, from wheat and
oats. In addition, since lower rates of germination may be
related to seed-borne diseases (see sections 2.3, 2.4), there
may be a case for testing after treatment, where disease is
suspected. 

The proposed increase in the threshold for analytical purity to
99.5% would have little impact on the number of seed lots
meeting the standard. However, there would be a significant
increase in the rate of rejection on the grounds of other seed
content under the proposals, and this might be regarded as
too high by the Scottish seed trade. The data suggest that a
standard of 2 seeds might provide a compromise, giving an
overall rejection rate of 7%. It is worth noting that the survey
has revealed a significant drop in seed quality since the
original Scottish Oats Certification Scheme was introduced in
1950 (section 3.2): only 58% of the oat seed lots sold
between 1998 and 2000 would have met the germination
standard of that period, and only 68% would have met the
requirements for other seed content.

Anon. 1996. International Rules for Seed Testing. Seed Science
and Technology. 24

3.6 Cereal Crop Field Inspection: Improving
Efficiency and Economy without Impairing
Effectiveness (G Hall)
The potential yields of new cereal varieties increased sharply
during the second half of the twentieth century; for example,
there was a 200% increase in UK wheat yields in the period
1947 to 1992, of which half has been attributed to the
introduction of new varieties, the other half to changes in
agronomic practices (BSPB, 2000). However, the full
potential of a superior variety cannot be exploited unless the
seed supplied is true to the genetic type as bred by the
breeder. In the UK, the National List and Recommended List
system is designed to ensure that the full agronomic
potential of a variety is realised (McDonald and Copeland,
1997; Laverack, 1994; Thompson, 1979), but genetic
impurities can reduce productivity and lower the quality of the
grain for a potential market (e.g. malting, breadmaking). 

This is an area for which government takes responsibility: the
identity and quality of cereal seed for sowing are controlled,
from the time of release by the breeder of the variety to the
time of delivery of the farmer, by the UK Cereal Certification
Scheme (section 3.4). The scheme incorporates several
quality control mechanisms, including official testing to
ensure that the seed meets prescribed standards for

germination and freedom from weeds, and measures to
ensure the genetic purity of the seed–its varietal identity and
purity. Varietal purity is measured, against standards laid out
in the UK Cereal Seed Regulations (1993), in two ways:
detailed examination of plants grown in a control plot from a
sub-sample of the seed grown, and inspection of crops grown
in the field. Each field entered for the certification scheme is
inspected at least once, at a time when the relevant
morphological characteristics of the varieties are most easily
observable. Plant taxonomic characters observed at this
stage include plant pigmentation and surface waxes, ear
density (“tightness”), grain shape and colour characters in
barley, and glume shape characters in wheat. Fig. 3.9 shows
that, although there has been a decline in the number of
crops in Scotland entered for inspection since 1997, the
number of inspections required to satisfy the requirements of
the scheme was actually higher in 1999 and 2000 (i.e. return
visits were required, to re-inspect crops which did not pass
the standards at the first inspection). In parallel, the
inspection cost for each crop, borne by the seed trade, has
risen. 
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Figure 3.9 Number of inspections per year of certified
cereal crops in Scotland 1997-2001

Wheat ears with contrasting glume shapes

Field inspections of growing crops are designed to:

• confirm the identity of the variety;

• check that the proportion of “off-type” plants is within the
range permitted by the varietal purity standards;

• confirm that the crop is sufficiently isolated to prevent
contamination by foreign pollen, or grain of other
varieties at harvest; 

• confirm that the proportion of plants of other cereal
species, or wild oats, is within the permitted range; and 

• confirm the identity of the seed used to sow the crop, to
maintain the pedigree of the seed to the material that
was released by the breeder.

In view of the large populations of plants involved in field
inspection, appropriate sampling and counting techniques
must be applied. Sampling for field inspection is based on
the theories of sampling used for other biological systems
but, as the period of time available for crop inspection can be
very short, compromises must be made between the time
taken for individual inspections, and the number and
accuracy of the measurements made; the value of the
inspection relies on the judgement of very experienced
inspectors. The aim of the work being carried out at SASA is
to reduce input into crop inspection without reducing
accuracy and precision, thereby ensuring that, within the
available time, high levels of contamination are not accepted,
or good crops rejected.



The proposed method was evaluated by the Agricultural
Inspectorate of SEERAD during summer 2000. Both sampling
procedures were carried out on 41 crops entered into the
certification scheme: in 27 crops, two inspectors applied
each method to the same crop whereas, in 14 crops, pairs of
inspectors applied either the standard or the new method. In
all cases, inspections of the same crop by different methods
were within 48 hours, and inspectors using different
sampling techniques were not permitted to be near the crop
at the same time. The approach used removed the possibility
of bias caused by the results of one inspection affecting the
second. 

Varietal Purity (Table 3.7): When one inspection team used
both methods there was good agreement on all but one crop
(27), where there was a marked discrepancy between the two
procedures due to the random nature of the impurities.
Where two inspection teams were used, each using a
different method, there were larger differences in the number
of impurities found, although these were no greater than
would have been expected from independent inspections of
the same crop using the existing procedure.

Species Impurities (Table 3.7): Species impurities were
recorded in four of the crops, two using the existing
procedure, one using with the new procedure, and only one
using both methods.

Wild Oats (Table 3.7): There was good agreement between
the two procedures, with the exception of one crop (39), in
which the existing procedure revealed 14 wild oat plants but
the proposed procedure found none. It was later discovered
that the farmer had removed the wild oats from the crop
between the two inspection visits.
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Cereal Crop Inspection 
The current method for inspecting cereal crops in Scotland,
set out in the manual “Inspection of Cereal Seed
Crops–Instructions to Crop Inspectors” (SASA, 1998), is
based on international guidelines (OECD, 2000, 2001).
However, the sampling approach actually dates from the
1940s (Hervey-Murray, 1978), and has undergone little
modification since then. For wheat, barley and oats, a
minimum of 10 quadrats (1m x 20 m, at right angles to the
drills), chosen at random to be as representative as possible
of the different areas of the crop, are inspected. For crops
over 10 hectares, an extra quadrat is examined for every two
additional hectares up to a maximum of 20 quadrats. Each
quadrat area is examined, all varietal and species impurities,
together with wild oats, are recorded, and all the ears within
a randomly selected squared metre are counted. This forms
the basis of the calculation of the crop ear population, and is
used to compare the total number of findings from all 20
quadrats against the standards for the calculated population,
statistically adjusted to allow for non-uniform distribution of
impurities.

Since the costs of this approach to sampling (10 quadrats
even for crops of much less than 10 ha, and the possibility of
up to 20 quadrats for larger fields) are high, and increasing,
the UK Certification Authorities have begun to question the
need for this level of input, particularly in fields where the
crops have little or no varietal contamination and are likely to
pass the prescribed standards. Against this background, the
Cereals Section at SASA, in conjunction with Biomathematics
and Statistics Scotland (BioSS) initiated a project to re-
evaluate crop inspection techniques, with the objective of
devising a practical and statistically-sound method, with
improved economy and efficiency. The intention was to retain
existing inspection methods, as far as possible, to facilitate
change.

The Proposed Approach to Field Inspection 
The records of 994 wheat and barley crops inspected in
Scotland in 1990-92 for certification, including some crops of
up to 30 ha, but approximately 80% less than 10 ha, formed
the basis for statistical analysis by BioSS statisticians. This
revealed that: 

• if levels of contamination by other varieties were less than
14 plants in every 10,000 inspected, then the first three
quadrats examined would provide estimates of impurity
levels that were close to estimates based on all 10
quadrats;

• the mean ear population in a crop can be estimated from
one-metre ear counts in three quadrats with 95%
confidence limits of ±16% compared with ±9% from an
analysis of all 10 quadrats; and

• impurities in a crop tend to appear in patches, and are
not randomly distributed.

On the basis of these findings, BioSS statisticians proposed
a modified crop inspection method, presented in Table 3.5, in
which the standard inspection for ear numbers and varietal
impurities is carried out in four quadrats only, of standard
size (i.e. 20 square metres). Sampling of further quadrats
depends on the findings from the first four quadrats, as well
as on the target purity standard for the crop (Table 3.6). 

Table 3.5 The proposed inspection technique

Table 3.6 Allowable quadrat impurities for the varying
purity standards

Crops less Crops Crops over 
than 2ha 2-10ha 10ha

Initial Inspection

No of quadrats 6 4 4

Size of quadrat 20m x 1m 20m x 1m 20m x 1m

No of ear counts 4 4 4

Under the Maximum allowable no. of impurities per quadrat as in Table 3.6

No of quadrats Inspection Completed 6 6

Quadrat size - 10m x 1m 10m x 1m

No of ear counts 0 0 0

Over the Maximum allowable no. of impurities per quadrat as in Table 3.6

No of quadrats 4 6 6

Quadrat size 20m x 1m 20m x 1m 20m x 1m

No of ear counts 0 0 0

Scheme Category Purity standard Max. allowable no.
no. of impurities

per quadrat

Basic Higher 99.95% 0

Basic Lower 99.9% 1

C1 99.7% 7

C2 99.0% 39
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Table 3.7 Comparison of proposed and current sampling procedures for crop certification

Data from both inspection procedures applied by the same inspection team

Variety Impurities Species Impurities Wild oats Plant  Population
Crop Area Variety Orig. New Difference Orig. New Difference Orig New Difference Orig. New Difference
No (ha) (no) (no) (no) (no) (no) (no) (no) (no) (no)

1 4 Optic 9 4 -5 0 0 0 0 0 0 96 98 2

2 6.9 Decanter 14 4 -10 0 0 0 * * * 92 89 -3

3 9.1 Chalice 117 115 -2 0 0 0 0 0 0 98 98 0

4 20.5 Chalice 11 11 0 0 0 0 7 7 0 110 110 0

5 10 Chariot 83 78 -5 0 0 0 0 0 0 89 100 11

6 8 G Promise 116 116 0 0 0 0 0 0 0 108 111 3

7 2.4 Riviera 87 76 -11 0 0 0 0 0 0 97 100 3

8 3 Decanter 34 25 -9 0 0 0 1 2 1 114 124 10

9 6.2 Chariot 2 6 4 0 0 0 21 19 -2 73 65 -8

10 13.4 Maud 35 22 -13 6 0 -6 16 16 0 82 81 -1

11 2 Amigo 3 2 -1 0 0 0 0 0 0 52 51 -1

12 2.3 Tyne 38 29 -9 0 0 0 6 3 -3 106 102 -4

13 16.6 County 34 25 -9 0 0 0 0 0 0 94 96 2

14 7.8 Optic 19 23 4 0 0 0 0 0 0 86 88 2

15 3.9 Optic 7 7 0 0 0 0 1 1 0 73 79 6

16 13.9 Optic 21 19 -2 4 5 1 0 0 0 77 79 2

17 5.5 Prisma 5 4 -1 0 0 0 4 4 0 79 86 7

18 0.8 Riviera 0 2 2 0 0 0 0 0 0 60 58 -2

19 1.2 Riviera 16 13 -3 0 0 0 0 0 0 86 86 0

20 10.8 G Promise 67 54 -13 0 0 0 1 1 0 113 112 -1

21 4.8 Static 17 17 0 0 0 0 0 0 0 53 57 4

22 14.6 Chariot 8 13 5 0 0 0 0 0 0 95 105 10

23 12.5 Chalice 12 6 -6 0 0 0 0 0 0 98 99 1

24 3.2 Optic 29 39 10 0 0 0 0 0 0 91 95 4

25 6.3 Optic 29 35 6 0 0 0 0 0 0 99 95 -4

26 6.3 Decanter 6 8 2 0 0 0 0 0 0 98 93 -5

27 6.5 Chalice 179 55 -124 0 0 0 2 4 2 67 87 20

Mean 37 30 -7 0.4 0.2 -0.2 2.3 2.2 0.1 88 90 2

SE 8.4 6.3 4.6 3.3 3.4 1.1

SD 43.8 32.5 24.1 17.1 17.5 5.8

Data from both inspection procedures applied by two different inspection teams

Variety Impurities Species Impurities Wild oats Plant  Population
Crop Area Variety Orig. New Difference Orig. New Difference Orig New Difference Orig. New Difference
No (ha) (no) (no) (no) (no) (no) (no) (no) (no) (no)

28 10.3 Chariot 0 14 14 0 0 0 0 5 5 95 111 16

29 6.8 Optic 13 2 -11 0 0 0 0 0 0 83 89 6

30 20.1 G Promise 40 99 59 0 6 6 0 0 0 95 111 16

31 2.8 Chariot 5 0 -5 0 0 0 0 0 0 98 109 11

32 9.6 Riband 4 73 69 0 0 0 0 0 0 66 66 0

33 9 Chalice 57 91 34 0 0 0 0 0 0 77 108 31

34 8 Chariot 12 17 5 0 0 0 0 0 0 86 79 -7

35 20 Tyne 101 51 -50 0 0 0 25 26 1 104 105 1

36 3.4 Tyne 6 4 -2 0 0 0 0 0 0 113 107 -6

37 13.7 Chalice 28 36 8 0 0 0 66 138 72 78 101 23

38 1.8 Decanter 6 4 -2 0 0 0 0 0 0 100 62 -38

39 14 Chalice 17 5 -12 0 0 0 14 0 -14 87 78 -9

40 4 Chalice 16 30 14 0 1 1 1 0 -1 88 100 12

41 8 Optic 26 18 -8 0 0 0 0 0 0 88 77 -11

Mean 24 32 8 0.0 0.5 0.5 7.6 12.1 4.5 90 93 3

SE 7.3 9.1 8.1 3.2 4.7 4.6

SD 27.2 34.0 30.2 12.1 17.5 17.3

All - Mean 32 30 -2 0.2 0.3 0.0 4.1 5.6 1.5 89 91 2

SE 6.1 5.1 4.2

SD 39.1 32.6 27.0



Ear Counts (Table 3.7): For the inspections carried out by the
same inspection team, the two procedures gave similar
estimates of ear numbers, but the differences were larger,
and statistically significant, where the inspections were
carried out by different teams. 

In summary, the two methods gave very similar results, the
more obvious differences can be explained, and in no case
would the final crop result have been different. Two possible
areas of concern are the ear count differences, and dealing
with the randomness of distribution (or patchiness) of varietal
impurities within a field using the proposed reduced quadrat
numbers. Other Certification Authorities in the UK have
expressed an interest in this work, and would like to
collaborate in further evaluation, with Northern Ireland
providing additional information on field sizes below 2 ha,
and England and Wales on field sizes above 10 ha. A full
collaborative trial had been planned for 2001, with
comparisons based solely on the use of two inspection
teams, to provide greater degree of independent validation
but, owing to the Foot and Mouth epidemic, it has been
postponed until 2002. 

Anon. 1993. The Cereal Seeds Regulations, 1993. UK Statutory
Instrument 1993 No 2005.

BSPB. 2000. Plant Breeding: The Business and Science of Crop
Improvement. Ely: British Society of Plant Breeders. 

Hervey-Murray CG. 1978. A review of cereal seed quality factors
and development standards. In: Hayward PR. ed. Developments in
the Business and Practices of Cereal Seed Trading and
Technology. London: The Gavin Press, 8-39.

Laverack GK. 1994. Management of Breeders Seed Production.
Seed Science and Technology 22: 551-563.

McDonald MB, Copeland LO. 1997. Seed Production, Principles
and Practices. New York: Chapman and Hall. 

OECD. 2000. OECD Seed Schemes 2000. Paris: Organisation for
Economic Co-Operation and Development.

OECD. 2001. OECD Guidelines for Control Plots Tests and Field
Inspection of Seed Crops, 2001. Paris: Organisation for Economic
Co-operation and Development.

SASA. 1998. Inspection of Cereal Seed Crops: Instructions to
Crop Inspectors. Edinburgh: Scottish Agricultural Science Agency. 

Thompson JR. 1979. An Introduction to Seed Technology. New
York: John Wiley and Sons. 

3.7 Controlling the deliberate release of
genetically modified crops (J Davey) 
The Regulatory Framework 
The release of Genetically Modified Organisms (GMOs) in the
EU is controlled under Council Directive 90/220/EEC, which,
in the UK, is effected via The Environmental Protection Act
(1990) and specific regulations for deliberate release. These
provide a statutory safety procedure, involving risk
assessment, and the need for approval from government
before any GMO can be released or marketed. This is a
devolved responsibility, and consents to release GM crops for
research and development purposes in Scotland are licensed
by the Scottish Executive. DEFRA, the National Assembly of
Wales and the Department of the Environment in Northern
Ireland, undertake similar responsibilities, although DEFRA
also provides representation in Brussels; acts as a clearing
house for applications for deliberate release; provides the
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secretariat for the Advisory Committee on Release to the
Environment (ACRE) (see below); and coordinates UK policy.

The EU Directive recognises two classes of release depending
upon their purpose: Part B releases for research and
development and Part C releases for placing on the market.
In the UK, Part B consents are granted, on a case-by-case
basis, after a detailed risk assessment has been submitted
to the Joint Regulatory Authority in DEFRA and considered by
ACRE, a statutory Advisory Committee that consists of a
number of independent experts each specialising in a
discipline, such as ecology, farming, entomology, virology,
molecular biology and microbiology. The committee advises
Scottish Ministers on whether an application for a release in
Scotland should be allowed. Consents give details of the
conditions and limitations governing releases. Part C
releases, granted at the EU level by qualified majority vote of
the Member States, are effective throughout the EU.

GM Inspection in Scotland
The effectiveness of these regulations depends upon official
inspection, to ensure that releases are being conducted in
accordance with the conditions of consents, and
enforcement, to deal with non-compliance. Where necessary,
such enforcement can include the prosecution of consent
holders. SASA assumed the responsibility for the inspection
and enforcement of the deliberate release and marketing of
GMOs in Scotland in 2000, drawing together a multi-
disciplinary team (the GM Inspectorate) of 6 staff with
experience in plant ecology, crop agronomy, seed certification
and molecular biology. The Agency has expertise in the
agronomy of the two species (oilseed rape and potato) which
have, to date, been involved in trials in Scotland, and the
Inspectorate has access to other relevant expertise in seed
sampling and testing, pesticide usage and molecular
diagnostics.

The work includes the inspection of deliberate release sites,
as well as action to ensure that seed marketed in Scotland
does not contain unauthorised GM elements (which could
result in unauthorised releases of GMOs to the environment).
The principal activities have been:

• visiting, and inspecting, Part B Deliberate Release Sites
to ensure compliance with the conditions of the consent;

• auditing seed merchants, by inspecting records and
correspondence, to ensure non-GM seed is free from
adventitious presence of GM elements;

• auditing Scottish consent holders by inspecting protocols
and procedures to ensure that all levels of management
are aware of the conditions of the consent; and

• conducting case-by-case investigations on any issue
relating to potential breaches of the GM legislation which
might come to the attention to the Scottish Executive or
the Inspectorate; for example, allegations that the
conditions of a consent had been broken.

This work of the Agency Inspectorate complements the
existing, and continuing, responsibility to provide advice on
policy matters relating to GMOs, and to represent the
Executive in relevant international fora.
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Inspection of Part B Deliberate Release Sites
There have been three main types of release in the report
period:

• Farmscale evaluations – a three-year programme to
assess the impact of managing herbicide tolerant crops
upon farmland biodiversity; 

• Research and Development trials – to assess the impact
of releasing specific traits, and to allow the selection and
evaluation of GM plants in plant breeding programmes;
and

• Variety and Seed Testing trials – to permit GM varieties to
be tested in National and Recommended List Trials.

The locations of these sites can be found on the 
Scottish Executive’s Genetic Modification website
(http://www.scotland.gov.uk/gm/trials.asp).

All active field trials have been visited and a proportion of
sites that are being monitoring while they are being brought
back into normal agricultural cultivation were inspected, the
programme being determined largely by potential risks to the
environment. Using a standard operating procedure and a
checklist, inspectors verify specific conditions of the release
(e.g. sowing rate, area of the GM crop, presence and size of a
pollen barrier, separation distances, seed disposal, volunteer
management and following crops) by field inspection, and the
site operator’s records are examined. Where consents, such
as for the Farmscale Evaluations, permit releases of the
same species at different sites, inspections are conducted at
different times during the growing season so that a range of
conditions can be assessed.

In the first reporting year (1 April 2000 to 31 March 2001),
28 of 31 the deliberate release sites were inspected, but
inspection of the remaining three sites was delayed until May
2001, owing to the Foot and Mouth Disease epidemic.
Fourteen of the sites contained active field trials and 17 sites
were being monitored following a release. With the exception
of two GM potato post-trial monitoring sites, all of the
inspections related to GM oilseed rape. Following each
inspection, a written report was submitted to the GM Co-
ordination Unit of the Scottish Executive, and placed on the
Genetic Modification website. Reports on this work will be
published in due course. There were no Part C releases of GM
crops in Scotland in 2000/2001.

Adventitious Presence of GM Elements of Seed
Supplies: Auditing of Seed Merchants 
In spring 2000, it was discovered that supplies of some,
apparently non-GM, oilseed rape varieties, imported from
Canada, and sown in 1999 and 2000 in Great Britain, and
other Member States of the EU, contained adventitious GM
elements. This led to the destruction of the resulting field
crops in 2000. Accordingly, the UK GM Inspectorates were
asked to develop programmes for auditing seed imports for
the presence of adventitious GM events in non-GM seed,
paying particular attention to imported seed in beet, oilseed
rape, maize, soya bean and tomato.

Surveys of the Scottish seed industry, carried out jointly by
SASA and other SEERAD staff revealed that most imported
seed that is traded in Scotland, is imported via England and
Wales. It was, therefore, decided, to prevent unnecessary
duplication by relying upon the results provided by the English
GM Inspectorate, based at the Central Science Laboratory
(CSL) of DEFRA, to monitor seed traded in Scotland (see:
http://www.csl.gov.uk/prodserv/cons/GMI/GMI2.cfm). Although
Scottish seed merchants do not import seed directly into
Scotland, they nevertheless have a duty of care to ensure
that non-GM seed is free of unapproved GM events. The
records of Scottish seed merchants are, therefore, audited by
the SASA GM Inspectorate to verify that written assurances
have been obtained from their suppliers that the seed is free
of adventitious GM contamination; and to confirm that all
seedlots can be traced back to an importer, thereby providing
a cross-reference with the CSL records. 

Management Audits of Consent Holders
The GM Inspectorate has introduced a programme of
management audits of Scottish consent holders, in line with
similar activity in England. Whereas inspections assess
compliance at individual deliberate release sites, auditing the
management procedures of consent holders at their
headquarters provides an overview of the ability to organise
and implement releases throughout the life of a consent. The
purpose of these audits is to ensure that the correct
procedures and protocols for conducting GM field trials are in
place, and that the conditions of a release are known
throughout the management chain. A consent holder must
also show a duty of care by demonstrating that only materials
with modifications covered by the consent are released.

Future Work
The Inspectorate is coming towards the end of its second year
of operation. The emphasis of its work in the first year was to
provide an effective service in inspecting deliberate release
sites. Now that this has been firmly established, the
Inspectorate is consolidating its work on seed audits, and
also assessing the impacts of the new Directive
2001/18/EC, which replaces Directive 90/220/EEC, upon
inspection and enforcement in Scotland.
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4.1 Seed Potato Production in Scotland (W J
Rennie)
Scotland has long been a major producer of high-quality seed
potatoes. The climate discourages aphid multiplication and
migration so that, compared with many other seed potato-
producing countries, the threat from aphid-transmitted virus
diseases remains low. Scottish seed is sold principally to
English ware growers, but significant quantities are also
exported to other countries in the EU and the Mediterranean
Basin.

Regulation and Classification
Seed potatoes cannot be marketed in the EU unless they
have been officially classified under a national certification
scheme, and most non-EU importing countries also have their
own high standards for the health and purity of the seed they
import. Until 1994, Scotland operated a ‘closed’ seed
production system: all seed potatoes planted were of Scottish
origin and all planting material from elsewhere underwent full
quarantine testing before it could be released for
multiplication. The aim was to protect the Scottish seed
potato industry from a number of potentially damaging,
non-indigenous diseases. In 1993 the EU Single Market
arrangements (see section 5.1, 5.2) established conditions
and standards for Community Grades of seed potatoes which
allowed them to be imported directly into high-grade seed
regions such as Scotland without compromising seed health.
Scotland enjoys a reputation for freedom from a number of
important tuber-borne ‘quarantine’ diseases, including
potato brown rot (Ralstonia solanacearum) (section 5.3) and
ring rot (Clavibacter michiganensis ssp. sepidonicus), and
importers of Scottish seed value this reputation. SEERAD and
SASA have a range of monitoring and testing arrangements in
place to ensure that this favourable position is maintained.

Scottish seed potato production is based on a strong official
classification scheme that ensures varietal purity and high
seed health. Seed production is in the hands of specialist
producers who follow sound husbandry, harvesting and
storage practices developed from scientific and technical
studies over many years. A particular strength of the Scottish
seed potato industry is the scientific and technical support
provided by three scientific institutes – the Scottish
Agricultural College (SAC), the Scottish Crop Research
Institute (SCRI) and SASA.

Apart from a very few stocks imported from other EU
countries, Scottish classified seed potatoes originate from
pathogen-tested in vitro Nuclear Stock cultures produced by
SASA (section 4.2). These disease-free plantlets are used by
seven SASA-approved specialist growers to produce seed
classified as Pre-Basic TC (mini-tubers–usually up to 30 mm
in diameter) in glasshouses or polytunnels free from pests
and disease-causing organisms. A recent trend has been to
produce mini-tubers by hydroponic production systems.
Scotland currently produces up to 5 million mini-tubers; this
allows the rapid commercialisation of new varieties, and
offers the potential for a significant reduction in the number
of field multiplications needed economically to produce a
stock for sale. Scottish seed can, under the regulations, be
multiplied for up to 10 field generations but, in practice, most
seed multiplication programmes run over 3-6 years. The

longer a seed stock is multiplied in the field, the greater is the
risk of diseases building up in the stock and there is a strong
interest, driven by the end-user, in purchasing seed on the
basis of the number of field generations it has undergone.
Fig. 4.1 shows how Scottish seed is multiplied from Nuclear
Stock and mini-tubers to produce Super Elite and Elite seed
for sale to ware growers.

Chapter 4. SEED POTATOES

Nuclear Stock (pathogen-free in vitro microplants)

Pre-Basic TC (mini-tubers - up to 5 million annually)

Pre-Basic (up to 2 years in the field)*

Virus Tested Stem Cuttings (VTSC - up to 2 years)

Super Elite (up to 3 years)

Elite (up to 3 years)

Area classified in
2000, ha

390

10,920

1,560

Figure 4.1 Multiplication pathway and classes of Scottish
seed potatoes

Before Scottish seed potatoes can be accepted by SASA for
classification they must meet the following requirements:

• the material must be derived from Nuclear Stock;

• the crops must be grown on land that is free from potato
wart disease (Synchytrium endobioticum) and potato cyst
nematodes (Globodera pallida and G. rostochiensis) (see
sections 4.5 and 4.6);

• the land must not have grown potatoes for at least 5
years (7 years for Pre-basic and VTSC crops);

• the crops must be officially inspected at least twice
during the growing season for virus diseases, blackleg
and varietal purity;

• the crops must be monitored for aphids and, if aphid
numbers rise above a threshold, the crop must be subject
to post-harvest tuber testing for virus;

• the seed must be kept separate from other stocks after
harvest;

• the tubers are officially inspected and have to meet strict
tolerances for rots, surface blemishes and defects; and

• only seed stocks that meet the standards for crop and
tuber inspections are classified and officially labelled as
Scottish seed potatoes.

*official classification for pre-basic seed was introduced 
in 2001
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Table 4.1 shows the strict tolerances that Scottish seed
potato crops must meet during official growing crop
inspections.

In addition, all ware potato crops in Scotland must be grown
from either classified or once-grown, farm-saved seed and, on
a seed farm, any ware crop must be grown from seed
classified at Elite or higher. As a result of these controls virus
levels in Scottish seed potatoes are probably at an all time
low.

Economic Considerations
Of the areas of seed potatoes classified by the three
Certifying Authorities in the United Kingdom during the period
1992-2000, Scotland has continued to contribute around
80%. During the period the seed area increased in England
and Wales by 33%, partly as a result of removing restrictions
on regions allowed to produce basic seed, and decreased in
Northern Ireland by more than 50%. There was no significant
change in the Scottish three-year rolling mean, with the total
tonnage of seed potatoes inspected and labelled in Scotland
relatively stable at around 290,000 tonnes. However, over a
longer timescale, there has been a downward trend in the
total area classified. 

To understand the factors influencing the Scottish seed
potato industry, it is necessary to be aware of trends in UK
and European ware potato production. Potato consumption in
the UK is relatively stable at approximately 100 kg per person
per annum, but the trend is for reduced consumption of
fresh, table potatoes and for increased consumption of
processed potatoes (in the form of crisps and French fries).
Fig. 4.5 presents the prediction that, by 2006, fresh and
processed potatoes will be consumed in equal quantities in
the UK. Potato production for both processing and fresh table
use is increasingly dominated by relatively few major players:
the supermarkets retailing table potatoes, the processors of
crisps and French fries, and their major suppliers; and this
has tended to drive down production costs. These ‘end users’

Table 4.1 SPCS Classification tolerances used in the
inspection of growing potato crops
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Pre-basic VTSC Super Elite Elite AA

Leafroll virus Nil Nil 0.01 All virus All virus
Severe mosaic Nil Nil Nil 0.5 including  1.0

only 0.1 
Mild mosaic Nil Nil 0.05 severe virus
Blackleg Nil Nil 0.25 0.5 1.0
Deviations from variety and type Nil Nil 0.05 0.05 0.1

Recent Improvements in the Health of Scottish Seed
Potatoes
These procedures ensure high health status, but work to
improve this status continues. For example, Figs. 4.2 and 4.3
show how the incidence of two important tuber-borne
diseases of Scottish seed potatoes (blackleg and potato virus
Y) has declined in recent years, as a result of, 

for blackleg:

• the introduction of tissue culture (stem
cuttings/micropropagation) breaking the cycle of transfer
of inoculum from mother to daughter tubers;

• a reduction in the number of field generations as a result
of the mass propagation of microplants and mini-tubers;

• improved handling practice and storage facilities,
including the increased use of positive ventilation and
refrigerated storage;

and for PVY:

• the introduction, in 1991, of an official aphid monitoring
programme for classified seed. Where aphid numbers
rise above a prescribed threshold, seed stocks are not
classified until the results of a post-harvest virus test are
known;

• an increase in the use of aphicide sprays on seed crops;

•• a tendency to produce a higher proportion of Scottish
seed crops in the Super Elite class (see Figs. 4.1, 4.4), for
which the tolerances for virus disease at growing crop
inspection are very strict, resulting in a reduction in the
potential virus infection in seed crops.

Figure 4.2 Inspection of Scottish seed potato crops –
incidence of virus symptoms 1978-2000

Figure 4.3 Inspection of Scottish seed potato crops –
incidence of blackleg symptoms 1964-2000

Figure 4.4 Area classified at VTSC, Super Elite and Elite
(percentage of total area classified) 1980-2000
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are active in determining the source of their raw material and
the price paid to the grower, with the result that there are
fewer, larger producers. The resulting tighter control of the
supply chain has extended to seed production, so that there
are now fewer ware and seed growers in Britain (Fig 4.6).
Thus, although the area of potatoes grown for seed in
Scotland has remained relatively stable during this period,
the number of seed growers has steadily declined from 500
in 1992 to just over 350 in 2000.

in which there is potential for increased exports of British
seed potatoes, and considerable efforts have been made to
promote Scottish seed to the authorities and commercial
customers there.

Table 4.2 Exports of Scottish seed potatoes, season 
2000/1

Figure 4.5 Consumption of fresh and processed potatoes in
GB, projected to 2011 (source: BPC)
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Figure 4.6 Number of British Potato Council registered
growers (source: BPC)

The total United Kingdom market for seed potatoes is
approximately 450,000 tonnes. Of this, 70% is UK classified
seed, 20% unclassified, farm-saved seed, and 10% classified
seed imported from other states in the EU. Most imported
seed is from The Netherlands which is the world’s largest
producer of seed potatoes. Currently, 85% of seed produced
in Scotland is sold to English buyers (a market which is
predicted to remain static, or decline slightly) and around
15% (approximately 65,000 tonnes per year) is exported to
EU and non-EU countries. According to the British Potato
Council (BPC), the potential total market for European seed
exports is around 1m tonnes, indicating that the current level
of exports from Scotland represents only 5% market
penetration. By comparison, the Dutch have seed potato
exports of around 700,000 tonnes, or 70% market
penetration, and there are other major seed exporters, such
as France and Canada. Factors affecting the profitability of
producing seed in Scotland in recent years, have included
the high value of sterling and the relatively high costs of
transporting seed to countries in the Mediterranean Basin.
Nevertheless, it is a reflection of the relative strength of the
Scottish seed industry that its seed area, and its level of
exports, have been largely maintained during a period when
production in Northern Ireland, facing similar pressures, has
fallen by 50%. Table 4.2 shows the main export markets for
Scottish seed potatoes in season 2000/1. The BPC has
identified Turkey, Lebanon, Portugal and Poland as countries

Country Tonnes exported

Morocco 16,043

Spain 11,414*

Egypt 10,544

Canary Islands 5,871

Israel 4,392

Portugal 2,714*

Ireland 2,371*

Turkey 1,711

Italy 1,639*

Saudi Arabia 1,565

Slovenia 1,123

Algeria 1,000

Greece 979*

Poland 783

Cyprus 565

Libya 530

Other countries 3,180*

*GB data:  for most countries, Scottish seed  represents 
90-95% of the GB total

Scientific Challenges for SASA and the Scottish Seed
Potato Industry
In recent years, Scottish seed potato producers have come
under increasing pressure to supply seed which is either free
from, or with minimal infection by, a range of tuber-borne
organisms which lead to tuber “blemishes”. This, in turn, reflects
the pressure on ware growers to provide packing stations and
supermarkets with blemish-free potatoes for table ware. This
assumes, of course, a strong relationship between the inoculum
on the seed planted and disease symptoms on the harvested
ware. In reality, for many skin diseases, this relationship is quite
weak, and the quality of the ware potato is very often more
strongly influenced by soil and weather conditions than by the
health of the seed planted. This is the pattern with powdery scab
(Spongospora subterranea) which is strongly influenced by soil
moisture and temperature during tuber initiation and growth, but
Scottish seed growers are required by importers and end users
to keep seed-borne inoculum to a minimum. Tuber infection with
S. subterranea can also be initiated from soil-borne inoculum,
which can be very long-lived, and a further important factor is
that most of the popular potato varieties in Europe are
susceptible to the disease. In the long term, breeding
programmes to increase varietal resistance, and applications of
fungicides to seed stocks or soils, are likely to be more effective
control measures than reducing seed-borne inoculum. 

Work is currently being funded by the BPC and government to
determine the relative importance of soil and seed-borne
inocula of a range of tuber blemish diseases and to develop
effective strategies for their control (e.g. Carnegie, 1992;
Anon., 1999). An important component of this analysis will
be the development and validation of accurate, sensitive and
rapid diagnostic tests that can be used to assess inoculum
levels on seed stocks and in field soils, and aid essential
epidemiological studies. The challenge for the Scottish seed



industry in the next few years will be to put into practice the
findings and recommendations from this work.

One of the BPC’s principal aims has been to increase by 50%
the volume of British seed (i.e. excluding N Ireland) exported
by 2003, from a 5-year average of 44,000 tonnes per year to
66,000 tonnes per year. This target was comfortably met in
2000/1, when the the total tonnage of British seed potatoes
exported reached nearly 72,000 tonnes. Nevertheless, there
is a perception that, within the range of varieties under the
control of British producers, there is a lack of varieties which
are attractive to importing countries, and that the Scottish
seed industry needs to increase its portfolio of controlled
varieties suitable for export (Green, 1998). To this end, the
BPC is working with variety registration and plant health
authorities and with commercial importers in targeted
countries to demonstrate the value of British controlled
varieties by arranging local variety trials. If the Scottish
industry is to succeed in maintaining the BPC export target in
an increasingly demanding market, all involved in the
production of high grade classified seed potatoes–growers,
exporters, scientists, officials and the BPC–will have to work
together to capitalise on the considerable strengths of the
Scottish industry. 

Anon. 1999. British Potato Council Research and Development
Strategy Document. Oxford: British Potato Council, 32 pp.

Carnegie SF. 1992. Improving seed tuber health. Aspects of
Applied Biology 33 (Production and protection of potatoes): 93-
100.

Green A. 1998. Scottish Seed Potato Industry Review. Edinburgh:
Scottish Agricultural Organisation Society, 36 pp.

4.2 Maintenance of Seed Potato Nuclear
Stock (S F Carnegie, A M Cameron and H A
Goodfellow)
In 1981, micropropagation superseded stem cutting as the
technique for producing the pathogen-free material which is
the origin of all initial seed tubers used for commercial seed
potato production in Scotland (Fig. 4.1). The production of
these in vitro microplants (Nuclear Stock) from tubers is done
under official control at SASA where extensive tests for
indigenous and non-indigenous pathogens are made.
Nuclear stock can be maintained at SASA in an extensive
collection of c. 440 varieties or it can be maintained by
private laboratories approved by SASA. The SASA collection is
maintained by transferring microplants growing on Murashige
and Skoog medium with 30g l-1 sucrose and 7g l-1 Oxoid No 3
agar (M&S) to M&S containing 3% mannitol. Clones,
consisting of 6 microplants held in a universal container, are
stored at 14°C for up to one year. Between sub-divisions, the
microplants are grown on M&S before being transferred back
to mannitol-amended M&S. Genetic mutation, resulting in
plants with an atypical phenotype (off-type), may occur during
tissue culture. Mutation, in a system of rapid mass
multiplication such as micropropagation, can result in seed
potato crops containing proportions of off-types which are
unacceptable for classification as seed potatoes.

Trueness-to-Type
The SASA nuclear stock is monitored for the development of
genetic mutations by planting approximately 50% of the
collection in the field at the Agency’s farm each year. A rooted
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microplant is generated from each stored microplant and
transferred to modular trays to produce plants for the field.
Plots of six microplants per clone are planted by hand, in
drills, 30 cm apart. After the plants have reached flowering,
they are examined visually on three separate occasions for
trueness-to-phenotypic-type. A problem in this assessment is
how to discriminate between abnormal growth due to genetic
mutation, and changes caused by physiological or
environmental causes, particularly when the number of
atypical plants in a clone is very low. To ensure that such
discrimination is achieved, tubers from atypical plants are
planted in a second season and the plants checked for
phenotype.

Table 4.3 shows that, when the number of suspect off-types
in a clone was less than 2, there was a 50% probability that
these were genuine variations but, if there were more than 2,
it was almost certain that the variants were true genetic
off-types. The percentage of stored clones which produced 3
or more off-types during six seasons of monitoring was
relatively low and declined from 2.6% in 1995 to 0.4% in
2000 (Table 4.4).

Table 4.4 The occurrence of off-type clones in the first
season in the field, 1995/2000

Table 4.3 The frequency of suspected genetic off-types
within a clone in the first season in the field and the
reproducibility of this abnormal phenotype in the second
season (mean of 2 years)

No of off-types in Number of clones classified
a clone of 6 microplants No of according to phenotype
in the first season clones in the second season

Normal Off-type

1 23 11 12

2 5 3 2

3 or more 5 0 5

Year No of clones % of clones 
monitored showing off-types

2000 701 0.4

1999 542 0.6

1998 629 0.3

1997 565 0.9

1996 498 1.8

1995 423 2.6

The relationship between the occurrence of off-types, as
detected by phenotype in the field, and in the corresponding
stored cultures, was also examined. Seven clones, in which
off-types had occurred in various proportions in the field in
1997, were regenerated from the 1997/8 stored cultures
and 20 or more microplants from each stored microplant
were planted in the field in 1998. The plants were examined
visually from flowering onwards on three occasions and the
results are shown in Table 4.5.

The two clones which showed 3 or more off-types in the field
also contained variant plantlets in the stored cultures but
only one out of five clones showing 2 or less off-types in the
field contained a variant microplant in the stored culture. It
may be that, in many cases where there are 1 or 2 variants
in a clone, the stored microplant which has mutated is



4  Seed Potatoes

|
S

A
S

A
 S

c
ie

n
t
ific

 R
e

vie
w

 1
9

9
7

–
2

0
0

0

46

weaker in growth than the other microplants in the clone and,
because of a lack of vigour, is not selected for further storage.

Period of Storage for Nuclear Stock
Internationally there is considerable debate on the issue of
how long microplant cultures should be maintained in vitro.
Some countries favour a set number of years after which the
microplant culture should be renewed from tubers, while
others advocate that cultures should be subject to a set
number of sub-cultures before renewal. In Scotland there is
no requirement that either the nuclear stock maintained at
SASA or the microplants held in vitro by commercial
companies should be renewed after a designated period.
Many years of inspection of microplants in the field and of
seed potato crops grown from mini-tubers (Pre-basic TC), has
provided no evidence that cultures have lost vigour or have
been more prone to mutation with age. However, to provide
clear evidence, experiments were conducted in 1994 and
1998 to assess the vigour and yield of microplants derived
from cultures held in vitro for different periods. 

The varieties tested were Estima, King Edward and Red
Pontiac. Microplants were planted by hand, c. 25 cm apart, in
the field in late June 1994 and in mid-July 1998. The height
of 12 plants in each plot was measured in 1994 and 5 plants
in 1998. The tubers were harvested by fork at the end of
September, passed over a 30 mm riddle, and the number and
weight of tubers in the two fractions were measured.

In each season, neither plant height nor tuber yield of the
three varieties was significantly (P < 0.05) affected by the
length of time that cultures had been maintained in vitro
(Fig. 4.7). In 1994, the yield from a 10-year-old culture of var.

Table 4.5 The relationship between the frequency of
off-types in clones in the first season (1997) in the field
and the occurrence of off-types in microplants derived from
the stored clones the following year (1998)

1997 1998
Variety No of off- Description Phenotype

types/total of off-type in the 
microplants plants field

Arkula 1/2 Wilding type Normal

Colmo 1/5 Blistered leaflet and tied terminals Normal

Sarpo Peak 1/6 Blistered and rough leaflets Normal

Rooster 2/6 Dark bunched tops, normal later Normal

Sovereign 2/6 Extremely blistered and deformed 1/6 off-type

Sarpo Peak 3/6 Blistered and rough leaflets 2/6 off-type

Pentland Squire 6/6 Distorted leaflets 6/6 off-type
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Figure 4.7 Tuber yield of microplants as a function of
length of time that cultures had been maintained in vitro

Estima was more than that of two younger cultures but this
pattern was not repeated in 1998. By contrast, in 1998, the
yield of a newly initiated culture of var. Red Pontiac was more
than that of two older cultures, although tuber yield of var.
Red Pontiac in 1998 was much less than in 1994. Off-type
plants were not observed in any of the plots. These results
demonstrate that storing potato material in vitro for up to
14 years does not appear to reduce plant vigour or yield.

4.3 Fungi Causing Tuber Rots of Seed Potatoes
in Storage (J Choiseul, L Allen, S F Carnegie
and D Darling)

In Scotland, the main pathogens causing tuber rots of potato
in storage are Phoma foveata (gangrene), Fusarium solani
var. coeruleum (dry rot), Phytophthora infestans (late blight)
and Erwinia spp. (soft rots) (Boyd, 1972). Other species of
Phoma and Fusarium are pathogenic to potato: some (e.g. P.
exigua) are less aggressive, while others (e.g. F. sulphureum,
the most common dry rot pathogen in northern Europe and
the USA, which requires higher soil temperatures) are not
favoured by Scottish conditions. However, changes in
husbandry and storage practices may have affected the
relative importance of these pathogens. For example,
Carnegie et al. (1996) reported that the incidence of tuber
contamination by P. foveata in Scottish seed potato stocks
had declined by c. 60% between 1978 and 1993; and
Botrytis cinerea has recently been recorded as a cause of
soft rot of potato tubers (Choiseul and Carnegie, 2000). The
development of B. cinerea is favoured by storage at low
temperatures (c. 4°C) and its occurrence may be linked with
the wider use of refrigerated storage by seed growers in the
last 10 years. In order to obtain information on the current
prevalence of these pathogens, a three-year survey was
undertaken between 1998 and 2000 to identify the fungi
causing tuber rots in Scottish seed potato stocks.

For the survey, seed potato inspectors collected 10 tubers
with rots from affected stocks (37 samples in 1998, 75 in
1999 and 44 in 2000, covering 46 varieties of which Désirée
and Maris Piper were the most common in each year). Four
pieces of tuber tissue, taken from the edge of a lesion, were
transferred to potato dextrose agar (PDA) containing 
200 mg l–1 streptomycin. The plates were incubated at 
18-20°C for 7 days, before making single spore isolations.
The fungi were identified by the colony and spore
characteristics of the isolates, using standard methods. 

F. avenaceum (dry rot), Cylindrocarpon spp. (pit rot), and P.
foveata were the most common pathogens isolated from
tuber rots (Table 4.6). However, the proportion of tubers
affected by P. foveata, in samples in which the fungus was
present, was greater than for the other two pathogens,
reflecting the more virulent nature of P. foveata. Interestingly,
the incidence of P. foveata in stocks and on tubers increased
over the period of the survey, indicating that the occurrence
of this disease may, no longer, be declining. This trend is
supported by the results of gangrene testing conducted by
SASA on seed stocks requiring a phytosanitary certificate for
export to Poland. In 1996/7 and 1997/8, only 22% and 27%
of stocks, respectively, were contaminated by P. foveata but,
in the last two years, the incidence of contamination has
increased to 45% of stocks in 2000/1. The incidence of the
other two gangrene pathogens, P. exigua and P. eupyrena,
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varied widely over the three years, with P. exigua being more
prevalent than P. foveata in 2000. Overall, only one or two
tubers infected by P. exigua or P. eupyrena were found in any
stock from which these pathogens were isolated, reflecting
that, although ubiquitous in soil, these are relatively weak
pathogens compared with P. foveata. 

Each year, F. avenaceum was the most common dry-rot fungus. It
causes dark brown/black rots, with a well-defined leading edge
(Fig. 4.8), unlike rots caused by F. solani var. coeruleum which are
paler brown with a less distinct edge. The incidence of tuber
infection was broadly similar to that of F. solani var. coeruleum
and, therefore, it would appear that F. avenaceum may pose as
much a risk of causing dry rot as F. solani var. coeruleum. Rots
caused by F. sulphureum were most common in 1998, being
present in 16% of the samples, and the incidence of tuber
infection was relatively high (35%), again reflecting the aggressive
nature of this pathogen compared with other species of Fusarium..
However, F. sulphureum was much less prevalent in the following
two years, suggesting that conditions in Scotland are less
favourable for its development than elsewhere in northern
Europe. F. sulphureum was first recorded as a cause of dry rot in
Scotland in 1972 (Boyd and Tickle, 1972) but these results
indicate only a limited increase in its prevalence since then. 

relatively shallow pit rots (Fig. 4.9) early in the storage
season. These expand slowly but may eventually coalesce
leading to the collapse or shrivelling of the tubers before
planting. Botrytis rots were also found in samples each year
but were most common in 2000. The incidence of tuber
infection within stocks affected by B. cinerea was generally
less than for Cylindrocarpon spp.

Table 4.6 Incidence of fungal pathogens in samples of rotted tubers from Scottish seed potatoes over 3 years

Pathogen % samples infected Mean % tuber infection in those samples
containing the pathogen

1998 1999 2000 Mean of 1998 1999 2000 Mean of 
3 years 3 years

Phoma foveata 16 25 36 26 27 40 54 40

Phoma exigua 0 5 41 15 0 25 14 13

Phoma eupyrena 16 12 0 9 10 12 0 7

Fusarium avenaceum 43 36 32 37 17 22 25 21

Fusarium culmorum 16 7 25 16 10 10 16 12

Fusarium solani var. coeruleum 19 13 16 16 19 26 11 19

Fusarium sulphureum 16 1 4 7 35 10 10 18

Cylindrocarpon spp. 35 31 59 32 27 22 30 26

Botrytis cinerea 5 4 14 8 10 23 13 15

Figure 4.8 Dry rot caused by Fusarium avenaceum 

Rotting caused by other ‘weak’ pathogens was fairly
prevalent. Cylindrocarpon spp. were recovered as commonly
from the samples as were P. foveata or F. sulphureum but the
incidence of tuber infection by Cylindrocarpon spp. was lower
than for the other two pathogens. Extensive rotting of seed
stocks caused by Cylindrocarpon spp. has been recorded
sporadically over the past 15 years, often associated with
early generations of seed stock multiplication. Infection
commonly leads to the development of a large number of

Figure 4.9 Pit rot caused by Cylindrocarpon spp.

Sensitivity of Fungal Species to Imazalil
Isolates of Helminthosporium solani, Polyscytalum pustulans
and F. sulphureum which were resistant to thiabendazole
(TBZ) were found in many European countries, including the
UK, in the late 1980s. In Scotland, TBZ was almost
completely replaced by imazalil by 1996 and this is reflected
in the fungicide treatments of the sampled stocks (Table 4.7):
imazalil had been applied to 73%, 84% and 92% of the
fungicide treated stocks in 1998, 1999 and 2000
respectively. Although there have been no reports of isolates
with resistance to imazalil, the opportunity was taken to
assess the sensitivity of a range of fungal species to this
fungicide. In 1998 and 1999, isolates from all stocks were
tested by placing an agar plug from the edge of a colony on
PDA containing 0, 1, 10 or 100 mg imazalil l -1. The diameter
of the colonies was measured after 12 days, and isolates
were classified as sensitive if the colony diameter was <50%
of that on unamended agar, and insensitive if >50%. 

Of the Fusarium species, F. avenaceum seemed to be the
least sensitive to imazalil because colony growth was only
slightly reduced at 1 mg l -1 (Table 4.8). Furthermore, although



the reduction in colony growth at 10 mg l-1 was similar for
sensitive isolates of F. avenaceum and F. solani var.
coeruleum, 34% of isolates of F. avenaceum were insensitive
to imazalil whereas none of the F. solani var. coeruleum
isolates was insensitive. All isolates of Phoma spp. appeared
to be sensitive to the fungicide, but two out of the 16 isolates
of Cylindrocarpon spp. were insensitive. These preliminary
results suggest that the populations of F. avenaceum and
Cylindrocarpon spp. present on potato tubers may contain
isolates which are relatively insensitive to imazalil. The
widespread use of imazalil may, therefore, have favoured the
development of these pathogens, normally considered to be
weak pathogens, at the expense of more aggressive
pathogens. This may account partly for the unexpected
prevalence of F. avenaceum as a cause of tuber rotting in this
survey. The factors favouring infection by weak pathogens are
being investigated to determine their likely impact on the
occourrence of tuber rots.

Boyd AEW. 1972. Potato storage diseases. Review of Plant
Pathology 51:297-321.

Boyd AEW, Tickle JH. 1972. Dry rot of potato tubers caused by
Fusarium sulphureum Schlecht. Plant Pathology 21:195.

Choiseul J, Carnegie SF. 2000. First report of Botryotinia
fuckeliana causing soft rots in potato in Scotland. Plant Disease
84: 806.

4.4 A Database of European Potato Varieties
(S F Carnegie, A M Cameron and M McCreath)
Between 1996 and 2000, SASA participated in a 4 year
project on the Genetic Resources of Potato funded by the
European Commission (RESGEN-CT95-34/45). The project

involved participants from national genebanks, research
institutes, private breeding companies and non-governmental
organisations in 8 EU countries, with additional collaboration
from 5 East European institutes. The general objective was
“to make better use of European potato collections to
produce material for low-input agriculture and of higher
quality for the consumer”. A key task was to establish central
databases for potato varieties and breeding lines of Solanum
tuberosum, and related wild species. These databases would
allow breeders, farmers and scientists to select varieties or
wild species with specific desirable characteristics for
breeding or commercial production. It would also allow users
to identify where specific potato material was held and the
plant health status of the material, to facilitate its movement
within Europe. The project was co-ordinated by R Hoekstra
from the Centre for Genetic Resources, Wageningen, The
Netherlands, and the participants, listed in Table 4.9, were
also involved in a range of characterisation and evaluation
activities relating particularly to organic production. The
European Co-operative Programme for Crop Genetic
Resources Networks (ECP/GR) supported 5 Eastern
European institutes to be partners in the project: the Potato
Research Institute in Havlickuv Brod, Czech Republic; the
Pannon University of Agricultural Sciences, Keszthely,
Hungary; the Potato Research Institute, Mlochlów, Poland;
the Ukrainian Institute for Potato Research, Nemishaevo,
Ukraine; and the Vavilov Institute, St Petersburg, Russia.
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Table 4.7 Numbers of sampled seed stocks treated with
different fungicides

Table 4.8 Isolates of fungi causing tuber rots, classified
according to their sensitivity to imazalil

Fungicide 1998 1999 2000

Imazalil 16 32 22

2-aminobutane (2-AB) 1 4 2

Fenpiclonil 1 0 0

Thiabendazole (TBZ) 1 0 0

Imazalil + TBZ 1 2 0

2AB + Imazalil 2 0 0

None 3 23 8

Unknown 12 14 12

TOTAL 22 38 24

Table 4.9 EU participants in the European Potato Database
Project

Participant Collection

Centre for Genetic Resources (CGN), The Netherlands Wild spp.

SSA, the major Dutch potato breeders Varieties

INRA, France Varieties

Nordic Gene Bank (NGB), Sweden Varieties

Scottish Agricultural Science Agency (SASA), UK Varieties

Scottish Crop Research Institute (SCRI), UK Wild spp.

Henry Doubleday Research Association (HDRA), UK (NGO)† No collection 

Teagasc, the Agricultural and Food Development Authority, Ireland Varieties

Institute of Plant Genetics and Crop Plant Research (IPK) Germany Varieties & wild spp.

Institute of Crop and Grassland Sciences, (FAL), Germany Varieties

Landesanstalt für Großschutzgebiete des Landes Brandenburg, 

Germany (NGO)† No collection 

Arche Noah, Austria (NGO)† Varieties

† NGO = Non-Governmental Organisation

Variety Database
SASA scientists acted as co-ordinators for the development of
the database of named varieties and breeding lines;
contributed data to the database; evaluated 78 varieties for
resistance to foliage and tuber blight; eliminated viruses from
75 varieties; and completed additional pathogen testing on
these materials to comply with the requirements of EU Plant
Health Directive 77/93/EEC. Initially, the database was
developed using DBXL, but later it was converted into MS
Access format for distribution to participants. For the
purposes of publishing the database, the data have been
transformed into ALICE format to create a web link which can
be accessed via the website (http://www.europotato.org).
The database contains 100 fields, with descriptors including
passport characters (e.g. pedigree), plant characteristics (e.g.
maturity), tuber characteristics (e.g. skin colour), utilisation
characteristics (e.g. cooking type), resistance to fungi (e.g.

Pathogen Mean growth of Number of isolates
sensitive isolates
(% of the control)

1 mg1 -1 10 mg1 -1 100 mg1 -1 Sensitive Insensitive

Fusarium  sulphureum 53.7 4.8 0.0 7 0

Fusarium solani var. coeruleum 62.4 29.8 1.1 16 0

Fusarium  avenaceum 87.6 28.0 4.2 23 12

Fusarium  culmorum 32.6 6.0 0.0 9 1

Phoma  foveata 22.7 12.0 4.5 15 0

Phoma  exigua 40.3 9.6 0.0 2 0

Phoma  eupyrena 51.6 14.4 1.0 9 0

Cylindrocarpon spp. 28.3 9.2 0.0 14 2

v o
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late blight), bacteria (e.g. soft rot), viruses (e.g. PVY), and
pests (e.g. nematodes), and susceptibility to environmental
stress factors (e.g. drought).

Data were received from 24 organisations and the resulting
database contains 11,669 records. In order to identify
distinct varieties, all names have been standardised in
English and all punctuation marks removed. Harmonising the
spelling of a variety name was a particular problem when the
data came from different countries and where the variety
was not well known, e.g. Priekulskii Rannii, Priekulskij Rannij,
Priekulsky Ranny. Another difficulty arose where varieties
had different parentages but the same name. For example,
Anna has 8 entries with 3 different parentages. This created
a problem with any “Anna” for which there was no pedigree
information. It was not possible to assign such an entry to
one of the recognised Anna varieties unless there was other
information to guide the data manager to a decision. A
further step in determining unique varieties was the
identification of synonyms for varieties within the database.

The main collection of named varieties consists of 10,240
entries covering 4,042 varieties. Of these, 167 varieties have
the same name but different parents. The number of
varieties which are unique to one collection is at least 1,974
but this figure can be finalised only when varieties with the
same name are clearly determined to be different.

Breeding lines and numbered selections consist of 1,429
entries covering 1,364 lines. There are 54 duplicate, 4
triplicate and 1 quadruplicate lines. Most of this material is,
therefore, unique and maintained at one site. The duplication
of this material in collections may be considered to be a low
priority in potato genebank management as the lines are
likely to have been already used in a range of specific
breeding programmes, and the better traits of these lines
passed on to more commercially acceptable material.

The database for related wild species was created in 
MS Access and can be accessed via the website:
www.plant.wageningen-ur.nl./cgn/eupotato. Rationalisation
and maintenance of both databases has continued within
the framework of the ECP/GR which is run by the
International Plant Genetic Resources Institute and a
meeting of the Potato Working Party will take place in
Hamburg in 2002 to discuss progress and future work
programmes.

Late Blight Evaluation
SASA also contributed to the evaluation programme of the EU
project by screening 78 varieties for resistance to foliage and
tuber late blight. Testing was conducted using an isolate 
of Phytophthora infestans characterised as race
1.2.3.4.6.7.10.11. Whole plants were grown in a glasshouse
for 42-45 days, inoculated by spraying with a zoospore
suspension, and the area of leaf affected by late blight was
recorded after 6 days. Tubers grown in the field were set
rose-end uppermost before spraying with P. infestans, and
the number of blighted tubers was recorded 10-14 days later.

The number of tested varieties scoring 5 or more (i.e.
resistant) was four for foliage blight and twelve for tuber
blight. There was, however, no clear relationship between

varietal resistance in the foliage and in the tubers. For
example, var. Karin scored 8 for resistance to tuber blight but
2 for foliage blight, whereas var. Lord Rosebery scored 2 for
tuber blight and 5 for foliage blight. The frequency of varieties
scoring 5 or more for resistance to foliage blight and tuber
blight respectively was 5% and 15% for the EU test set
compared with 39% and 51% for varieties currently in the UK
National List (Fig. 4.10). These results suggest that levels of
resistance to late blight are generally higher in current
varieties than in older varieties. Interestingly, in the EU
evaluation group, useful resistance to tuber blight was
detected only in those varieties which had been marketed
after 1926. Recent breeding efforts, therefore, appear to
have improved blight resistance in current potato varieties
beyond the levels present in those varieties left in the
aftermath of the epidemics of the mid-1840s.

Figure 4.10 Distribution of late blight resistance among
varieties on the UK National List (NL) and in 78 non-NL (EU)
varieties maintained in the SASA potato collection
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4.5 Regulatory Control of Potato Cyst
Nematodes (J Pickup)
Potato cyst nematodes (PCN) were first recorded in Scotland
in 1913 in private gardens and allotments (Massee, 1913).
The first field records, in the early 1930s, were from the early
potato area in Ayrshire where root inspections revealed cysts
on most farms (O’Brien and Prentice, 1932). In the 1940s,
PCN damage was reported from intensively cropped ware
fields near the cities and gloomy forecasters predicted an
early end to potato production in Scotland. The successful
continuation of the Scottish seed trade since then can be
attributed to the traditional long rotations in Scotland, and to
the regulatory controls imposed on the seed areas through
the official seed potato classification schemes. Together
these measures have restricted the predicted intensification
and spread of the pest, particularly in seed potato land. 

Current Status of PCN
Surveys have shown that the two species of PCN, Globodera
pallida and G. rostochiensis, are now distributed throughout
the UK. It has been estimated that, in the UK, the average
annual yield loss attributable to PCN damage was
approximately £43 million between 1990 and 1995
(Haydock and Evans, 1998), with additional costs of around
£8 million (estimated for 1999) for treating 28,000 ha of
PCN infested land with granular nematicides (Evans and
Haydock, 2000). A recent structured survey found viable PCN
in 64% of the ware potato growing land of England and
Wales, with G. pallida present in 92% of these infestations
and G. rostochiensis in 33% (Minnis et al., 2000) (Fig. 4.11).
In Scotland, data collected from 397 soil samples submitted
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by ware potato growers to the SAC during a twelve-month
period starting in November 1996 revealed an incidence of
viable PCN infestation of 23% (Evans, 1999). G. rostochiensis
was present in 76% of these infestations and G. pallida in
47% (Fig. 4.12).

rooted in soil), but it may also be unintentional (e.g.
associated with the movement of farm machinery or on the
feet of livestock). Extreme environmental events will also
move soil (e.g. by flooding or by wind blow of dry soils). 

Under UK conditions, viable PCN populations can survive for
up to 30 years in the absence of a host crop of potatoes, but
they generally decline by around 20-30% each year as a
result of the spontaneous hatching of juveniles, which die if
they fail to find a suitable host plant. In the presence of a
susceptible potato crop, the hatch increases to 60-80% of the
PCN population, as juveniles respond to a chemical stimulus
exuding from the roots of the host plant. At low densities, PCN
populations can increase 60-fold, with one generation per
season (Turner and Evans, 1998).

Regulations 
Entry into the EU obliged the UK Parliament to accept the
PCN Directive of 1969 (69/465 EEC), which is now
implemented through The Plant Health (Great Britain) Order
1993. The Directive sets out minimum provisions to be
adopted across the EU and allows Member States to adopt
stricter provisions to control PCN or prevent them from
spreading. Seed potatoes for sale may be produced only on
land which has been officially recognised as uncontaminated
by PCN, i.e. following a pre-crop soil test. Where PCN are
found, quarantine restrictions should apply to PCN-infested
land (i.e. the land should be scheduled), and no potatoes, or
plants intended for transplanting, may be grown on
scheduled land. Derogations permit ware potatoes to be
grown, provided that the crop is either of a cultivar which is
resistant to the PCN pathotypes present, or is harvested
before PCN cysts mature, or if the ground has been
disinfested by appropriate means. Statutory provisions
relating to PCN are also contained within the Seed Potatoes
Regulations 1991, which establish the minimum rotations
acceptable for seed potato crops: since 1966, all land
intended for seed production must meet a minimum
rotational requirement of six years. A review of the 1969 PCN
Directive is currently under consideration by the Plant Health
Standing Committee of the European Commission.

Have the Regulations Worked?
Has the PCN Directive been successful in meeting the aims
of controlling PCN or preventing them from spreading? The
data from land in which ware potatoes were grown in England
and Wales indicate failure, but the data from land tested in
preparation for seed production in Scotland present a very
different picture, indicating considerably greater success.
There are three major differences between the two situations. 

Rotation. There are no regulations stipulating minimum
rotation lengths for ware potato production. Short rotations
allow PCN populations, once established, to build up rapidly
to readily-detectable levels. In England and Wales, 51% of
surveyed sites had a rotations equal to, or more frequently
than, one year of potatoes in five (Minnis et al., 2000). 

Pre-crop testing. As pre-crop soil testing is not a pre-requisite
for ware production, PCN populations are rarely detected
before they reach economically damaging levels. Without
information on PCN status, appropriate measures to limit the
transmission of PCN will not be taken. High, or uncontrolled,

Clean Land

PCN

G.pallida

Figure 4.11 Proportions of the land area in England and
Wales planted with ware potato crops in 1996/7 that were
free of PCN, infested with G. rostochiensis only (PCN) or
with G. pallida (Minnis et al., 2000)

Figure 4.12 Proportions of soil samples submitted to SAC
(1996/7) by growers in Scotland intending to plant potato
crops, that were free of PCN, infested with G. rostochiensis
only (PCN) or with G. pallida (Evans, 1999)

Clean Land

PCN

G.pallida

For the three growing seasons 1999 to 2001, 20,535
statutory pre-crop samples, drawn from 67,450 ha of land
intended for seed potato production, were tested for PCN at
SASA. Viable PCN were detected in just 2.5% of these
samples and, of these infestations, G. rostochiensis was
present in 82% and G. pallida in 22% (Fig. 4.13). There is,
therefore, a clear contrast between the high levels of PCN
infestation found in English ware growing land, and the
relatively low levels found in Scottish seed growing land.
Scottish ware growing land occupies the ‘middle ground’. 

Figure 4.13 Proportions of soil samples submitted to SASA
(1998-2000) by growers in Scotland intending to plant
seed potato crops that were free of PCN, infested with G.
rostochiensis only (PCN) or with G. pallida
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Transmission and Population Dynamics of PCN
It is widely recognised that the most likely means of
transporting PCN is through contaminated soil adhering to
potato tubers (Turner and Evans, 1998), although cysts can
also become lodged within the eyes of the tubers, or other
surface cavities. The other major means of dissemination is
the movement of contaminated soil. This may occur as a
result of intentional soil movement (e.g. associated with
building schemes, pipelines and the transplanting of plants



Minnis ST, Haydock PPJ, Ibrahim SK, Grove IG, Evans K, Russell
MD. 2000. The occurrence and distribution of potato cyst
nematodes in England and Wales. Aspects of Applied Biology 59:
1–9.

O’Brien DG, Prentice EG. 1932. A nematode disease of potatoes
caused by Heterodera schachtii (Schmidt). West of Scotland
Agricultural College Research Bulletin 2. 

Turner SJ, Evans K. 1998. The origins, global distribution and
biology of potato cyst nematodes (Globodera rostochiensis (Woll.)
and Globodera pallida Stone). In: Marks, R.J. & Brodie, B.B. (eds.)
Potato cyst nematodes. Biology, distribution and control, pp.
7–26. CAB International, Wallingford, UK.

4.6 The Control of Potato Wart Disease in
Scotland (I Browning)
Potato wart disease is caused by the fungus Synchytrium
endobioticum (Schilb.) Perc. The effect of infection can be
devastating (Fig. 4.14): proliferation of sprouts and tuber

initials results in
c a u l i f l o w e r - l i k e  
growths which, on
decomposition, release
millions of thick-walled
resting spores; these
may remain viable in
the soil for at least 30
years (McDonnell and
Kavannah, 1980).

Wart disease was first
described by
Schilbersky (1896)
following its occurrence
in Hungary towards the
end of the 19th century
(Hampson, 1993).
However, there were
unconfirmed reports of

the disease in the UK in the 1870s (Taylor, 1920) and fairly
reliable evidence that it was present in Haddington, E.
Lothian, in 1876 (Gough, 1920). Borthwick (1907) reported
that the disease had reached the Midlands of Scotland and
‘was rapidly spreading though not doing a great deal of
damage’ but he did advise potato growers to be vigilant. Fig.
4.15 shows the incidence of field outbreaks in Scotland since
official records began in 1909: the number of outbreaks
reached a peak in 1918 and then began to decline. Fewer
cases occurred annually between 1923 and 1965, after
which there were only three outbreaks, in 1971, 1972 and
1977. The successful control of potato wart disease in

populations present a very high risk of spreading PCN
unintentionally. 

Uncontaminated tubers for planting. The regulations for
limiting the spread of PCN through the use of clean planting
material do not necessarily apply in ware land, where ‘home-
saved’ seed is used to some extent. As such tubers have not
been marketed, they fall outside the controls laid down in the
PCN Directive. Pre-crop testing for PCN cannot guarantee
absolute freedom from PCN in seed stocks, but an indication
of the very low incidence of PCN in seed stocks is provided by
the results of post-harvest consignment testing carried out at
SASA. Of 1181 stocks of Scottish seed, from 1998 to 2000
crops, exported to countries stipulating such a test to confirm
the absence of PCN, contamination was revealed on only
eleven occasions (ten of G. rostochiensis and one of G.
pallida). In contrast, unless ware growers in England and
Wales take care to ensure that any ‘home-saved’ seed was
originally grown on land free of PCN, the probability that the
tubers will be contaminated is similar to the overall incidence
of PCN in the land in which they were grown, i.e. 64%, of
which 92% of infestations will contain G. pallida (Fig. 4.11).

The incidence of PCN in ware land in Scotland is considerably
lower than in England and Wales, principally because
Scotland is part of an EU High Grade Seed Potato Region, and
the multiplication of ‘home-saved’ seed is limited to one
generation from basic grade seed. This regulation helps to
limit the spread of PCN by reducing the frequency with which
potatoes that may have been grown on PCN-contaminated
land will be planted again. For the 1999–2001 growing
seasons, only 62% of the land tested by SEERAD was actually
planted for seed. If ware growers can take advantage of this
‘free’ service when producing unclassified tubers for
planting, then this will ensure that a higher proportion of
potatoes planted in Scotland will meet health standards for
PCN that are comparable with those for classified seed.

The evidence provided by recent surveys of ware land in both
England and Scotland places the results of pre-crop soil
testing for PCN carried out by SASA into an interesting
context. In Scottish seed potato land, PCN has been
controlled far more successfully than in English ware land.
Ensuring that seed potatoes are free from PCN has been a
cornerstone of the strategy underlying the statutory
measures to limit the spread of this quarantine pest. It seems
highly likely that limiting this particular control measure to
classified seed potatoes, and not including all potatoes for
planting, has led to a failure to control PCN in unregulated
ware land. In such land, G. pallida, which is much more
difficult to control by conventional means (e.g. varietal
resistance), is now the dominant species of PCN. 

Evans KA. 1999. Potato Cyst Nematode: Why species
identification is important. Proceedings of Crop Protection in
Northern Britain 1999, 243–248.

Evans K, Haydock PPJ. 2000. Potato cyst nematode management
–present and future. Aspects of Applied Biology 59: 91–97.

Haydock PPJ, Evans K. 1998. Management of potato cyst
nematodes in the UK: an integrated approach? Outlook on
Agriculture 27: 253–260.

Massee G. 1913. Nematodes or eelworms. Kew Bulletin 9:
343–351.
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Figure 4.15 Incidence of field outbreaks of potato wart
disease in Scotland (1910-2001)
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infected with potato wart disease 
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Scotland can be attributed to the enactment of a series of
legislative measures designed to prevent the spread of the
disease, along with the introduction of ‘immune’ varieties.
This is an excellent example of the successful deployment of
scientific information and skills in the solution of a serious
problem by statutory means. There are parallels with the
control of potato cyst nematodes (section 4.5).

‘Immune’ Varieties
In 1909 and 1910, the Board of Agriculture arranged for a
number of institutes in England to carry out field tests in wart-
infested soil, and several varieties were identified which
appeared to be immune to the pathogen (Anon., 1911).
Further field tests (known as the Ormskirk Trials) were carried
out by John Snell, an Inspector for the Board of Agriculture, in
collaboration with potato growers in Lancashire and
Scotland, leading to the identification of 130 ‘immune’
varieties by 1919 (Taylor, 1921).

In 1928, a laboratory test, which was quicker and more
reliable than the field test, was introduced in the UK (Pratt,
1979). This method, which involved infecting sprouts with
zoospores derived from fresh wart tissue and assessing
susceptibility by microscopic observation (Noble and Glynne,
1970), has been subsequently modified and refined
(Browning and Darling, 1995). The laboratory test identified a
spectrum of reactions among potato varieties from resistant
to susceptible, and dispelled the notion of complete
immunity. Restricted infection was found to occur in many
varieties without the development of wart tissue. ‘Immune’
varieties are now divided into two categories, RG1 and RG2,
the former exhibiting a higher degree of resistance. In spite of
the fact that the terms resistance and susceptibilty are
scientifically more accurate, officially the terms ‘immune’ and
‘nonimmune’ remain in use. 

In 1941, a new pathotype of S. endobioticum, which resulted
in wart infection in a variety previously found to be ‘immune’,
occurred in Germany. By 1998, 21 new pathotypes had been
recorded in Germany, the Czech Republic and Russia (Mel’nik

and Malakhanova, 1998), some of which also appeared in
Canada and The Netherlands. Although none of these
pathotypes is present in the UK, varieties that are resistant to
them need to be identified and produced for use in control
programmes in other countries. These races do not pose a
great economic threat to potato growing in Scotland because
the disease is readily controlled by means of legislation (see
below).

Council Directive 69/464/EEC requires each member state
to provide the Commission with a list of varieties accepted by
them each year for marketing and which they have found to
be resistant to S. endobioticum. Within the UK, SASA is the
sole institute responsible for wart susceptibility testing of new
varieties which are likely to be marketed. 

Legislation
Table 4.10 describes the principal measures implemented to
control wart disease in potato crops in the UK, starting in
1908. Land on which outbreaks had occurred was
scheduled, and occupiers were issued with official notices
stipulating measures to be taken to prevent the spread of the
pathogen. These included destruction of infected material, a
prohibition on selling or planting of diseased tubers and the
growing of ‘immune’ cultivars on infested land only under
licence.

To cope with the increase in outbreaks over the years 1914-
18 ‘Infected Areas’ were listed in the Wart Disease of
Potatoes (Scotland) Orders of 1918, 1923 and 1938. In
these areas only ‘immune’ varieties could be grown in
gardens and holdings smaller than 0.5 acre, and seed from
‘Infected Areas’ could not be grown in non-Infected Areas. In
1973, UK legislation was brought into line with that for the
rest of Europe, requiring the delimitation of a safety zone
around an infected field to ensure protection of the
surrounding area, and did not permit the growing of any
potatoes on infested land. Wart Disease is now covered by
the Plant Health (GB) Order 1993.

Table 4.10 Legislation enacted to control Potato Wart Disease

Legislation Principal measures enacted to control Potato Wart Disease

Destructive Insects and Pests Order 1908 Disease became notifiable.

Destructive Insects and Pests Order 1910 Notices could be served on occupiers to adopt measures to prevent spread of the disease. 
Unlawful to use or sell infected seed.

The Wart Disease of Potatoes Order 1912 Growing potatoes in infested land prohibited except under specific conditions. 

The Wart Disease of Potatoes (Scotland) Order 1918 Licence required for the sale of immune varieties. Immunes only to be grown in gardens and holdings <0.5 acre in
‘Infected Areas’. Prohibition on sale or purchase of seed grown in Infected Areas for planting in non-Infected Areas

The Seed Potatoes Order 1918 Crops of immune varieties destined for seed to be inspected by Board of Agriculture Inspectors and certified as
reasonably free from rogues. Seed from an Infected Area not to be grown in a non-Infected Area. 

The Wart Disease of Potatoes (Scotland) Order 1923 Immunes only to be grown in gardens and holdings <0.5 acre. Susceptible first earlies could be grown under licence
(subsequently the Wart Disease of Potatoes (General Licence) (Scotland) Order 1954 avoided the need to issue
separate licences).

The Wart Disease of Potatoes (Scotland) Order 1938 The sale of seed originating in England & Wales prohibited. Seed from N Ireland or Eire to be accompanied by an
official certificate stating that it had not been grown in an infected district and that wart disease had not occurred 
on the land nor within one mile of the land on which the seed had been grown.

The Wart Disease of Potatoes (GB) Order 1973 This order implemented the European Directive 69/464/EEC on the control of Potato Wart Disease. In cases of
outbreaks, infested land to be scheduled and a safety zone delimited. Prohibition on growing potatoes in scheduled
land. Immunes only to be grown in safety zone. Immunes only to be grown in gardens and allotments (subsequently
revoked by the Wart Disease of Potatoes (GB) Amendment Order 1974) 

The Seed Potato Regulations 1978 Land on which seed potatoes are grown should not be scheduled for wart and should not be part of a safety zone 
(now covered by the Seed Potato Regulations 2000).



It is interesting to note that seed potato certification (section
4.1) began as a consequence of the spread of potato wart
disease, as it was necessary to ensure that stocks of
‘immune’ varieties were substantially free from susceptible
rogues. Growing crop inspections were introduced and a
licence was required to sell ‘immune’ seed. ‘Immune’ ware,
and at this time ‘immune’ seed (under licence), could both be
grown on infested land provided that the latter was destined
for planting on land subject to a wart disease notice.
Eventually the Seed Potato Regulations 1978 stipulated that
seed potatoes should not be grown on land which was either
scheduled or part of a safety zone.

Descheduling of Land
Since 1909 approximately 10,000 ha of agricultural land in
Scotland have been officially scheduled. Of the 320 farm
outbreaks recorded in Scotland, 297 occurred before 1950
(i.e. more than 50 years ago). Examination of soil samples
from old outbreak sites in Scotland has indicated that it is
unlikely that these now contain viable spores (Laidlaw,
unpublished). Present legislation permits the descheduling of
land in which S. endobioticum is no longer found to be
present, and a panel of experts from member countries of the
European Plant Protection Organisation (EPPO), including
SASA scientists, has now formulated a protocol for removing
restrictions on land previously scheduled for wart disease
(Anon, 1999). 

Anon. 1911. Varieties of potatoes resistant to wart disease.
Journal of the Board of Agriculture 17: 556-558.

Anon. 1999. Synchytrium endobioticum: Soil tests and
descheduling of previously infested plots. Bulletin OEPP/EPPO
Bulletin 29: 225-231.

Borthwick AW. 1907. Warty disease of potato. Notes. Royal
Botanic Garden, Edinburgh 18: 115-119.

Browning IA, Darling M. 1995. Development of potato wart
susceptibility testing in Scotland. Potato Research 38: 363-370.

Gough GC. 1920. Wart disease of potatoes (Synchytrium
endobioticum Perc.). A study of its history, distribution and the
discovery of immunity. Journal of the Royal Horticultural Society
45: 301-312.

Hampson MC. 1993. History, biology, and control of potato wart
disease in Canada. Canadian Journal of Plant Pathology 15: 223-
244.

McDonnell MB, Kavannah JA. 1980. Studies on Synchytrium
endobioticum (Schilb.) Perc. in Ireland. Journal of Life Sciences
Royal Dublin Society 1: 177-182.

Mel’nik PA, Malakhanova EL. 1998. Variability of Synchytrium
endobioticum in the Carpathian region of Ukraine. Bulletin
OEPP/EPPO Bulletin 28: 533-537.

Noble M, Glynne MD. 1970. Wart disease of potatoes. FAO Plant
Protection Bulletin 18: 125-135.

Pratt MA. 1979. Potato wart disease and its legislative control in
England and Wales. Plant Health (1979): 199-212.

Shilbersky K. 1896. Ein neuer Schorfparasit der Kartoffelknollen.
Bericht des Deutschen Botanischen Gesellschaft 14: 36-37.

Taylor HV. 1920. The distribution of wart disease. Journal of the
Ministry of Agriculture 27: 733-738.

Taylor HV. 1921. The distribution of wart disease. Journal of the
Ministry of Agriculture 27: 946-953.
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4.7 Incidence and Cause of Spraing in
Scottish Potato Stocks (I Browning)
Spraing (necrotic arcs and markings within the flesh of potato
tubers) is caused by infection with Tobacco Rattle Virus (TRV)
or Potato Mop Top Virus (PMTV), both of which are soil borne.
TRV is transmitted from infected plants (including many weed
species) by trichodorid nematodes, which feed on roots,
stolons and tubers of potato plants. PMTV is transmitted to
roots, stolons or young tubers by means of zoospores from
resting spores of the fungus Spongospora subterranea,
which causes powdery scab lesions on potato tubers. The
process of acquisition of virus particles by the fungus from
PMTV infected potato plants has not yet been elucidated
(Jones, 1988).

Studies on the incidence of TRV and PMTV in Scotland
carried out in the early 1970s indicated that both viruses
were common. TRV was detected in spraing-affected tubers
from 20 out of 22 stocks derived from eight counties, and in
68% of 153 freely draining podzols from 14 counties (Cooper,
1971). A subsequent study by Cooper and Harrison (1973a)
detected PMTV in 46% of 224 seed stocks derived from 20
counties. These authors found that the prevalence of PMTV
increased with increasing annual rainfall above 760 mm.
Transmission of TRV by nematodes also appears to be
facilitated by high soil moisture content (Cooper and
Harrison, 1973b).

The SPCS (section 4.1) does not include tolerances for PMTV
or TRV because, in the absence of their vectors, both viruses
have been found to be “self-eliminating” in potato stocks
(Todd, 1967). Harrison (1968) reported that TRV rarely
passed to progeny plants from tubers of varieties that were
severely affected with spraing but did so more regularly from
those of varieties which showed slight spraing. Self-
elimination, which occurs because of the failure of the virus
to become fully systemic and to be transmitted to all progeny
tubers, varies with variety and virus isolate type. TRV requires
the presence of two lengths of RNA (RNA1 and RNA2) to
produce rod-shaped nucleoprotein particles (M-type isolates)
and isolates with RNA1 only (NM-types) are common in potato
varieties in which symptoms do not become fully systemic,
affecting only one or a few stems per plant (Harrison and
Robinson, 1982). However, it is significant that M-type TRV
isolates have recently been found to infect some varieties
systemically, with infection being maintained throughout at
least three generations of vegetative production
(Xenophontas et al., 1998). In addition, Dale et al. (2000)
have detected a marked reduction in yield and tuber quality
in crops of var. Wilja that were systemically infected by an 
M-type isolate. 

Evans (1998) reported that many Scottish ware crops grown
in 1997 were rejected by processors due to spraing, and
several Scottish seed stocks grown in that year for export
were rejected by countries operating a nil tolerance for
spraing symptoms in imported seed. As these findings had
important implications for the reputation of Scottish seed
potatoes, work was initiated at SASA to understand the
incidence and epidemiology of the disease. 

In order to assess the comparative incidence of TRV and
PMTV in Scotland, samples of 200 tubers from 24 seed



and the incidence of PMTV in Scottish potato stocks in that
survey was higher than that found in 1999. In all surveys
carried out to date, tests for symptomless infection by PMTV
and TRV have not been made. The results obtained for 1999
stocks will provide a useful baseline for future studies on
incidence of both TRV and PMTV in potato stocks in Scotland.
It would also be of value to assess the incidence of TRV in
varieties (e.g. King Edward, Romano and Wilja) which have
been found by Xenophontas et al. (1998) to be fully
susceptible to infection by M-type TRV isolates.

There is little opportunity for cost-effective and practical
control of PMTV and TRV via classification schemes, for
several reasons. Symptoms may not be apparent at growing
crop inspection or tuber inspections, and the irregular
distribution of virus among haulms and tubers presents
problems in sampling for reliable virus detection. The cost of
postharvest testing of tubers is likely to be prohibitive. 
In addition, PMTV and TRV are generally self-eliminating in
the absence of their vectors. Improved management can,
however, be achieved if growers adopt appropriate
precautions. These include pre-planting soil tests for
nematode vectors and the use of soil treatments as
necessary; avoiding the introduction of infected material at
planting; and growing varieties known to be resistant or less
susceptible to spraing or virus infection.

Cooper JI. 1971. The distribution in Scotland of tobacco rattle
virus and its nematode vectors in relation to soil type. Plant
Pathology 20: 51-58.

Cooper JI, Harrison BD. 1973a. Distribution of potato mop top
virus in Scotland in relation to soil and climate. Plant Pathology
22: 73-78.

Cooper JI, Harrison BD. 1973b. The role of weed hosts and the
distribution and activity of vector nematodes in the ecology of
tobacco rattle virus. Annals of Applied Biology 73: 53-66.

Dale MFB, Robinson DJ, Griffiths W, Todd D, Bain H. 2000.
Effects of tuber-borne M-type strain of tobacco rattle virus on yield
and quality attributes of potato tubers of the cultivar Wilja.
European Journal of Plant Pathology 106: 275-282.

Evans A. 1998. Is spraing caused by tobacco rattle virus on the
increase? SAC Potato Newsletter March: 4.

Harrison BD. 1968. Reactions of some old and new British potato
cultivars to tobacco rattle virus. European Potato Journal 11: 165-
176.

Harrison BD, Robinson DJ 1982. Genomic reconstitution and
nucleic acid hybridisation as methods of identifying particle-
deficient isolates of tobacco rattle virus in potato plants with
stem-mottle disease. Journal of Virological Methods 5: 255-265.

Jones RAC. 1988. Epidemiology and control of potato mop-top
virus. In: Cooper JI, Asher MJC eds. Developments in Applied
Biology 11. Viruses with fungal vectors. Wellesbourne, UK:
Association of Applied Biologists, 255-270. 

Mumford RA, Walsh K, Barker I, Boonham N. 2000. Detection of
potato mop top virus and tobacco rattle virus using a multiplex
real-time fluorescent reverse – transcription polymerase chain
reaction assay. Phytopathology 90: 448-453. 

Todd JM. 1967. Soil-borne virus diseases of potato. N.A.A.S.
Quarterly Review 77: 21-29.

Xenophontos S, Robinson DJ, Dale MFB, Brown DJF. 1998.
Evidence for persistent, symptomless infection of some potato
cultivars with tobacco rattle virus. Potato Research 41: 255-265.
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stocks affected by spraing in 1997, were examined. These
stocks, derived from 21 farms in Angus and north east Fife,
had been rejected for export on the basis of a visual
examination. In a second survey, samples of 200 tubers from
each of 287 seed and 53 ware stocks, covering 66 varieties,
grown throughout Scotland during 1999, were also
examined. In both years, the tubers were sliced, visually

Table 4.11 Results of tests for PMTV and TRV in 1997
stocks rejected for export on the basis of spraing
symptoms during official inspection

examined for spraing, and those showing symptoms were
tested by ELISA for PMTV and by RT-PCR for TRV (Mumford et
al., 2000). Details of the varieties tested and viruses
detected in 1997 stocks are presented in Table 4.11. Of the
24 stocks from the 1997 crop, ten showed spraing symptoms
in 1-5% of tubers, seven in 6-10%, three in 11-20% and four
in 21-30% of tubers. PMTV was identified in all 24 stocks but
TRV was detected in only two. 

The survey of the 1999 crop (Table 4.12) revealed spraing
symptoms in 49 of the 330 stocks (15%). No virus was
detected in tubers from six of the stocks exhibiting
symptoms. In these, irregular distribution or low
concentration of virus may have resulted in a negative test
result, or the symptoms may have been caused by factors

Table 4.12 Incidence of spraing and viruses detected in
1999 stocks

Crop Type No. No. (%) No. (%) No. (%) No. (%)
crops with with with with
tested spraing PMTV TRV TRV +

symptoms PMTV

Seed 277 37 (13) 20 (7) 8 (3) 6 (2)

Ware 53 12 (23) 7 (1) 1 (2) 1 (2)

Total 330 49 (15) 27 (8) 9 (3) 7 (2)

other than PMTV or TRV. 87% of seed and 77% of ware stocks
were free from visual symptoms and, where spraing was
observed, the incidence within the stock was generally low,
with only 5% of stocks showing an incidence of >2% of
tubers. Cara and Nicola appeared to be particularly prone to
develop symptoms of spraing in that season. Of the 340
stocks examined, 44 stocks were of these two varieties and
22 were affected by the condition.

Results from 1999 showed that PMTV was present in 34 of
the 43 stocks (79%) in which virus was detected, whereas
TRV was present in 16 (37%). In both 1997 and 1999, PMTV
rather than TRV appeared to be the predominant cause of
spraing in the stocks examined. The survey carried out by
Cooper and Harrison (1973a) was based on visual inspection
of haulms of 135 stocks (of 66 varieties) and tubers of 89
stocks (of three varieties known to be sensitive to spraing),

Variety Number of stocks Number of stocks Number of stocks 
tested with PMTV with TRV

Cara 11 11 1

Nicola 6 6 0

Slaney 5 5 0

Avondale 1 1 0

Burren 1 1 1

Total 24 24 2



4.8 Aphid Monitoring for Virus Control in
Scottish Seed Potatoes: an Update (J Pickup)
Article 4.5 of the SASA Scientific Review 1992-1997
described the importance of aphid monitoring in maintaining
the reputation of Scottish seed potatoes for high standards of
virus health. The aphid monitoring programme has now been
in operation for ten seasons since its introduction in 1992.
During this period, the incidences of a range of virus
symptoms in seed crops have fallen to their lowest recorded
levels (Fig. 4.2). This paper reviews recent developments
relating to the epidemiology of aphid-transmitted viruses. 

The Aphid Monitoring Programme
To ensure that uncontrolled aphid numbers do not lead to
unacceptable increases in virus incidence within growing
crops, a programme for the monitoring of field populations of
potato aphids was introduced into the SPCS (section 4.1) in
1992. At level 1 of the programme, three early potato crops
are selected, in each of the seven geographical areas of
production in Scotland, and checked for potato aphid
infestations. If potato aphids are found, an aphid alert is sent
to all seed growers in that area. Following the issue of an
alert, aphid monitoring moves to level 2, and all seed crops
within that geographical area are then checked regularly for
aphids. If the number of colonies found exceeds a threshold
value, classification is withheld until satisfactory completion
of a post-harvest test to assess the virus status of the tubers.
In ten years of post-harvest virus tests, only 3.4% of such
crops have been rejected from the SPCS, when the test
revealed that there were unacceptable levels of aphid-
transmitted viruses (Table 4.13).
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Incidence of Potato Leafroll Virus
The effectiveness of the aphid monitoring programme in
controlling the transmission of potato leafroll virus (PLRV) can
be assessed using a predictive model developed using aphid
and virus data collected before 1992 (Pickup, 1997). Since
1992, the area of the Scottish seed potato crop in which
symptoms of PLRV have been observed has been
consistently lower than the prediction made by the model
(Fig. 4.16).

Aphicide Usage in Scotland
The aim of the aphid monitoring programme was to reduce
the incidence of aphid-transmitted viruses by promoting more
effective aphid control. Data collected by the Pesticide Usage
Survey at SASA (e.g. Kerr and Snowden, 2001) show that the
number of times that seed and ware crops are treated with

Table 4.13 Results of post-harvest tuber tests, 1992-2001

Year No. crops tested No. crops failed Virus in Failed Crops

1992 68 2 PVYN, PVA

1993 24 0

1994 13 1 PLRV/PVY

1995 94 2 PLRV, PVA

1996 32 3 PVYN (x2), PVA

1997 4 0

1998 9 0

1999 9 0

2000 13 1 PVY/PVS

2001 0 0

Total 266 9 (3.4%)

Figure 4.16 Performance of a model describing the
incidence of symptoms of potato leafroll virus in Scottish
seed potato crops following the introduction of the aphid
monitoring programme in 1992. The model, based on data
for 1970-1992, is described by the regression equation
(adjusted r2 = 0.87): 
PLRV(t) = 0.67PLRV(t-1) + 0.38Mp(t-1) - 2.12 
where the incidence of leafroll (PLRV) in year t is
dependent upon both the virus incidence and the number
of Myzus persicae (p) caught in the SASA suction trap
during the previous year (t-1)
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Figure 4.17 Aphicide usage on seed and ware potato crops
in Scotland, 1987-2000 (Kerr and Snowden, 2001)
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aphicides has increased since the introduction of the aphid
monitoring programme in 1992 (Fig. 4.17). The desire of seed
potato growers to avoid the cost and inconvenience of a post-
harvest test may explain the increased use of aphicide on
seed crops. Other factors will also be involved since aphicide
usage on ware crops also increased over the same period of
time.

Insecticide Resistance Detected in Myzus persicae in
Scotland 
The development of insecticide resistance in the most
important aphid vector of potato viruses, the peach-potato
aphid (Myzus persicae), is a major concern for the future
control of this aphid and consequently of great significance
to the management of viruses within the seed potato crop.
During the first week of August 2000, potato crops in north-
east Scotland were surveyed for insecticide resistant M.
persicae by SAC (as part of a DEFRA-SAPPIO Link Project
investigating the factors promoting or retarding the spread of
several distinct forms of insecticide resistance, and in
collaboration with IACR-Rothamsted). The results indicate
that aphid populations in this region appear to be under
intensive selection for insecticide resistance. Many of the
clones had elevated levels of carboxylesterase enzymes that
are typical of R2 (highly resistant) and R3 (extremely
resistant) aphids. The kdr (kknock ddown rresistance to
pyrethroid insecticides) resistance mechanism was also
present in a high proportion of the aphids collected, and one
of the aphid clones exhibited all the mechanisms of



insecticide resistance that M. persicae is known to possess
(R3/kdr/MACE). This was the only aphid clone to exhibit
MACE resistance (mmodified aacetylccholineesterase), which
renders pirimicarb and triazamate ineffective through
production of an insensitive form of the target enzyme
acetylcholinesterase (see section 7.4). This was the first time
that MACE resistance had been recorded from Scotland.
Scientists at SASA are very concerned about the possible
build up of insecticide resistance and they have initiated a
programme of monitoring, using aphids collected by a variety
of means: in aphid suction traps, during SPCS growing crop
inspections, and from field surveys. The data gathered by
such monitoring, as well as information on the changes in the
biological interactions between aphids, their host plants and
the viruses that they vector, will be used at SASA to review the
aphid monitoring programme within the SPCS. Scientists
advising on the classification scheme will seek to incorporate
measures that ensure high standards of virus health and to
advocate a sustainable programme for managing
populations of the aphid vectors of potato viruses.

Kerr J, Snowden JP. 2001. Arable crops 2000. Pesticide Usage in
Scotland Report. Edinburgh: Scottish Agricultural Science Agency. 

Pickup J. 1997. Aphid monitoring for virus control in Scottish seed
potatoes. Scottish Agricultural Science Agency Scientific Review
1992–1997, 30–31. 
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5 THE IDENTIFICATION
AND CONTROL OF
HARMFUL ORGANISMS

5.1 Review of Plant Health 1997-2000
(J M Chard)

5.2 A History of Potato Quarantine Testing in the
United Kingdom (C J Jeffries)

5.3 Ralstonia solanacearum and Scottish Rivers 
(J R Wood)

5.4 Varroa destructor in Scotland
(J M Chard)
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5.1 Review of Plant Health 1997-2000
(J M Chard)
A major role for SASA is to ensure that government has the
scientific competence and tools to identify and exclude
organisms (particularly non-indigenous organisms) that pose
a threat to crops in Scotland. For practical reasons, this
responsibility extends also to pests and diseases of bees,
which are major pollinators of crops. This plant health work,
specified in a range of EC, UK and Scottish legislation, is
carried out mainly to protect potato, soft fruit and other
horticultural crops. It involves insect, nematode, fungal,
bacterial and viral pest species (for example the Colorado
beetle, potato cyst nematode and fireblight of woody
ornamentals-see title page). The scientists at SASA who carry
these responsibilities use the techniques of plant pathology,
entomology, nematology, epidemiology and micro-
propagation, not only in plant health work, but also in the
certification of planting material (see Chapters 2, 3 and 4 for
details of the certification of cereal and potato crops).

The approach to plant health changed significantly in June
1993 with the implementation of regulations to facilitate the
“Single Market” within the EU, including trade in agricultural
and horticultural goods (see section 5.2). With barriers to
internal movement being removed, the emphasis for plant
material produced in the EU shifted to examination at the
place of production (registered premises) by authorised staff,
rather than officials. Once plant health requirements are met,
plant passports are issued and material can move freely in
the Community. Regular checks are made by officials to
ensure phytosanitary standards are maintained.

Special measures were introduced to protect plant
production in certain areas where particular plant pests were
not established or had restricted distributions. These
“protected zones” ensured that producers in parts of the
Community outside the zones implemented more stringent
controls on material destined for the zones, to prevent the
spread of the pests. The UK is a protected zone for Colorado
beetle, widely distributed in continental Europe, and the
tobacco whitefly (Bemisia tabaci), which is established in
some parts of the EU.

Since 1993, the legislation has been amended to deal with:
new pests that have established in the EU; potential pests
from other parts of the world; changes in the distribution of
existing pests; and the results of risk assessments (see
section 5.2). For example, the finding of karnal bunt (Tilletia
indica) in North America led to a re-evaluation of the risks
posed by that organism to seed and grain production in the
EU, and the introduction of new legislation. Many additional
factors need to be taken into account when assessing plant
health risks, including changes in trading patterns or routes,
altered cropping in the EU and possible climate change.

Changes in Legislation, 1997-2000
Following the formulation, by the EU Virus Experts Group, of
harmonised potato quarantine testing requirements, potato
quarantine measures were incorporated in 1997 into the

“Scientific Work” Directive (95/44/EEC). This Directive
specifies the requirements for work with prohibited
organisms and materials. 

The Brown Rot Control Directive (98/57/EC) was
implemented in 1998 with the aim of locating, and
preventing the spread of, Ralstonia solanacearum and
eradicating it (where possible) in host plants and
watercourses in the EU. One of the requirements of the
Directive is that Member States must survey watercourses
and host plant (potato and tomato) production for R.
solanacearum. The implications of this Directive for SASA are
explained in section 5.3. 

The Plant Health Directive has been amended and the text
consolidated (2000/29/EC). The principal changes for SASA
relate to measures to deal with the root knot nematodes,
Meloidogyne chitwoodi and M. fallax, and the finding of
pepino mosaic virus (PepMV) (Fig. 5.1) on tomato in the EU.
M. chitwoodi and M. fallax are now recognised as quarantine
organisms, and specific requirements have been
incorporated into the legislation, including annual surveys of
potato production. Following the finding that PepMV had
caused severe disease in tomatoes in two Member States,
legislation now includes measures to prevent the organism
spreading in propagating material, and it requires Member
States to survey their tomato production.

Figure 5.1 Pepino mosaic virus on tomato 

Plant Health Surveillance, 1997-2000
Plant health surveillance is carried out to determine the
presence or absence of certain important pests in Scotland;
to identify and diagnose pests and diseases on imported
plants and plant products; to identify new or unusual
organisms; and to support crop certification schemes.

Horticultural crops. Diagnoses for a wide range of pests and
diseases of horticultural crops were undertaken (Table 5.1).
Surveillance is required when there are new findings of
quarantine organisms in other parts of the EU; for example,
in 2000, Camellia flower blight (Ciborinia camelliae) was
found in a number of Member States, although surveys
revealed that it was not present in Scotland. PepMV was
recorded in the EU on tomatoes for the first time in 1999 but,
in a survey in 2000 of all 18 tomato growing premises in
Scotland greater than 100 m2, none was found. The virus
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was, however, intercepted in tomato fruit destined for sale in
Scotland on five occasions in 2000 (Table 5.2). Surveillance
for Liriomyza bryoniae and bacterial wilt of tomato (R.
solanacearum) at the same tomato-growing premises did not
reveal either organism.

raspberry root rot (Phytophthora fragariae var. rubi) and
raspberry bushy dwarf virus (RBDV). In 1998, a structured
survey of raspberry fruiting plantations for RBDV was
undertaken to establish whether the resistance-breaking (RB)
strains of the virus that had been found in England were also
present in Scotland. No RB strains were detected during the
survey, but 22% of the 202 Scottish plantations tested were
found to have the virus, with infection levels ranging from
2-80%. In 1999 all standard grade stocks entered for
certification were tested, with no infection found.

Potatoes. The Brown Rot and Ring Rot Directives require that
Member States undertake surveys of their seed and ware
potato production for both pathogens, and watercourses for
R. solanacearum. Surveillance in Scotland includes: testing
for Clavibacter michiganensis subsp. sepedonicus (ring rot)
and R. solanacearum (brown rot) of all material for nuclear
stock production (sections 4.1, 4.2); and annual surveys of
seed and ware tubers (Table 5.3). All material entered for
potato quarantine is also tested (Table 5.4) (see also section
5.2). In addition, watercourses in Scotland where water is
taken for the irrigation of potato crops, and watercourses
associated with potato processing, have been sampled and
tested for R. solanacearum (Table 5.3). In 2000, the
organism was found in a river system in Scotland for the first
time (see section 5.4). 

Table 5.1 Number of samples examined for pest and
disease diagnosis of horticultural crops, 1997-2000

Table 5.2 Interceptions of quarantine organisms on
imported plant materials, 1997-2000 (see also Table 5.4)

Organism/diagnosis 1997 1998 1999 2000

Bemisia tabaci 6 18 10 10

Leptinotarsa decemlineata 3 3 1 3

Liriomyza diagnosis 12 13 2 1

Thrips diagnosis 4 7 0 3

Other entomological diagnosis 57 57 53 34

Nursery stock samples for PCN diagnosis 110 70 80 94

Other nematological diagnosis 10 14 4 9

Ciborinia camelliae 2 41

Colletotrichum acutatum 8 16 137 35

Phytophthora fragariae var. rubi 6 11 18 15

Erwinia amylovora 11 14 9 9

Beet yellow necrotic vein virus 85

Pepino mosaic virus 123

Plum pox virus 187 41 346

Raspberry bushy dwarf virus 12 226 56 3

Tomato bushy stunt virus 195

Other pathogen diagnosis 28 21 10 10

Totals 454 511 813 585

Table 5.3 Numbers of samples tested for potato quarantine
organisms (see also Tables 5.4 and 5.5)

In addition to surveillance for quarantine organisms in
domestic production and on traded material (see below),
SASA supports soft fruit certification schemes by testing for

Surveillance for: 1998 1999 2000

Clavibacter michiganensis subsp. sepedonicus*

Nuclear Stock testing 238 194 118

Scottish seed potatoes 58 281 335

Scottish ware potatoes 51 58 66

Other potatoes 2 9 4

Ralstonia solanacearum*

Nuclear Stock testing 238 194 118

Scottish seed potatoes 74 281 840

Scottish ware potatoes 51 59 66

Other potatoes 2 9 4

Water samples 104 56 294

PSTVd **

Nuclear Stock testing 31 47 30

Scottish seed potatoes 100 140

Imported tomatoes 25

EU material 57 84 318

Meloidogyne chitwoodi & M. fallax

Scottish seed potatoes 50 74 80

Scottish ware potatoes 9

*  200 tubers per sample, apart from Nuclear Stock testing and water samples.
** up to 10 plants per test

In order to ensure that potatoes in Scotland are free from
potato spindle tuber viroid (PSTVd), and to meet the
requirements of some exporting countries, material entered
for quarantine, nuclear stock production and export are
tested (Tables 5.3, 5.4). Annual surveys for M. chitwoodi and
M. fallax have shown potato material in Scotland to be free
from these organisms (Table 5.3). 

Year Organism Comments 

1997 Bemisia tabaci 2 cases on imported plants,1 case
on cut flowers

Leptinotarsa decemlineata 1 beetle on  Spanish organic
potatoes

Liriomyza species 9 cases on cut flowers (6 L.
huidobrensis, 2 L. trifolii, 
1 Lyriomyza sp.)

1998 Bemisia tabaci 6 cases on poinsettia cuttings, 
5 cases on cut flowers

Leptinotarsa decemlineata 1 beetle in packed potatoes from 
a supermarket

Liriomyza species 8 cases on cut flowers (3 L.
huidobrensis, 5 Lyriomyza sp.)

1999 Bemisia tabaci 5 cases on poinsettia cuttings

Liriomyza species 1 case on cut flowers from Israel

Colletotrichum acutatum Outbreak on Fragaria, eradicated.
Finding on Kalmia from USA

2000 Bemisia tabaci 3 cases on pot plants, 4 cases 
on cut flowers/herbs

Leptinotarsa decemlineata 4 beetles, including 1 on organic
potatoes from Italy and 1 in 
parsley

Liriomyza species 1 case on cut flowers from Israel

Pepino mosaic virus 5 cases in tomato fruit

Tomato spotted wilt virus Outbreak associated with imported
potatoes from the EU; eradicated
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In October 1999, MAFF (now DEFRA) reported the finding of
an atypical strain of potato virus S (PVS) in a seed potato
stock, cultivar Exquisa, originally derived from European seed
that had been classified in Scotland in 1997. This PVS strain
produced a systemic reaction in the test plant Chenopodium
quinoa and a positive result in a serological test for the
Andean strain of PVS (PVSA). As there was concern that the
virus might be present in Scotland, all the progeny of seed
imported from the same source in previous years and all
stocks in which PVS had been found in 1999 (from growing
crop inspection samples) were tested for PVS. Eight stocks
were tested, at a rate of 500 or 600 tubers per stock, and sap
from the resulting 68 tubers with a positive test for PVS was
inoculated to C. quinoa. No systemic infection was found,
indicating that PVSA was not present, but SASA continues to
monitor all PVS samples found for the C. quinoa-systemic
PVS. 

Interceptions of quarantine organisms. As most trade in
plants and plant products into the UK occurs through English
ports, most plant health import inspections are done by
DEFRA. However, some quarantine organisms are intercepted
in material moving into Scotland. Bemisia tabaci (Fig. 5.2),
Liriomyza spp. and Leptinotarsa decemlineata are regularly
intercepted (Table 5.2). Colletotrichum acutatum was
intercepted on Kalmia plants from the USA in 1999, a first
finding of this pathogen on this host, and on strawberry
plants from another EU country.

Potato: conservation, characterisation and utilisation of
secondary potato varieties for ecological production systems
in Europe” (see also section 4.4). The Unit tested accessions
from the Commonwealth Potato Collection, held at the
Scottish Crop Research Institute, to ensure that they met EC
plant health requirements. Table 5.5 shows the numbers of
accessions tested during this project and the number of
plants which were fully tested for PSTVd and 5 seed-borne
viruses.

Table 5.4 Numbers of potato lines quarantine tested and
interceptions of pathogens from 1997-2000

Table 5.5 Testing of accessions from the Commonwealth
Potato Collection during the EU Genetic Resources Project

Figure 5.2 Bemisia tabaci nymphs 

Tomato spotted wilt virus was intercepted in potatoes moved
with a plant passport from a Member State to Scotland in
2000. The infected consignment was destroyed and,
following extensive testing of associated potato plants,
insecticide treatment and monitoring of glasshouses with
bait plants, the organism was eradicated.

Potato quarantine testing 1997-2000 
The UK Potato Quarantine Unit (UKPQU) (see section 5.2)
tests potato material destined for planting from outside the
EU, and EU-derived potato material moved without a plant
passport. Vegetative material is tested for PSTVd, C.
michiganensis subsp. sepedonicus, R. solanacearum and 15
viruses; seed lines are tested for PSTVd and 5 viruses.
Approximately 50 lines are received per annum.
Interceptions included, in 1999/2000, the newly described
potato rough dwarf virus in one line from Argentina and R.
solancearum in tubers from Indonesia (Table 5.4).

In addition to this work, between 1996 and 1999 the UKPQU
took part in an EU project entitled “Genetic Resources for

Country 1996/7* 1997/8 1998/9 1999/2000

Argentina 4 6 (PRDV)

Australia 4 7 1

Bolivia 2 3 6 7

Brazil 1 (dls)

Canada 3 16 2

Chile 4

China 3 (PVS)

Czech Republic 1

Estonia 11 (PVM, PVY) 5 (PVM)

Hungary 11 (PVM, PVS) 23 (PVM, PVS)

Indonesia 1 (Rs)

Israel 11

Lithuania 2 6 3 (PVM, PVS)

Mauritius 2

Netherlands 1

Norway 1

Peru 5

Philippines 2

Spain 1

USA 10 + 1 true seed line 17 (PVS) 16 (PVS) 28

Total 52 76 52 47

*Data from 1 July to 30 June annually.

(Abbreviations: dls, disease-like symptoms; PRDV, potato rough dwarf virus; PVM,
potato virus M; PVS, potato virus S; PVY, potato virus Y; Rs, Ralstonia
solanacearum)

Following an assessment of the risks to potato production,
the UKPQU recently tested plant species other than stolon-
and tuber-forming Solanum species: Petunia hybrida (Family:
Solanaceae) and Oxalis tuberosa (oca) (Fig. 5.3). Since the
import of Solanaceae from outside the Euro-Mediterranean
area is prohibited, a request from a horticultural company
and a pest risk analysis by DEFRA led to the development of
a quarantine testing programme, similar to that for potato,
being devised for petunia. Testing for an additional 10
organisms was included. Five lines of petunia have been
released and 2 lines retained for further investigation
because of a suspected phytoplasma. This quarantine testing

1996 1997 1998 1999 2000*

No. PSTVd tests 223 250 312 974
(up to 10 plants per test)

No. virus tests 11,150 11,130 8,065 10,460

No. accessions tested 123 124 105 123

No. fully tested plants 2,223 2,224 1,680 1,539 340

*Additional to EU project
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protocol has been submitted to the EU Plant Health Standing
Committee for incorporation in the “Scientific Work
Directive”.

Oca may be imported into the EU with a phytosanitary
certificate provided that it is free from quarantine organisms.
However, it can be infected by potato pathogens such as
arracacha virus B-oca strain and potato leafroll virus and
since the consignment in question was to be grown with
potato, and data on its susceptibility to other potato
pathogens is limited, it was quarantine tested as for potato.

In addition to the development of new testing protocols, SASA
is co-ordinator of an EU programme to evaluate methods for
detection of PSTVd. This is part of a “Standards,
Measurements and Testing” project entitled “Diagnostic
Protocols for Organisms Harmful to Plants” and involves two
ring tests with ten participating laboratories.

5.2 A History of Potato Quarantine Testing in
the United Kingdom (C J Jeffries)
International trade in potatoes, especially seed potatoes, is
heavily regulated because of the serious risk of spreading
pests and diseases to new areas (see section 4.1). UK potato
quarantine procedures before 1980 formed the basis for
European Community (EC) quarantine testing legislation, and
scientists from the UK Plant Health Authorities, including
SASA, continue to influence EU and other international potato
quarantine legislation and protocols. 

Early Controls
The UK has a long history of controlling the import of seed
potatoes, going back to 1877 when the Destructive Insects
Act was introduced for the control of Leptinotarsa
decemlineata (Colorado Beetle), which had spread across
North America and threatened Europe. The Act, which
established the broad concepts of UK plant health
methodology, provided powers to prohibit the landing of any
part of a potato plant or any other vegetable from outside the
UK. It authorised destruction of a crop where Colorado Beetle
was found and empowered local authorities to undertake the
control work. The Destructive Insects and Pests Act of 1907
extended the 1877 Act to cover all insects, fungi and other
destructive pests of plants and, in turn, the Destructive
Insects and Pests Act of 1927 extended the powers even
further to include bacteria and other disease organisms (e.g.
viruses). These Acts were consolidated into the Plant Health

Act of 1967, with a separate but similar Act in Northern
Ireland. 

Before 1960 a system of licensing regulated the import of
normally-prohibited seed potatoes into England, Wales,
Scotland, Northern Ireland, Republic of Ireland, Guernsey,
Jersey and the Isle of Man in order to try to prevent the
introduction of new pests and diseases. However, the various
Departments of Agriculture operated their licensing
arrangements differently: some had, on occasion, allowed
import of commercial quantities of seed potatoes for further
multiplication, and others had restricted entry to small
quantities that were grown in isolation in the field, or more
recently, quarantine tested under glass.

Since seed potatoes could move relatively freely between the
various parts of the UK, by the early 1960s there was concern
that, without a uniform system of licensing and testing, all
areas were at risk from the introduction of non-indigenous
pests and diseases. This had already happened with the
spread of the veinal necrosis strain of potato virus Y (PVYN)
from South America into Europe, including the UK, in the early
1950s. In Scotland, the variety Craigs’s Royal was particularly
affected but, through strict certification control measures,
the disease was brought under control. Potato spindle tuber
viroid (PSTVd, thought to be a virus at that time), Clavibacter
michiganensis subsp. sepedonicus (ring rot), Ralstonia
solanacearum (brown rot), new races of Synchytrium
endobioticum (wart disease) and new strains of PVYN were
considered to be of particular concern. These concerns
became acute in the 1960s, as there were increased
demands from potato growers to import large quantities (up
to 1000 tonnes) of commercial varieties from continental
Europe, especially The Netherlands. Growers argued that
these were needed to overcome temporary shortages, to
exploit demand for varieties that were not available
domestically, and to initiate a home-grown stock of foreign
varieties for subsequent export. 

UK and Ireland Technical Committee on the Import of
Seed Potatoes
As a result of plant health concerns, in 1965, a Technical
Committee, acting for all the Agriculture Departments,
recommended that licences should be required for the import
of small quantities of potatoes that were intended for
commercial multiplication (rather than for research
purposes), for quarantine testing under glass. Varieties were
to be of the highest health standard from, and originating in,
Western Europe. This was later modified to include varieties
from outside Western Europe, but these were permitted only
under exceptional circumstances. The control measures were
further strengthened, in January 1966, with agreement on a
common policy for the import of seed and ware for research
purposes: material was to be quarantine tested if imported
for planting, or destroyed as soon as the laboratory work was
complete. These requirements were to be implemented by
those organisations already involved in testing, namely
Agricultural Scientific Services (ASS) in Scotland (now SASA),
the National Institute of Agricultural Botany for England and
Wales and the Plant Pathology Field Station, Belfast for
Northern Ireland. Licences were issued in GB under the
Importation of Potatoes (Health) (Great Britain) Order 1964,
and similar legislation was introduced in Northern Ireland. 

Figure 5.3 Tubers of Oxalis tuberosa (oca)
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Harmonised Testing
In late 1966, a harmonised testing procedure, based on that
used at ASS, was adopted by all UK quarantine units. For
varieties from Western Europe, 50-100 tubers per variety
were permitted; all tubers were examined visually for
symptoms of wart disease, PSTVd, ring rot and brown rot, and
some tubers were cut across the heel end and examined
visually for bacterial, virus and fungal infection. If ring rot or
brown rot were suspected, bacteriological tests were done.
Plants were grown from tubers under aphid-proofed glass,
inspected regularly for symptoms of disease, and tested
serologically for potato virus M (PVM), potato virus S (PVS)
and potato virus X (PVX) by chloroplast agglutination. The
plants were tested for other viruses (potato virus A, PVS, PVX,
potato virus Y, potato mop-top virus and tobacco rattle virus)
and PSTVd infection by sap-inoculation to Nicotiana tabacum
and Chenopodium amaranticolor (viruses) and Lycopersicon
esculentum (PSTVd). If potato aucuba mosaic virus was
suspected, then Capsicum annuum was inoculated.
Harvested tubers were inspected and released to the
importers. In the first season in the field, after release from
quarantine, the growing crop and harvested tubers were
inspected. 

Potato Gene Banks 
The transfer of the Commonwealth Potato Collection (CPC)
from the John Innes Institute, Hertford, to the Scottish Plant
Breeding Station (SPBS), Edinburgh, in 1967 led to the
decision that gene bank materials should be tested
according to the harmonised procedure. The accessions were
mainly true potato seed (TPS) of wild and primitive cultivated
Solanum species, and tuber clones from collecting
expeditions (to e.g. Latin America) dating from 1937, and
from researchers world-wide. Tubers had originally been
imported under licence and had received rudimentary testing
by the maintainers, but TPS had been imported without
restriction because it was thought to pose no disease threat.
Testing was started on the tuber accessions and then
extended to the TPS (for PSTVd only) after it was shown
conclusively that the viroid could be transmitted by TPS
(Singh, 1970). PSTVd was found in a number of tuber and
TPS accessions (Cammack and Harris, 1973; Harris and
James, 1987). As a result of these findings, in 1973, ASS set
up an isolated quarantine facility at Newbattle, Dalkeith, for
the detection and eradication of PSTVd. 

By 1973 and 1979 respectively, testing for PSTVd had been
completed on all the CPC accessions and other SPBS potato
stocks. PSTVd was detected only in the CPC and was
eradicated. Nevertheless, potato-breeding work at SPBS was
severely affected for many years and import of further TPS
was prohibited. Some TPS continued to be imported under
licence into a gene bank held by Professor Jack Hawkes at
Birmingham University. This was mainly for taxonomic
purposes, but the stringency of the licence conditions, and
the retirement of Professor Hawkes, eventually led to the
gene bank being moved to ASS, quarantine tested, and
incorporated into the CPC (Jeffries, 1991). As recently as
1993, of the world’s potato gene banks, only the CPC could
claim to be free from PSTVd (Jeffries et al., 1993). Other than
PSTVd, at least five viruses are now known to be transmitted
by TPS. CPC accessions (see Table 5.5) have now been fully
tested to meet plant health requirements and may be
distributed with an EC Plant Passport (see below), without a
further requirement for quarantine testing in the EU.

The European Community
With the impending entry of the UK into the EC in 1973, and
increased pressures to liberalise trade in seed potatoes
within the Community, action was taken to safeguard the high
health status of seed potato production in Northern Britain
and Northern Ireland. The Prevention of Spread of Pests
(Seed Potatoes) (Great Britain) Order 1974 and similar
legislation in Northern Ireland established “Protected
Regions” for potatoes in Scotland, Northern Ireland and parts
of Northern England. The main effect was to ban imports of
seed potatoes into these regions, except under licence and
subsequent quarantine. This, and a demand for increasing
quantities of material to be quarantined, led to a re-
evaluation of existing facilities. England and Scotland
decided in 1975-76 to centralise their resources at an
enlarged new purpose-built facility: The National Quarantine
Unit (NQU), sited at ASS. Northern Ireland continued with its
own quarantine unit, and as in the 1960s, these units
generally handled material from Western Europe.

Up to 1977, plant health regulations were largely a national
responsibility but this changed with the EC Plant Health
Directive 77/93/EEC (implemented in 1980), which involved
partial harmonisation of plant health regulations for
movements into the EC and between Member States. Import of
seed and ware potatoes from all countries outside the EC was
banned, except from those meeting specified requirements.
Following requests by some Member States (including the UK)
to permit the entry of potato breeding material through
quarantine, for work on breeding, gene conservation and
research, the EC introduced Decision 80/862/EEC, which
specified the range of pathogens and some essential elements
of the quarantine procedure. The measures for potato were
influenced by the important work done by The European and
Mediterranean Plant Protection Organisation (EPPO)
(http://www.eppo.org) in identifying the risks posed, and by
evidence from ASS (Todd and Howell, 1979).

The Breeders’ Quarantine Unit
As risk analyses indicated that it was unwise to combine work
on breeding material with the existing quarantine operations,
in 1981 the UK Plant Health Authorities established a
centralised facility, The Breeders’ Quarantine Unit (BQU) at
ASS to deal with imports of all material for planting from
outside the EC. It was the first potato quarantine unit in the
world to use the technique of micropropagation as a means
of containment within quarantine (Miller-Jones and Howell,
1986; Jeffries, 1996). 

The NQU and the quarantine unit in Northern Ireland
continued to test EC-derived material until 1 June 1993,
when quarantine barriers to internal trade were finally
removed by the harmonisation of EC plant health regulations
and the creation of the Single Market. Border controls were
replaced by EC Plant Passports to enable “free” movement of
certain plants (including potatoes for planting) and plant
products which met the standard specified in the Plant
Health Directive (see section 5.1). At this point the NQU and
the quarantine unit in Northern Ireland were closed and
resources were concentrated on the BQU. The next major
change to EC potato quarantine legislation occurred in 1997
when Decision 80/862/EEC, and a number of additional
potato quarantine measures, were incorporated into the
“Scientific Work Directive” 95/44EEC as Directive 97/46/EC. 
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5.3 Ralstonia solanacearum and Scottish Rivers
(J R Wood)
Ralstonia solanacearum is a bacterial pathogen that causes
vascular wilt disease in a wide range of crop plants in tropical
and sub-tropical regions, but Race 3 of the pathogen causes
brown rot of potatoes and bacterial wilt of tomatoes under
temperate conditions in Europe. Isolated outbreaks of potato
brown rot have occurred in most EU countries since 1989,
resulting in the enforced destruction of infected crops and
the imposition of restrictions on potato cultivation on the
affected farms. Brown rot was first found in UK potatoes in
England in 1992, associated with the use of contaminated
irrigation water.

Symptoms of R. solanacearum infection can be seen in
potato plants only under warm conditions. The bacterium
invades the vascular tissue causing the plants to wilt during
the heat of the day, recovering at night, but the symptoms
may become more severe such that the plants fail to recover
and die. Infected stems can show brown streaking near the
base and, when cut, ooze a white mass of bacteria. Potato
tuber infection occurs in the vascular ring, and is seen as a
browning of the vascular bundles if the tubers are cut and, if
the tuber is squeezed, white bacterial slime may emerge from
the infected tissue. With severe infections, the bacteria cause
the tissue to rot around the vascular ring, and external
symptoms of the disease may be seen as bacterial ooze
exuding from the eyes (Fig. 5.4). 

R. solanacearum infection in potatoes is spread by infected
seed potatoes, contaminated equipment, and contaminated
irrigation water. Ecomonic losses arise out of reduction in
yield through crop damage, and the legislative restrictions
placed on infected potato crops and contaminated farms to
prevent further spread of the disease.

Legislation
R. solanacearum is listed in the EC Plant Health Directive
(2000/29/EC) as a quarantine organism. Council Directive
(98/57/EC), which was introduced to prevent further
introduction and spread of the bacterium in potato and
tomato hosts in Europe, requires Member States to locate
and determine its distribution; prevent its occurrence and
spread; control it if present; and try to eradicate the disease.
SASA provides the necessary advice and scientific support
for the statutory responsibilities of SEERAD under this
legislation, including annual surveys for the presence of the

5  The Identification and Control of Harmful Organisms
|

S
A

S
A

 S
c

ie
n

t
ific

 R
e

vie
w

 1
9

9
7

–
2

0
0

0

65

As indicated above, the original work of the BQU was to test
lines mainly for potato breeders and researchers but it now
handles increasing quantities of material from commercial
potato growers and multinational processing companies
wishing to bring new potato varieties into the EU. In order to
reflect these changes, the BQU was renamed the UK Potato
Quarantine Unit (UKPQU) in 1995.

The UKPQU
Since the inception of the BQU/UKPQU, an Interdepartmental
Committee including representatives from DEFRA, the
Department of Agriculture and Rural Development, Northern
Ireland (DARD-NI), SEERAD, The British Society of Plant
Breeders and the Universities, has overseen its work. The
UKPQU offers a range of services to its customers. Besides
quarantine testing, it offers virus elimination for those lines
failing quarantine because of virus infection, and rapid
multiplication for those customers who require large number
of plants for trial purposes. Recently a quarantine testing
service for Oxalis tuberosa and Petunia hybrida has also
been provided (see section 5.1). 

The success of potato quarantine depends on a
comprehensive knowledge of the organisms that affect
potato and good diagnostic methods (Jeffries et al., 1993).
ASS/SASA has made major contributions to these areas
(Brattey et al., 1998; Harris et al., 1988; Jeffries, 1991,
1996, 1998) and continues to develop and revise its
procedures, in collaboration with colleagues in the EU and
other countries (Harju et al., 2001), to ensure that it stays at
the forefront of testing technology. 
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bacterium in potato and tomato production, and in water
courses used for irrigation. Surveillance for R. solanacearum
is performed at all stages of potato production: quarantine
testing of imported material; nuclear stock production;
imported and exported seed; field inspection of crops; and
ware production (see section 5.1). The bacterium has never
been found in seed or ware potatoes grown in Scotland.

Surveys of watercourses are required because R.
solanacearum has been found contaminating rivers and
streams in several European countries, in association with
infected roots of Solanum dulcamara (woody nightshade).
These plant hosts are thought to have become infected via
waste from either domestic or industrial processing of
infected potatoes. R. solanacearum has spread to potatoes
and tomatoes through the use of water from these
contaminated rivers in Europe.

Surveys of Scottish Rivers 
Annual surveys of Scottish watercourses associated with
potato production, potato processing and sewage works
started in 1994. In the 1994/7 surveys, the roots of S.
dulcamara growing in the selected rivers were sampled and
tested for infection with R. solanacearum. S. dulcamara was
not commonly found, and R. solanacearum was not detected.
After 1997, the surveys focused on sampling and testing
water samples from the rivers, but R. solanacearum was not
detected in any of the surveys until 2000.

In 2000 nine rivers (Almond, Dean, Deveron, Earn, Isla, Tay,
Tweed, Tyne and Whiteadder) were sampled during the period
of crop irrigation in July. The rivers were selected on the basis
of risk through their proximity to potato growing, use as a
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source of irrigation water, or because they had received waste
from food processing plants. For each river, replicate river
water samples were taken from four points and tested for the
presence of R. solanacearum. All samples were negative
apart from one of two samples, taken from the River Isla
close to its confluence with the River Tay, which gave a single
colony of R. solanacearum in selective agar plate testing.

R. solanacearum in the Tay River System
Further sampling and testing of water samples from
watercourses upstream and downstream from the identified
point of contamination on the River Isla, revealed the extent of
contamination. It began upstream in the Lunan Burn, just
below the outflow from Carsie Sewage Works (Fig. 5.5),
extended down the burn to its confluence with the River Isla,
down the Isla to the confluence with the River Tay and down the

Table 5.6 R. solanacearum in the Tay river system

Figure 5.5 Contaminated stretches of the Tay river system

Figure 5.4 Symptoms of brown rot in a potato tuber (with
permission of the Central Science Laboratory, Crown
Copyright)

Site Level of Contamination (cfu/ml)1

03.08.00 11.08.00

Lunan, Carsie Bridge 52.50

Lunan, Old Military Road 172.50

Isla, Leystone Farm 3.44 0.69

Isla, Bridge of Isla2 8.64

Tay, Stobhall 0.34

Tay, Stanley 0.03

Tay, Scone Race Course 0.16 0.03

1 Number of colony forming units per ml of river water, mean of 4 samples
2 Mean of 8 samples

Tay to the estuary. The levels of contamination with R.
solanacearum were highest in the Lunan Burn, decreasing
progressively downstream in the River Isla and the River Tay as
a result of dilution in the increased volume of water (Table 5.6). 

BLAIRGOWRIE

Firth
 of Tay

PERTH

Rive
r Is

la

Ri
ve

r T
ay

Lunan Burn

Ralstonia solanacearum detected

Ralstonia solanacearum not detected



5  The Identification and Control of Harmful Organisms
|

S
A

S
A

 S
c

ie
n

t
ific

 R
e

vie
w

 1
9

9
7

–
2

0
0

0

67

Searches of the banks of the Lunan Burn revealed large
populations of S. dulcamara growing with their roots in the
water. Of the root samples taken from stretches of the burn
where the water was infected with R. solanacearum, more
than 90% were infected with the bacterium. It was concluded
that these plants were the current source of contamination in
the River Tay system. Although the original source of R.
solanacearum contamination in the rivers is not known, it is
possible that waste from infected potatoes imported from
outside the UK passed through the Carsie Sewage Works into
the Lunan Burn some time in the past and infected S.
dulcamara growing in the burn. The infected plants are now
maintaining the contamination of the river system. 

Immediately on finding contamination of the river system, all
potato crops which had been irrigated with water from the
contaminated watercourse were sampled at a rate of 1
sample per hectare and tested for latent R. solanacearum
infection; all tested negative. None of these crops was
classified as Scottish seed potatoes. Samples were taken
from other seed and ware potato crops grown in the vicinity
of the contaminated watercourse and tested. None was
found to be contaminated with R. solanacearum, confirming
that contamination was confined to the rivers. 

In October 2000, SEERAD issued a notice prohibiting the irrigation
of host plants from the contaminated watercourses, and this will
remain in place for a minimum of three years and until the
contamination has gone. During the summer of 2001, all S.
dulcamara plants growing with their roots in the contaminated
stretch of the Lunan Burn will be removed using herbicide in an
attempt to eradicate R. solanacearum from the Tay river system.
Water monitoring will continue, to determine whether plant
removal has been successful in reducing bacterial numbers in the
rivers. Surveys of seed and ware potatoes grown in Scotland will
continue, and the survey of rivers extended to cover all rivers used
for irrigating seed potato crops.

5.4 Varroa destructor in Scotland
(J M Chard)
Varroa destructor (formerly Varroa jacobsoni), a natural
parasite of the Asian honeybee Apis cerana, has
subsequently infected the European honeybee, A. mellifera
(Fig. 5.6). Originating in South East Asia, it has spread in
honeybee colonies across the European continent since the

moving colonies from site to site for different nectar sources.

Varroa mites feed on bee larvae and pupae during their
development in the brood and on adult bees during the
winter months. Infestation, therefore, results in weakened
adult bees but, in severe infestations, adults may be found
with wing deformities. Mite populations build up in infested
colonies and, if untreated, colonies eventually collapse.
Infestations are often associated with other bee diseases,
particularly viral infections and European Foul Brood.

Legislation and Official Responsibilities
V. destructor is a statutory bee disease covered by the Bee
Diseases Control Order 1982 and Council Directive
92/65/EEC, the former specifying that “Statutory Infested
Areas” (SIAs) can be designated once the organism is found.
Movements of bee colonies and some types of equipment are
prohibited from SIAs into non-infested areas in order to limit
the spread of the mite. SASA provides advice and diagnostic
services in support of the statutory responsibilities of
SEERAD under this legislation.

Spread of V. destructor in England
Varroa was found for the first time in the United Kingdom, in
Devon, England in 1992. An SIA was designated in Southern
England taking into account the extent of infestation and
each year, following annual surveillance by English officials,
the SIA was reviewed and extended, where necessary, on the
basis of findings of varroa. Movement of colonies out of the
English SIA was prohibited. No additional measures were
required in the SIA, as experience in other European
countries had shown that varroa cannot be eradicated once
established in an area. By 1997, infested colonies were found
in Cumbria, near the Scottish border.

Surveillance in Scotland
Following the finding of varroa in England, surveillance was
initiated in Scotland in 1992, in order to determine whether
the organism was present. Annual searches were carried out
by SEERAD Bees Officers throughout Scotland between 1992
and 1997 to determine whether the mite was present
(Fig. 5.7). Beekeepers were also encouraged to send samples

Figure 5.6 Varroa destructor mite on Apis mellifera

1970s. The mite spreads by moving between colonies on
adult bees and in swarms, but long distance spread also
occurs via honeybee imports and migratory beekeeping,

Figure 5.7 Diagnosis of varroa at SASA
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of hive floor scrapings or samples of bee debris from their
colonies to SASA. Some beekeepers had monitored their
colonies for varroa before 1992, but the number of samples
submitted by beekeepers increased sharply once varroa was
found in England in 1992 and again once it was found in
Scotland in 1997 (Fig. 5.7).
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Three cases of unauthorised movements of colonies from the
SIA in England into Scotland were notified to SEERAD
between 1995 and 1997, one in 1995 and two in 1997,
triggering the issue, by SEERAD Bees Officers, of “stop
notices”, prohibiting movement of the imported colonies and
any other “contact” colonies within a 5 km radius. The
colonies moved from the English SIAs were found to be
infested with varroa and they were destroyed by burning. All
contact colonies were checked and there was no evidence of
spread of the mite from the infested colonies. Destruction of
the colonies was appropriate in these cases because
SEERAD had been notified shortly after the movements from
the English SIAs and there was no evidence that the mite had
spread to other apiaries and become established in these
areas. 

However, by September 1997, varroa had become
established in Scotland at Cannonbie, near the English

In 1998, varroa was detected in hive debris samples sent to
SASA for routine diagnosis from a colony in St Andrews.
Contact colonies were inspected to determine the extent of
infestation and this led to the creation of an SIA in Fife in
August 1998. No source of this outbreak was identified but,
in 1999, the mite was found in Perthshire. The outbreaks, in
areas of heather honey production where movement of hives
to and from heather moors is common, meant that colonies
in a large part of Scotland were now at risk. The Fife SIA was,
therefore, extended to cover all of mainland Scotland south of
the Caledonian Canal, apart from Argyll, in November 1999
(Fig. 5.8) and extended to cover the North of Scotland in May
2000. Later, in autumn 2000, varroa was found in a colony
on the Isle of Bute, although it was, again, not possible to
determine the origin of the infestation. From the end of 2000
the SIA comprised the whole of mainland Scotland and the
Isle of Bute.

After varroa had been found in Scotland in 1997, official
surveillance concentrated on the non-infested areas, to
determine whether infestation had spread outside the SIAs.
As the SIAs extended to include most of Scotland by 1999,
the number of official samples in 2000 decreased (Fig. 5.7),
but the number of samples submitted by beekeepers
increased. 

The Future
From official surveillance and beekeepers samples, it
appears that varroa has spread locally in the vicinity of the
originally infested apiaries and it is likely that most, if not all,
colonies in Scotland will eventually become infested. As was
found in England, “hobby” beekeepers tend to give up
keeping bees when varroa becomes established in an area. 

Nevertheless, varroa infestations can be controlled using
“biotechnological” and chemical methods. One method,
queen exclusion, involves manipulating the queen so that she
is confined to one frame of comb. Eggs are laid only on this
frame and once the brood (and varroa mites) is sealed, the
brood is destroyed. This is done several times, thus reducing
mite numbers in the colony. Approved chemical control
methods involve the use of acaricides registered in the UK as
veterinary medicines, which have been shown to be highly
effective in reducing mite numbers, although resistance to
the active ingredients has developed in some European
Countries. Many beekepers are reluctant to use pesticides
because of the “organic” image of honey and other
beekeeping products.

In conclusion, V. destructor is here to stay in mainland
Scotland but, although it is a highly damaging pest of bees, in
countries where it has been established for many years,
beekeepers have developed effective strategies for dealing
with it.

Figure 5.8 Distribution of varroa within Scotland, 
1997-2000

border (a highly infested apiary had been found on the other
side of the border in England), and inspections of colonies in
Scotland, within a 5 km radius of Cannonbie, revealed varroa
infestations. Searches within a greater radius of the Scottish
cases, however, indicated that the outbreak was confined to
apiaries in a small area in Dumfries and Galloway. An SIA
comprising Dumfries and Galloway, plus a small part of
Borders Region, was, therefore, designated in December
1997 (Fig. 5.8).

Note: SIA covered all mainland Scotland and the Isle of Bute
by the end of 2000.

December 1997 August 1990

November 1999 May 2000

Statutory Infected Area
Area Containing infected Colonies
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6 MOLECULAR TOOLS

6.1 Introduction (K J O’Donnell)
6.2 Use of Molecular Techniques in the

Distinctness, Uniformity and Stability (DUS)
Testing of Brassicas: UPOV Working Group 
on Biochemical and Molecular Techniques
(T. Christie) 

6.3 Use of Molecular Techniques in the
Distinctness, Uniformity and Stability Testing 
of Brassicas: Microsatellite Fingerprinting 
to Differentiate Brassica Varieties 
(D Darling, B Bulwer and V Mulholland)

6.4 Development of Quantitative PCR Assays for
Two Fungal Pathogens of Winter Wheat
(M McEwan and V Mulholland)

6.5 Antibody Production for Diagnostic Work 
(R Burns) 
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6.1 Introduction (K J O’Donnell)
The title of this chapter is instructive: not ‘molecular biology’
or ‘molecular research’ but ‘molecular tools’, reflecting the
Agency’s approach to R&D and new technologies. SASA’s
purpose is not the progression of science for its own sake;
there are other institutes, including our sister organisation
SCRI, which fill that ‘blue skies’ niche. SASA’s purpose is to
take basic or intermediate research from elsewhere and to
forge it into tools which will allow its scientists to do their job
better. That is why the success of R&D at SASA is judged, not
by the number of publications it generates, but by the
practical difference made to the tasks it performs on behalf
of the public. The techniques based on molecular biology that
are described in this chapter are no exception. 

The advent of molecular biology methods, and methods
based on nucleic acids in particular, has opened up a
number of possibilities: for example, diagnostic tests of
unprecedented sensitivity and specificity, and the rapid
identification of crop varieties. Yet the number of nucleic acid-
based assays in routine use for this kind of work is still
relatively small. A comparison with the antibody-based
methods described in section 6.5 is revealing. Antibodies for
the detection of plant pathogens were first described in 1977
(Clark and Adams, 1977) and, within 10 years, their use had
become routine, with ELISA established as the method of
choice for high-throughput detection of plant viruses. The
description in 6.5 is of a mature technology put to effective
use at SASA.

The introduction of nucleic acid-based methods has been
less smooth, for reasons that are worth exploring. To do so, it
is necessary to consider the polymerase chain reaction (PCR),
developed in 1983 (Saiki et al., 1985, 1988), which involves
the exponential amplification of DNA. Briefly (Fig. 6.1), short
sequences of DNA (‘primers’) are designed to match a
specific sequence of target DNA. Repeated cycles of heating
and cooling result in the exponential amplification of the DNA
sequence bounded by the DNA matching the primers. A key
component of this system, is the use of a DNA polymerase
enzyme isolated from bacteria from hot springs in
Yellowstone Park, USA (Brock and Freeze, 1969), which can
survive the high temperatures involved in the thermal cycling
process.

This originating principle – the ability to amplify specific DNA
sequences – has given rise to an enormous range of
methods, across the whole range of biology. However, that
very flexibility means that there can be a lack of robustness
when used for routine, high-throughput work (O’Donnell,
2000). While this may not be of importance for laboratories
engaged in basic research, it is a major problem for an
organisation such as SASA, where it may be essential to get
the right answer, first time, every time. The Agency has,
therefore, spent a great deal of effort in adapting molecular
biology methods so that they can be used to answer the kind
of questions it asks, with the level of confidence that it
requires. The remaining papers in this chapter describe some
of the results of those efforts. 

Section 6.2 describes the progress in applying molecular
tools to DUS testing – a key part of SASA’s work, and section

6.3 shows how the microsatellite DNA fingerprinting tool can
be used to distinguish between phenotypically similar
varieties of Brassica napus and B. rapa. Section 6.4 explores
how PCR can be used not only to detect the presence of a
pathogen but also to quantify the level of infection. This is an
important factor in seed certification where there are
thresholds for infection with certain pathogens (sections 2.3,
2.4). It is a long way from the boiling springs of Yellowstone
Park to the fields of Scotland, but the papers described in this
chapter form an important part of the bridge between them.

Brock TD, Freeze H. 1969. Thermus aquaticus gen. n., and sp. n.,
a non-sporulating extreme thermophile. Journal of Bacteriology
98: 289-297.

Clark MS, Adams AN. 1977. Characteristics of the microplate
method of enzyme-linked immunosorbent assay for the detection
of plant viruses. Journal of General Virology 34: 475-483.

O’Donnell KJ. 2000. Molecular diagnostics: technical and
economic issues. Acta Horticulturae 530: 39-44.

Saiki RK, Scharf S, Faloona F, Mullis KB, Horn GT, Erlich HA,
Arnheim N. 1985. Enzymatic amplification of β-globin genomic
sequences and restriction site analysis for diagnosis of sickle cell
anemia. Science 230: 1350-1354.

Saiki RK, Gelfand DH, Stoffel S, Scharf SJ, Higuchi R, Horn GT,
Mullis KB, Erlich HA. 1988. Primer-directed enzymatic
amplification of DNA with a thermostable DNA polymerase.
Science 239: 487-491.

6.2 Use of Molecular Techniques in the
Distinctness, Uniformity and Stability (DUS)
Testing of Brassicas: UPOV Working Group on
Biochemical and Molecular Techniques
(T. Christie) 
Oilseed rape is now the third most extensively grown arable
crop (after wheat and barley) in the UK (NIAB, 2001). The
most widely cultivated type is the winter form of swede rape
(Brassica napus L. (Partim)), although other oil-seed crops,
including the spring form of swede rape, turnip rape (Brassica
rapa L. var silvestris (Lam.) Briggs) and linseed, are also
grown. The popularity of the less common types tends to
fluctuate in response to developments in breeding, and
economic conditions.

Newly developed varieties of oil-seed crops are tested for
registration, inclusion in the UK National List of varieties, and
the award of Plant Breeders’ Rights, in the process known as
DUS (Distinctness, Uniformity and Stability) testing (see
Campbell, Green and Nevison, 1998 and section 3.3). The
Herbage and Vegetable Crops Section at SASA undertakes
DUS testing of turnip rape, whereas swede rape DUS tests
are done in other EU states. The tests involve the visual
assessment of a range of morphological characteristics over
two growing seasons, and comparison with existing varieties,
but this is made more difficult in oilseed species than other
crops by the lack of discontinuous (or grouping)
characteristics (Campbell et al., 1998). 

Grouping characteristics are used in DUS testing in the
selection of existing varieties, from the extensive reference
collection held at the testing centre, for comparison with the
candidate. The aim is to provide an adequate range of control

6  Molecular Tools



approaches to the introduction of molecular techniques into
the DUS testing of oilseed rape and the management of
reference collections, which could also apply to other crops
tested for DUS at SASA.:

1. Use of molecular markers directly linked to traditional
characteristics i.e. replacement of the measurement of
morphological or biochemical differences between
varieties with an exactly equivalent comparison between
their genotypes. Although attractive from a DUS
standpoint, this option may be applicable only to
characteristics controlled by a very small number of
genes, all of which would have to be located and partially
sequenced to provide informative markers.

2. Use of molecular characteristics calibrated to the
minimum genetic distances required to establish
distinctness in traditional characteristics. This would
involve finding molecular markers which have a proven
high correlation with the morphological characteristics of
interest. Screening for such markers is a laborious task,
although such work has begun, especially in France.

3. Use of molecular characteristics which, in contrast to the
approaches in 1 or 2, do not necessarily relate to
traditional test characters. For example, markers such as
RAPDs (random amplified polymorphic DNA), AFLP
(amplified fragment length polymorphisms) and STMS
(sequence-tagged microsatellites) could be used to
generate fingerprints which correspond to particular
nucleotide sequences distributed across the genome and
usually not in expressed regions. These methods,
therefore, do not generally provide associations between
molecular markers and phenotypic traits. 

SASA has undertaken to explore the possibility of adopting
approach 3. Section 6.3 presents the findings of a project
undertaken at SASA to test the effectiveness of STMS
markers in identifying fingerprint differences between
different species and varieties of oilseed rape. 

NIAB. 2001. Oilseeds Variety Handbook. National Institute of
Agricultural Botany: Cambridge. 

Campbell GD, Green FN, Nevison I. 1998. The development of
Distinctness, Uniformity and Stability (DUS) testing methodology in
turnip rape (Brassica rapa L. var. silvestris (Lam.) Briggs). Scottish
Agricultural Science Agency, Scientific Review 1992-1997, 18-20.

6.3 Use of Molecular Techniques in the
Distinctness, Uniformity and Stability Testing
of Brassicas: Microsatellite Fingerprinting to
Differentiate Brassica Varieties (D Darling,
B Bulwer and V Mulholland)
The use of DNA-based PCR marker systems, in the estimation
of relationships between plant varieties, is of particular
interest to those involved in assigning plant breeders rights
for new varieties. This group of techniques has the potential
to contribute to assessments of DUS, for example, where a
lack of discontinuous characters makes morphological
discrimination between varieties difficult (see section 6.2). 
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Figure 6.1 Schematic diagram of the Polymerase Chain
Reaction (PCR). Target DNA is mixed with small DNA
primers that are specific to (i.e. will bind to) a target DNA
sequence. The mixture is heated to denature (separate) the
DNA strands and then cooled, allowing them to anneal. As
the primers are present in excess, they will anneal to the
target DNA strands and provide a starting point for DNA
polymerase to synthesise new strands of DNA, using the
target sequence as a template. Repeated cycles of
denaturing and annealing result in the exponential
generation of the DNA sequence defined by the primers

varieties rather than growing out the whole collection each
year, thus improving the economy as well as the effectiveness
of testing. The lack of grouping characteristics in oil-seed
crops results in large, expensive trials (especially in the case
of swede rape, of which there are hundreds of registered
varieties). 

For some time there has been an interest in developing
molecular techniques to enable DUS testers to screen a
reference collection for those varieties which are likely to be
phenotypically close to a given candidate; that is, to group
them. The International Union for the Protection of New
Varieties of Plants (UPOV), which exists to provide an
internationally recognised system of intellectual property
rights for new plant varieties, has coordinated the search for
new approaches, setting up a Working Group on Biochemical
and Molecular Techniques, with ad hoc subgroups on
particular crops. SASA staff are members of the Subgroup on
Molecular Techniques for Oilseed Rape, providing expert
evidence on distinctness and uniformity aspects of DUS
testing. The subgroup has now recommended three
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At SASA, simple sequence repeats (SSR) have been used to
obtain molecular fingerprints of a collection of B. napus and
B. rapa varieties using PCR amplification. SSR, also known as
microsatellites, are short regions of DNA consisting of
tandemly repeated nucleotide units of between one and five
bases. The DNA sequences adjacent to the microsatellite
repeats are generally very similar within a species. PCR, using
primers which bind to these flanking sequences, allows the
amplification of the repeats which can then be analysed
using high resolution electrophoresis systems. Variation in
the number of repeats will lead to amplification products of
different sizes, and as these regions are highly polymorphic
due to mutations, even closely-related varieties can be
differentiated. This variation can be quantified, giving an
estimate of the genetic distance between varieties. Variation
in the size of microsatellite regions of the genome has been
used widely to differentiate many eukaryotic species. In this
study, 60 varieties of swede rape B. napus L. (Partim) and
turnip rape (B. rapa L. var. silvestris (Lam.) Briggs) were
examined using SSR fingerprinting. 

Seeds of sixty Brassica seed samples (each representing an
existing variety) were subjected to PCR amplification, using
eight primer-pairs, and the banding patterns were examined
after gel electrophoresis and staining of the resulting DNA
fragments. This gave a total of 69 data points per sample, i.e.
4140 (69 x 60) data values for the whole collection. The
degree of similarity among band patterns allowed genetic
distances among seed samples to be estimated, resulting in
the dendrogram shown in Fig. 6.2. Although most of the seed
samples could be clearly differentiated from one another
using the dendrogram, there were three unresolved clusters
of Brassica: B. rapa cultivars 11, 12, 14 and 22; B. napus 40,
47, 51 and 52; and B. napus 58, 59 and 60. Eleven varieties
could, therefore, not be discriminated uniquely using the SSR
method used. 

The information generated by using each of the eight primer-
pairs was evaluated by removing the related points from the
data set, and reconstructing the dendrogram using the data
generated using the other seven primer pairs. The results of
this exercise are presented in Table 6.1, which shows that
primer-pairs Bn6A2 and Bn72A could be discarded without
reducing cultivar resolution, or causing major changes in the
dendrogram.

Since the plant material used to generate Fig. 6.2 was bulked
seed, it is important for the usefulness of the method in
cultivar discrimination to understand the degree of variation
among individual seeds. A subset of the primer-pairs was
used to examine the banding patterns found in individual
seeds compared with bulked seed, for all seedlots. A single
individual from each seed lot was extracted and analysed by
SSR, and the results compared with those from the bulked
samples used previously. The findings from these
experiments (e.g. Fig. 6.3) were that turnip rape showed a
great deal of heterogeneity, with an average of approximately
50% common bands when comparing single with bulked
samples (i.e. an individual seed displayed only 50% of the
SSRs in the population as a whole), whereas the
heterogeneity of swede rape varieties was much lower, as
might have been expected from their breeding patterns.
Swede rape is mainly self-fertile and will self-pollinate in most
cases, whereas turnip rape is generally self-incompatible and
requires cross-pollination. The difference in breeding pattern

Figure 6.2 Dendrogram representing the comparison of
bulked-seed band patterns for swede rape and turnip rape.
Note that turnip rape varieties are shaded to allow easy
identification

Table 6.1 Microsatellite fingerprinting of Brassica varieties:
effect of removal of primer-pair band data from the data
set (see text for explanation)

gives rise to the dissimilarity in heterogeneity, with species
which require cross-pollination having the greater degree of
variability.

This investigation has demonstrated unequivocally that the
SSR technique can differentiate among varieties of Brassica,
but the resolving power must be increased to permit
differentiation of all varieties. This can be achieved most
simply by an increase in the number of primer-pairs
deployed. Automation of the band-sizing techniques (which
could include the use of high-throughput DNA analysis
machines, automated software processing, and the use of

Primer-pair data removed Number of unresolved Number of unresolved
cultivars clusters

None 11 3

Bn6A2 11 3

Bn9A 13 4

Bn26A 17 6

Bn38A 15 4

Bn59A 12 3

Bn72A 11 3

Bn92A 14 4

Bn6A2 & Bn72A 11 3
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robotics in DNA extraction and manipulation) would increase
the number of samples that could be examined. Future work
could compare the relative merits of automated and manual
methods. 

Practical Difficulties in the Application of Molecular
Methods in DUS Testing
The ultimate goal, under the auspices of the UPOV working
group (Section 6.2), is the use of molecular methods in one,
or more, elements of DUS (i.e. providing tools for establishing
whether a new variety is distinct, and possibly also whether it
is uniform and stable). The survey presented here, using
microsatellites, shows the need to conduct trials of potential
methods on large collections of varieties, as problems may
not become apparent where testing is performed using small
numbers. 

There are, however, other difficulties: as a method for
identification, DNA profiling has been extensively studied,
particularly as the methods used in the identification of
plants are similar in principle to those used in forensic
analysis of DNA. Rigorous statistical analyses (particularly
Bayesian analysis, which relies on prior probabilities) should
be applied to all candidate identification systems. However,
the contrast between identification and distinctness must be
emphasised. Distinctness of varieties is currently based on a
“cut-off point”, determined by phenotypic differences, beyond
which a breeder is permitted Breeders Rights. To be of use in
distinctness testing, a DNA profiling method would need to
generate such a cut-off point, and this could be determined
only after extensive experimental evidence had been
gathered. UPOV would require data on consistency,
reproducibility, and the associated costs of the technology
(including patents) before running a chosen DNA profiling
method in parallel with current methods. The profiling
method could then be used as an adjunct to the existing
testing, or, if generally accepted by the breeders and
organisations involved, could provide a replacement for the
current system. The current opinion of ASSINSEL
(International Association of Plant Breeders for the Protection
of Plant Varieties) is represented by the following extract from
their position paper entitled ‘DUS testing: Phenotype vs.
Genotype’ which states that 

“… ASSINSEL considers that the use of molecular markers for
DUS testing could decrease the scope of protection when the
goal, in fact, should be to strengthen protection.” 

The use of molecular markers could reduce the ‘minimum
distance’ between varieties, which would weaken the scope
of protection, something the breeder wants to avoid.
However, there is also an opposing pressure to establish
distinctness using small differences, which often results in
very similar cultivars.

In summary, any new system introduced into DUS testing
must be shown to be accurate in all circumstances, cost
effective (particularly in terms of the testing fees charged to
breeders), and secure in the face of legal challenge. These
are the minimum criteria that would enable a more general
acceptance of molecular methods, as applied to DUS testing,
by breeders and their representative organisations.

6.4 Development of Quantitative PCR Assays
for Two Fungal Pathogens of Winter Wheat
(M McEwan and V Mulholland)
Molecular methods for the diagnosis of the causal agents of
seedling blight (Microdochium nivale) and bunt (Tilletia tritici)
are currently being developed at SASA, in collaboration with
scientists at ADAS and the National Institute for Agricultural
Botany (NIAB). The objectives of this programme, which is
funded by the Home-Grown Cereals Authority, are to reduce
the time for diagnosis of these important seed-borne
diseases of winter wheat, and to improve the targeting of
preventative seed treatment. 

The application of polymerase chain reaction (PCR)
technology to the diagnosis of plant pests and diseases at
SASA has been described in detail by Mulholland and Carde
(1998) (see also section 6.1); the work described here
illustrates the advances made since then in moving from
qualitative to quantitative PCR, with the aim of providing the
client with information equivalent to that provided by the
slower, more laborious, visual examination of submitted
samples.

One method for quantification is by competitive PCR. This is
based on the ratio of the intensities of electrophoresis bands
representing two DNA fragments (Figs. 6.1, 6.4): one band is
produced in the presence of the pathogen, the other is
amplified from an artificial DNA molecule (called a mimic)
which is added to the PCR reactions at a fixed concentration,
and the more pathogen present, the larger the target-to-
mimic ratio obtained. Unknown infection levels are estimated

Figure 6.3 Silver stained polyacrylamide gel, showing band
patterns obtained from single and bulked seed extracts of
B. rapa varieties, using primer-pair Bn38A1. Note the
greater number of bands in the bulked seed extracts

Figure 6.4 Competitive PCR quantification of the detection
of M. nivale: the upper band is the competitor fragment
(the mimic), and the lower band is amplified from the
pathogen. The ratio between the brightness of the bands is
related to the amount of fungal DNA present at the start of
the amplification
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6.5 Antibody Production for Diagnostic Work
(R Burns) 
The Antibody Unit was founded in 1986, to enable the Agency
to develop immunoassays for the detection of plant
pathogens. At the start, its work was directed towards the
diagnosis of bacterial diseases of potato and, in particular,
the causative organism of potato blackleg, Erwinia
carotovora subsp. atroseptica. Monoclonal antibodies for the
detection of the organism were produced (Vernon-Shirley and
Burns, 1992) but problems were encountered with sensitivity
in ELISA. Subsequently the work of the Unit has concentrated
principally on the production of antibodies for the detection
of viruses. 

The development of monoclonal antibodies was seen as an
opportunity to move away from serum-derived antibodies
with their problems of variation among batches. Monoclonal
antibodies, derived from established cell cultures which
produce antibody molecules of a single specificity, offer
affinity and reproducibility, unobtainable from polyclonal
antibodies, which are mixtures of antibody molecules. The
combination of monoclonal antibodies and ELISA, developed
at SASA, provides a robust, effective and economic approach
to the diagnosis of plant viruses, which is superior in terms of
speed and accuracy to the previous standard method:
detection by bioassay using susceptible plant species. 

A rolling programme of reagent development was initiated in
1991 to replace the antibodies purchased from external
suppliers, and to establish ELISA as the standard approach
to diagnosis. Antibodies were also produced to test for non-
indigenous and, in some cases, uncharacterised viruses,
encountered by the UK Quarantine Unit (see section 5.2). To
date the Unit has developed ELISA reagents for the detection
of 15 potato viruses (Table 6.2) for use at SASA in the
diagnosis of disease in field crops and in Nuclear Stock

by comparison of the ratio with that of control samples of
known infection level. Highly sensitive and specific PCR
protocols for the detection of M. nivale and T. tritici have now
been established (Mulholland and McEwan, 2000) and the
results show a good correlation with traditional tests such as
agar plate and microscopic assessment. 

The acquisition of a real-time PCR machine by SASA has
allowed a second type of quantitative PCR assay to be tested.
Real-time PCR measures the production of DNA products
through the course of PCR amplification, allowing the amount
of a target molecule to be charted continuously, and this
approach is more accurate than competitive PCR, which uses
an end-point analysis (Desjardin et al., 1998). Real-time PCR
for both M. nivale and T. tritici gives better correlations with
the results of currently used assays than the competitive PCR
alternative (e.g. Fig. 6.5).

The main advantage of quantitative PCR methods to the seed
processor and grower will be speed: a result will be available
within 48 h instead of 7-10 days. Other advantages include
increased throughput and the potential to offer one test for
both diseases, instead of two as required at present. Rapid
results will enable growers to target seed treatment
application more effectively.

Desjardin LE, Chen Y, Perkins MD, Teixeira L, Cave MD, Eisenach
KD. 1998. Comparison of the ABI 7700 system (TaqMan) and
competitive PCR for quantitation of IS6110 DNA in sputum during
treatment of tuberculosis. Journal of Clinical Microbiology 36:
1964-1968.

Mulholland V, Carde L. 1998. Development and use of a PCR-
based test for potato cyst nematode identification. Scottish
Agricultural Science Agency, Scientific Review 1992-1997, 40.

Mulholland V, McEwan M. 2000. PCR-based diagnostics of
Microdochium nivale and Tilletia tritici infecting winter wheat
seed. EPPO Bulletin 30: 543-548.

Figure 6.5 Real time and competitive PCR assays for quantitative determination of fungal infection: comparison of real-
time PCR (A) and competitive PCR (B) using wheat samples infected with known levels of M. nivale, showing the higher
correlation coefficient for real-time PCR. C and D show similar results for T. tritici
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production (components of the SPCS; see sections 4.1, 4.2).
Reagents for the detection of both indigenous and non-
indigenous viruses are used by the UK Potato Quarantine
Unit as part of the screening programme for imported
material (section 5.2). 

In 1989 SASA produced the first, and still the only,
monoclonal antibody to potato virus T (PVT) (Vernon-Shirley et
al., 1993). This antibody is now used as the testing reagent
for PVT in quarantine units throughout the EU, and it is the
reagent recommended by the International Potato Centre
(CIP), Peru, for PVT testing. The SASA monoclonal antibody
for potato latent virus (PLV) was produced in 1993 in
response to the interception at SASA of this previously
undetected virus (Brattey et al., 1996). The antibody was
raised before the virus was fully characterised, and it was
used to test field grown potato stocks for infection and for
possible spread into adjacent crops. It was a crucial tool in
preventing the spread of PLV into the UK, and it continues to
be used in the screening of materials imported through the
UK Potato Quarantine Unit, and for Nuclear Stock production.
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for evaluation in countries where the virus is endemic. As a
result of the strong links with the CIP, the Agency has gained
access to reference strains of Andean viruses, and scientists
at the CIP have evaluated all of the SASA reagents for non-
indigenous viruses against field and reference strains. This
arrangement is particularly valuable to SASA as it provides
evaluation of reagents over a much wider range of isolates
and host plants than are available in Europe. 

The unit has moved on to apply the experience gained with
viruses to plant pathogenic fungi, whose immunological
characteristics are known to be much more complex.
Monoclonal antibodies to fungi are notoriously difficult to
produce, as many of the fungal proteins are highly conserved
between species and even genera, preventing the
development of species-specific antibodies. These highly
conserved proteins also tend to be immuno-dominant,
preventing the formation of antibodies to the less conserved,
and more species-specific molecules. Monoclonal antibodies
have been successfully developed to detect Phytophthora
fragariae and Pyrenophora graminea, but these antibodies
cannot be used for routine testing: those detecting
P. fragariae were found to have only genus specificity and
those for P. graminea detected some but not all isolates
(Burns et al., 1994, Burns and George 1995). The future of
fungal detection by serology is currently being reviewed at
SASA. 

Recent work on viruses has resulted in the development of
monoclonal antibodies for the detection of potato leafroll
virus (PLRV), tomato blackring virus (TBRV), potato mop top
virus (PMTV), and potato virus M (PVM), and the production of
antibodies to potato yellowing virus (PYV) syn.SB22. Table 6.2
presents the full list of antibody-based reagents for virus
detection which are available from SASA; at present, these
are marketed globally by ADGEN diagnostics (Ayr, Scotland).
In 2000-2001, the Unit supplied reagents for more than 1.5
million tests worldwide. 

In 1999, the Unit was approached by Science and Plants for
Schools (SAPS), an organisation funded by the Gatsby
Foundation which aims to introduce modern scientific
techniques into schools, to supply a test kit for the detection
of Botrytis cinerea to schools and colleges. The assay
involves the use of fruit artificially infected with a reference
strain of the fungus which can then be detected using a
monoclonal antibody. The cell line used to provide the
monoclonal antibody, originally produced for the detection of
Botrytis in grapes, was donated for SAPS use by Dr F M
Dewey of Oxford University. Since the launch in May 2000,
200 kits, each with reagents for 10 students, have been
supplied to schools throughout the UK. The Unit also provides
technical help for teachers preparing to use the assay in
practical classes. 

Over the last 5 years, the Antibody Unit has refined the
production methods used for all stages of reagent
manufacture and, in January 2000, the decision was taken to
formalise the existing manufacturing and supply methods
into a Quality System compliant to BS EN ISO 9002. Initial
assessment for accreditation was carried out in July 2001 by
the British Standards Institute and registration has been
recommended. The scope of the registration: “Manufacture
and supply of antibody-based diagnostic reagents for plant

Table 6.2 The full range of virus testing reagents produced
by the SASA antibody unit. The reagents for potato virus X
detection are based on polyclonal antibodies produced on
several dates

SPECIFICITY PATHOGEN TYPE YEAR DERIVED

Potato virus A Indigenous virus 1991

Potato virus M Indigenous virus 1997

Potato virus S Indigenous virus 1995

Potato virus V Indigenous virus 1990

Potato virusYo/c/n Indigenous virus 1993

Potato virus Yc Indigenous virus 1994

Potato virus Yc/o Indigenous virus 1993

Potato virus Yn Indigenous virus 1993

Potato mop top virus Indigenous virus 1999

Tomato blackring virus Indigenous virus 1996

Potato leafroll virus Indigenous virus 1998

Potato virus X Indigenous virus Various 

Arracacha virus B Oca Non-indigenous virus 1992

Potato virus T Non-indigenous virus 1989

Potato Latent Virus Non-indigenous virus 1993

Tobacco ringspot virus (calico) Non-indigenous virus 1991

A major part of reagent development is the evaluation of
antibodies against a range of virus isolates and host plants,
and these are readily available through material submitted
for testing through the SPCS. Isolates are also obtained from
institutes within the UK and abroad, thus ensuring that the
range of reference material reflects the full diversity of the
pathogens. Another source of evaluation of SASA reagents is
through scientific projects and surveys carried out in other
countries; for example, antibodies have been supplied to
workers in Iran, Egypt, Syria, Greece, Mauritius, Denmark
and Finland. The resulting reports are invaluable, giving
access to geographically-diverse virus isolates.

The evaluation of reagents for non-indigenous viruses is
more difficult and, since access to reference strains within
the UK may be restricted, it is simpler to send the reagents
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virus detection” will re-enforce the confidence of our existing
customers in our products and ensure the position of SASA
products in the global market.

Brattey C, Jeffries C, Goodfellow S, Rose G, Burns R, George EL.
1996. Some characteristics of a virus infecting Solanum
tuberosum cv. Red Lasoda imported from the USA. In Proceedings
of the 9th European Association for Potato Research. Virology
Section Meeting, Bled, June 18-22 1996, 65-69.

Burns R, Vernon M L, George E L. 1994. Monoclonal antibodies
for the detection of Pyrenophora graminea. In Schots A, Dewey
FM, Oliver RP. Modern assays for plant pathogenic fungi:
Identification, detection and quantification. Wallingford: CAB
International, 199-203.

Burns R, George E L. 1995. The use of monoclonal antibodies for
the detection of fungi. EPPO Bulletin 25: 31-37.

Vernon-Shirley M L, Burns R. 1992. The development and use of
monoclonal antibodies for the detection of Erwinia. Journal of
Applied Bacteriology 72: 97-102.

Vernon-Shirley M L, Burns R, George E L, Hoadley M E. 1993. A
simple assay system incorporating monoclonal antibodies for the
detection of potato virus T. Potato Research 36: 83-88.
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7 PESTICIDES

7.1 Introduction (K Hunter and C J Griffiths)
7.2 LCMSMS: A Technique for the Determination 

of Pesticide Residues in the New Millennium 
(M J Taylor)

7.3 Secondary Poisoning: The Impact of
Anticoagulant Rodenticides on Wildlife in
Scotland (K Hunter, E A Sharp and 
L M Melton)

7.4 The Impact of the UK Review of
Anticholinesterase Compounds on the Usage 
of Insecticides in Scotland (C J Griffiths)
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7.1 Introduction (K Hunter and C J Griffiths)
Post-registration surveillance is an integral part of the overall
process of regulating pesticides, which is intended to secure
their safe use. Surveillance data can provide confirmation of
the original conclusions of risk assessments, but they can
also signal that the risks associated with the use of a
particular product need to be re-evaluated, or provide
evidence that can be used in the enforcement of the relevant
legislation. The role of SASA in this area is to assess the
usage of pesticides in Scotland; to investigate their impact on
non-target animals in the Scottish environment; and to
participate in the monitoring of pesticides and their
derivatives in foodstuffs available in the U.K. (see Hunter and
Griffiths, 1998).

Poisoning Incidents
Although demanding environmental safety requirements have to
be satisfied for a pesticide product to be registered, these
provide no guarantee that adverse toxic effects on non-target
species will not be revealed once a product is used more widely.
The Wildlife Incident Investigation Scheme (WIIS), operated on
behalf of SEERAD, investigates cases of poisoning of vertebrates
and honeybees in Scotland that may involve pesticide products.
Data generated in this way are directed back into the regulatory
process, offering a potential feed-back control mechanism:
accumulated evidence from the detailed investigation of
incidents involving misuse, or approved use, of a particular
pesticide can permit the fine tuning of the conditions of approval,
or lead to the approval being revoked. Only about a third of the
170 or so incidents investigated per annum during the period of
this report were attributed to pesticide exposure; however, recent
investigations have added to concerns about the impact of the
apparently approved use of rodenticides in rural areas on birds
of prey and scavengers (see section 7.3). Deliberate illegal abuse
of pesticides to poison animals has remained a major problem.
Some trends in the pattern of poisoning incidents, based on the
work done at SASA are shown in Figs. 7.1 and 7.2.

Residues in Food
SASA devotes a significant part of its analytical resources to
food safety, participating in the U.K. surveillance of pesticide
residues in foodstuffs. A range of commodities representing
major components of the diet has been surveyed in the last
3 years, involving 36,540 pesticide/commodity
combinations. Although residues were detected in 35.1% of
samples analysed, most were as single compounds detected
at very low levels, and the relevant MRL was exceeded in only
0.16% of samples. (An MRL is the statutory maximum residue

level that should not be exceeded for a particular pesticide
and commodity combination, and is based on data generated
following good agricultural practice. It is not a safety limit, but
residues in foods that comply with the respective MRLs are
considered to be toxicologically acceptable.) Reassuringly,
the frequency of residues calculated on the basis of all
pesticides sought in all of the samples was low (1.3%). Data
on the occurrence of pesticide residues form the basis for
expert assessment and advice to government through the
Pesticides Residues Committee (PRC) of the Advisory
Committee on Pesticides. 

The increasing application of analytical systems based on
mass spectroscopy has been a feature of technical
development throughout the period of this report, as in
previous years (Hunter and Newton, 1998). A triple-stage
quadrupole mass spectrometer for LC-MS (liquid
chromatography/mass spectrometry) applications (see
section 7.2) has already proved to be an invaluable
acquisition, permitting the multi-residue screening of
pesticides, in foodstuffs, that are not readily amenable to
analysis by GC-MS (gas chromatography/mass spectrometry)
procedures. Further investment has also been made to
increase the capacity of bench-top GC-MS equipment. UKAS
accreditation (M10) has been maintained, and preparations
are being made for accreditation to the new ISO 17025
standard at the 2001 surveillance visit.

Agricultural and Horticultural Usage
In order to control pests, weeds and diseases, pesticide
products contain active ingredients that affect biological
systems in different ways. Assessment of the potential harm
caused by the use of such products is at the centre of the
process of approval carried out by government before they
can be released. To undertake such risk assessments,
specialists require a wide range of detailed scientific
evidence on potential effects on users, consumers and the
wider environment, as well as the target pest. They also need
to know the extent of usage of each product, and changes in
the patterns of usage as new products reach the market and
older products are removed or revoked. As explained in
section 7.4, the UK and EU approvals processes also include
reviews of existing registered products to ensure that older
pesticides are supported by adequate data. 

Regular surveys of pesticide usage in agriculture, horticulture
and stored products have been carried out by the Agency
since the late 1970s. Many of the active ingredients used 20
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years ago have been replaced by less persistent and more
environmentally benign compounds, as shown in Table 7.1.
The revocation or voluntary removal from the market of active
ingredients which have been shown to pose high risks has
increased the usage of the remaining registered products for
use on certain crops but, for some product/crop
combinations, there are very few alternatives for growers.
This is particularly true for insecticides used on high-value
crops, such as vegetables, grown on relatively small areas;
this problem has been highlighted by the UK
anticholinesterase review (section 7.4), which has resulted in
a severe limitation in the number of products available for the
control of serious insect pests. 

7.2 LCMSMS: A Technique for the
Determination of Pesticide Residues in the
New Millennium (M J Taylor)
SASA has been involved in the determination of pesticide
residues in foodstuffs and wildlife poisoning incidents for
over 40 years, on behalf of government. Throughout the
delivery of this service, there have been many changes in the
associated legislation, analytical instrumentation, pesticide
chemistry and good agricultural practice (GAP), and the
residue chemists have had to keep pace with these
developments. The challenges now facing chemists involved
with the detection and quantitative determination of
pesticide residues at ultra-low levels in foodstuffs, and
animal tissues, include:

• the introduction of new agricultural pesticides;

• an increased variety of pesticide residue/foodstuff
combinations, including complex combinations of
pesticides;

• greater consumption of imported foods, including items
grown in areas with different regulations for the
registration and usage of pesticides;

• reduction in Maximum Residue Levels (MRLs); and 

• continued demands for improved efficiency and
effectiveness in analytical procedures.

Since the publication of the 1997 SASA Science Review,
which highlighted the introduction of GC-MS techniques
(Hunter and Newton, 1998), SASA has continued to acquire
leading-edge analytical instrumentation, as explained below.
This has facilitated delivery of a more comprehensive
contribution to UK surveillance programs, and enhanced the
ability to: screen for novel compounds (e.g. strobilurin
fungicides); handle compounds that were difficult to analyse
by traditional techniques (e.g. non-volatile, polar and/or
thermally sensitive compounds); optimise internal efficiency
(e.g. reduction in sample preparation times); and develop
novel multi-residue methods. 

LCMSMS 
In 2000, the laboratory acquired a Quattro Ultima tandem
mass spectrometer (Micromass UK Ltd.) equipped with an
atmospheric pressure ionisation (API) interface.
Incorporation of the API interface means that liquid
separation systems, such as High Performance Liquid
Chromatography (HPLC), can be coupled directly to the mass
spectrometer. Using the API technique, mass spectral data
can be obtained from a wider range of classes of compound,
with different functional groups, polarities and/or thermal
stabilities. The use of a robust and versatile Liquid
Chromatography Mass Spectrometry (LCMS) system also
means that it has been possible to minimise sample
preparation, as crude extracts can be analysed directly, and
to achieve more exacting detection levels through the
enhanced sensitivity and selectivity afforded by tandem MS
and the latest detector technology. Tandem mass
spectrometry (MSMS) refers to the coupling of two mass
analysers via an intermediate collision cell. Individual
precursor-ions generated in the ion source region may be
selected, using the first mass analyser, to undergo collision-
induced dissociation (CID) in the collision cell. The unique,
structurally diagnostic ions produced can then be separated
using the second mass analyser to yield a product-ion mass

Table 7.1 Insecticide active ingredients used on vegetables
for human consumption in Scotland (Brodie and Wood,
1986; Snowden and Thomas, 2000)

Brodie J, Wood J. 1986. Vegetables for Human Consumption
1982. Pesticide Usage in Scotland Report 46, Edinburgh:
Department of Agriculture and Fisheries for Scotland.

Hunter K, Griffiths CJ. 1998. Pesticides. In: Scientific Review
1992-1997. Edinburgh: Scottish Agricultural Science Agency.

Hunter K, Newton A. 1998. The application of GC-MS techniques
to the analysis of pesticides in foodstuffs. In: Scientific Review
1992-1997. Edinburgh: Scottish Agricultural Science Agency.

Snowden JP, Thomas LA. 2000. Vegetables for Human
Consumption 1999. Pesticide Usage in Scotland. Edinburgh:
Scottish Executive Rural Affairs Department.

Chemical Type Active Ingredient Spray Area (ha)
1982 1999

Organophosphate Azinphos-methyl 203 -

Chlorfenvinphos 426 5008

Chlorpyrifos 62 261

Demeton-S-methyl 3045 551

Dimethoate 309 2629

Disulfoton 84 -

Heptenophos - 855

Iodofenphos 222 -

Malathion 4 -

Oxydemeton-methyl 16 -

Phorate 355 -

Triazophos 46 -

Organochlorine Aldrin 68 -

DDT 174 -

HCH 77 -

Carbamate Aldicarb - 1000

Carbofuran 1013 2193

Carbosulfan - 30

Methiocarb 674 1226

Pirimicarb 972 3216

Pyrethroid Cypermethrin 98 195

Deltamethrin 695 979

Lambda-cyhalothrin - 7194

Permethrin 465 -

Resmethrin - 9

Teramethrin - 9

Urea Diflubenzuron 24 -

Total crop area (ha) 7928 10158

Note: pink shaded active ingredients are no longer approved in the UK.



7  Pesticides

|
S

A
S

A
 S

c
ie

n
t
ific

 R
e

vie
w

 1
9

9
7

–
2

0
0

0

84

spectrum of the original precursor-ion. Thermospray LCMS,
the previously available technique at SASA, was limited to a
much smaller range of compounds, it displayed variable
sensitivity, and it was confined to limited periods of operation
(a few hours) before essential maintenance was required.

Surveillance of Pesticide Residues in Food Using
LCMSMS
The utility of the Quattro Ultima tandem mass spectrometer
system, in combination with novel HPLC methods, can be
illustrated by the quantitative multi-residue analysis of pesticides
in crude extracts of turnips (Taylor et al., 2000). Previously,
analysis of the target suite of pesticides would have required
several steps (Table 7.2), but a simplified analysis is now possible
using LCMSMS procedures developed at SASA. The pesticides
actively sought in turnips and their reporting levels (mg kg–1) were:
aldicarb (0.05), aldicarb sulfone (0.05), aldicarb sulfoxide (0.05),
3-hydroxycarbofuran (0.05), carbendazim (0.1), thiabendazole
(0.05), thiophanate-methyl (0.05), carbofuran (0.05) and
tebuconazole (0.05). Fig. 7.3 shows the reconstructed ion
chromatograms from a mixed standard (0.25 mg kg–1) and a
typical calibration curve (inset) generated from 0.05 – 0.5 mg kg–1

matrix-matched aldicarb calibration standards. The results
obtained from over 500 pesticide/commodity combinations were
an integral part of the 1999/2000 UK pesticide residue
monitoring programme.

Table 7.2 Sample preparation and pesticide determination

Time, min
0

6.00 12.00

100

%

Compound 7 name: Aldicarb
Correlation coefficient: r = 0.999747, r^2 = 0.999495
Calibration curve: 146016 * x + 1425.94
Response type: External Std, Area
Curve type: Linear, Origin: Exclude, Weighting: Null, Axis trans: None
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Figure 7.4 Product-ion mass spectrum of chloralose (inset)
(containing intense product-ions at m/z 161 and m/z 189)
obtained following collision induced dissociation (argon
collision gas) of the m/z 307 pre-cursor ion. The
m/z 307 → m/z 161 and m/z 307 → m/z 189 transitions
were selected for LCMSMS monitoring purposes
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Extraction Ethylacetate Acetone/Ethylacetate

1:1 Aqueous HCl/methanol (benzimidazoles)

Clean-up Oxidation & LLP (aldicarb & metabolites) None Required

SPE 1 (benzimidazole)

SPE 2 (imazalil)

GPC (carbofuran & hydroxycarbofuran)

Determination GC-NPD (aldicarb & metabolites) LCMSMS

HPLC - fluorescence (benzimidazoles)

HPLC – UV (hydroxycarbofuran, imazalil)

GCMS (carbofuran)

Comment Tebuconazole not analysed Universal method

Figure 7.3 Reconstructed product-ion chromatograms
(0.05-0.5 mg kg–1) of the pesticides sought in turnip:
aldicarb sulfoxide (top trace) followed by aldicarb sulfone,
3-hydroxycarbofuran, carbendazim, aldicarb, thiabendazole,
thiophanate-methyl, carbofuran and tebuconazole. The
insert is an example of a matrix-matched standard
calibration curve for aldicarb

Application of LCMSMS to the Determination of
Chloralose Residues in Red Kite Liver Extracts.
Chloralose can be used legally as a rodenticide against mice. It
does, however, have a more sinister and deliberate use as a
poison to kill birds of prey and other animals illegally. Incidents of
poisoning of wildlife and companion animals are monitored via
the Wildlife Incident Investigation Scheme (WIIS) (see, for
example, section 7.3 and Hunter et al., 2001), which is operated
by the Agency on behalf of SEERAD. Traditional methods of
analysis of chloralose involved lengthy sample preparation and
clean-up procedures followed by chemical modification using
trimethylsilane (TMS), to make chloralose, which is non-volatile,
amenable to quantitative determination using gas
chromatography with electron capture detection (GC-ECD).
LCMSMS offered the possibility of a more rapid, more effective
and more reliable approach to chloralose assays. Fig. 7.4 shows
the product-ion mass spectrum obtained following the collision-
induced dissociation (CID) of the characteristic deprotonated
precursor ion of chloralose at mass:charge (m/z) 307. An intense
product-ion, at m/z 161, is produced, in the negative ion
electrospray mode, and the characteristic transition
(i.e. m/z 307 → m/z 161), was selected for the quantitative
screening for residues of chloralose in a range of biological
extracts of liver, stomach and/or gullet contents. 

LCMSMS has been successfully used in several other multi-
residue analyses, including crude extracts of the following
fruit and vegetables: swedes, kohlrabi, salsify, oranges,
grapes, carrots, apples, plums, melons and parsnips. Each
commodity presents a unique pesticide/matrix combination,
which necessitates a customised approach for the direct
analysis of crude extracts. 
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An isocratic HPLC method was also developed to separate
the α-chloralose and β-chloralose isomers. Fig. 7.5 shows the
reconstructed ion chromatogram, obtained by monitoring the
m/z 307 → m/z 161 transition throughout the separation
period, and a typical calibration curve (inset) constructed by
integration of peak areas of ion chromatograms produced by
matrix-matched calibration standards.

To ensure that they remain abreast of developments, the
Agency has established a collaboration with Micromass UK
Limited, a leading mass spectrometry company. For example,
Time-of-flight Mass Spectrometry (ToF) is one of the oldest
mass analysis techniques that, until recently, was considered
esoteric, with limited practical applications in pesticide
residue analysis. However, developments in ion-optics and
electronics have meant that the resolution (i.e. the capacity to
separate ions of very similar masses, see Table 7.4) of
orthogonal acceleration time-of flight (oa-ToF) instruments
has been raised to c. 5000 FWHM. FWHM (Full Width Half
Maximum) defines the resolution based on the peak width at
50% peak height. In the past, more sophisticated high-
resolution mass spectrometers were required to achieve
routine accurate mass measurement of ions, but the
associated cost and level of expertise were prohibitive factors
in the acquisition of these instruments by many
organisations. It is now possible to obtain instruments (e.g.
LC-oa-ToF-MS) which are capable of performing accurate
mass measurement of ions at modest relative costs, and
SASA has been collaborating with Micromass in evaluating
the technique for routine pesticide residue analysis.

Figure 7.5 α + β chloralose product-ion chromatogram and
typical (0.02-1.25 mg kg–1) matrix-matched calibration
curve (α + β) obtained after monitoring m/z 307 → m/z
161 transition throughout the separation period
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Compound 1 name: Chloralose - alpha + beta
Correlation coefficient: r = 0.998719, r^2 = 0.997439
Callibration curve: 89173.4 * x + -2839.37
Response type: External Std, Area
Curve type: Linear, Origin: Exclude, Weighting: Null, Axis trans: None
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Initial results from screening an acetonitrile extract of the
liver of a red kite, using the m/z 307 → m/z 161 transition,
are shown in Table 7.3. It is obligatory, under internal QA
requirements, for confirmation experiments to be performed
whenever positive results are indicated, and this confirmation
was achieved by monitoring another structurally diagnostic
transition, m/z 307 → m/z 189 (Table 7.3). In interpreting
such results, it is important to appreciate that the success of
extraction procedures, and the experimental protocol
adopted, are assessed by determining the % recovery of
chloralose from uncontaminated tissue to which a known
amount of chloralose has been deliberately added before
extraction. Recoveries in the range 60-140% are considered
acceptable, and differences between chloralose residue
levels determined from screening and confirmation
experiments should not exceed ±20%.

Table 7.3 Screening (m/z 307 → m/z 161) and
confirmation (m/z 307 → m/z 189) results following
LCMSMS chloralose determination

Product ion  % Recovery Total
transition (1.0056 mg kg-1 α-chloralose
monitored fortification) mg kg-1

m/z 307 → m/z 161 103.0 1.212

m/z 307 → m/z 189 97.0 1.226

Current Research Activity
It is essential that the analytical chemists at SASA are aware
of current developments and trends in analytical
instrumentation/procedures, and of changes to legislation
that could affect their ability to satisfy surveillance
requirements (e.g. reduction in reporting levels for pesticide
residues in infant foods). 

Table 7.4 Examples of mass spectrometer resolution
required to differentiate between ions of adjacent masses.
Higher resolution is necessary when the mass difference
between ions of interest decreases

Chemical Nominal Theoretical Required
formulae Mass exact resolution
of ions to (Da) masses (Da)
be separated

N2/C2H4 28 28.00615/28.03103 1110

N2/CO 28 28.00615/27.99491 2490
13CC6H7/C7H8 92 92.05813/92.06260 20600

The potential benefits of LC-oa-ToF-MS instruments
(combining on-line accurate mass measurements with HPLC)
could be of considerable value to residue chemists when
dealing with complex mixtures and matrices, for the following
reasons:

• added selectivity; 

• high degree of specificity;

• as an alternative screening/confirmation technique;

• fast scanning capability; and

• relatively low cost – high performance instrumentation.

In preliminary analyses, to evaluate the performance of the
technique against the above criteria, seventeen compounds
present in a grape matrix-matched standard (0.25 mg kg

–1
)

have been successfully separated and their masses
measured to the required accuracy using LC-oa-ToF-MS
analysis (Table 7.5). 

It is important to note that the errors associated with these
very accurate mass measurements satisfy or are very close to
the American Chemical Society guidelines (JAMCS, 1999),
which state that the difference between measured and
theoretical masses should not exceed 5ppm for compounds
with relative molecular mass <1000Da. The ability to
reconstruct accurate mass chromatograms enables the
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acquisition). Chloralose (C8H11Cl3O6), relative molecular
mass = 308, is characterised by a group of de-protonated
molecular anions produced by negative ion electrospray
mode, of nominal m/z values 307/309/311 (see inset). The
elevated resolution of oa-ToFMS allowed the separation and
accurate mass measurement of all anions detected in the
liver extracts that differed very slightly in mass about the
nominal values. Table 7.6 contains actual mass
measurements and some theoretical values associated with
a range of candidate empirical formulae generated within the
set tolerance(s) i.e. error windows. Careful consideration of
these measurements allowed determination of the correct
elemental composition (highlighted). 

This technique provides a powerful complementary tool for
the identification of unknown compounds and for
confirmation of target pesticides. Further collaborative
studies will involve application of the technique (i) to a variety
of fruit and vegetable extracts, (ii) using different HPLC
mobile phase separations, (iii) with fast chromatography and
(iv) for the analysis of ‘real’ biological extracts.

Taylor MJ, Lindsay D, Hunter KB, Hunter K. 2000. Multi-residue
screening of pesticides in fruit and vegetables using HPLC and API
mass spectrometry. Poster presented at the Third European
Pesticide Residue Workshop, York, UK.

Hunter K, Sharp EA, Melton LM. 2001. Pesticide Poisoning of
Animals 2000 – A Report of Investigations in Scotland.
Edinburgh: SASA.

JAMCS, 1999. Notice to authors of papers. Journal of the
American Chemical Society 121: 7A-12A.

Sage AB, Pugh J, Williams J, Taylor MJ, Hunter K. 2001. Pesticide
residue analysis of fruit and animal extracts using liquid
chromatography-orthogonal acceleration time-of-flight mass
spectrometry (LC-oa-ToF-MS). Poster presented at the 49th
American Society for Mass Spectrometry Conference, Chicago,
USA. 

Table 7.5 Accuracy of mass measurements of pesticides sought in grapes following LC-oa-Tof-MS

analyst to target compounds with a higher degree of
specificity. Possible interference from background and/or co-
eluting species of similar mass is reduced significantly
(because the mass window monitored is much smaller, e.g.
from ±1Da to ±0.1Da), particularly when compared with low
resolution instruments in this category. Fig. 7.6 illustrates
how the selection of a narrow mass window can improve
signal:noise ratios and the selection of target compounds.
Calibration curves have been produced for individual
compounds, and the quantitative detection of each
compound in extracts of grapes which had been deliberately
contaminated, was also achieved using this approach (Sage
et al., 2001).

The potential of the LC-oa-ToF-MS technique in the
identification of unknown residue compounds has been
demonstrated in the analysis of extracts of livers of buzzards
and red kites. Extracts taken from tissue that had been
deliberately ‘spiked’ with chloralose were submitted as
‘unknowns’ and analysed by LC-oa-ToF-MS. Accurate mass
measurement of all anions associated with α- and β-
chloralose chromatographic peaks (Table 7.6) was achieved
using the full-scan function (i.e. mass spectral data were
collected over a mass range of 50-500Da during data

Pesticide Uses Chemical Theoretical Measured Error Error 
formula mass [M+H]+ mass [M+H]+ (ppm) (mDa)

3-Hydroxycarbofuran Metabolite C12H15NO4 238.1079 238.1095 6.7 1.6

Carbendazim Fungicide C9H9N3O2 192.0773 192.0758 7.8 1.5

Carbofuran Insecticide/Acaricide/Nematicide C12H15NO3 222.1130 222.1116 6.3 1.4

Carbosulfan Insecticide C20H32N2O3S 381.2212 381.2210 0.9 0.2

Fenarimol Fungicide C17H12Cl2N2O 331.0405 331.0401 1.2 0.4

Fenbutatin oxide Acaricide C60H78OSn2 517.2129* 517.2126* 0.6 0.3

Imazalil Fungicide C14H14Cl2N2O 297.0561 297.0566 1.7 0.5

Methiocarb Insecticide/Acaricide C11H15NO2S 226.0902 226.0910 3.5 0.8

Methiocarb sulfone Metabolite C11H15NO4S 258.0800 258.0810 3.9 1.0

Methiocarb sulfoxide Metabolite C11H15NO3S 242.0851 242.0849 0.8 0.2

Methomyl Insecticide C5H10N2O2S 163.0541 163.0538 1.8 0.3

Myclobutanil Fungicide C15H17ClN4 289.1220 289.1222 0.7 0.2

Penconazole Fungicide C13H15Cl2N3 284.0721 284.0735 4.9 1.4

Propiconazole Fungicide C15H17Cl2N3O2 342.0776 342.0794 5.3 1.8

Pyrimethanil Fungicide C12H13N3 200.1188 200.1174 6.9 1.8

Tebuconazole Fungicide C16H22ClN3O 308.1529 308.1530 0.3 0.1

Thiabendazole Fungicide C10H7N3S 202.0439 202.0426 6.4 1.3

*Mass of characteristic fragment-ion

290 295 300 305 310 315 320 325 330
m/z0

100

%

307

309

311
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Figure 7.6 Comparison of signal:noise (S:N) and selectivity between accurate and nominal mass measurements of
carbosulfan, i.e. peak eluting at 10.55 minutes. (Courtesy of Micromass UK Ltd.)

Table 7.6 Monoisotopic mass measurements and candidate elemental composition report obtained following LC-oa-ToF-MS
analysis of ‘unknown’ red kite liver extract. 

Measured % Relative Theoretical Error Error Formula
Mass Abundance Mass (mDa)* (ppm)**

306.9555 100.0 306.9543 1.2 3.9 C8 H10
35Cl3 O6

306.9535 2.0 6.6 C9 H10
35Cl2

37Cl O5

308.9530 95.6 308.9513 1.7 5.4 C8 H10
35Cl2

37Cl O6

308.9505 2.5 8.0 C9 H10
37Cl3 O5

308.9569 -3.9 -12.6 C10 H7
35Cl2 O7

310.9520 27.4 310.9539 -1.9 -6.2 C10 H7
35Cl 37Cl O7

310.9492 2.8 9.0 C7 H10
35Cl3 O7

310.9484 3.6 11.6 C8 H10
35Cl 37Cl2 O6

310.9565 -4.5 -14.4 C7 H9
37Cl2 O9

* Error window = 5.0mDa ** Error window = 15.0ppm Correct assignment

7.3 Secondary Poisoning: The Impact of
Anticoagulant Rodenticides on Wildlife in
Scotland (K Hunter, E A Sharp and L M
Melton)
Concerns about the effects of anticoagulant rodenticides on
non-target species are not new; in fact, the potential of
second generation rodenticides to harm predatory and
scavenging species, in particular, has received attention
throughout the world. Not only are these compounds much
more potent poisons than the early rodenticides but they also
exhibit very long biological half-lives in liver tissues of
animals, so that sub-lethal doses from a series of exposures
can accumulate until the toxicity threshold is exceeded.
Laboratory studies have confirmed the risk to selected
species, while field studies and surveys on non-target
animals have revealed increasing evidence of environmental
contamination (Medenhall and Pank, 1980; Howald et al.,
1999). 

In Great Britain, early concerns in relation to birds of prey
focused on the barn owl. The Centre for Ecology and
Hydrology (CEH) has actively monitored residues of second

generation rodenticides in barn owls (Newton et al., 1990,
1999), surveying over 800 specimens since 1983. The
proportion of monitored birds containing detectable residues
has risen from around 5% in 1983/4 to a steady rate of
around 35-40% in the later 1990s (Fig. 7.7). Bromadiolone
and difenacoum have been the active ingredients most
frequently detected, with brodifacoum being found less often.
As the CEH survey relies on the public to submit owl carcases,

Figure 7.7 Occurrence of residues of second-generation
rodenticides in liver tissues of barn owls in Great Britain.
(Data reproduced with permission from CEH)
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most of which have died as a result of trauma (e.g. collisions
with vehicles), this sample of owls may be unrepresentative
and biased against poisoned birds, which may not be as
readily found. Hence the data produced may underestimate
the frequency of exposure to rodenticides, and related
mortality.

Operation of the Wildlife Incident Investigation Scheme (WIIS)
at SASA has provided an opportunity to monitor adverse
effects of both first- and second-generation rodenticides on
non-target animals in a reactive manner, in accordance with
the objectives of the scheme. It also furnishes a source of
tissues, from animals that would not normally justify
analytical investigation, for opportunistic sampling.
Estimates of rodenticide usage in Scotland (Fig. 7.8) indicate
that significant amounts of both bromadiolone and
difenacoum are used by the agricultural industry, but that
there is relatively little use of brodifacoum or flocoumafen
(Kerr, 2001, Thomas, 2001).
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Barn Owls
Few of the barn owls submitted as potential wildlife poisoning
victims in Scotland would have satisfied the normal
acceptance criteria for the WIIS scheme. Although many
appeared to have been either road traffic casualties or to
have died from starvation, the liver tissues of all barn owls
submitted since 1984 have been subject to opportunistic
screening for the presence of rodenticides. Relatively few
residues have been identified in this process; for example, no
residues were detected in nine specimens submitted to SASA
in the period up to the end of 1989, nor in a further 16
specimens from Scotland during the same period which were
examined for the presence of second-generation
rodenticides by CEH. In the period 1990/9, residues were
detected in only two specimens out of 21 examined at SASA:
bromadiolone (0.03 mg kg–1) was identified in a bird from
Strathclyde in 1998, and difenacoum (0.09 mg kg–1) was
found in a bird from Grampian in 1994. Both reflected low-
level, sub-lethal exposure. Specimens examined at CEH
during this later period included 79 birds from Scotland, of
which, residues of second generation rodenticides were
detected in 21. In four cases, the residues exceeded 0.2 mg
kg–1, which is considered to be the threshold of the lethal
range, but rodenticide poisoning had been diagnosed at post-
mortem for only one of these owls. No residues were
detected in the five barn owls examined at SASA in 2000, but
the liver of an emaciated bird submitted in the early part of
2001 from the Scottish Borders was shown to contain
0.2 mg kg–1 of bromadiolone. Post-mortem examination

Figure 7.8 Use of anticoagulant rodenticides in agriculture
in Scotland. (Usage data for arable farms, and fodder and
forage farms combined. Brodifacoum usage in 1997-98 ∼
0.09 kg) (Thomas 2001, Kerr 2001)
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indicated the presence of small quantities of altered blood in
the intestines. Opportunistic screening of a limited sample of
other owls [tawny (15), short-eared (4), long-eared (1), and
unspecified owls (7)] since 1987, has failed to detect
residues of any rodenticide.

Red Kites
This species has been the subject of re-introduction
programmes in both Scotland and England. In 1998,
brodifacoum poisoning was identified as the cause of death
of a red kite in England, in an incident that was attributed to
misuse of the rodenticide (Fletcher et al., 1999). This
triggered interest at SASA in the potential impact of
rodenticides on this species and, in early 1999, it prompted
examination of liver tissue from a bird that had clearly been a
victim of the deliberate abuse of chloralose (whose approved
use as a rodenticide in the UK is restricted to indoor
applications to control mice). At that time, it was surprising to
discover that not only was the bird carrying a residue of
bromadiolone, but that the magnitude of the residue
(0.25 mg kg–1 in liver fresh weight) fell within the likely lethal
range for rodenticide poisoning. Liver tissues, held in deep
freeze, from several red kite casualties were then subject to
analysis, and residues of bromadiolone and/or difenacoum
were identified in five out of nine specimens examined. Being
aware of the potential threat to the programme of
introduction, SASA requested RSPB/SNH participants in
Scotland, and other informal partners in the WIIS, to submit
carcases or liver tissue from all red kites for analysis,
irrespective of the perceived cause of death. Subsequently,
residues of the rodenticides bromadiolone or difenacoum
have been detected in 16 individual birds out of a total of 21
examined (Fig. 7.9) up to the end of 2000. Post-mortem
examination of a number of these birds has indicated that
rodenticide poisoning was the likely cause of death, but, for
others, the immediate cause of death was poisoning
resulting from the abuse of other types of pesticide. What
was slightly surprising in the latter cases was that a number
of individual birds carried rodenticide residues, apparently
well within what would be regarded as the lethal range, yet
showed no evidence of haemorrhagic symptoms at post-
mortem. A relatively high frequency of detection of residues
has been observed in this species in England (Newbury,
2000; Shore et al., 2000).

Figure. 7.9 Rodenticides detected in liver tissue of red
kites.
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Cause of death: unknownabuse of another pesticide secondary poisoning by rodenticide

The programme of re-introduction of red kites provides
unique opportunities to assess the nature of exposure to
rodenticides. The birds are tagged at the time of release and
kept under relatively close observation by programme
workers or volunteers, and some nest sites are actively
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monitored using close circuit television techniques. The
resulting information can be crucial in investigating the
causes of poisoning. For example, in the case of death of
adult kites, the foraging range within a territory identifies the
area within which to search for agricultural holdings where
rodenticides might have been in use. In the case of immature
birds at nest sites, there is unambiguous evidence of adult
birds feeding rats to the young. In a number of cases,
exposure has been identified with the use of rodenticide
formulations at either a single holding or with no more than
two or three holdings. As far as can be ascertained in these
cases, the users had complied with product label
instructions, and conducted searches for, and disposal of,
rodent carcases on the relevant premises. 

Buzzards
The WIIS in Scotland identified two early cases of rodenticide
poisoning of buzzards: in 1983 a bird appeared to have died
as a direct result of secondary poisoning following the use of
difenacoum to control rats infesting the burrows of
shearwaters on Canna; and a second mortality occurred in
the Alness area in 1993, again involving difenacoum. The
residues identified in liver tissues from these birds were 0.58
and 0.32 mg kg–1 respectively. There was no further evidence
in the early 1990s to indicate a wider risk, and, as a
consequence, few buzzards were examined for the presence
of rodenticides. A significant residue (0.11 mg kg–1) of
bromadiolone was identified in a bird submitted in the
autumn of 1999, and another, submitted in the early part of
2000, showed symptoms of haemorrhaging at post-mortem,
and had a residue of 0.18 mg kg–1 of difenacoum. The
circumstances of the second case pointed to secondary
poisoning as the cause of death, and field information
indicated that the incident could be attributed to approved-
use of the rodenticide. Since then, opportunistic screening
has been conducted on all buzzards received through the
WIIS, and on other samples made available by the RSPB.
Fifty-two specimens, out of a total of 73 buzzard casualties,
were examined in 2000, and residues of either bromadiolone
or difenacoum were detected in 15% of the overall
population. Other than those quoted above, the residues
detected have been within the range 0.03-0.08 mg kg–1.

carcases. The proportion of foxes containing detectable
residues is 41% out of a total of 29 specimens (1993-1999).
In 50% of the cases where residues were detected, two
rodenticides were present (Fig. 7.11), with bromadiolone as
the primary active ingredient, associated with smaller
amounts of brodifacoum, chlorophacinone, coumatetralyl, or
flocoumafen. In one case, death was associated with
exposure to a mixture of coumatetralyl and difenacoum. 

Figure. 7.10 Rodenticide residues in liver tissues of foxes
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Foxes
WIIS has occasionally revealed rodenticide-related
mortalities in foxes, and opportunistic sampling has revealed
other sub-lethal exposures. Many of the residues detected fall
into the likely lethal range (Fig. 7.10), although evidence of
haemorrhaging has not always been observed in the

Figure 7.11 Multiple residues of rodenticides in foxes
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Overview
The data presented, for a restricted list of species, may be
indicators of much wider contamination of the environment
by rodenticides. Residues have been detected in badgers, for
example, and in a range of other species of mammals in
Great Britain (Shore et al., 1998; McDonald et al., 1998).
Direct exposure, by feeding on rats which have ingested bait,
is presumably the main mechanism of intake for larger birds
of prey and mammals. It takes a number of days after
ingestion before rats succumb to the effects of the poison,
and during this lag phase, they may exhibit changes in
behaviour, such as reduced movement next to vertical
surfaces, more time spent in open areas rather than under
cover, and slower movement in open areas, which will make
them more vulnerable to predators. Most predatory species,
as well as scavengers, will feed on rats that have died in the
open, and they are better equipped to identify rat carcases
around farms than humans charged with searching to remove
them for disposal. It is not clear to what extent other small
mammals can gain access to, and feed directly on,
rodenticide baits and, in turn, become more readily available
to potential predators.

The data available for each species in Scotland are derived
from limited, and probably unrepresentative, samples of
individual animals, but they reveal unequivocally that
rodenticides used in agriculture can be dispersed into non-
target predator or scavenger species in the wider
environment. The frequencies of barn owls (12%) and
buzzards (15%) in Scotland with detectable residues appear
to be relatively low, and the proportion of individuals carrying
potentially-lethal residues is low (4-5%). In the case of the
barn owl the proportions of birds carrying residues in both the
sample analysed at SASA and that analysed from Scotland by
CEH are lower than in the overall British sample in the CEH
study. There is no evidence to suggest that rodenticides have
added significantly to the long-term decline in barn owl
populations, which may be more closely related to other
changes in land management practices. The number and
range of buzzards has increased in Scotland in recent years,
as persecution has diminished, so there does not appear to
be any profound effect of the use of rodenticide formulations
on this species. 
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The situation with respect to red kites is of much greater
concern. Here the frequency of detection exceeds 70% of all
samples, and the proportion of individuals carrying residues
that fall into the likely lethal range is high (Fig. 7.12). This
species exists in habitats in close proximity to man, and will
scavenge around, and close to, farm buildings. There are still
only a limited number (40) of breeding pairs in Scotland, and
the population is extremely vulnerable to toxic pressures. The
abuse of other pesticides, such as carbofuran and
chloralose, has already had a profound impact on the re-
introduction programme, and there is now clear evidence
that rodenticides can and do reduce the reproductive
success of the red kite. In 1999, the young at a nest on the
Black Isle (Easter Ross) died from difenacoum poisoning, and
there were two similar cases of rodenticide poisoning in
2000. Earlier in the same year an adult bird died from
rodenticide poisoning, when haemorrhaging was associated
with a prolapsed follicle after egg laying (Hunter et al., 2001).

Figure 7.12 Occurrence of rodenticide residues in selected
species of wildlife in Scotland. For this summary, all
individual animals carrying residues ≥.0.2 mg kg–1 were
placed in the ‘secondary poisoning’ category
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Surveillance of this type is helpful in broadening our
understanding of how the use of rodenticide formulations
can impact on the environment, facilitating the quantification
of effects on vulnerable wildlife. This will prompt remedial
actions by all the relevant stakeholders (manufacturers,
legislators, farmers, officials, wildlife bodies, and the public)
to resolve problems in the field. Although the threat to some
species may not turn out to be significant, data of this type
are essential in providing a baseline for regulators to
incorporate into their environmental risk assessments. In the
medium term, SASA will continue to collect data, taking every
opportunity to maximise use of relevant animal submissions.

We are grateful to Dr R F Shore for the provision of
unpublished data on rodenticides in barn owls from Scotland
which had been analysed at the Centre for Ecology and
Hydrology.
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Figure 7.13 Estimated farm use of rodenticides by location.
Use inside buildings: 0.572 kg bromadiolone and 0.588 kg
difenacoum for fodder & forage farms; 2.014 kg
bromadiolone and 1.966 kg difenacoum for arable farms
(Thomas 2001, Kerr 2001)] 
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Rodenticides have been observed in the livers of 40% of fox
casualties examined, and the proportion of individuals
carrying residues that were likely to fall into the lethal range
was high. In many of these cases there was post-mortem
evidence of haemorrhagic symptoms. Multiple residues of
more than one rodenticide in the same individual were more
frequent and diverse than in birds of prey, where
combinations of bromadiolone and difenacoum only
occurred. The geographical distribution of foxes tended to
differ from that of birds of prey, in that a high proportion of
individuals contaminated with rodenticides originated from
the Central Lowlands whereas most of the birds of prey were
from locations in the Highlands. The animals with residues of
brodifacoum and flocoumafen came from locations in Central
Belt areas where exposure could have included non-
agricultural use of rodenticides in semi-urban areas. One or
two of the other deaths arose out of approved usage at
intensive animal rearing units, but there are no data on
pesticide usage for this sector of agriculture.

Bromadiolone was identified in 74% of all mammals where
rodenticide residues exceeded 0.2 mg kg–1 in liver tissue,
although usage data (Fig. 7.13) indicate that similar amounts
of bromadiolone and difenacoum have been used inside
buildings on arable farms and on fodder and forage farms. In
both cases, however, the extent of use of bromadiolone
around buildings, away from buildings and
at unknown locations, significantly exceeded that of
difenacoum. This may be an important factor in the greater
apparent exposure to bromadiolone.
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Shore RF, Birks JDS, Freestone P. 1999. Exposure of non-target
vertebrates to second-generation rodenticides in Britain, with
particular reference to the polecat Mustela putorius. New Zealand
Journal of Ecology 23: 199-206.

Thomas L. 2001. Rodenticide usage on arable farms 1996 &
fodder and forage farms 1997. Pesticide Usage In Scotland
Report. Edinburgh: Scottish Agricultural Science Agency. 

7.4 The Impact of the UK Review of
Anticholinesterase Compounds on the Usage
of Insecticides in Scotland (C J Griffiths)
Increasing public awareness of the potential risks associated
with the use of pesticides has focused attention on how
governments, policy makers and scientific advisers assess
these risks. The intended action of pesticides is to control
damaging pests and diseases, but the intrinsic properties of
pesticides can give rise to detrimental effects on non-target
species and the wider environment (see section 7.3).

No new pesticide can be approved for sale until it has been
thoroughly assessed and registered by government
scientists. Its subsequent impacts on food and the
environment are monitored, and there can be major reviews
of the conditions of approval if this surveillance reveals
serious problems. The assessment and management of
potential risks are major components of the registration and
review of all pesticides approved for use in Great Britain. In
recent years, these assessments have increasingly taken into
account possible impacts such as bioaccumulation,
groundwater contamination, spray drift, persistence in soils
and sediments and effects on aquatic plants, and this has
led to demands for more experimental evidence from
applicants before approval for use is granted. 

New active ingredients (AIs) are supported by enormous data
sets demanded of the manufacturer by the regulatory
process, but older pesticides can lack the more extensive
details required for a modern risk assessment. In the
absence of such detail, regulatory authorities and advisers
are now using the Precautionary Principle (MAFF, 1998; EC,
2000) when taking into account uncertainties in risk
assessments. Lack of scientific evidence to demonstrate that
identified risks are acceptable has led to the removal of
certain pesticides from the UK and EC markets. The UK
review of anticholinesterase active ingredients illustrates the
modern process of risk assessment and risk management of
pesticides. This article examines some of the implications of
the withdrawal of these compounds on pesticide usage in
Scotland.

Background
Chemicals have been used to control unwanted pests,
diseases and weeds for centuries. Homer mentioned the use
of sulphur in the 9th century BC and Pliny noted the use of
arsenic as an insecticide in 79AD. However, it was not until
the mid-nineteenth century that a more scientific approach to
the control of pests emerged. In the 1850s plant extracts
containing rotenone and pyrethrum were used as
insecticides, and it was discovered, by accident, by Millardet
in 1882, that Bordeaux mixture (copper sulphate, lime and
water) controls mildew in vineyards. However, it was not until
the 1930s that synthetic organic chemists began to play a
major role in the introduction of a wide range of pesticides.
Work on potential nerve gases during the second World War

led to the discovery of the organophosphorus compound
schraden, a very effective insecticide, although highly toxic to
mammals. Other organophosphorus compounds soon
followed that were less toxic, such as malathion, which has a
wide spectrum of insecticidal activity and a relatively low
mammalian toxicity.

The mode of action of the organophosphorus (OP) esters is
well established (O’Brien, 1976), involving the inhibition of
the enzyme acetylcholinesterase (AChE) at nerve junctions.
This causes the nerves to discharge continuously, which, in
mammals, can result in body tremors, convulsions and,
commonly, death. Another group of chemicals, the
carbamates, whose insecticidal properties were discovered
by the Geigy Company in Switzerland in 1947, can also inhibit
the normal function of acetylcholinesterase. An early
carbamate insecticide, isolan, proved very effective against
aphids but showed high mammalian toxicity. Later, less toxic
carbamates, such as pirimicarb and carbaryl, proved to be
very effective against a broad range of insects. Carbamate
insecticides are often used in situations where pest species
do not respond well to organophosphorus compounds, for
example ants, scale insects, cockroaches and earwigs.
Certain carbamates are used in situations previously covered
by older organochlorine insecticides such as for controlling
wireworms, leatherjackets and millipedes. 

Due to their more rapid metabolism, OP pesticides were at
first viewed as more environmentally benign than the more
persistent organochlorine compounds. However, more
recently, public concern in the UK over adverse health effects
from chronic exposure to low doses of certain OP active
ingredients (Bartle, 1991) has led to a reconsideration of
AChE inhibiting compounds used in agricultural and non-
agricultural products. In May 1998 the then MAFF Minister
announced that an official review of all AChE inhibiting active
ingredients would commence, and requested that those
Approval Holders (manufacturers and distributers) wishing to
continue to sell currently approved products should submit
data to support a full risk evaluation.

The Review
The original list of 24 OP, 13 carbamate and one carbamoyl
triazole active ingredients was subsequently reduced to 12
OP, 8 carbamate and one triazole by the end of Phase III of
the review process on 18 September 1999, as some
companies decided not to support their products (i.e.
effectively to withdraw the relevant products; Table 7.7). This
was the date set for submission of all data on the AIs to
enable evaluation to commence. In the meantime, a further
two active ingredients (butoxycarboxim and fenpropimorph)
had been identified as coming within the scope of the review,
and their Approval Holders were allowed extended deadlines
for data submission.

The review of AChE inhibiting AIs is progressing, and has
already resulted in reduction in the scope of approval of
several widely used products, and suspension of use of some
products while further information is assessed. Five of the
AChE inhibiting compounds which were not supported at
phase III of the review (carbofuran, chlorpyrifos, disulphoton,
etrimfos and propoxur) had been on the UK market for many
years and were approved for use on several crops.
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Carbofuran, for example, could be used as a soil acting
insecticide and nematicide in 22 different crops, and the OP,
chlorfenvinphos, also had approval as a soil-acting
insecticide, principally for brassica crops. As Approval
Holders had decided not to support these AIs through review,
all products containing them were subject to a phased
revocation of approval, over two stages to allow existing
stocks in the supply chain to be used up. Products containing
these active ingredients may, therefore, be advertised, sold,
supplied, stored and used by other persons, excluding the
Approval Holder, until 31 December 2001. The revocation of
approval for both carbofuran and chlorfenvinfos has
potentially serious consequences for the cultivation of certain
field crops. The control of cabbage root fly in swedes and
turnips, for example, relies almost totally on the use of these
active ingredients to prevent surface damage by second and
subsequent generations of root fly, and ensure the
marketability of the crop. 

Trends in Usage, and Implications for Farmers and
Growers
The Pesticide Usage Section at SASA has carried out surveys
of the use of pesticides in Scotland for many years, which
provide, inter alia, qualitative and quantitative information on
individual active ingredients. Although only selected crop
types are covered in any one year, a four-year rolling
programme ensures that all crops are covered at some time
within the cycle. Table 7.7 shows the OPs and carbamates
used in Scotland between 1992 and 1999, including several
which are no longer supported by their Approval Holders, and
will be withdrawn from use by the end of the ‘wind down’
period. The pattern of use of OPs and carbamates in

agriculture and horticulture is expected to alter dramatically
as the review progresses, and changes to the conditions of
approvals take effect. The next survey of arable crops in
2002 and vegetable crops in 2003 will, therefore, show
considerable changes in pesticide use. Throughout this
paper, the terms ‘early 1990s’ and ‘late 1990s’ refers to
information collected during the following pesticide usage
surveys:

Early Late

Cereals 1992 1998

Potatoes 1992 1998

Oilseed Rape (OSR) 1992 1998

Grass and Fodder 1993 1997

Soft Fruit 1994 1998

Vegetables 1993 1997

Peas 1993 1997

Bulbs and Flowers 1993 1997

Protected Crops 1995 1999

Hardy Nursery Stock (HNS) 1993 1997

Fig 7.14 shows the relative usage of organophosphate and
carbamate active ingredients on a wide variety of crops in
Scotland during the early and late 1990s. Usage is expressed
in terms of ‘spray hectares’: the total area of crop treated with
any OP or carbamate during that particular growing season
(i.e. counting each treatment of a given area, if it received
multiple pesticide treatments). In terms of total area sprayed,
potatoes, cereals and vegetables for human consumption
receive relatively large amounts each season, but, although
the total area of cereal crops grown in Scotland (470,000 ha
in 1998) far exceeds the total seed and ware potato area
(29,000 ha), the latter receives several insecticide sprays,
commonly in conjunction with blight prevention sprays.
Hence the total treated area of potatoes is several times
larger than the actual crop area, and greater than that of
cereals. On the other hand, only 7% of the whole cereal crop
area received a treatment of either a carbamate or
organophosphorus spray, amounting to 35,400 sp.ha.

Fig. 7.14 also provides a broad comparison of the usage of OP
and carbamate active ingredients on all crops in the early and
late 1990s. The areas of the main crops, cereals and
potatoes, did not change significantly over this period and the
impression is of little change. The overall reduction in the
usage of these AIs on vegetable crops can be explained partly
by the 11% drop in the total crop area but a closer look at the
relative changes in usage of OP and carbamate usage shows

Table 7.7 Anticholinesterase compounds included in the UK
review (as at 1998)

Organophosphates* Supported at  Carbamates* Supported at 
phase III phase III

Azamethiphos Yes Aldicarb Yes

2-Chloroethylphophonic acid Yes Bendiocarb Yes

Chlorfenvinphos No Benfuracarb Yes

Chlorpyrifos Yes Carbaryl No

Chlorpyrifos-methyl Yes Carbofuran No

Diazinon No Carbosulfan Yes

Dichlorvos Yes Ethiofencarb No

Dimethoate Yes Methiocarb Yes

Disulfoton No Methomyl No

Ethoprophos Yes Oxamyl Yes

Etrimphos No Pirimicarb Yes

Fenitrothion No Propoxur No

Fosthiazate Yes Thiodicarb Yes

Heptenophos No Carbamoyl Triazole

Malathion Yes Triazamate Yes

Mephosfolon No

Phorate Yes

Phosalone No

Pirimiphos-methyl Yes

Pyrazophos No

Quinalphos No

Thiometon No

Tolclofos methyl Yes

Trichlorphon No

* Shaded active ingredients were used on crops, in Scotland, 1992/99

Figure 7.14 Combined usage of organophosphorus and
carbamate insecticides in the early and late 1990s
(excluding seed treatments) on farms in Scotland
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a significant shift away from OPs, with a corresponding
increase in carbamate use. Fig. 7.15 shows this shift
particularly clearly for potatoes, which, in 1992, received
approximately 60,000 sp.ha. of OPs and 19,000 sp.ha. of
carbamates, compared with 10,000 sp.ha. and 77,000
sp.ha., respectively, in 1998. 

The control of aphids on seed potatoes is necessary to
prevent the spread of severe mosaic, veinal necrosis and leaf
roll viruses (sections 4.1, 4.8). Aphids feeding on leaves are
able to transmit severe mosaic and veinal necrosis viruses in
a few minutes, and control is effective with pyrethroid
insecticides. Carbamate insecticides are longer-acting and
provide better control of leaf roll virus, which is transmitted
over a longer feeding period. Thus, for effective control of all
three viruses, growers routinely apply a mixture of pyrethroid
and carbamate insecticides, and the increase in carbamate
use has been mirrored by a corresponding increase in use of
synthetic pyrethroids (see Fig. 7.16). In the early 1990s,
cypermethrin, alpha-cypermethrin and deltamethrin were the
pyrethroids used on potatoes, the last being formulated with
the organophosphorus AI heptenophos. By 1998, another
synthetic pyrethroid, lambda-cyhalothrin, was available for
use on potatoes, formulated either as a single active
ingredient or as a mixture with the carbamate pirimicarb.
Comparison with earlier pesticide usage surveys of arable
crops in Scotland provides a more dramatic illustration of the
change in synthetic pyrethroid use. Fig. 7.17 shows the use of
OPs, carbamates and synthetic pyrethroids on potatoes
between 1987 and 1998: before the introduction of synthetic
pyrethroids, two OP compounds, demeton-S-methyl and
dimethoate, and one carbamate, pirimicarb, were used to
control aphids. The introduction of synthetic pyrethroids at
the beginning of the 1990s saw a rapid increase in their

Figure 7.15 Organophosphorus and carbamate usage in
the early and late 1990s (excluding seed treatments) on
farms in Scotland
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usage, which was accompanied by a similar increase in the
usage of OP products. By the mid-1990s the usage of OP
insecticides on potatoes had peaked and subsequently
declined, with a simultaneous rise in the usage of carbamate
insecticides.

The Vegetables for Human Consumption surveys show a
more complex pattern of insecticide usage, which will
continue to change rapidly in the near future. In terms of total
area treated with insecticide, turnips and swedes received
the highest levels of application (Fig. 7.18). These crops
require particular protection from cabbage root fly and are
often sown with a granular formulation of insecticide,
typically a carbamate to protect against the first generation
of insects. Further sprays of organophosphorus insecticides
later in the growing season are usually applied for the control
of later generations, such that the total spray area is at least
three times the crop area. Very few synthetic pyrethroid
insecticide sprays are applied, as control depends upon the
systemic action of the active ingredient rather than the
contact mode of action characteristic of the synthetic
pyrethroids. It remains to be seen how growers will control
potentially damaging attacks of this pest when the approval
for the main agents, carbofuran and chlorfenvinphos expire
at the end of 2001.

Figure 7.16 Organophosphorus, carbamate and synthetic
pyrethroid usage on potatoes and vegetable crops
(excluding seed treatments) on farms in Scotland
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The pattern of insecticide usage on carrots has changed
dramatically over the past few years, largely as a result of the
demands from produce buyers for lower (or zero) levels of
residue in the crop and, to some extent, from the changes in
the conditions of approval for some OP insecticides. The
pesticide usage survey of 1995 found that, of the total area
treated (3,770 sp.ha.), 63% received organophosphorus
active ingredients, 13% carbamates and 23% synthetic
pyrethroids. Four years later, the same survey found 76%
synthetic pyrethroids, 24% carbamates and no recorded
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Figure 7.17 Insecticide usage on potatoes 1987/98 on
farms in Scotland

Figure 7.18 Comparison of insecticide usage on farms in
Scotland between 1995 and 1999 on vegetables for
human consumption 
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organophosphorus sprays. In the mid-1990s, three
organophosphorus active ingredients (phorate, quinalphos
and triazophos) dominated the pattern of usage for the
control of carrot root fly. Triazophos was subsequently
withdrawn from the market, quinalphos was not supported in
the anticholinesterase review, and approval for phorate was
suspended in December 1997. Carrots are an important crop
in Scotland and carrot fly requires careful control, but, with
growers now preferring, or being required to, produce carrots
without the use of organophosphorus insecticides, effective
control is increasingly difficult to achieve. The switch to
synthetic pyrethroids, particularly for the control of the
second generation of carrot fly has, therefore, been
inevitable, but this class of insecticide targets the adult fly
and the grower needs to time the spray applications
accurately. 

Changes in the pattern of pesticide usage on vegetables will
also be affected by the increasing area of land used for
organic farming, which in the UK, increased from 50,000 ha
in 1996 to 400,000 ha in 2000 (Soil Association, 2001). In
Scotland, carrots are the most popular vegetable crop for
organic growers, despite the problems associated with carrot
root fly. Attack by carrot fly in organically-grown carrots can be
minimised by late sowing to avoid the first generation, and by
selecting varieties which bulk quickly. Other techniques
involve the use of fleece or fine mesh covers, which provide
an effective physical barrier.

The move away from organophosphorus-based insecticides
can be seen for other vegetable crops, particularly calabrese,
cauliflower and lettuce (Fig. 7.18). As the review of
anticholinesterase AIs progresses, the spectrum of products
available for pest control is likely to diminish. The effects will
be felt most acutely in the horticultural area where minor
crops have ‘specific off-label approvals’ for the use of older
active ingredients. New AIs are targeted at major crops, as
companies seek to maximise the return on the high
development costs of new products.

Bartle H. 1991. Quiet sufferers of the Silent Spring. New Scientist
18 May, 30–35.

EC. 2000. Communication from the European Commission on the
Precautionary Principle. COM (2000) 1. Brussels. 

MAFF. 1998. UK Official Group on Organophosphates, Report to
Ministers 59-62, London: MAFF Publications.

O’Brian RD. 1976. Acetylcholinesterase and its inhibition. In
Wlkinson CF ed. Insect Biochemistry and Physiology. New York:
Plenum Press, 271-293. 

Snowden JP, Bowen HM, Dickson  M. 1990. Pesticide Usage
Survey Report 74, Potatoes 1987. Edinburgh: DAFS.

Snowden JP, Bowen HM and Dickson JM. 1991. Pesticide Usage
Survey Report 87, Arable Crops 1990. Edinburgh: SOAFD.

Soil Association 2001. The Organic Food and Farming Report
2000. Bristol: The Soil Association. 
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8 VERTEBRATE PESTS

8.1 Review of Work on Vertebrate Pests, 
1997-2000 (F G Hartley)

8.2 The Pest Status of the Rabbit in Scotland 
(F G Hartley)
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8.1 Review of Work on Vertebrate Pests,
1997-2000 (F G Hartley)
The wildlife scientists at SASA provide scientific advice to
SEERAD on matters arising from its responsibilities for the
implementation of pest control legislation in Scotland. Staff
examine and interpret data, evaluate situations, and
comment upon a wide range of topics arising from policy
decisions, proposals for legislative changes, and
Parliamentary Questions relating to conflict between wildlife,
agriculture and the environment. Although SASA responds to
Policy Divisions and the Agricultural Inspectorate directly,
enquiries also arise from other Government bodies, members
of the public, local authorities and non-governmental
organisations (NGOs). For example, during 2000, scientific
evidence was presented to the Rural Development
Committee on the Protection of Wild Mammals (Scotland) Bill.

Wildlife staff regularly deal with enquiries relating to the
control of common agricultural pest species such as foxes,
rabbits, corvids and rats. In addition, the issues of licences to
kill or take protected animal species, as allowed under the
Wildlife and Countryside Act 1981, is an important
Departmental function which draws upon the Agency’s
expertise and advice. To this end, no less than 51 site visits
have been undertaken on behalf of the Freshwater Fisheries,
Aquaculture and Marine Environment Division 2 of SEERAD
since 1997, and advice given on recent changes to licensing
policy.

Advice on possible mitigation procedures can be given on a
wide variety of subjects, for example: the use of narcotics to
control gulls; geese grazing crops; the impact of cormorants,
herons and saw-billed ducks on fisheries; conflict between
badgers and urban development; ravens, eagles and red
squirrels. Wildlife staff represent SEERAD on several fora,
including the Scottish Working Group of PAW (Partnership for
Action Against Wildlife Crime), the Goose Science Advisory
Group, and the National Goose Forum Implementation
Group, the latter two of which have arisen directly from
involvement on the National Goose Forum. Representational
duties extend to meetings, conferences, workshops (for
instance The Atlantic Salmon Trust’s ‘Predation on migratory
salmon’ workshop) and steering groups (for example, the
SEERAD sponsored research into the impact of the white-
tailed sea eagle on sheep farming on Mull).

Research and development work over the past three years
has considered the development of methods of rabbit control
and the impact on populations of such control; continued
monitoring of the Scottish rabbit population by a National
survey (section 8.2); and the development of a annual
vertebrate pests survey. The latter study is in collaboration
with staff undertaking pesticide usage surveys (see chapter
7), drawing heavily on their experience of conducting farm
surveys. This collaboration has been facilitated by the
amalgamation of the two groups of staff into a new section
(Pesticide Usage and Wildlife Management). Wildlife staff
have also conducted a series of commercial trials on a rabbit
feeding repellent, which may eventually be marketed as a
commercially available product for agricultural and domestic
use.

Rabies Contingency Planning
In the event of a rabies outbreak in Scottish wildlife, SEERAD
would provide the background organisation and the
manpower to implement contingency plans as required under
The Rabies (Control) Order 1974. The Agricultural
Inspectorate of SEERAD is charged with the execution of this
task, and the Wildlife staff of SASA provide continuing
support in the form of advice and training on biological and
procedural matters. To this end, the staff maintain
awareness of control techniques used elsewhere, keep
abreast of ongoing developments and liaise with the Central
Science Laboratory (CSL) of DEFRA regarding models for the
prediction of fox dispersal and the spread of rabies. Such
information is disseminated by a variety of means, and
Agency staff have made a significant contribution to revisions
of the Wildlife Control Section of the Rabies Handbook for
Scotland. In 2000, in liaison with DEFRA, SASA organised two
rabies field training exercises, which took place on Scottish
hill ground, for personnel from North and South of the Border.

8.2 The Pest Status of the Rabbit in Scotland
(F G Hartley)
Rabbits (Oryctolagus cuniculus L.) are probably the most
widespread and serious vertebrate pests of agriculture in the
UK, causing as much as £60 million of damage each year.
Extrapolating from information on rabbit densities in different
habitats, and the relative abundance of those habitats, the
rabbit population in Scotland has been estimated at 9.5
million individuals. This represents one quarter of the
estimated British rabbit population.

Rabbit surveys conducted by SEERAD in 1969/70, 1973/4
and 1991, indicated that there had been a significant
recovery in the rabbit population since the first outbreak of
myxomatosis in 1953, which reduced the rabbit population to
less than 1% of its former level. Myxomatosis continues to
affect rabbits although to a far lesser extent than in earlier
years but, since the last survey in 1991, rabbit haemorrhagic
disease (RHD) has entered the UK, and populations of rabbit
predators, such as foxes and buzzards, have generally
increased. However, factors tending to reduce rabbit
numbers may be offset by recent changes in agricultural
policy, generally promoting extensification, which may
enhance rabbit numbers. In view of these uncertainties, and
the importance of rabbits as pests, a further survey was
organised by SASA.

The Survey
In February 2000, a questionnaire was sent to a random
sample of 1500 agricultural holdings in Scotland, excluding
those consisting entirely of rough grazing and/or hill ground.
To reduce potential biases in responses, all non-respondents
were again asked to complete the questionnaire in late June
2000. The Economics and Statistics Unit of SEERAD provided
the random sample of holdings, and Biomathematics &
Statistics Scotland performed the statistical analyses of the
survey returns.

Of the 1500 questionnaires sent out in the two mailings, a
total of 1249 (84%) were returned, and 80% (1192) of all
questionnaires were usable. Unusable returns (4%) were

Chapter 8. VERTEBRATE PESTS 
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largely a result of changes in the circumstances of the
addressee; for example, the holding had been sold, the
owner/tenant had moved, or the owner/tenant had died. The
return rate was relatively consistent among regions, varying
between 77% and 88%, although there was one notable
exception: only 67% of questionnaires issued to holdings in
Skye and the Western Isles were returned. 

Comparisons with Previous Surveys
In the 1969, 1970, 1973 and 1974 surveys, DAFS (now
SEERAD) staff conducted ‘whole farm’ surveys between
January and March, carrying out a detailed inspection of the
farm, which gave information on the general distribution of
rabbits. In 1991, a survey of 1000 main agricultural holdings
used a questionnaire, but 300 of the farms were actually
inspected by Departmental Agricultural Staff, whereas the
remaining 700 received the questionnaire by post. (In the
context of this survey, main agricultural holdings are defined
as greater than 1ha of land, or a business size of greater than
2000 ECU, and where there is a regular full-time farmer.) 

The 1991 survey was similar to earlier surveys in that
knowledge of the whole farm was required. The 2000 survey
consisted entirely of questionnaires, based closely on the
1991 survey questionnaire, but sent to farm holders only. To
gain a more representative sample of farm holders in
Scotland, the 2000 survey was sent to main and minor
holdings, although the responses from main holdings only
were used to compare with the 1991 survey. As with the
1991 survey, the 2000 survey asked farm holders to
comment on levels of rabbit infestation, aspects of rabbit
control, and the impact of rabbit diseases.

A linear logistic model analysis of the 1991 dataset
demonstrated differences between the results given by the
300 Agricultural Staff inspections and the postal survey of
700 farm holders. While the Inspectors and farm holders
were equally likely to report a serious rabbit infestation
(P = 0.49), the Inspectors were significantly more likely to
record the presence of rabbits (P = 0.009), with variation
between regions (P<0.001). (A serious infestation (localised
or widespread) is described as one which warrants
immediate attention.) In order to eliminate such biases, the
returns from the 2000 postal questionnaire survey are
compared here only with the postal returns from the farm
holder survey of 1991.

Level of Rabbit Infestation
Table 8.1 shows that there has been virtually no change in
the reported incidence of serious or slight infestation since
1991. When data from minor holdings are included in the
2000 sample, 71% of farms in Scotland in 2000 reported

having rabbits, 54% with slight infestations, and 17% with
serious infestations. This indicates that minor holdings
generally had fewer problems with rabbits than main
holdings. 

Fig. 8.1 shows the percentage of holdings, within each region,
which reported the presence of rabbits (slight and serious
infestations) in the 2000 (main holdings only) and 1991 farm
holder returns. Linear logistic model analysis, comparing the
presence of rabbits among regions and years of survey,
showed significant differences among regions, irrespective of
survey year (P<0.001). However, there were no significant
differences between the 1991 and 2000 surveys with regard
to the percentage of holdings reporting a rabbit infestation
(P = 0.33), nor were there differences between years in
individual regions (P =  0.20). A similar comparison between
survey years and among regions, but examining the
percentage of farms reporting a serious rabbit infestation,
again found evidence of a difference between regions
(P<0.001) but not between years (P =  0.98). However, a test
for interaction between these factors could not be

Table 8.1 Level of rabbit infestation on main holdings from
current and past surveys

Level of infestation Pre 1969 1973 1991  2000  
1954 & 1970 & 1974 (farmer (main

holders) holdings)

Percentage of holdings with rabbits 92.3 62 75 74 75
(slight & serious infestations)

Percentage of holdings with serious 53.7 1 5 19 19
infestations of rabbits

Number of respondents - 1852 1141 421 852
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Figure 8.1 Percentage of main holdings reporting the
presence of rabbits (slight & serious infestations)

undertaken, due to the low number of samples within regions
in 1991. 

Fig. 8.2 shows the percentages of all holdings (main and
minor) that reported the presence of rabbits or a severe
infestation in 2000, analysed by region. In general there was
greater reporting of rabbits, both serious and slight
infestations, in the eastern half of Scotland, with the highest
reported incidence of serious infestations in Angus and NE
Fife, Perth and Kinross, and Lothian and W Fife. Fig. 8.3
shows the reported levels of infestation, analysed by farm
type. Farms were allotted to one of three categories
according to whether two-thirds or more of the land was in
crop (arable) or was grassland (grassland); intermediate
farms were classified as mixed. Grassland farmers were
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more likely to report no infestation (P<0.001), whereas arable
and mixed farmers were more likely to report a serious rabbit
infestation (P<0.001). 

In the 2000 survey, farm holders were also asked to
comment on the change in rabbit numbers over the past
three years. It was hoped that this time period would
encompass the possible spread and/or impact of RHD
through the area, but also that the farm holder would have
clear recall over three years. Fig. 8.4 indicates a general
decline in the rabbit population in western regions and to a
lesser extent, the northern isles, contrasting with a general
increase in eastern and southern regions, although the
northern mainland also showed an average increase. Only
the reports from Lothian and West Fife showed a significant

Rabbit Control 
The frequency with which farm holders undertook rabbit
control (excluding fencing) was found to be directly related to
the level of rabbit infestation (P<0.001) (results of the 2000
census: Table 8.2), with a large majority of farms without
rabbits never undertaking any control measures. Most farms
with a slight infestation undertook occasional rabbit control,
and most farms with a serious infestation controlled rabbits
“often”. Some farm holders stated that infestation levels
were low only because of intense efforts to control them. For
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Figure 8.3 Percentage of different farm types reporting
rabbit infestations

Figure 8.4 Net differences in reported rabbit numbers over
the past three years

Table 8.2 Relationships between rabbit infestation and
frequency of control

Figure 8.5 Methods of control employed by farms with
different levels of rabbit infestation

increase in rabbit numbers (P = 0.002), whereas the reports
from Argyll, Highland, and Skye and the Western Isles, gave
evidence of a significant decrease in rabbit numbers
(P = 0.06; P = 0.02; P = 0.003 respectively). Fifty-two per
cent of farms did not report any change. 

Level of Frequency of rabbit control Number of
Infestation Never Occasional Often Constant respondents

None 87% 11% 1% 2% 342

Slight 37% 45% 12% 6% 643

Serious 13% 30% 35% 23% 193

Percentages calculated from respondents to the relevant question
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those respondents that indicated the form of control used,
shooting proved to be the most common method, irrespective
of the level of infestation (Fig. 8.5). All methods of control
increased in frequency with increasing level of rabbit
infestation.

Examination of the relationships between farm type and
frequency of control reveals that grassland farmers are less
likely to act to control rabbits on their land than arable or
mixed farm holders (P<0.001), and all types of control
method were more likely to be used by arable or mixed farm
holders than grassland farm holders. There were no
significant differences in the proportion of mixed or arable
farmers using a given method of control. Comparing the
surveys for 1991 and 2000, there was evidence of an overall
decrease in the use of shooting (P = 0.049), but an increase
in the use of fencing (P = 0.026) as control methods. The
1991 survey did not ask about the relative use of trapping as
a control method, and it is likely that trapping would have
been categorised under “other”. 

Impacts of Predators
Although neither the 1991 nor the 2000 survey included
specific questions about the impact of predators on the local
rabbit population, some farm holders volunteered this
information, stating that domestic and wild predators made a
significant contribution to the control of rabbits on their
holding. Although there were increases in the frequency of
reports of control by wild predators and cats since 1991, the
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percentage of farm holders reporting predator impacts are
overall quite small, and there were no significant differences
between 1991 and 2000.

Disease Mortality
Less than 20% of farm holders reported a mass die-off of
rabbits over the previous three years. Of these, the majority
(54%) suspected myxomatosis to be the cause, although the
speed and severity of an RHD outbreak means that this
disease could easily be undetected by a farmer. A substantial
minority (30%) were unaware of the cause.

Discussion 
This survey has shown that the percentage of main farm
holders in Scotland reporting either a slight or a serious
rabbit infestation has remained virtually unchanged since
1991. This suggests a relatively stable rabbit population,
although the lack of data for the intervening years may
conceal large population fluctuations. 

Rabbit haemorrhagic disease is an acute disease, fatal within
72 hours of exposure in all non-resistant rabbits greater than
ten weeks of age. RHD was confirmed in the wild rabbit
population in Dumfriesshire in October 1995 but, shortly
afterwards, was removed from the notifiable disease list and,
since then, there has been a lack of information on the
spread of the disease throughout the country. However, a
study conducted in 1995 showed that a non-virulent strain of
the RHD virus might already have been present, particularly
in northerly regions of Scotland, suggesting that a proportion
of the population may have been resistant to this disease. It
is also known, from early outbreaks of RHD in Devon (Baker,
1999; pers. comm.), that, although rabbit mortality can
initially be very high, the population can recover completely
within two years of the initial outbreak. Furthermore, since
recent studies at Stirling University (White, 2001; pers.
comm.) have shown the presence of RHD antibodies
throughout much of the Scottish wild rabbit population, even
if RHD has had an impact on the population in recent years,
it is unlikely to do so in the future.

In contrast to RHD, myxomatosis, which devastated the rabbit
population in the early 1950s, still affects UK rabbits and, in
the late 1980s, CSL estimated that between 12% and 19% of
the rabbit population still died from myxomatosis. The
prevalence of weaker viral strains and increasing selection
for genetic resistance in the host does tend to cause a
gradual recovery of the rabbit population, but the increase in
rabbit predators, such as the buzzard and fox, may be
surpressing the growth in rabbit numbers in areas of low to
medium rabbit density. Against this, the current trend
towards conservation of hedgerows and scrub, increased tree
planting and extensification of agricultural land has
expanded the potential breeding habitat of rabbits.

The current study attempted to address the relative impact of
some of these factors, but the responses provided no clear
evidence of any major effects over the study period. This is
not surprising, given the acute nature of RHD, the high
variability in the impact of myxomatosis, and the fact that
predators are able to influence rabbit populations that are
already at low to medium densities. The contrast between
east and west in relation to rabbit abundance (significant for

those farm holders reporting the presence of rabbits
[P<0.001], serious infestation of rabbits [P<0.002] and
reported net changes in rabbit abundance over the past three
years [P<0.001]) confirms the findings in 1991, and it has
been reported elsewhere (e.g. in England and Wales by CSL
scientists). The current data are also compatible with
reported changes in the number of rabbits shot, in long-term
surveys undertaken by The Game Conservancy. This
differential increase in rabbit abundance since the first
outbreak of myxomatosis is probably related to the lighter,
better drained soils and drier climate that predominate in
eastern, more arable regions. Rabbits, which originate from
the Western Mediterranean, are almost certainly better
adapted to these particular environmental conditions. 

Shooting is clearly the most widely used method of rabbit
control, although to what extent it represents a recreational
activity that happens to control rabbits, has yet to be
established. There are some indications from the present
survey that the shooting of rabbits is in decline but that the
use of fencing has increased since 1991. This suggests that
farm holders are increasing their long-term investment in
rabbit control. 

Summary
This survey has established that, compared with the early
1990s, there has been no net change in the size or
distribution of the rabbit population in Scotland, with greater
numbers reported in eastern regions than in western regions.
Explanations for the lack of change in the abundance of
rabbits were not evident. This was partly the result of the
need to build on earlier work: in order to enable comparisons
to be made with earlier national rabbit surveys, the current
survey necessarily had to restrict the scope and form of the
questions asked in the questionnaire issued to farm holders.
It is hoped that this survey will form part of a long-term
monitoring programme which will continue to provide
information on the relative size of the rabbit population, the
impact of rabbits on agriculture, and changes in the methods
used to control them. It should be possible to modify future
surveys to extend the range, specificity and value of the
questions and the analysis.
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APPENDIX 2 Contact Names and Addresses

SASA contact points from 1 October 2001
This list gives the names and telephone numbers of those staff at SASA who will be able to provide information and advice on
the subjects or services shown against their names. Telephone enquiries may be made direct to the person concerned by
dialling 0131 244 (the GTN access code is 7188) followed by the 4 figure extension listed. 

Staff can be contacted directly by email using the format Firstname.Surname@sasa.gsi.gov.uk

For general enquiries, please telephone extension 8890, fax to extension 8940 or email: info@sasa.gsi.gov.uk

SASA website: http://www.sasa.gov.uk

All enquiries from the media should be directed to the Scottish Executive Media & Communications Group Tel: 0131 244
2969.

SASA Management Board Dr Robert Hay 8843
Simon Cooper 8932
Dr Kevin O’Donnell 8924
Shelagh Quinn 8880

Pesticides, Plant Varieties and Seeds Division

Official Seed Testing Station
Head of Section and Chief Officer Ronald Don 8891
General enquiries/seed testing and results Caroline Cadger 8908
Requests for sample packets and price lists Margaret Orr 8869
Seed Health Valerie Cockerell 8900
Seed Testing, Quality and Sampling courses Ronald Don 8891

Cereals Section
Head of Section/General enquiries Gerry Hall 8856
Fees and Forms Kate Flinn 8833
Training Courses Robert Sunter 8815
Varietal Identity Tests Gillian Liddle 8801
Combinable Crops VCU Gerry Hall 8856

Herbage and Vegetable Crops Section
Head of Section Niall Green 8853
National List/Plant Breeders’ Rights tests, EC and UPOV Niall Green
matters, Pre-DUS and other commercial tests. Genetic
resources: request for germplasm and/or information 8853
DUS Tests/Variety descriptions/requests for seed. Morellen Thomson 8907

George Campbell 8962
Tom Christie 8961
Lesley McCarthy 8820

Certification of all non-Cereal Seed Crops/Advice to seed trade, Ken Pearson 8885
training courses for seed sampling/UK VCU Trials: Herbage 
Crops/Herbage Evaluation and Selection Trials/WPBS Trials

GM Advice and Inspectorate Dr Jonathan Davey 8837

Pesticide Usage and Wildlife Management Section
Head of Section Dr Chris Griffiths 8862
Pesticide Approval Information Dr Chris Griffiths 8862
Pesticide Usage Information Jeremy Snowden 8904
Vertebrate Pest Control: Licensing, Vertebrate R & D, 
Rabies Contingency Planning Dr Gill Hartley 8804

Chemistry Section
Head of Section Dr Ken Hunter 8864
Pesticide Enquiries Dr Ken Hunter 8864
Wildlife Incident Investigation Scheme: Vertebrates and Honeybees Elizabeth Sharp 8874
Pesticide Residues in Foods, Gas-chromatography David Lindsay 8855
Contract Analyses, High Performance Liquid Chromatography Dr Ken Hunter 8864
Mass Spectrometry Michael Taylor 8983
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Potato and Plant Health Division

Potato Section
Head of Section Dr Stuart Carnegie 8858
Classification, Variety Testing (UK, DUS and Databases) Arlene Cameron 8870
Nuclear Stock Production Sandra Goodfellow 8852
Pathology Dr Denise Darling 8931

Plant Health Section
Head of Section Dr Jane Chard 8863
General Enquiries including bee diseases Dr Jane Chard 8863
Potato Quarantine Dr Colin Jeffries 8868
Plant Health Licensing Susan Irvine 8883
Potato Spindle Tuber Viroid Tina James 0131 650 6433
Bacteriology Dr John Wood 8872

Diagnostics and Molecular Biology Section
Head of Section Dr Gerry Saddler 8925
Molecular Biology Vince Mulholland 8845
Monoclonal Antibody Production Robert Burns 8911

Virology and Zoology Section
Head of Section Dr Jon Pickup 8859
Entomology (Statutory Pests) Lorna King 8846
Virology/Virus testing Isla Browning 8916

Seed Potato Classification Scheme Section
Head of Section Bill Rennie 8895

Administration
Head of Section Shelagh Quinn 8880
Finance Manager Anne Monk 8811
Purchasing Stephen Slater 8849
Personnel Officer Carol Heatlie 8805
Library Lynda Clark 8826
Photography James Brown 8827
Training/Quality Assurance Mairi Vernon 8989

Support Services
Information Technology Services Peter Winfield 8914
Property Keith McLaren 4031
Farms Robert Campbell 8319
Gardens/Glasshouses David MacIntyre 8810
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