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1. Introduction
1.1 Legal Background
1.2 The role of the European Coexistence Bureau
1.3 Scope of the Best Practice Document

2. POTATO CULTIVATION IN THE EU: DEMAND AND CROP PRODUCTION
2.1. MARKET AND DEMAND

Potato is the fourth most important crop in the world in terms of human consumption, following rice, wheat, and
maize (corn) (Arvanitoyannis et al., 2008; Llorente et al., 2011; Zaheer and Akhtar, 2016) and the second most
important arable crop in Europe, with 1.7 million hectares under potatoes in the EU-28 in 2016 grown at a value
of 9.2 billion Euros in 2014 (Eurostat, 2016a,b). Potato is grown in over 100 countries, with world potato
production being 385 million t (mt) in 2014 (FAOSTAT, 2016). China, India, Russia, the Ukraine and the U.S.
are the five largest potato producing countries (FAO, 2013; Zaheer and Akhtar, 2016). Since the early 1960s, the
growth in potato production area has rapidly overtaken all other food crops in developing countries. It is a
fundamental staple in the food security for millions of people across South America, Africa, and Asia, including
Central Asia. Presently, more than half of the global potato production comes from developing countries.
Potatoes for human consumption also belong to the most competitive segments of EU agriculture, despite the
relative and absolute decline in production observed over the recent years. Germany, Poland, France, the
Netherlands, and the United Kingdom are the main potato producing EU member states (Eurostat, 2016).

The sector shows a competitive edge in international markets, especially in the sub-sectors of seed potatoes and
processed products. Potatoes for human consumption are not covered by the Single Common Market
Organisation, except for the standard rules on state aids. Since 2008, all the potato areas in the EU can be
potentially eligible to receive direct payments. Moreover, potato operators may benefit from the CAP promotion
and quality schemes. The legal framework for these actions is laid down in Council Regulation (EC) No 3/2008
of 17 December 2007 on information provision and promotion measures for agricultural products on the internal
market and in third countries.

The potato market is complex, as well as GM/non-GM/organic separation; consideration must be given to
potatoes of specific designated origin. Examples of potatoes that are registered as Protected Designation of
Origin (PDO) / Protected Geographical Indication (PGI)* comprise among others "Patata Kato Nevrokopiu"
(PGI - Greece), "Pomme de terre de Merville" (PGI - France), "Pomme de terre de ITle de Ré" (PDO - France),
"Opperdoezer Ronde” (PDO - Netherlands), "Lapin Puikula” (PDO - Finland), and "Jersey Royal potatoes”
(PDO - UK).

The potato market is also becoming increasingly segmented as new varieties are created to satisfy particular
needs of the value chain. However, as a starting point early potatoes, main crop potatoes, seed potatoes, and
starch potatoes can be identified as some broad categories of potatoes.

Potatoes for human consumption, i.e. early and main crop potatoes, can be used fresh as table potatoes, or as
raw material for the food processing industry. The food industry requires potatoes for different types of
products:

«  pre-cooked products (mostly French fries);

dehydrated products (i.e. potato flours, potato flakes or potato granules);
*  snacks;

« other products (gnocchi, salads, ready prepared meals, etc.).

The extent of potato production varies among different European countries. An overview of potato production
for a number of selected countries is outlined in the following paragraphs.

2.1.1 PRODUCTION IN SELECTED MEMBER STATES

Austria

1
More on PDO/PGI and TSG at http://ec.europa.eu/agriculture/quality/schemes/index_en.htm
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In Austria potatoes were grown on an area of 20,400 ha in 2015 being an 8 % reduction within the past 10 years.
On 53 % of the production area ware potatoes are produced, including 4 % early potatoes, and on 7 % of the
area seed potatoes are propagated. About 40 % of the production volume is used for industrial purposes.

Belgium
In Belgium, the potato acreage increased spectacularly from 60,000 to 81,500 hectares over the last ten years. In

2014 the total Belgian production of consumption potatoes was estimated at 4.58 mt with yields up to 60 t per
hectare. This record production (because of an increased area and higher yields) is almost 30% higher than the
average production, which amounted to 3 mt over the past years. Belgian production consists almost exclusively
of consumption potatoes. There is no starch potato production and seed potato production is limited. After
impressive growth of its potato processing activities Belgium became world-leader. In 1990 only 500,000 t of
potato were processed, increasing to almost 3.5 million t in 2013, of which 1.87 million t were exported.
Belgium also imports potatoes for processing.

Croatia

The annual production of potato in Croatia is around 160,000 t per year corresponding to a production area of
about 10,000 ha. In the last ten years the production area has been reduced from approximately 18,000 ha to
10,000 ha. The production of potatoes takes place in all Croatian regions.

Denmark

In Denmark the potato production area of 46,000 ha represents 1.5% of total agricultural area and has increased
in the previous 5 years slightly from 41,500 ha. 20% of this area is used for ware potato production and 57% for
starch potato production. The main production region is the Western part of Denmark (middle and west Jutland
on sandy soils). There has been an increase in the area of potatoes grown for starch production with an expected
future trend towards a further increase, a decline in production of ware potatoes, and a slight increase in
production of seed potatoes. Organic potato production represents approximately 3.6% of total potato area.

Estonia
In Estonia, production in 2015 was 117,200 t on an area of 5,800 ha. Although the area sown to potato has
decreased by 59% over the past 10 years, the total annual potato yield increased by 34% in the same period.

Finland

Commercial potato production is focused on a narrow strip in the coastal areas of Finland and potato
monoculture is very common. The cultivation of the highest seed potato grades is focused on the Northern
Ostrobothnia region. Total potato production area in Finland is on average 22,000 ha with a total production
volume of 0.65 mt.

Germany
In Germany, the annual production area of potatoes steadily decreased during the last century and the early part

of this century; this trend is likely to continue in the coming years. In 2016, potatoes were grown on an area of
approx 236,000 ha. Prior to 2000, the area used for potato production exceeded 300,000 ha. However, the total
tuber yield only decreased slightly from 11.6 mt in 1999 to 10.2 million t in 2016 due to significant yield
increases. The main production area within Germany is the Federal state of Lower Saxony, followed by the
states of North Rhine-Westphalia and Bavaria. About 5% of the total production area is used for the cultivation
of early potatoes.

In 2015, about 3.5 mt of potatoes were processed into food. Whereas the per capita consumption of fresh
potatoes is decreasing from year to year, the proportion of processed potato products (French fries, potato chips,
mash, cooled and deep frozen potato products, etc) is increasing. The per capita annual consumption of potatoes
has decreased from 285 kg in 1900 to 58 kg in 2015. About 43 % of the potato production is used for human
nutrition while 20 % enters the starch industry. Approximately 30 % of this starch is used in non-food
applications such as glues, lubricants, paper and corrugated cardboard production, as well as packaging and
building material.

The use of potatoes as an animal feedstuff is at present of no significance. Mainly unmarketable potatoes enter
this market in addition to being used for the production of energy in biogas plants.

Greece
Approximately 821,500 t of potato are produced annually in Greece with an average yield of 24.7 t /ha (2001-
2011 average). Potatoes are produced in all parts of the country with approximately 60% being produced in the
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southern regions (Sterea Ellada, Peloponissos and Kriti) and 30 % in the northern part (Makedonia, Thraki,
Ipiros and Thessalia). Production is based on a large number of small production farms with an average area of
1.5 ha in the mainland and 0.1 ha on the islands.

Due to the typical Mediterranean climate, there are three production cycles for potato. There is spring
cultivation (planting between December and early April), summer cultivation (planting between late April and
early May), and autumn cultivation (planting in August and September). Summer and spring cultivation account
for approximately 75 % of annual potato production. All potato production is irrigated. Potatoes are produced
mainly for direct consumption but also for frozen potato products and for chipping.

Lithuania

Approximately 399,200 t of potato were produced in Lithuania in 2015, with an average yield of 17 t/ha. The
total area planted with potatoes in 2015 accounted for 23,500 ha which is a reduction of 13.9% compared to
2014 and 37.7 % compared to 2011. Average yields of potatoes over the 2011 to 2015 period was 16.2 t/ha.
Over the past five years, potato production in Lithuania has declined by 32.1 %. Potatoes are integrated into
predominantly cereal based rotation systems and are cultivated every 4-5 years.

The Netherlands

In 2014, 7.1 mt of potatoes were harvested in the Netherlands on an area of 156,252 ha. Approximately 3.87 mt
of consumption potatoes were produced on an area of 74,068 ha and approx 1.75 mt of starch potatoes on
42,310 ha. An area of 39,874 ha was dedicated to seed potato production with a yield of approximately 1.48
million t. Approx 70 % of the seed potatoes produced in the Netherlands are exported. In 2013, 1,479 ha were
dedicated to organic potato production.

Potatoes for consumption are mainly produced on clay soil in the central part (IJsselmeerpolders) and in the
southwest of the country, as well as on sandy soils in the south-eastern part (provinces of Noord-Brabant and
Limburg). The main production regions for starch potatoes are the provinces of Groningen and Drenthe in the
northeast of the Netherlands, which are characterized by sandy soils. Seed potatoes are produced on clay soils in
the north (provinces of Groningen and Friesland) and in the northwestern province of Noord-Holland.

Spain

In Spain, 2.2 mt of potatoes were produced on 73,000 ha in 2016. Seed potatoes account for 2,300 ha. The main
production areas are Castilla y Ledn (40 %), Galicia (20 %), and Andalucia (12 %). The area used for potato
cultivation has decreased from 95,123 ha in 2005 but production area has not changed to any great extent over
the last years.

United Kingdom
The UK is the twelfth largest producer of potatoes globally, harvesting around 6 mt of the crop each year.

Whilst long-term trends show a considerable decrease in the UK planted area, from over 250,000 ha in the
1960s to just over 100,000 ha in 2015, increased yields (from around 23 t/ha in 1960 to around 48 t/ha in 2014)
have compensated for this reduction. This yield increase has been driven largely by improved agronomy, crop
protection, fertiliser regimes, change in varieties and better irrigation. In 2014 the number of registered growers
in the UK stood at 2,160 (down from over 250,000 in 1960), with the average area per grower around 53
hectares. The number of smaller growers is in decline, whilst the number of larger, specialist, growers is
increasing. The largest proportion of the area grown, at around 35%, is intended for use in the pre-pack market,
with the processing sector, making up the second largest area, at 30% of the total. Seed potatoes are grown
predominately in Scotland where the levels of virus-transmitted aphids are low, although there is some seed
potato production in England (especially in Yorkshire) and Wales. In terms of ware potatoes, around 57% are
produced in the East of England (in Norfolk, Yorkshire and the Humber regions), around 12% are produced in
Scotland, with the remainder spread across England and Wales.

2.2. GROWTH AND CULTIVATION

Potatoes are efficient in using water and therefore produce more food per unit of water than any other major
crop (FAO, 2008). They can be grown at altitudes from sea level up to 4,700 meters above sea level, from
southern Chile to Greenland. Although special cultivars have been bred that are adapted to these diverse
environmental conditions, extreme low or high temperatures, in particular during the night, can obstruct tuber
formation. Tubers of varieties of S. tuberosum subsp. tuberosum cannot survive temperatures of -3°C or below
and potato foliage dies at temperatures of -4°C (van Swaaij et al., 1987; Vayda, 1994). Dale (1992) reported that
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potato tubers lose viability following a 25 hour-period at -2°C or 5 hours at -10°C. Additionally, the exposure of
tubers to low temperatures in the field or during storage can cause low temperature injury, while high soil
temperatures and nutrient or water imbalances can cause tuber deformities.

S. tuberosum subsp. tuberosum is a daylight neutral crop, which means that tubers are set at a growth stage
independent of the day length. But variation for daylight sensitivity can be found among S. tuberosum subsp.
tuberosum cultivars. Short days with less than 14 hours and moderate ground temperatures of 15-18°C enhance
tuber formation, while longer days of 14-16 hours and higher day temperatures of 20-25°C enhance flowering
and seed formation (Beukema and van der Zaag, 1979; Burton, 1989). The potato is commonly considered a
cool season crop, but it also grows at high temperatures if sufficient water is available (Haverkort, 1990).

Potatoes are very sensitive to soil water deficit (Vayda, 1994) and therefore can only be cultivated in areas with
adequate rainfall or the ability to irrigate (Bohl and Johnson, 2010; Haverkort, 1990). A wide range of soil pH
can be tolerated by potatoes, normally pH 5 and higher is optimal, but even at pH 3.7 good production has been
observed, and potatoes can grow well on a wide range of different soil types (Vayda, 1994).

Potato is a perennial crop grown annually from vegetative tubers, known as seed tubers or seed potatoes, which
can persist in the soil when the plant dies back each autumn. Under European conditions the tubers persist
poorly in cold wet soils and tubers, as well as plants, rapidly become infected with a range of fungal and viral
diseases, hence the crop is grown as an annual.

Planting time varies considerably from region to region depending not only on local climatic conditions but also
on intended market use. This means that potato production can be achieved in many different areas and, indeed,
explains why potatoes are grown in all EU countries.

Potato cultivars adapted to different regions within the EU have been bred. Early cultivars mature in less than
four months, medium within 4 - 5 months, and late cultivars in up to 7 months, depending on the prevailing
weather conditions. Early potatoes are harvested before being fully mature, have easily removable skin, and are
marketed as soon as possible after harvest. Harvest time depends on the climatic conditions and starts in the first
semester of the year in the Mediterranean area including Spain, Cyprus, Greece, Malta, and Portugal, and in late
May until August in the Continental and Northern part of Europe. The yields of early potatoes are lower, but as
they attract a premium price farmers usually make a larger profit than with main crop potatoes.

The harvest of main crop meaning medium and late potatoes starts later, usually in September, and production
costs are lower due to higher yields. The progress in storage techniques allows a prolongation of marketing main
crop potatoes until May-June. As a consequence, there is an overlap of the season of main crop potatoes with
that of early potatoes from the Mediterranean area.

The geographical distribution of potato production within the European Union is characterised by 5 main
aspects:

e The Mediterranean part of the EU is mainly specialised in early potatoes that are commercialised in the
first semester of the calendar year;

e Early potatoes cultivated in Northern, Eastern and Central European countries are brought on the
market between late May and August. However, these countries focus on marketing main crop
potatoes;

e There is a trend towards the concentration of potato production in five Member States: Germany, the
Netherlands, France, UK, and Poland (so called EU-5). As a consequence, the potato production of
Poland as the former first potato producer in the EU has considerably declined due to the strengthening
of the EU-5 countries’ position on the EU markets;

e The new Member States’ potato production underwent a drastic process of structural change following
the end of the former central planning economy;

e The path towards a modern system of market economic relationships is bringing about some
developments but the re-organisation of the sector is still not completed.

Usually, seed potatoes normally weigh between 35 and 85 g and seeding rate typically ranges between 1 — 6 t/ha
depending on the intended end use (Firman and Allen, 2007). Planting depth is between 10 and 18 cm.
Depending on variety, the intended market, soil moisture, planting date, seed potato size, and age in-row spacing
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ranges from 15 to 46 cm, and rows are typically 75 to 97 cm apart. Potato tubers may be planted before the
usual date of the last days with sub-zero temperatures. However, soil temperatures should be at least 8-10°C.

Potatoes draw a lot of nutrients from the soil, and sufficient applications of nitrogen, phosphorous and
potassium are generally required to ensure adequate plant growth, tuber yield and quality, and to minimize
susceptibility to diseases. Nitrogen is the most likely parameter to limit potato production, but excess nitrogen
can have negative impacts as well. Soil and, in some cases, tissue testing is recommended in order to determine
the most effective fertilization rates. In areas where the soil is naturally acidic agricultural limestone may be
added to maintain pH within the desired range.

Potatoes typically require high levels of soil cultivation (Hopkins et al., 2004) for improved weed control,
aeration, and bed shaping as well as maintaining proper seed depth and establishing irrigation furrows
(Bechinski et al., 2001; Sieczka, 2010). Potato production is generally not conducive to maintaining healthy soil
conditions, because of intensive tillage, minimal crop residues left on the field, heavy field traffic and long
periods of soil being left bare (Hopkins, 2010). In the Northwest of the USA, potato fields are typically tilled
both before and after the season (Hopkins et al., 2004).

Irrigation is often applied in potato production, since S. tuberosum is a drought-sensitive crop and has a shallow
active root zone (Obidiegwu et al., 2015). Water demand is highest during the tuber bulking stage of growth,
and an inadequate supply will reduce tuber yield and quality.

There are many serious diseases that may be inherent in seed potatoes, including late blight (Phytophthora
infestans (Mont.) de Bary), early blight (Alternaria solani Sorauer), bacterial wilt (Ralstonia solanacearum
(Smith) Yabuuchi et al.), bacterial ring rot (Clavibacter michiganensis subsp. sepedonicus (Spieckermann and
Kotthoff; Davis et al.)), black leg (Pectobacterium spp. and Dickeya ssp.), and black scurf (Rhizoctonia solani
Kihn), as well as several viral diseases. The best protection against some of these diseases is to use certified
disease-free seed potatoes and the use of fungicide sprays. Crop rotations, the use of resistant cultivars, and
proper sanitary practices are also important for reducing the incidence of disease (Bohl and Johnson, 2010).

Employing practices to prevent the entry of weeds, such as proper equipment cleaning are common best
agricultural practices. Pre-plant incorporated, pre-emergence, and post-emergence herbicide applications as well
as pre-emergence burn-off can be used to control weeds in addition to cultural practices such as harrowing and
hilling. Integrated pest management is strongly recommended, with a combination of cultural and chemical
approaches.

Tubers should ideally be harvested when their skin is ripe, the tubers are chemically mature, and temperatures
range between 7 and 15°C to reduce shatter bruises and to avoid frost damage. Chemical maturity of tubers is
important for long-term storage and processing and is reached when the amount of free sugars falls below a
variety dependent standard minimum level (Western Potato Council, 2003).

3. POTATO BIOLOGY; EVOLUTION AND BREEDING
3.1. BIOLOGY AND TAXONOMY

Potato, S. tuberosum subsp. tuberosum, is a herbaceous perennial crop (OECD, 1997). The aerial parts of the
plant range from 30 to 80 cm in length, with some cultivars reaching a height of two meters, and with a habit
varying from erect to fully prostrate (Spooner and Knapp, 2013). Stems range from nearly hairless to densely
hairy and may be green, purple, or mottled green and purple. Leaves are pinnate with a single terminal leaflet
and three or four pairs of large, ovoid leaflets with smaller ones in between (Spooner and Knapp, 2013; Struik,
2007). The flowers are white, yellow, purple, blue or variegated, usually with a five-part corolla and exerted
stamens with very short filaments. The fruits look like a small cherry tomato and are yellowish or green,
globose, and have a diameter of less than 2.5 cm. Some lack seeds, but others may contain several hundred
(Linsinka and Leszczynki, 1989). The nomenclature differentiates between potato seed (meaning seeds from
fruits, and also known as ‘true potato seed’) and seed potatoes (meaning tubers for planting).

Cultivated potato (Solanum tuberosum L.) and its wild relatives are classified in order Solanales, family
Solanaceae, genus Solanum. The genus Solanum is polymorphous and the largest genus comprising 1,500-2,000
species (PBI Solanum Project, 2014), predominantly found in tropical and sub-tropical regions (Fernald, 1970;
Burton, 1989; Spooner and Knapp, 2013). The species S. tuberosum is divided into the two subspecies
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tuberosum and andigena. The subspecies tuberosum is the cultivated potato used worldwide, whereas the
subspecies andigena is restricted to Central and South America (Hawkes, 1990; OECD, 1997). S. tuberosum
subspecies tuberosum and andigena are fully cross-compatible (Plaisted, 1980). Hybrids can occur in nature,
although the frequency of occurrence of such crosses is not well documented, as the morphological distinction
between the two subspecies is very small. The greatest difference is the short day dependence of the subspecies
andigena (OECD, 1997). As both subspecies only occur in southern North America and some parts of South
America, natural crosses are only likely to be found there.

3.2. EVOLUTION AND BREEDING

A considerable number of highly diverse species exist in the genus Solanum, therefore cultivated potato has an
extremely large secondary gene pool consisting of related wild species. The evolution of the cultivated potato is
quite complex due to introgression, interspecific hybridization, auto- or allopolyploidy, sexual compatibility
among many species, a mixture of sexual and asexual reproduction, recent species divergence, and phenotypic
plasticity resulting in a high morphological similarity among species (Spooner, 2009; Spooner and Bamberg,
1994). Wild potatoes are widely distributed in most parts of America, from southwest USA to Mexico and
Central America. In South America, they occur in almost every country, mainly in the Andes of Venezuela,
Colombia, Ecuador, Peru, Bolivia, and Argentina (Hijmans et al., 2002). The adaptation to a wide range of
habitats has made the wild species tolerant to different environmental stresses and resistant to a broad range of
pests and diseases (Hawkes, 1994). The wild potato species, however, are not present in Europe.

The value of germplasm of primitive cultivars and wild species in potato breeding is determined by its genetic
diversity, availability, and utility. In this sense, potato stands out among all other crops (Bamberg and del Rio,
2005). Primitive forms of cultivated potato and their wild relatives provide a rich, unique, and diverse source of
genetic variation, which is a source of various traits for potato breeding.

The potential for using these genetic resources in conventional breeding depends on their ‘crossability’ with the
commonly cultivated potato (S. tuberosum). Cultivated potato is only sexually compatible with some of the
other tuber bearing species in the section Petota and rarely with the non-tuber-bearing species in the section
Etuberosum, and there are very strong barriers to hybridization with other Solanum species (Jackson and
Hanneman, 1999; Andersson and de Vicente, 2010), such as differences in the endosperm balance number
(EBN) and ploidy level. The EBN concept was first published by Johnston et al. (1980) to explain the success or
failure of intraspecific crosses. The EBN is a measure to express the “effective ploidy of a genome in the
endosperm”. To enable normal development of the endosperm after fertilization, the maternal EBN must be
twice that of the paternal EBN (2:1), hence this system forms a strong isolating mechanism present in the
section Petota. The EBN is independent of ploidy level and is determined based on cross compatibility using
standard EBN test crosses. Crosses between species with different EBNs are very often unsuccessful, whereas
crosses between species with the same EBN number are frequently successful, even if they have different ploidy
levels (Johnston and Hanneman, 1980).

The basic chromosome number in the genus Solanum is twelve. S. tuberosum subsp. tuberosum can be diploids
(2n = 2x = 24) or tetraploids (2n = 4x = 48). The diploid form is found primarily in South America, while the
tetraploid form is cultivated all over the world. The tetraploidy of cultivated S. tuberosum subsp. tuberosum
originated either from autotetraploid (doubling of the chromosomes of a diploid species) or from allotetraploid
(doubling of the chromosomes of a diploid hybrid between two related species) (Hawkes, 1990; Andersson and
de Vicente, 2010).

Due to complex chromosome segregation ratios, polyploid crops are inherently more difficult to breed (Hoopes
and Plaisted, 1987). Furthermore, vegetatively propagated crops like potato are often poor seed producers due to
partial or full sterility. Additionally, continued self-pollination of S. tuberosum can lead to large inbreeding
depression due to the fact that many traits are determined by non-additive genetic effects (Gopal and Ortiz,
2006).

Potato breeders have developed methods for overcoming this hybridization barrier, such as ploidy
manipulations, bridge crosses, auxin treatments, mentor pollinations, and embryo rescue (Jansky, 2006). Using
these effective tools, potato breeders can gain access to the promising traits present in wild potato species.

However the inherent complexity of genetics has made potato breeding time-consuming. Polygenes are believed
to underlie quantitative resistance, which is difficult to maintain intact during the breeding process. Thus, the
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selection cycle, from initial crosses to variety release, requires approximately 10 years or sometimes even more
than 30 years (Gebhardt, 2013, Haverkort et al., 2009). Consequently, to overcome these hurdles, marker-
assisted selection is applied for decreasing breeding time and molecular biology techniques to overcome inter-
specific hybridisation barriers (Song et al., 2003; Van der Vossen et al., 2003), both of which significantly speed
up the breeding process. By employing cisgenesis, in which genes obtained exclusively from cross-compatible
species are used in their native state, efficient stacking of multiple resistance genes can result in potato varieties
with a more durable resistance to late blight. Proof of concept has been attained in the DuRPh programme in the
Netherlands (Haverkort et al., 2016), and in the UK and Belgium (Haesaert et al. 2015), locally popular varieties
are presently being addressed for late blight resistance using cisgenesis. Other novel breeding techniques, such
as intragenesis and genome editing, are being used in potato to engineer novel traits such as lower content of
asparagines (for lowering amounts of acrylamide produced during heating) and reducing sugars (Cardi, 2016).

The genome sequencing of potato was completed in 2011 based on the DNA from two different diploid
genotypes (The Potato Genome Sequencing Consortium, 2011). The sequence information of the potato genome
with a size of 844 Mb revealed 39,031 protein-coding genes suggesting a paleohexaploid duplication event
during the genome evolution. This genome sequence information, as well as supporting phylogenetic research
on the genus Solanum, is also helping expedite the genetic improvement of potato.

The potato is the fourth most important crop produced in the world after rice, maize and wheat in terms of
human consumption (FAO, 2015), and sustainably increasing productivity to ensure food security in a changing
climate is one of the most important challenges for researchers on potato worldwide.

3.3 REPRODUCTION

Potatoes flower under long day conditions, moderate temperatures, high humidity and availability of sufficient
soil nutrients (Kumar et al., 2006). The percentage and duration of flowering as well as the influence of
environmental conditions on flowering is highly determined by cultivar (Burton, 1989). The flowers can be
cross fertilised by insects, but are largely self-pollinated. Wind pollination is of minor importance (White,
1983). The extent of pollen dispersal in potato is related to the pollinating insect species, weather conditions and
the fertility of the cultivar (Treu and Emberlin, 2000).

Flowering starts on branches located near to the base of the plant and proceeds upwards. Each flower will
typically remain open for two to four days, with the stigma being receptive and pollen being produced for
approximately two days (Plaisted, 1980). Fertilization occurs approximately 36 hours after pollination (Clarke,
1940). Viable seeds require a minimum of six weeks to develop.

Flower development does not ensure fruit set, and pollen sterility is frequently encountered under field
conditions in parts of Europe (Anonymous, 1996). Very early varieties can complete their vegetation cycle
before they start to flower. In some cases, flowers are set but abort early. Some cultivars may also exhibit male
sterility, and/or inability to set fruit (Gopal, 1994). The berries are toxic due to the presence of glycoalkaloids
(Bailey and Bailey, 1976).

Potato pollen is small and round with little or no ornamentation (Symon, 1981; Mali et al., 2014). Pollen sterility
is the most important obstacle to sexual recombination of potato dihaploids (Gorea, 1970; Carroll and Low,
1976; lwanaga, 1984; Ross, 1986). Pollen sterility and varying levels of pollen fertility can be caused by
inbreeding depression as a result of dihaploidization (Carroll and Low, 1976) or by the interaction of nuclear
genes and cytoplasm in dihaploids (Howard, 1970).

Many S. tuberosum cultivars exhibit reduced fertility, and this may limit their ability to hybridize. Male sterility,
premature flower drop and the inability to set fruit are common (Gopal, 1994; Sleper and Poehlman, 2006).
Male sterility may result from deformed flowers with anthers that do not dehisce or produce shrivelled
microspores. Pollen may not form at all or the pollen may be of poor quality (Sleper and Poehlman, 2006). In a
study of 676 tetraploid S. tuberosum accessions from 25 countries, it was found that in 20.4 % of the accessions,
flower buds dropped prematurely and 23 % of the accessions were found to be completely male sterile (Gopal,
1994). Pollen sterility occurs frequently in S. tuberosum, and ovule sterility occasionally; many varieties do not
produce any seed.

The cultivated tetraploid S. tuberosum subsp. tuberosum is self-compatible, although most of the related diploid
species are self-incompatible. The S alleles occur in this species, but somehow the incompatibility system is
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weakened. The mechanism behind this is not known. Plaisted (1980) has shown that under field conditions
selfing is most likely for tetraploid S. tuberosum, with 80-100 % of the seeds formed due to selfing.

Hanneman (1995) reported that the occurrence of unreduced gametes is a common phenomenon in Solanum
species. In most Solanum species, additional to the normal haploid gametes (n), unreduced gametes (2n) can be
found that greatly extend the possible number of natural crosses. Also Watanabe and Peloquin (1991) observed
the production of 2n pollen in most of the 38 examined tuber-bearing Solanum species with a frequency varying
from 2 up to 10%. The occurrence of unreduced gametes in Solanum spp. provides an exception to the general
rule that crosses between species with differing EBN are not successful.

S. tuberosum plants produce rhizomes (often called stolons) that have rudimentary leaves and are typically
hooked at the tip. They originate from the basal stem nodes, typically below ground, with up to three rhizomes
per node (Struik, 2007). Tubers, spherical to ovoid in shape, are swellings of the rhizome at the end of
underground stolons. They maintain the characteristics of the above ground stem, such as nodes, internodes,
scale leaves, and lenticel pores. Tubers have two ends — the bud end and stem end, the latter of which is attached
to the stolon.

Potatoes are very easily regenerated with the use of in vitro tissue culture techniques. This form of vegetative
propagation normally leads to genetically identical individuals, but considerable heterogeneity is common after
tissue culture in which a callus stage is included. This variation is called somaclonal variation. S. tuberosum
subsp. tuberosum is, like all potatoes, quite prone to this kind of variation (Cutter, 1992; Hawkes, 1990).

Information on the dispersal of true potato seed is somewhat lacking. Birds are unlikely to distribute the seeds
because the berries are green and inconspicuous, although Hawkes (1988) suggests that the distribution of
berries by small (or perhaps large) mammals is possible due to their sweet and aromatic nature. However, there
is no mention regarding the toxicity of the berries and whether this may impede browsing by animals. Love
(1994) reports that true potato seeds can survive and germinate for periods of time in excess of seven years,
whilst Lawson (1983) showed that in Scotland true potato seeds could be stored in the ground for up to ten years
without losing viability. However, a long dormancy period of true potato seeds makes the resulting plants weak
competitors with cultivated crops during the particular cropping year.

In practice the seed is seldom used in commercial plantings and mostly utilised in breeding programmes. Most
common is vegetative propagation using tubers.

Potato is vegetatively propagated, meaning that a new plant can be grown from a potato tuber or piece of potato
tuber. On the surface of the tuber are axillary buds with scars of scale leaves that are called eyes (Struik, 2007).
When tubers are planted, the eyes develop into stems to form the next vegetative generation. Thus, tuber
formation is a method of reproduction, as each plant produces a multitude of tubers, each of which can
theoretically develop into a new plant. The eyes on the tubers are buds that can sprout and develop into new
stems. During the growing season tubers are produced continuously leading to the first tubers being the biggest,
with smaller fertile tuber as small as one centimetre in diameter. The tuber acts as a source of nutrients for the
new plant, and plants grown from tubers tend to have more early vigour than those grown from true potato seeds
(Hoopes and Plaisted, 1987). Vegetative propagation may transmit diseases into successive generations.

4. REVIEW OF THE AVAILABLE INFORMATION ON ADVENTITIOUS GM PRESENCE IN
POTATO CROP PRODUCTION

4.1. POTATO SEED IMPURITIES

Potatoes are vegetatively propagated by planting tubers or tuber pieces, while true potato seeds are normally
used in breeding programmes. Because of the clonal propagation of commercial potatoes, the risk of affecting
seed potato supplies through cross-pollination is negligible. Commercial seed potatoes are certified for purity
before distribution to potato producers and contamination with a different cultivar by tubers from volunteer
potatoes as well as mixing during sorting and grading can lead to small amounts of admixture. Although this is
not critical in the fresh or processing market, it may lead to the rejection of the harvest for seed production
(Steiner et al., 2005).

The two important parts of EU legislation covering the purity requirements of potato seeds are the Council
Directive 2014/20/EU determining Union grades of basic and certified seed potatoes and Directive 2001/18/EC
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on the deliberate release into the environment of GMOs. In annex | and Il of the Council Directive 2014/20/EU
the conditions which must be satisfied by seed potatoes are laid down. For basic seed potatoes the number of
plants not breeding true to the variety and the number of plants of a different variety shall, together, not exceed
0.1 %. For certified seed potatoes, the number of plants not breeding true to the variety and the number of plants
of a different variety shall, together, not exceed 0.2 %.

In terms of adventitious GM presence, there are no tolerance thresholds (for authorised or unauthorised GM
events) laid down for the marketing of conventional seed potatoes in the EU. In order to avoid potential
admixture of GM seed potato, official controls of conventional seed potatoes are regularly applied by member
states of the EU. However, these controls differ between the countries. In the following paragraphs information
is presented for different member states.

4.1.1. APPROACH TO ADVENTITIOUS GM PRESENCE CONTROL IN SELECTED MEMBER
STATES

Many countries like Denmark, Estonia, Greece, and Spain do not apply any controls for the adventitious GM
presence in potatoes.

Belgium
In Belgium, about 2,200 ha of seed potatoes were grown. Clear guidelines, taking into account e.g. soil quality,

diseases, isolation distances etc, are described under which seed potatoes have to be grown. Before, during and
after the production the whole process is controlled by the regional inspection services, being the Product
Quality Management Division of the Department of Agriculture and Fisheries for the Flemish Government and
Direction de la Qualité for the Walloon region. If all quality criteria are met, these authorities provide the
certification of the seed potatoes. Only certified seed potatoes can be traded. The top varieties of which seed
potatoes were produced in Belgium in 2016 were Bintje (487 ha), Spunta (230 ha), Fontane (226 ha), Agria (153
ha) and Royal (81 ha). In particular cases, farmers also have the opportunity to use their own, farm-saved seed

potatoes (‘hoevepootgoed’).

Czech Republic
In the Czech Republic, the GM potato variety “Amflora” was tested on an area of approximately 50 ha and was

commercially cultivated by Czech farmers in 2010. After the cultivation of Amflora was stopped, fields on
which Amflora potatoes had been cultivated were monitored for several years by the Czech Environmental
Inspection together with the company BASF. Volunteers were recorded. In addition, the Czech Food and Feed
Inspectorate tested for two years the possible occurrence of GM potato starch in commercial starch, using
validated method of DNA extraction and Amflora potato detection. No GM potato starch was detected.

Finland

GM potatoes were grown in Finland only for research purposes during 2009-2010 by the Potato Research
Institute; GM potatoes are not cultivated for commercial use. No coexistence legislation for GM potatoes has
been established in Finland, but still farmers have the obligation to notify the cultivation of GM varieties.

Germany
Germany established GM control inspection guidelines for standardized sampling, sample preparation, analysis,

and assessment of results in 2006 and subsequently adjusted them in 2010 and again in 2014. Although the
focus is on maize and rape seeds, other species including potato are also considered. The results of seed
monitoring for GM percentage are available before seeding to avoid post-sowing enforcement activities. In the
case of potatoes, fewer samples are taken but on a regularly basis. The official GM monitoring programme for
seed potatoes is only applied to seed potatoes produced within Germany.

The control programme consists of two steps and is based on existing routines and processes of official seed
certification and phytosanitary controls. Step 1 is the official field inspection for varietal identity and purity
while step 2 is the official investigation of seed potatoes for GM admixture in the laboratory. Samples for GM-
analysis are taken from 10 % of the seed crops (fields) where admixture has been observed through field
inspection. A sample of 200 tubers is taken for every 3 ha either from the field or during storage. The laboratory
used for the analysis is accredited for the purposes of PCR analysis for the detection of GM potatoes.

The first year of analyses for the presence of GM was 2011 where 15 samples were taken from the Federal State
of Mecklenburg-Vorpommern. No admixture was detected in 2011 or in the years since. Sampling has been
continued in 2012 (52 samples), 2013 (51 samples), 2014 (61 samples) and 2015 (19 samples).
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Greece

In Greece, basic and certified seed potatoes are imported from other Member States (the Netherlands and
Cyprus lead the market) for planting as the domestic seed production is limited with the main production area on
the island of Naxos (Kyklades) but also in Tripoli (Peloponissos), in loannina (Ipiros), and in Thessaloniki
(Makedonia). In these regions private companies and local agricultural co-operatives are responsible for the
production of certified seed under the control of the local Departments of the Decentralized Agricultural
Development (T.A.A.) of the Ministry of Rural Development and Food.

In the last ten years, the potato growers tended to plant basic and certified seed potatoes of high productivity and
resistant to pathogens. The main prospective for potato production in Greece is to increase the limited seed
potato production in order to reduce the dependence of Greek potato growers on imported seed potatoes.

Lithunia
In Lithuania, nine samples from potato crops were tested for GM admixture in 2015 and showed no presence of
GM. No samples were taken from seed potato crops in 2015.

United Kingdom
No GM potatoes are grown commercially in the UK at present, although a number of experimental trials of GM

potatoes have been carried out. The Genetic Modification Inspectorate (GMI) for England, based at the Animal
and Plant Health Agency, has designated responsibility for ensuring compliance with legislation pertaining to
the deliberate release to the environment of genetically modified organisms in England. This includes (where
appropriate) carrying out audits of companies that market seed of conventional crops, to assess whether they
have appropriate controls in place to minimise the risk of adventitious GM presence (AGMP) in the material
they handle. The GMI has assessed the risk of AGMP in potatoes for planting and has concluded that this risk is
very low compared to other crops. Consequently the GMI does not currently conduct audits of potato seed
producers and/or retailers in England. UK seed potatoes are subject to statutory inspections in terms of varietal
purity and freedom from disease.

4.1.2. REGISTERED POTATO VARIETIES IN SELECTED MEMBER STATES

In the following paragraphs information is presented about the number of registered varieties and its ability to
flower for selected EU member states. Segregation requirements for seed potato production are added if
available.

Austria
The Austrian national catalogue contains 48 potato varieties. On about 1,600 ha seed potatoes are produced. The
estimated rate of using farm saved seed potatoes in Austria is about 40 — 50 %.

Croatia

In the national catalogue of Croatia, 50 potato varieties are registered. In the season 2014/2015, 514,621 kg of
potato seed were certified for the Croatian market.

Denmark

In Denmark approximately 113 varieties are in the national catalogue. Information on the proportion of male
sterile and fertile varieties is difficult to obtain. In 2015, pre basic seed were produced on 239 ha and basic seed
on 4,310 ha. In the Danish propagation of seed potatoes the segregation requirements regulate a distance of 50
m for pre-basic seed, of 25m for basic seed, and of 15 m certified seed to potato production fields.

Estonia

In Estonia, 10 varieties are registered in the national catalogue. Certified seed potatoes are produced on an area
of about 200 ha. As segregation requirements, a separation distance of 50 m has to be met for pre-basic seed
potatoes, whereas for basic seed potatoes 25 m and for certified seed potatoes 10 m are sufficient.

Germany
210 potato varieties are listed in the German national catalogue. However, only a limited number of these are

grown in the field. Information in respect to fertility of these varieties is not given in the catalogue. According to
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the German potato breeders about 30 % of the actual potato varieties are sterile. The proportion of sterile
varieties is particularly high in starch potatoes.

In 2014, the demand for seed potatoes represents about 0.55 million ha. Around 70 — 75 % of these are produced
in Germany. For seed potato production, contracts between breeders and farmers are closed. Breeders clearly
describe the obligatory production management in annual newsletters. In Addition, legal regulation from the
German seed marketing act, plant certification, and plant breeders’ right have to be taken into account. It is
important to note that only about 50 % of seed potatoes in commercial production are certified seed, the other 50
% being farm saved seed.

Greece
The current National Catalogue of Greece contains 18 potato varieties which are all fertile. The National
production of certified potato seeds (4-year average, 2012-2015) is approximately 1.191 metric t.

According to Greek Legislation (Ministerial Decision 276357/29-07-2002, National Gazette 1020/05-08-2002:
”Technical Regulation for the certification and control of potato propagating material for cultivation™), the field
requirements for seed potato are:

for basic potato seed production:
- 10m distance for potato cultivation for consumption
- 5m distance from potato seed crop of lower class
- 3m distance from potato seed crop of another variety of the same class
- one skip row to potato seed crop of the same variety and class.

for certified potato seed production:
- 10m distance for potato cultivation for consumption
- 2m distance from potato seed crop of another variety of the same class
- one skip row to potato seed crop of the same variety and class.

In Greece, commercial potato production relies 100% on certified seeds. However, there are also growers who
cultivate potatoes for their own use and possibly save seed potatoes for next cultivation. Since these growers are
not registered, the kind and quantity of seed potatoes cannot be controlled.

Hungary
There are 60 potato varieties on the Hungarian National Catalogue. While ware potatoes were produced on

18.000 ha in 2015 with a total yield of 412.000 t, 32 varieties are grown for seed multiplication purposes on 181
ha. Approximately only 15% of the ware potato production relies on certified seed potatoes.

There is a 200 m isolation applied between seed potato and ware potato production on the field to protect crops
from aphids transmitted virus infections. Each field is inspected at least 4 times a year, and each potato field is
tested for quarantine pests.

Lithuania

In 2016, 22 potato varieties are included in the Lithuanian list of plant varieties. The quantity of certified seed
potatoes grown in Lithuania during the last five years ranged between about 2,800 t in 2015 and 3,200 t in 2011.
In 2015, approximately 2,800 t of seed potatoes were produced. Segregation requirements for propagation of
potato seeds were established in the Order of the Minister for Agriculture (“Concerning Mandatory
Requirements on Seed Potatoes Intended for Placing on the Market”, 2015 December 18, No. 3D-938).

The Netherlands

In the Netherlands, there were 511 consumption and 77 starch varieties on the national list in 2016. No
information is available about the fertility of the registered varieties. Some information is presented in
cultivation manuals pointing out profuse berry production e.g. by the varieties Desirée, Hansa, Morene, Saturna,
and Van Gogh, whereas poor berry formation is described in, for example, variety Bintje. In 2014, 1,475,000 t
of seed potatoes were produced in the Netherlands (~70% for export) on an area of 39,874 ha. 38,626 ha were
inspected and 1,083,000 t certified by the inspection service NAK (The Dutch General Inspection Service). As
segregation requirement for propagation of potato seeds, a separation distance of 3 m to other potato cultivations
has to be met. About 10% of the starch potatoes are grown from farm-saved seeds (one round of multiplication).

Spain
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Most of the potato varieties grown in Spain are registered in the European Common Catalogue, but not in the
Spanish Catalogue. Around 40,000 t of seed potatoes are produced on an area of 2,300 ha. Around 75 % of seed
potatoes are certified seed and 25 % farm saved seed.

United Kingdom
In 2015 there were 183 varieties on the UK National List. The most popular variety in terms of production is

Maris Piper (a maincrop multipurpose variety), accounting for around 15% of planted area in 2015. This is
followed by Markies (a popular variety for chipping) at around 6%.

4.2. POTENTIAL ADMIXING DURING CULTIVATION
4.2.1. OUTCROSSING TO WILD RELATIVES

Numerous biological and geographical obstacles make gene flow from cultivated potato varieties to the two wild
relatives in Europe, S. nigrum and S. dulcamara, a highly unlikely occurrence, and there have been no reports
that such crosses have ever occurred naturally (Love, 1994; Spooner et al., 2004). In most parts of the world, no
Solanum species from the section Petota with a ploidy level and an endosperm balance numbers (EBN) of 2 or 4
will occur next to cultivated tetraploid S. tuberosum subsp. tuberosum. Crosses are therefore not likely, due to
geographical isolation. Only in the southern United States and South America do potential crossing partners
with a suitable EBN occur next to cultivated tetraploid S. tuberosum subsp. tuberosum. (OECD, 1997; Celis et
al., 2004; Scurrah et al., 2008; Capurro et al., 2013).

Within the family Solanaceae, potatoes have a number of crop species as relatives, the closest being tomato
(Solanum lycopersicum), as well as tobacco (Nicotiana tabacum), sweet pepper (Capsicum annuum) and petunia
(Petunia hybrida). However S. tuberosum is not able to hybridize with any of the non-tuber bearing Solanum
species outside of the section Petota (Conner, 1994; Love, 1994). There is also no evidence to suggest that
intergeneric hybridisation can occur between potato and its related crop species (Treu and Emberlin, 2000).
Other than potato, there are around 13 species within the genus Solanum found in various parts of Europe. Most
of these species are introduced casuals, although some, including S. dulcamara (bittersweet nightshade) and S.
nigrum (black nightshade) are native and common. Eijlander and Stiekema (1994) and McPartlan and Dale
(1994) found that the cross of tetraploid S. tuberosum subsp. tuberosum with S. dulcamara did not result in any
viable seeds and plants. For the cross of S. nigrum with S. tuberosum the same is valid. Therefore, the natural
gene flow from potato to its wild relatives S. nigrum and S. dulcamara is highly unlikely. Eastham and Sweet
(2002) concluded that naturally occurring cross-pollination and subsequent gene flow between potato and its
related wild species in Europe is unlikely. Without the help of sophisticated embryo rescue techniques no viable
hybrids between cultivated potato and its European related wild species have been obtained. Also, it is likely,
given the breeding barriers known within the genus that even if cross-pollination was successful, strong post-
zygotic barriers would prevent the formation of a viable hybrid (DoE, 1994).

Under Canadian conditions potato plants will not proliferate and become established as weeds; volunteers were
detected just periodically near animal feed lots, waste disposal sites or in the vicinity of production sites
(Anonymous, 1996). The restriction to such habitats in Europe would seem consistent with the findings of
Evenhuis and Zadoks (1991), who assert that this is caused by the limited competitiveness of S. tuberosum.
S. tuberosum is not a primary colonizer in unmanaged ecosystems, and seedlings do not tend to compete
successfully with plants of a similar type for space (Anonymous, 1996). However, research on the subject
should continue to ensure new varieties do not lead to an increase in feralisation (Treu and Emberlin, 2000).
Therefore, although S. tuberosum can be cultivated throughout Europe, it is unlikely to grow outside of
cultivation areas (Holm et al, 1979; Muenscher, 1980; Love, 1994; OECD, 1997). Potatoes are not known to
escape from fields (become feral) or show weediness potential.

4.2.2. OUTCROSSING BETWEEN GM AND NON-GM POTATO
Cross-pollination between fields of potatoes may be less significant than in some other crops since the potato

tuber as harvest product is not affected by the fertilisation of the plant with foreign pollen. Furthermore, the crop
is almost exclusively sown with seed tubers rather than true seeds (Treu and Emberlin, 2000).
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Outcrossing has primarily been observed to occur between adjacent plants and the rate of outcrossing decreases
rapidly thereafter, with only small rates observed beyond 4.5 m (Conner, 1993; Dale et al., 1992; McPartlan and
Dale, 1994; Tynan et al., 1990).

Tynan et al. (1990) measured outcrossing using a gene encoding a chlorsulfuron-insensitive form of acetolactate
synthase as a selectable marker. They found that within the plot with marked potatoes, 1.14% of seedlings were
resistant to chlorsulfuron, while between 0-1.5 m from the trial, only 0.03% of seedlings were resistant. At a
distance of 1.5-3 m and 3-4.5 m, 0.05% of seedlings were resistant. No resistance was detected beyond 4.5 m.

McPartlan and Dale (1994) carried out a similar field experiment using the variety ‘Desiree’ transformed for
herbicide tolerance. A central 20 m x 20 m plot of the transgenic potato plants was established, with non-
transgenic sub-plots planted in four directions from the central plot at distances of 0 to 20 m. The frequencies of
herbicide tolerant seedlings obtained from the non-transgenic potato plants were 2 % in a distance of 3 m,
0.017% in case of 10 m distance, and 0% in a distance of 20 m.

In a study by Skogsmyr (1994) much higher rates of outcrossing using the variety Désirée transformed with the
nptll and GUS marker genes as the pollen donor and Stina as the pollen receptor were observed. Rates were
72% at a distance of 0-1 m and 31% at 1,000 m. The authors attributed the high rates of outcrossing observed in
this study to the behaviour of the predominant pollinator species found in the plots, the pollen beetle Meligethes
aeneus, which tends to move together in large numbers and fly over large distances (Skogsmyr, 1994). This
research was scrutinised by Conner and Dale (1996) who concluded that there had been a large number of false
positives during the PCR analysis of the nptll marker gene, giving the impression of high levels of gene
dispersal. They collected outcrossing data from several field experiments with genetically modified potatoes,
performed in New Zealand, the United Kingdom, and Sweden. In none of these studies was outcrossing detected
when the pollen-receiving plants were separated by more than 20 metres from the genetically modified plants.

Another study from seven field-test sites over six seasons screened a total of over 1.3 million progenies from
non-transgenic pollen-trap buffer rows (Erasmuson et al., 2005; Conner, 2006). The accuracy of this phenotypic
screening was verified by PCR. In the buffer row immediately adjacent to the donor plot, the frequency of
transgenic progeny ranged from 0.007 to 0.059 % and declined to between 0 and 0.005 % at the third buffer row
from the field trial, representing a distance of 2.25 m.

Petti et al. (2007) also found higher rates of outcrossing between the varieties Désirée and British Queen, due to
the latter's male sterility. Using a microsatellite marker system, they found evidence of out-crossing at the
furthest distance studied being i.e. 21 m, but with a very low frequency (23 germinating seeds from 140 berries).

Capurro et al. (2013) examined pollen mediated gene flow from a commercial potato cultivar to the compatible
cloned genotype of the related wild potato S. chacoense Bitter in a field experiment in Argentina. Berry
formation with hybrid seeds occurred at 30 m from the pollen source (1 out of 69 harvested berries contained 3
hybrid seeds). In another study outcrossing was investigated using a male fertile commercial potato cultivar as
pollen donor and a male sterile cultivar as pollen recipient (Capurro et al., 2014). Three berries with seeds were
collected from plants at a distance of 40 m from the pollen source; these contained 21, 22 and 70 seeds/berry,
respectively. However, again a quantification of the results is difficult.

The extent of pollen dispersal undoubtedly varies with cultivar, climatic conditions during flowering and
presence and frequency of pollination vectors. The majority of field studies have detected potato pollen at a
maximum distance of about 20 m from the source (Eastham and Sweet, 2002).

Because the potato is planted with seed tubers rather than true seed, any GM contaminant would not be
transmitted to progeny crops (Eastham and Sweet, 2002). The major disadvantage of true potato seeds, which
are produced via pollination, is that it segregates for numerous traits because of high potato heterozygosity, and
plants arising from true potato seeds typically take longer to establish and set tubers, resulting in lower yield
than from seed potatoes (Pallais, 1987).

4.2.3 INSECT IMPACT ON CROSS-POLLINATION

Cross-breeding and selfing is enhanced by some insects. In particular bumblebees (e.g. Bombus funebris Smith
and B. impatiens Cresson) are good pollinators for potatoes (White, 1983). Potatoes possess apically dehiscent
anthers that only disperse pollen to bees that vibrate the anthers to collect it (Roulston et al., 2000). This specific
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plant-bee mechanism is called "buzz pollination” (Buchmann and Hurley, 1978; Buchmann, 1983), meaning
bees use their thoracic muscles to produce very high frequency vibrations that expels pollen from the anthers.
Moreover, bumblebees preferentially visit the flowers of potato cultivars that produce viable pollen grains
instead of cultivars that produce primarily inviable, shrunken pollen grains (Batra, 1993). Since potato flowers
do not produce nectar, honeybees (Apis mellifera L.) and Bombus fervidus Fabricius are not pollinators of potato
(Sanford and Hanneman, 1981). Moreover, honeybees do not practice buzz pollination and it is likely for this
reason that they are uninterested in S. tuberosum flowers. (Sanford and Hanneman, 1981).

It was observed that bumblebees are more likely to visit plants at the edges of plots as opposed to their centres,
allowing them to stay closer to their nests (Batra, 1993; Free and Butler, 1959; McPartlan and Dale, 1994).
Highest levels of berry formation were also recorded at the edges of plots, compared with the centre, suggesting
that bumblebee activity was a contributing factor to pollination. Bumblebees will selectively visit different
potato cultivars, preferring those with fertile pollen (Arndt et al., 1990; Batra, 1993; Sanford and Hanneman,
1981).

Besides Hymenoptera, the pollen beetle species Meligethes aeneus Fabricius has also been observed to transfer
potato pollen in Europe (Petti et al., 2007; Skogsmyr, 1994).

4.2.4. VOLUNTEERS

The presence of volunteer potatoes and the resultant problems in crop rotation keeps the agricultural community
busy for almost 80 years (Bonde, 1942; Fernow, 1959) and is the subject of continual research efforts. Volunteer
potatoes appear to occur in virtually all crops to a greater or lesser extent on all farms where potatoes have been
grown in the rotation (Askew, 1993).

S. tuberosum volunteers may develop either from true potato seed or from tubers that are left behind following
harvest (Andersson and de Vicente, 2010). While many potato cultivars are partially or fully sterile and rarely
produce fruits, some cultivars are capable of prolific fruit and seed production. The amount of true potato seed
produced in a given crop will depend on the cultivar as well as environmental conditions, particularly
photoperiod, temperature, plant density, and nitrogen supply (Askew, 1993; Struik, 2007). However, the early
growth of seedlings from true potato seed is slow compared to that of plants growing from tubers, and daughter
tubers are generally smaller as well (Pérombelon, 1975; Rowell et al., 1986). Therefore, the majority of
volunteer potato plants originate from tubers (Bond et al., 2007).

The predominant amount of potato volunteers are the result of harvesting methods of commercial potato
planting, and the fact that potatoes keep on producing a magnitude of small tubers which are not picked up by
commercial harvesters or are lost in the process of loading and transport of the harvest. The number of potato
tubers left on top of the soil or up to 20 cm underground following harvest varies greatly and ranges
approximately between 20,000 and 460,000 tubers/ha (Lutman, 1977; Kempen et al., 2005, Pérombelon, 1975;
Steiner et al., 2005), most of these tubers being small in size. Due to this great variability, the exact effect of this
phenomenon on different following crops is unpredictable. Moreover, the small size of some of the viable tubers
results in an underestimation of tuber volunteers as they may not have been identified (Askew and Struik, 2007).
Rahman (1980) reported 367,000 tubers per hectare; this corresponds to 10% of the potential yield or 1 — 4 t/ha
and represents a total potential population of 2 to 30 volunteer potato plants per m* (20,000 to 300,000 plants
per ha). Phelan et al. (2015) reported an average post-harvest tuber loss of 141,758+911 tubers per ha, with a
maximum of 210,513+973 and a minimum of 39,082+669. As a consequence, volunteer establishment in the
following crop ranged from 400+59 plants per ha to 55,698+47 plants per ha. These data correlate quite well
with previously reported values by Andersson and de Vicente (2010) of up to 20% of tubers left in the soil,
which might be able to sprout in the next season. The persistence of viable daughter tubers as small as one
centimetre in diameter is an exacerbating factor in volunteer management.

In areas with mild winters, it is estimated that it may take up to 4 — 5 years to get rid of S. tuberosum volunteers
grown from daughter tubers in most arable crops (Makepeace and Holroyd, 1978). The handling and
transportation of tubers is also a source of unintended losses.

Tubers on top of the soil and up to 10 cm below the surface are often exposed to low temperatures during winter
and are killed by temperatures below -2°C, but the deeper tubers may be insulated from the cold by the soil.
These findings are further influenced by snowfall, stubble and soil cover crops which all serve as insulation.
Under Finnish conditions all potato tubers planted at soil depths of 10 and 20 cm were killed by frost during two
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out of three winters. However, in one winter when the field was covered with 30-40 cm of snow and the soil
temperature ranged between -0.4 and -0.9°C up to 3.5% of tubers survived (Mustonen et al., 2009).

Outside of cultivated areas, S. tuberosum does not compete successfully and typically fails to establish (Love,
1994). Despite its widespread cultivation worldwide in a variety of habitats, it is rare for S. tuberosum to escape
into the wild. Even though volunteers occur periodically near animal feed lots, at waste disposal sites and in
areas surrounding commercial production sites, there is no evidence that S. tuberosum can proliferate and
become established as a weed under European conditions (Holm et al., 1979; Muenscher, 1980; Love, 1994;
OECD, 1997).

4.2.5. VOLUNTEER MANAGEMENT

Volunteer potatoes affect crop production in four ways (Petti et al., 2007; Kim et al., 2010):

. competition with the following crop;

. transmission of pests and diseases to the next crop;

. the contamination of the succeeding crop during crop rotation; and

. possible spread of transgenic material to other potato plants through pollen or seed.

The potato tuber is a living organism and can thus protect spores or eggs of pathogens and their vectors until the
next season. Even if disease is not a problem on the follow-on crop, the persistence with which volunteer potato
tubers can reproduce year after year in the soil, this can lead to the next potato crop in some cases also
neighbouring potato crops being seriously infected with a pest or disease (e.g. Phytophtora). These can not only
have a direct effect on yield, but cause problems during storage after harvest. Like volunteer potato tubers
volunteer potato plants can also act as hosts for insect vectors, especially aphids that commonly carry plant
pathogenic viruses (Thomas and Smith, 1983). Therefore, farmers usually grow potatoes only every third or
fourth year within a crop rotation.

Although this practice may prevent the carryover of potato diseases to healthy plants in the following season,
there is still the competition of volunteer potatoes with the following crop for water, nutrients and light leading
to lower yields. The more volunteers appear the larger is the effect on the yield of the successive crop.
Therefore, it is imperative that these plants are controlled as quickly as possible within a crop rotation.
Additionally, if volunteer potato plants are not controlled, they can regenerate within the rotation crops so that
they ultimately carry over to contaminate the following potato crop. Therefore, controlling these plants is very
important, but is also difficult, and can only be achieved successfully using integrated management methods.

Potato tubers have a fairly low frost tolerance; shallow tubers and those exposed to the surface are often
destroyed by frost. In regions with subzero temperatures during winter, delayed or no ploughing during the
preparation for the next crop contributes to volunteer reduction. By ploughing deeper buried tubers can be lifted
up and be exposed to lethal frost temperatures (Thomas and Smith, 1983). Soil cultivation like ploughing can
also transfer tubers deeper into the soil, and thereby protecting them against freezing (Boydston et al., 2006). In
temperate climates up to 20% of tubers left in the soil show no dormancy and will sprout in the next season
(Andersson and de Vicente, 2010). Soil temperatures below -2.8°C have been shown to result in significant
tuber mortality (Boydston et al., 2006). Thus, in areas where S. tuberosum is grown commercially, the measures
required to control S. tuberosum volunteers do not differ from the cultural and pest management practices that
are usually applied in a crop rotation.

However, several methods of volunteer management have been developed and it has to be decided on a regional
scale which one is the most promising. In general, it is better to follow a holistic, multi-pronged, management
approach to face this problem.

There are basically five approaches that can be used to manage volunteer potato plants: preventative, cultural,
mechanical, biological, and chemical. Preventative management is used to avoid the introduction of volunteer
tubers to a field, so focussing on the cause of the problem. Cultural management relies on the use of cropping
practices to either reduce the occurrence of the problem, or to create an environment that is less suitable for the
survival of the volunteer potato plants. For example, plants that are very competitive with potatoes can be used
in the rotation system, planning the rotation system in such a way that suitable herbicides can be applied without
damage to subsequent crops. Mechanical management, as the name implies, relies on the use of farming
equipment to either remove or destroy the tubers or volunteer potato plants mechanically before they can create
a major problem. An example of such a mechanical management is shallow tillage following harvest. Biological

17| Page



1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074

management relies on living organisms, such as natural enemies in order to suppress volunteer potato plants.
Most commonly, chemical management methods are used to control weeds of any type. In order to control
volunteer potatoes this might include the use of suitable herbicides and soil fumigants within the rotation crops
to kill the potato plants, as well as sprout inhibitors to prevent tubers from sprouting.

All of these methods should be considered in a collaborative approach in order to be able to successfully address
the problem of managing volunteer potatoes (Steiner et al., 2005). It should be borne in mind that agronomic
practices and pest control measures have to be site specific and adapted to potato cultivation and crop rotation.

4.25.1. PREVENTATIVE MANAGEMENT

Preventative management is one of the most cost effective measures for controlling any weeds, and volunteer
potatoes are no exception. These strategies consist of any measure that reduces the number of tubers that remain
behind in the field following harvest, and can easily be incorporated into a holistic approach to volunteer potato
management. According to Steiner et al. (2005) the management procedures that are applicable to prevent
volunteer potato plants emergence are harvester management, proper harvest time e.g. plants have to be
completely dead rather than still green, and the use of a sprout inhibitor. In some cases these procedures need to
be coupled with the agronomic management of the crop.

During mechanical harvest smaller tubers stay in the soil or on the surface, medium tubers are mainly lost
during the harvesting process and even large tubers can fall from the harvester and transport vehicles. Hand
weeding during or after harvesting is an effective, although time-consuming, method for controlling S.
tuberosum volunteers, and grazing has also been applied in some countries (Rahman, 1980; Steiner et al., 2005).

Phelan et al. (2015) pointed out that reducing tuber loss at harvest plays a central role for the reduction of
volunteer quantity. They further stipulated that reducing the level of harvest loss would require either a re-
engineering of the harvester to include an additional mechanism to collect tuber pieces/unsalable tubers or a
reversal of current practises towards the removal of all harvested material from the field for processing and
grading. As both options have cost implications for the grower, any motivation to pursue either option will only
occur in the presence of a financial benefit and/or due to a regulatory decree.

4.2.5.2. MECHANICAL CONTROL

During soil preparation for the succeeding crop the soil is disturbed and tubers and tuber pieces will start to
germinate and be well established by the time the following crop is planted. Favourable weather conditions in
terms of rain and temperature will enhance potato growth (Steiner et al., 2005).

Improving the efficiency of the harvesters at separating tubers from soil would reduce the number of tubers left
behind as potential volunteers. Some harvesters have been developed for S. tuberosum that retain or crush tubers
that would normally be lost during harvest (Rahman, 1980; Steiner et al., 2005). Crushers can be used to destroy
tubers, although their efficiency varies with soil type and environmental conditions, and they are not effective
for small tubers with a size of 1 cm or less (Rahman, 1980).

Ploughing tends to bury tubers deeper, which will protect them from frost, allowing them to survive longer in
times with unfavourable conditions (Lumkes and Beukema, 1973; Rahman, 1980). Tubers at the surface may
also be more prone to rotting and their earlier germination allows them to be controlled with pre-planting
herbicides. Non-turning soil cultivation or shallow harrowing is therefore recommended (Lumkes and Beukema,
1973; Phelan et al., 2015).

Proper management of the harvesting process reduces the number of lost tubers, which not only results in a
reduction of volunteer potatoes in the following season, but also increases yields. According to Steiner et al.
(2005) the following steps help to minimise the number of tubers that are lost during harvest:

. The blade depth should be managed in a way to ensure that all tubers are removed from the soil. If the
blade is too shallow not all the tubers will be lifted and some will be sliced, so leaving a portion of
these tubers behind in the soil. This should be coupled with the agronomic practices to ensure that the
earthing up is sufficiently high so that all tubers will develop within the ridge;
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. Tubers should be removed from the haulms by the harvester so that they are not carried off of the

harvester;

. The trucks that receive the tubers from the harvester should be positioned in a way to prevent spillage;

. Harvesters should be operated in a way to avoid pushing tubers out around the throat of the harvester;

. Soil separation and tuber transport should be maximised by using the optimal ratio of forward speed to
chain speed,;

. The gaps between the links in the primary chain should be set in a way to reduce the number of tubers

that fall through the chain, but this must be compatible with the intended market.

The condition of the potato vines at harvest has been found to play an important role as both premature
senescence of vines and green versus dead plants affect both the number of tubers that are left in the soil after
harvest as well as the depth at which tubers are formed in the soil (Steiner et al., 2005). Agronomic factors such
as soil fertility and soil moisture management as well as pest and disease control can contribute to premature
vine senescence. Plants that senesce early produce a greater percentage of small tubers than those plants that
mature later, and therefore more tubers will remain behind on the field at harvest. Additionally, plants that are
still green at harvest and must be defoliated prior to harvest, produce more large tubers than dead plants at
harvest. Steiner et al. (2005) state that in the Washington state area of the USA the numbers and sizes of tubers
from green plants are double that harvested from dead plants.

In a study carried out in Washington it was found that 75% of the tubers were within 10 cm of the soil surface if
plants were still green at harvest in contrast to only 34.2% if plants were already dead (Steiner et al., 2005).

As sprouts from tubers buried as deeply as 20 cm below the soil surface still can emerge, it is crucial that the
harvester is able to reach this depth to catch all those tubers. This should be combined with ridge planting.

In the northern climatic conditions mid-winter and early spring ploughing can bring buried tubers to the surface
and expose them to low temperatures. This may be combined with fumigation and sprout inhibiting hormone
treatment. In some cases animals were released into the fields to graze, but this has to be handled with care
(Thomas and Smith, 1983).

Mechanical control has proven to be far more effective when it followed the application of herbicides
(Allemann and Allemann, 2013). The efficiency of all herbicide treatments can be improved by combining them
with a tillage operation (Boydston and Seymore, 2002).

4.2.5.3. CHEMICAL CONTROL

In a seed potato there are usually enough nutrients for 30 days of growth. The smaller the tuber and the deeper it
is buried in the soil, the smaller the chance that the stem will emerge. It normally takes between 10 and 20 days
for the above-ground parts to produce enough photosynthates to become independent of the tuber. At this stage
the plant is most sensitive to herbicides as few if any daughter tubers will have already been formed
(Colquhoun, 2006).

Volunteer potato plants are very difficult to eradicate using herbicides, with most products tested proving to be
either ineffective or only partially effective at best (Rahman, 1980). The greatest problem is caused by the
biology of the potato tuber, as large food reserves available in the parent tuber, coupled with a number of
adventitious buds that can sprout after the death of the apical sprout, enable recovery from damage that would
be lethal to most other plants. The problem is further compounded by the variation in the time of emergence of
volunteer potato plants. Potato volunteer emergence usually takes place long after many crops have been
planted, which makes application of many post-emergence (foliage-applied or contact) products very difficult to
time correctly to obtain good control (Lutman, 1977). As contact herbicides will only affect the plant parts they
come into contact with, the parent and/or daughter tuber is able to produce new sprouts which then emerge long
after the primary plants have been killed (Rahman, 1980).

The only way to prevent tuber production is through complete shoot removal prior to the shoots initiating tubers.
Use of single conventional herbicides has proven to be unsuccessful in the control of volunteer potatoes. Due to
the devastating effect these plants have on succeeding crops such as carrots and onions as well as grains such as
maize, various regimes of herbicide combinations have been investigated and limited and varied success has
been achieved (Koepke-Hill et al., 2010).
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Soil application of herbicide treatment allows tubers to be exposed to the herbicide for a longer period of time,
and soil-applied herbicides are readily available for absorption by the roots of developing potato sprouts, so
making this an attractive option for control of volunteer potatoes.

One of the biggest advantages of foliage herbicide application (post-emergence) is that the extent of the weed
problem is already evident, and spot treatments can be used rather than applying herbicide over the entire field.
Generally, post-emergence applications should be considered when the potato plants are starting to initiate
tubers on the stolons.

Volunteer potato control of between 80 and 90 % was demonstrated in research trials conducted at Michigan
State University using 92 g/ha tembotrione or 5 g/ha topramezone (Everman et al., 2010). Tembotrione belongs
to the same family as mesotrione but is not persistent in the environment except when present in loamy sands. It
has a high mobility in soil and the potential to leach into ground water, but the relatively rapid rate of
biodegradation may alleviate this process (EPA, 2007).

Since 1974 evidence about the efficacy of glyphosate as a post-emergence herbicide on potato has been amassed
(Rahman, 1980). This product can be applied prior to planting, or after harvest (Steiner et al, 2005). The greatest
advantage of this herbicide is that it does not only kill the aerial parts of the plant, but is also translocated to the
underground parts, including the early-formed tubers. Field trials demonstrated excellent control of potatoes
with application rates in excess of 1 kg/ha, if applied sprouts had fully emerged at the time of treatment.

Boydston (2001) reported that applications of 2, 4-dichlorophenoxyacetic acid (2, 4-D or fluroxypr) can
significantly reduce volunteer numbers in follow-on maize crops. However, the study of Phelan et al. (2015)
revealed that multiple factors (e.g. machinery performance, timing of application relative to volunteer growth
stage, appropriate chemical mix preparation, environmental conditions at time of application) influence
herbicide efficacy. In one of their field surveys fluroxypr applications were found to significantly reduce the
number of volunteers in follow-on crops by up to 96%. In another survey the observed reduction of more than
65% in tuber weight in the second year was not found to be related to herbicide usage across the fields.

Considering the information provided on single herbicide applications in conjunction with the biology of
volunteer potato plants it is not surprising that a great deal of research has been conducted on the use of more
than one herbicide to control these plants.

Sprout inhibitors are applied mainly to prevent sprouting of tubers during storage of harvested potatoes, but can
also be applied to plants at the end of the growing season. This prevents the formation of the small unusable
tubers which are often the source of volunteer potato plants. These chemicals inhibit cell division, and should
therefore never be applied to seed potato fields or where spray drift can contaminate seed potato fields
(Anonymous, 2011). According to Rahman (1980) three chemicals are available that effectively inhibit
sprouting in potato tubers: maleic hydrazide (MH), chlorpropham (CIPC [isopropyl N-(3-chlorophenyl)
carbamate]) and TCNB (tetrachloro-nitrobenzene). Newberry & Thornton (2007) studied the suppression of
volunteer potato emergence with MH and concluded that success is cultivar and tuber-size dependent.
Suppression was least in the smallest tuber category. MH treatment reduced emergence of treated tubers in all
size categories and all cultivars tested and should be considered for use in integrated weed management plans
Phelan et al. (2015) also reported that the application of a sprout suppressant prior to harvesting of potato crops
proved a very effective method of volunteer control, with the suppressant eliminating volunteer emergence
through two succeeding rotational crops.

Soil fumigation consists of the introduction of a volatile compound into the soil, primarily to suppress
nematodes and other soil pathogens in crop rotations (Thomas and Smith, 1983; Boydston and Williams, 2003).
A number of products have been tested in potato producing countries for their efficacy against volunteer
potatoes, with varying degrees of success. One of the biggest problems is finding a suitable product that fits into
the rotation programme used by producers, as many products are capable of controlling volunteer potato plants,
but can be phytotoxic to other plants in the rotation system.

It is very important to bear the next crop in the rotation system in mind when choosing a chemical for the
control of volunteer potatoes. The reason is that certain products that control volunteer potatoes can have fairly
long periods of residual activity in the soil, and have a negative impact on sensitive crops if these are planted
while the residual activity of the herbicide is still sufficiently high to cause damage.
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4.2.5.4. CROP ROTATION

Crop rotation is mainly used to reduce the pest load such as diseases, nematodes, and insects (Wright and
Bishop, 1981; Thomas, 1983; Steiner et al., 2005) by planting crops not susceptible to those affecting the
previous crop. Crop rotation has to be implemented together with cultivation and an integrated weed control
programme (Rahman, 1980).

S. tuberosum volunteers do not compete well in cereals and perennial ryegrass, but are a greater problem in
vegetable crops, silage maize, sugar beet, and subsequent potato crops (Lumkes and Beukema, 1973). A proper
rotation can therefore also contribute to minimizing the number of S. tuberosum volunteers in subsequent crops.
Frequent rotation of other crops with potatoes is recommended in order to increase potato yield and to reduce
insect and disease pressure, as well as to reduce the population density of weeds (Hopkins, 2010; Seaman,
2013). Farmers are also advised to avoid planting potatoes near fields where potatoes were planted the previous
year.

4.2.55. INTEGRATED WEED MANAGEMENT

Some varieties of potato are capable of producing large numbers of true seed as well as tubers if not controlled,
and although the main volunteer problems are caused by the tubers, germinating seeds can also cause problems
if plants are allowed to form seed. Since no single method is fully effective for controlling S. tuberosum
volunteers, an integrated weed management approach is recommended.

4.3. EXTENT OF MECHANICAL ADMIXTURE DURING PLANTING, HARVESTING,
TRANSPORTATION, AND STORAGE

Management and phytosanitary practices must be in place to minimize the spread of diseases by contact with
machinery, tools or with surfaces encountered during planting, harvesting, transport and storage. In addition to
the problem of volunteer plants, the risk of accidental admixture exists, which is mainly related to the
cleanliness of equipment (counter-rotating planter, calibrator, lorries, etc.) and may be cumulative across
production steps.

4.3.1. PLANTING

Given the size of potatoes, the risk of significant numbers of potatoes remaining in the planter or passing out
unnoticed, is very low. Usually the farmers empty planters leaving the last rows more or less bare. Manual
cleaning of the planter can remove the tubers that have been stuck in the machine; this can be done simply and
quickly, the planters are relatively small and all parts are accessible.

4.3.2. HARVESTING

The risk of admixture during harvesting is higher than at planting due to immediate and delayed consequences.
First, the tubers from the previous plot can stay in the harvester; therefore it is necessary to always ensure the
cleanliness of the harvester at the end of harvesting a field. The circuit is generally visible and somewhat
streamlined, allowing the control and maintenance of the chain. Second, the harvester is equipped with a main
grid with mesh sizes of 30-32 mm for potato crops and optionally with grids with a variable mesh dimension
according to the particular production requirements (but typically greater). Therefore, tubers with a diameter
less than 30 mm are not collected and thus remain in the field. These small tubers and those left in the soil by
the harvester are the main source of regrowth. The choice of a suitable calibre mesh can limit these losses.

The collecting, cleaning and initial sorting of the harvested potato is happening either simultaneously on the plot
or cleaning and/or sorting is carried out on the farm. The chosen practice has different consequences on the risks
of admixtures and volunteer appearance.

With a combined harvester (equipped with a hopper), the potato crop is collected, cleaned and sorted
simultaneously. Debris and defective tubers in this case are immediately returned to the field.
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With a simplified harvester, the collected potatoes are directly discharged into the trailer and sorting takes place
on the farm. This second scenario is the one encountered in seed potato production because it minimizes health
risks and varietal contamination. The total waste (non-marketable tare; composed of earth, stones, vines, stem
scraps, defective or damaged tubers and foreign varieties of tubers) is mixed and usually stored as a heap on the
edge of land. To promote the destruction of the included tubers, the piles are covered with a tarpaulin,
preventing the sprouting of potatoes in the spring. Piles usually end up being spread on land.

Harvested potatoes are continuously sorted at farm, warehouse and processors. The harvesters are commonly
equipped with a receiving hopper in which a moving carpet backs up the tubers for the subsequent unearthing
and sorting. The sorted tubers are then calibrated by a large table equipped with a series of square mesh grids
decreasing in diameter. At each gate, tubers with a diameter greater than the mesh are retained and crated or
packed in bins.

4.3.3. STORAGE, PACKAGING AND TRANSPORTATION

Harvested potatoes are first dried for about 15 days. After this intermediate stage, the dried tubers are packaged
in bags or boxes and then stored in two different ways:

e The storage can take place in a fridge. After verifying that the lot has not changed and has not degraded
during the conservation, tubers are packaged for delivery to the final consumer.

e The storage for shorter time takes place in ventilated stores before bagging, certification, and
distribution.

The type of packaging depends on the considered market: Jute bag 25 or 50 kg; big bag sealed (from 500 to
1,200 kg) or crate (wooden bins) when the goods are sold from one producer to another. In all cases, the
packaging carries a certificate, required for the declaration of goods to control.

Up to 85% of potato crop storage is on farm. Afterwards, storage is undertaken by the industrial site processor
or wholesaler or, rarely, by a cooperative.

Required storage conditions depend on the market designation:

e For the fresh market potatoes are put in refrigerated pallet boxes of one to two t.
e For processing and starch production potatoes are stored in bulk in ventilated stores equipped with
partition walls for managing multiple lots.

A final sorting is done before stocking and transport to the place of use (processing, packaging). During storage
which can last up to 6-8 months, the tubers are regularly visited and eventually sorted to remove tubers that have
turned green, or are rotting. Defective tubers are placed on the waste pile already established at harvest.

In processing plants, waste is mainly controlled after the initial preparation stage, for example sorting is done
after washing or peeling. Co-products and waste is especially valued in animal feed and bio-energy production.
Preservation comprises a drying or cooling phase and usually is combined with application of a sprout inhibitor
(maleic hydrazide); such treatment can be avoided by maintaining a sufficiently low temperature.

Calibration of potatoes can be done at different stages. For the fresh market, a pre-calibration is conducted on
the farm. For processing, calibration is less common due to the use of specific varieties for a particular purpose
and the associated difficulty to change the intended use.

Unlike storage and bulk transport, the use of boxes (bins), which are small packaging units, can effectively
ensure the traceability of production identification with variety-by-variety, plot-by-plot, and even intra-plot
segmentation. This facilitates maintenance of the local storage and transport trailers and avoids admixture
between batches. Production plants and in some consumer production manifolds (conservation treated batches),
labelling of boxes includes a conspicuous colour code to minimize orientation errors in the handling steps.

Transportation of potatoes encompasses risks of admixtures between products from different fields or different
farms, unless the cleanliness of the trailers is ensured. This precaution should be taken by the farmer for
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transportation from the field to the farm and by the wholesaler for transport outside the farm. The management
of potato transportation to the place of use/processing is 95% provided by the wholesaler.

Finally, potato producers are diversifying their markets and therefore the number of varieties simultaneously
grown on the farm. However, the tuber size (compared to that of most seeds) and the fact that farmers have their
own equipment are likely to facilitate the cleaning of equipment and premises.

In general, it can be concluded that the potato chain is well organised in order to ensure qualitative and pure
end-products and also to ensure traceability in case of food safety problems.

5. EXISTING SYSTEMS FOR SEGREGATION AND IDENTITY-PRESERVATION IN POTATO
PRODUCTION IN SELECTED EU MEMBER STATES

The following information was provided by the representatives of the EU member states in the Technical
Working Group (TWG) on potato, and is presented in an alphabetical order.

Belgium
Belgium has adopted legislation on co-existence of genetically modified crops with conventional and organic

farming in 2009. In Belgium, the competence lies at the regional level. The Flemish government issued a
general coexistence decree, next to crop-specific regulations for maize (2010), potato (2011) and sugar beet
(2011). Besides some administrative regulations, the following crop-specific technical regulations were defined:

- 5 mminimum isolation distance from the border of the GM plot

- a mandatory volunteer control in the three years following the GM potato crop. No tilling allowed for
the installation of a crop the same year or the year after

- separate storage of GM seed potatoes. Unused GM seed potatoes can only be sold or given to
registered professional growers. Leftovers of GM seed potatoes that will not be used have to be
destroyed, avoiding germination of the seed potatoes

- Traders of GM seed potatoes have to make a register containing data about buyer, amount and selling
date of GM seed potatoes

- The mandatory cleaning of machinery after GM potato sowing and harvesting on the plot where GM
potatoes were planted and harvested.

- Transport and storage of GM potatoes physically separated from non-GM potatoes, with a clear
labelling of the GM variety at any time

- Specific regulations for the production of GM seed potatoes can be put in place

- Material derived during cleaning of harvested GM potatoes can only be brought back to a field where
during the same production season GM potatoes were grown.

In Belgium, no commercial GM potato cultivation took place. In 2011-2012 a single field trial with GM
potatoes was carried out to evaluate the resistance of the susceptible potato variety Desiree transformed with
single or multiple late blight (R) resistance genes (Rpi-stol, Rpi-vntl.1 and a stack of Rpi-stol:Rpi-vntl.1:Rpi-
blb3).

Czech Republic
Based on extensive research and field trials with various GM potato cultivars, coexistence rules were established

before GM potato cultivation in the Czech Republic was launched. The Czech Republic coexistence rules are
defined by Act on Agriculture no. 252/1997 amended by Act no. 441/2005 and Act 291/2009. Specific rules for
the coexistence of GM crops are regulated by Decree no. 89/2006 Coll. on detailed conditions for the cultivation
of genetically modified crops amended by Decree no. 58/2010 Coll. An amendment is foreseen to come into
force in 2017. All farmers cultivating GM potatoes have to take measures against the mixing of potato tubers.
The isolation distance between GM and conventional potatoes is 3 m and 10 m between and along the rows,
respectively, considering the width of the planting machine. A minimum of 20 m isolation distance is necessary
in case of organic potato production. The Decree imposes an obligation to notify the owner of a neighbouring
field if the GM potato field is located in a distance less than 20 m (conventional potato production) and 40 m
(organic potato production).

Denmark
No GM seed potatoes are grown in Denmark. In the Danish regulation “Bekendtgerelse 1559 of 11/12/2015 the
following measures are included for potatoes:
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- isolation distance of 20 m to seed potato (15 m if not flowering or male sterile)

- isolation distance of 10 m to commercial potato production (2 m if not flowering or male sterile)

- aminimum of 4 years without potato production after GM potato production (seed potatoes)

- aminimum of 3 years without potato production after GM potato production (commercial potatoes)
- requirements for control of volunteers and cleaning of machinery

Additionally, general requirements include:

- aspecial GM course/education and a license/approval (includes also contractors working on the field
and in transport until 1. stage)

- distance to non GM field can be reduced/neglected in agreement with the non-GM neighbour

- information of neighbours about GM cultivation

- information in case of sale or rent of an area where GM crops have been grown

- new owner or leaseholder of an area where GM crops have been grown takes the responsibilities for
volunteer control and crop rotation regulations

- cultivation of GM must be reported and a fee (100 kr/ha) has to be paid

Estonia
In Estonia no GM potatoes are grown or have been grown. However, a coexistence provision is available
(legislation, scientific reports etc.; https://www.riigiteataja.ee/en/eli/ee/POM/req/522122014013/consolide).

Germany
In Germany, 72 field trials with transgenic potatoes have been carried out in the period 1992 — 2008. In 2010

and 2011, the GM potato variety Amflora was commercially cultivated for seed potato production on an area of
15 and 2 ha, respectively.

Until now, only general coexistence regulations and crop-specific regulations for maize have been adopted but
no special coexistence regulations for potato. However, in 2007 an expert hearing was held at the Federal
Ministry of Food and Agriculture and recommendations for good farming practice of GM potato cultivation
were given based on the available literature and the knowledge about potato biology. These recommendations
included:

- anisolation distance of 2 m,

- a reasonable crop rotation for optimal volunteer control (e.g. tillage, herbicide application, but no
recommendation for a single specific measure) with at least 2 years potato cultivation break after GM
potato production,

- the thorough cleaning of all machines, storage places, and containers and

- the obligation to inform neighbours (being not a scientific but a political decision).

Lithuania

In Lithuania, no field trials or commercial cultivation of GM potatoes has been carried out. According to the
Order of Minister for Agriculture of the Republic of Lithuania and Minister for the Environment of the Republic
of Lithuania of 16 November 2007 (No. 3D-504/D1-608 concerning the Approval of the Rules on Co-existence
of Genetically Modified Crops with Conventional and Organic Crops), key elements for potatoes coexistence
are:

- 50 m minimum isolation distance between GM potatoes and other Solanaceae family crops

- a2 years minimum period for conventional or organic potato in crop rotation after GM potatoes

- amandatory 3 m wide buffer zone around GM potato crops

- amandatory 2 years volunteer control in crop rotation

- the use of separate machinery or a mandatory cleaning of machinery after GM potato sowing,
harvesting and transportation

- the storage of the harvest of GM potatoes separately from conventional and organic potatoes

- aminimum distance of 5 km from GM plants to apiaries

The Netherlands

In the Netherlands, no commercial GM potato production took place and no data review on field trials with
relevance to coexistence is available. A cultivation regulation (WJZ/14148909) exists and includes (1) the
announcement of plans for GM cultivation by the GM grower to neighbours before February 1%, (2) a minimum
isolation distance of 3 m from conventional and 10 m from GM-free potato fields, and (3) all growers to take
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measures for separating GM at all stages of cultivation, in particular including control of volunteers. These
measures are based on the proposal of the Dutch Coexistence Committee in 2004, based on a literature review
and summarised in Van de Wiel and Lotz (2006). Recently a proposal for monitoring coexistence in GM potato
cultivation was published (Van de Wiel et al., 2015, in Dutch).

6. OCCURRENCE OF POTATO POLLEN IN HONEY

Van Droogenbroeck et al. (2013) carried out a two year field trial with late blight-resistant GM potatoes and
conducted PCR analysis of honey samples produced within a distance of 5 km from these experimental fields. In
all four of the samples no potato pollen was detected. After this initial finding, an additional experiment was set
up with five beehives which were placed in different locations of a conventional potato field (in the middle of
the field, at the border and at different distances from the potato field), forcing honeybees to overfly the
potatoes. The experiment was carried out when the potato variety was at full bloom. As part of the experimental
design visual checks on honeybee visits to potato flowers were carried out as well as mellissopalynological
observation by microscopy and PCR analysis of pollen collected by honeybees. Honeybees were not observed
on potato flowers at any of the observational inspections. The observed insects on potato flowers were mainly
hoverflies and to a lesser extent butterflies, beetles, bugs and bumblebees. The mellissopalynological analysis of
the pollen collected by honeybees placed inside potato fields revealed that it is from the families Asteraceae,
Fabaceae, Castaneae, Geranicaceae, Malvaceae, Brassicaceae, Poaceae and a limited number of other plant
families, but not from potatoes. The potato-specific DNA analysis led to the same conclusion as the visual
observations and microscopic pollen analysis. No evidence could be found that honeybees visit potato flowers
and collect the pollen.

Jargensen et al. (2012) studied the pollen availability for honeybees in an agricultural landscape. Denmark has
the world’s most intensive agricultural landscape. More than 60 % of Denmark is arable land of which 92 % is
under crop rotation. This agricultural landscape, for some periods of the season, provides an abundant nectar and
pollen source, but at other periods the landscape is a virtual desert for honeybees and other beneficial insects.
The nectar flow stops normally mid-July as the main crops are winter wheat, maize, sugar beets and potatoes. In
these conditions it has been shown that potatoes are an important pollen source in some areas with intensive
production of potatoes for industry, and that potato pollen could comprise up to 29 % of the pollen collected by
honey bees.

The differences in findings of these two studies (Van Droogenbroeck et al., 2013, Jgrgensen et al., 2012) are in
fact in line with pre-existing knowledge about the interaction between honeybees and potatoes. Under natural
conditions with different pollen sources available honeybees are not interested in collecting potato pollen (Van
Droogenbroeck et al., 2013). However, as a starvation response, in conditions lacking a pollen supply,
honeybees can collect potato pollen as a source for colony survival (Jgrgensen et al., 2012). Logically this
stimulus is very powerful and has long-lasting effects (Sanford and Hanneman, 1981). However, in such
extreme conditions it is likely that honeybee colonies produce honey that contains potato pollen.

7. DETECTION OF GM EVENTS IN POTATO HARVEST AND HONEY

The European Union Reference Laboratory for GM food and feed (EU-RL GMFF) validated a quantitative PCR
method for the detection of potato event EH92-527-1 (starch potato Amflora). For potato event AM04-1020
(starch potato Amadea) a method was validated but not published due to withdrawal of application and for the
potato events PH048 and AV 43-6-G7 the validation was ongoing but due to withdrawal of the applications was
not completed.

More PCR methods for identification and quantification of several other GM potato events can be found in the
EU Database of Reference Methods? maintained by the Joint Research Centre in collaboration with the
European Network of GMO Laboratories (ENGL).

When the results are primarily expressed as GM-DNA copy numbers, in most cases they need to be converted
into mass fraction or vice versa. This ratio may depend on the number of copies of the transgene that were
inserted in the GM crop’s genome during transformation, and on the relative amounts of embryo, endosperm
and maternal tissue in the case of true seeds (Holst-Jensen et al., 2003; Miraglia et al., 2004; VVan De Wiel and

? http://gmo-crl.jrc.ec.europa.eu/gmomethods/
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Lotz, 2006 and Le Ny et al., 2011). The endosperm in most cases is derived from a fusion of two maternal
nuclei and one sperm nucleus, and therefore contains two maternal genomes for each paternal genome. Using
the real-time PCR method with the tetraploid potato, outcrossing results will be multiplied by a conversion
factor of 0.25 from a number of tubers or plants with a quantity of DNA, since a single chromosome of
quadruplet chromosome counterparts will cause the sequence established in the case of a simple transformation
event. This factor needs to be adapted on a case-by-case basis, depending on the number of copies or the number
of the transgenes inserted in the case of transgenes of stacked genes (Le Ny et al., 2011).

At the current state of the art of the technology a practical and robust PCR protocol able to quantify GM pollen
relative to total pollen in honey is not available. The reason is that in all honeys, even if classified as unifloral,
the pollen fraction consists of pollen from several species (for details please refer to Rizov and Rodriguez-
Cerezo, 2013).

8. BEST PRACTICE FOR COEXISTENCE MEASURES IN POTATO CROP PRODUCTION
8.1 SCIENTIFIC BACKGROUND

The adventitious admixture of GM potato in non-GM harvests can only be efficiently managed if the whole
production chain is covered. Also, because in some EU member states fields are often rented by different
farmers, the practice of ‘coexistence within a given field” (meaning the cultivation of non-GM potatoes after
growing GM potatoes in a given field) must be taken into account. Summarizing the aforementioned
information in the preceding chapters, the following aspects are most important for coexistence considerations
and the proposal of coexistence regulations.

(1) The use of good quality seed potatoes is important to successfully grow potatoes. Therefore the presence of
GM seed potatoes in conventional seed potato lots is a critical factor and must be appropriately managed to
achieve coexistence. The best approach to manage this is the use of certified seed potatoes that comply with EU
regulations. Seed production, whilst being a very important factor, is not included in this work as it is already
covered by EU requirements to ensure varietal purity.

(2) Due to the clonal propagation and low pollen transmission distances in potato, the potential for pollen-
mediated gene flow from potato production systems to challenge the coexistence threshold in adjacent potato
fields is regarded as negligible (Petti et al., 2007).

Isolation distances (buffer zones) are not only required to limit cross-pollination, but also to avoid the spread of
potato volunteers caused by field work, machinery utilization, and probably animal and bird activities. The
efficiency of the isolation distances (buffer zones) in potatoes is mainly determined by existing agricultural
practices and differences in flower abundance among the cultivars. The available information from literature and
current practices (e.g. in potato breeding) shows that, in order to limit adventitious GM presence caused by
spatial dispersal of GM reproductive material (including pollen, tubers, and true potato seed) to 0.9%, 5 m
between the fields is enough; in order to limit adventitious GM presence to 0.1%, 10 m isolation is sufficient.

(3) The rare occurrence of feral potatoes in the EU, the infrequency of potato seed production, and high
percentage of self-pollination, probably mean that feral plants present little or no risk of acting either as a GM
pollen source or as recipient.

(4) The field-to-field coexistence, where GM and non-GM potatoes are grown in adjacent fields at the same
time has, no direct impact on the harvested crop during one cultivation cycle, since cross- pollination does not
affect the harvested parts (tubers) of the potato plant. However, where the consecutive cultivation of GM and
non-GM potatoes is carried in the same field, an effective volunteer control strategy is important for coexistence
(Phelan et al., 2015; Turley, 2001). For quantification of this recommendation the authors used the Irish potato
production figures from 2007 to 2010, which indicated a mean number of 339,533 (+£30,721) tubers harvested
per hectare. Imposing the labelling coexistence threshold of 0.9% would imply that the number of volunteer-
derived tubers should not exceed 3,058 per hectare. While the study of Phelan et al. (2015) did not go beyond
examining the fecundity of 2nd generation volunteer-derived tubers, they refer to a previous report of McGill et
al. (2005) recommending a minimum of three different crops in rotation before a conventional potato cultivar
could be sown on a field that was previously used for GM potato cultivation. Due to short growing seasons and
hard winters, the number of required rotations might be lower in northernmost EU member states.
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(5) The replacement of isolation distances by temporal isolation, meaning planting GM and non-GM potato
varieties of different maturity classes, may be an effective measure in the case of appropriate climatic
conditions; although scientific data proving this assumption could not be found. However, farmers in some
member states, as well as special regions within a given member state, are often specialized in cultivation of
early or late potatoes, hence this within-year type of temporal isolation may not always be feasible.

(6) Since seed potatoes are bigger than seeds of other crops, cleaning of machines and transport bins as well as

storage places is usually easier. Harvesting is the most critical step in potato cultivation, since harvesters are in
general a primary source of on-farm comingling. Additionally, lost tubers and tuber pieces may act as volunteers
in following years mainly within a given field.

(7) The current practices in honey production and marketing in Europe are sufficient to ensure that adventitious
presence of GM potato pollen in honey is far below the legal labelling thresholds and even below 0.1 %, as was
concluded in the Best Practice Document for coexistence of GM maize and honey production (Rizov and
Rodriguez-Cerezo, 2013). Therefore, there is no need for additional spatial segregation between GM potato
fields and beehives in addition to former proposals.

Based on this scientific information the TWG on potato analysed the possible sources for potential GM
admixture in potato crop production and agreed on the following best practices for the coexistence of GM and
non-GM potato cultivation as well as honey production. The thresholds for coexistence which were considered
are the legal labelling threshold (of 0.9%) and the limit of quantification (generally accepted to be about 0.1%
for routine analysis using PCR-based testing), which is required by operators in some markets. These two
different coexistence thresholds are in line with the Commission Recommendation of 13 July 2010 on
guidelines for the development of national coexistence measures.

It is suggested that the current practice of potato production allows respecting the 0.9% labelling threshold for
adventitious GM admixture (Le Ny et al., 2011). Conversely, it is suggested that maintenance of an adventitious
presence of GM below 0.1% instead requires the implementation of specific coexistence measures for potato
production and distribution, even if low varietal purity thresholds are obeyed.

8.2. BEST PRACTICE FOR ENSURING SEED POTATO PURITY

The use of certified seed potatoes that comply with EU legislation is considered best practice since according to
EU legislation any seed lot containing traces of GM material needs to be labelled and therefore can be easily
identified.

In the case of cultivation of both GM and non-GM varieties on the same farm, the seed potatoes of GM varieties
should be transported to the farm and stored upon arrival in their original packaging, and separately from non-
GM varieties. Label information should be retained with the seed potatoes.

8.3. BEST PRACTICE FOR REDUCING POLLEN-MEDIATED GENE FLOW
8.3.1. ISOLATION DISTANCES

Isolation distances are feasible and effective coexistence measures to reduce adventitious presence of GM potato
in conventional and organically produced potato even if they are the only measure applied. All available
information from the literature and pre-existing segregation systems shows that to limit adventitious GM
presence caused by cross-pollination to 0.9 %, a 5 m isolation distance is required. To achieve a threshold of 0.1
%, a 10 m isolation distance is sufficient.

8.3.2. SOWING, HARVESTING, DRYING AND STORAGE ON FARM

To achieve the 0.9 % GM threshold, separate treatment, storage and stock of GM potatoes (including potato
seeds) are required; planting and harvesting machines should be properly cleaned before and after use,
preferably on the plot where GM potatoes where handled. The storage space must be thoroughly cleaned and
inspected after emptying of GM tubers and prior to storing of non-GM tubers. Ancillary plant material collected
during cleaning of harvested GM potatoes should be properly destroyed. For achieving a GM threshold of 0.1
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%, in addition to the requirements for 0.9 %, machinery should be dedicated to planting and harvesting either
GM or non-GM potatoes.

The definition of specific recommendations for cleanout depends on type of the equipment and its construction.
Additionally, choosing the appropriate technique for equipment cleaning should be based on the desired level of
purity. In general, the use of dedicated equipment for different production systems (GM or non-GM) or its use
for non-GM crops prior to GM crops is recommended.

8.3.3. VOLUNTEER CONTROL

For a GM threshold of 0.9 % a cultivation break of three years in rotation is recommended, followed by
monitoring of GM potato presence during the third year. If the amount of volunteers does not fall below the
expected threshold, this period should be prolonged by another year of cultivation break followed by a further
inspection of GM potato presence. This step may be substituted or complemented by a sprout inhibitor
application followed by monitoring of its efficacy. This field inspection should be repeated until the required
volunteer level is achieved to meet the threshold of 0.9 %.

For a threshold of 0.1% a cultivation break of four years in rotation is recommended, followed by a control
check of GM potato presence during the fourth year. The optimization of the crop rotation shall follow the same
systematics as for achieving a threshold of 0.9 %, again with the option of the complementary use of a sprout
inhibitor. This approach for crop rotation optimization has been chosen since the required cultivation break
between GM and non-GM potato is highly dependent on the climate conditions, and which can vary
significantly between member states.

8.3.4. COEXISTENCE WITH HONEY PRODUCTION

There is no available empirical data to establish a statistical relationship between potato pollen content in honey
and distance of beehives to potato crops. Potato pollen is not a major fraction of total pollen in polyfloral honey.
In any case, considering the maximum pollen content (number of grains) in commercial honey and the average
weight of potato pollen grains, the weight fraction of potato pollen in honey will definitely be below 0.1%.

In conclusion, the current practices in honey production and marketing in Europe in line with quality legislation
are sufficient to ensure that the adventitious presence of GM potato pollen in honey is far below the legal
labelling threshold and even below 0.1%.

8.3.5. GM DETECTION AND QUALTIFICATION

For detection, and quantification of GM potato presence including GM potato pollen in honey, only quantitative
PCR-based approaches such as EU-RL GMFF validated methods should be used.

9. COST ANALYSIS OF THE MANAGEMENT PRACTICES

In contrast to the crop species covered in the preceding Best Practice Documents of genetically modified maize,
soybean, and cotton with conventional and organic farming (Czarnak-Ktos and Rodriguez-Cerezo, 2010; Rizov
and Rodriguez-Cerezo, 2015), GM potato has not been grown commercially worldwide since 2001. Until that
time Monsanto sold potato varieties with the GM trait being insect resistance, but consumer rejection has kept
GM potatoes off the global market since then. Nowadays, the focus lies on late blight resistance, resistance to
bruising and reduction of asparagine, an amino acid in potato that reacts with some sugars to oxidize into
acrylamide, a possible carcinogen, especially during high-temperature frying (CBAN, 2016). However, with the
exception of 160 ha in the US in 2015 these new GM potatoes called the "Innate" potato from the company
Simplot were not planted anywhere in the world (ISAAA, 2016). For this reason, information about economic
consequences of coexistence in potatoes along the whole value chain is extremely scarce.

Additional costs may result from minimizing unintended mixing during planting, harvest, on-farm storage,
transportation, storage, processing and other activities beyond the farm gate such as shipment testing and
labelling costs (Greene et al., 2016). However, USDA has not collected data on the cost of separation practices,
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but the environmental non-profit and organic grain cooperative Food and Water Watch estimated these costs by
a survey of 1,500 U.S. organic grain producers representing about 19 % of the farmers mainly from the Midwest
(Food & Water Watch and OFARM, 2014). For grain production the total median annual cost of practices to
avoid GM material in their crops was $6,532 to $8,500 per farm, including the cost of buffer strips ($2,500),
delayed planting ($3,312 to $5,280), testing ($200), and other measures ($520). However, only additional costs
per farm are indicated and not the costs for a special field, field size or crop species. Since GM potatoes are only
recently being grown commercially in the US on a small scale, the transferability to potato is not given. Tolstrup
et al. (2003) evaluated the extra costs of complying with a given threshold value for adventitious presence of
GM material in conventional or organic potatoes under Danish production conditions. Calculated extra costs
amounted to 1-2 % of average growing costs per ha for both conventional and organic production and arose
from volunteer control as well as cleaning of soil treatment, sowing and harvest machinery and cleaning of
storage facilities.

No empirical data is available to estimate the costs of implementing the above-mentioned best practices for
coexistence by EU farmers intending to grow GM potatoes. However, the necessary isolation distances between
GM and non-GM fields to limit outcrossing to GM contents below the regulated labelling threshold are small
due to the low cross-pollination potential of potatoes in combination with the fact that potatoes are planted and
harvested as tubers. Therefore, resulting additional costs for implementing distances should also be low. This is
supported by the suggestions of Schenkelaars and Wesseler (2016) mentioning that the minimum distance
requirements are lower for potatoes, followed by sugar beet, maize and oilseed rape. In general, isolation
distance cost can be defined as the lost profit on the area bordering a crop plot on which farmers are not able to
raise a crop (Gustafson, 2002). The total value of the lost area can be divided by the amount of crop yield sold to
determine the value on a per unit basis. At a regional level, depending on the position of the farm and whether
the potato variety grown by neighbours is GM or non-GM, the economic effect will depend on the physical
landscape of the area affected (Messean, 2006). Moreover, increasing the cultivation of different crops than
potato in crop rotation forces the farmers to cultivate potatoes on fields further away from the farmhouses and
therefore increases transportation costs. Potato production is characterised by the transportation of more bulky
harvests than in cultivation of other crops and by several pesticide sprayings during the growth season. This is
one of the reasons contributing to the concentration of potato cultivation in the proximity of the farmhouses
(Tuomisto and Huiti, 2006).

Bullock and Desquilbet (2002) estimated on-farm costs for non-GM soybean segregation and ldentity
Preservation to be 1 and 0.5 working hours per t, respectively. In contrast to soybean (and maize) seed, potato
tubers are considerably bigger and therefore cleaning of machines for planting and harvesting (physical removal
of soil, remaining seed potatoes, and debris) should be easier to manage. Consequently, additional costs for
cleaning potato equipment should be lower than the costs for cleaning of planters and combines in soybean.
Furthermore, to minimize spread or recurrence of a pest a good sanitation programme for equipment and storage
facilities is necessary anyway for potatoes (Olsen and Nolte, 2011). Therefore, any additional costs for thorough
cleaning of agricultural machines for GM segregation purposes should be low.

A thorough cleaning is also always important for potato storage facilities on-farm and transportation containers
from the field to farm and from farm to processing, again from a phytosanitary point of view. As even small
infected tuber pieces left behind can transfer diseases effectively to the next storage bulk, a further effort in
cleaning for coexistence reasons is not considered necessary, even for complying with a threshold of 0.1%.

A cost calculation must also take the GM trait into account. As far as for example insect tolerance or late-blight
resistance reduce costs for pesticides and, therefore, stabilize yields, costs for coexistence measures may thus be
compensated or even overcompensated. In case of reduced asparagine or resistance to bruising, a price premium
might be necessary. However, due to the absence of GM potato cultivation a precise calculation is not possible.

With regard to within-field coexistence, there may be additional costs associated with the regulation of crop
rotation where the land is rented to different growers on a yearly basis.

Additionally, the GM testing of a given potato harvest lot needs a considerable amount of tubers, and therefore
of weight, to accurately estimate the GM content.

In conclusion, more research is needed to examine the cost and effectiveness of various coexistence strategies in
potatoes.
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