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Chapter 7
Potato virus Y: Control, Management and Seed 
Certification Programmes
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Abstract The management of Potato virus Y (PVY) in potato crops poses a con-
tinual challenge due to the non-persistent mode of transmission of the virus and the 
propagation of seed potato tubers over several generations in the field. While PVY- 
resistant cultivars remain the most efficient way to protect potato crops against 
PVY, a vast majority of cultivars grown do not display significant resistance to 
PVY. Due to the short time period for PVY transmission by non-colonising aphid 
vectors, efficient control of PVY relies on preventing aphids landing on a crop and 
on adopting precautionary measures by ensuring that crops are grown in areas of 
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low aphid and low virus pressure and limiting field generation. Prophylactic mea-
sures such as roguing and early haulm destruction limit PVY spread but are not 
efficient alone. Among all existing control methods, spraying potato crops with 
mineral oils can offer significant protection against PVY spread, but their efficacy 
do vary in field conditions. The combination of several control methods such as 
mineral oil treatments, crop borders, intercropping, straw mulching or insecticide 
treatments can increase protection. These emphasise the importance of controlling 
virus through appropriate monitoring methods and crop management enforced by 
seed certification schemes through the use of ‘clean’ input seed and, when possible, 
the segregation of seed and ware crops to minimise the risk of virus transmission. 
This chapter presents and discusses the most widely used techniques of control and 
management of PVY, their effectiveness and their mode of action. This chapter also 
presents the history, objectives and principles of seed potato certification schemes 
and their role in minimising the spread of viruses within potato crops worldwide.

1  Introduction

The management of Potato virus Y (PVY) in potato crops poses a continual chal-
lenge due to the non-persistent mode of transmission of PVY and the propagation 
of seed potato tubers over several generations in the field, which presents a risk for 
primary and secondary infections of plants by PVY.

Aphids transmit the virus by flying from plant to plant within or between crops 
(Sigvald 1984; Boiteau 1997). An aphid will probe an infected plant, acquire the 
virus and then fly to a healthy plant, probe again and transmit the virus. The length 
of time required by an aphid for acquisition and subsequent transmission of PVY is 
very short, with each step generally accomplished in seconds (Fereres and Moreno 
2009; Robert et al. 2000; Bragard et al. 2013) (see Chap. 6). The challenge in con-
trolling PVY efficiently lies in either preventing aphids landing on a crop or in 
promoting a rapid (almost instantaneous) deleterious effect on them after landing to 
prevent any further transmission. These aspects will be discussed in the following 
sections.

Potatoes are vegetatively multiplied by seed potato growers in order to maintain 
the characteristics of a cultivar and to bulk up sufficient quantities of certified seed 
potatoes to meet the requirements of the market (Frost et al. 2013). This method of 
propagation enables PVY to be transmitted from one generation of a crop to the next 
through its translocation from an infected seed tuber into growing plant and daugh-
ter tubers (Basky and Almasi 2005). While it is still not possible to prevent translo-
cation of the virus, it is, however, possible to minimise the multiplication of an 
infected seed lot by a systematic control of its quality. This can be done by the 
implementation of seed potato certification programmes and appropriate virus test-
ing regimes.
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A number of methods have been developed to control the spread of PVY in 
potato crops, and some of them, either individually or in combination, are now used 
by seed potato producers. This chapter will present and discuss the most widely 
used techniques of control and management of PVY, their effectiveness and their 
mode of action. This chapter will also present the history, objectives and principles 
of seed potato certification programmes and the role of these programmes in mini-
mising the spread of viruses within potato crops worldwide.

2  Cultural Methods

2.1  Prophylactic Measures

2.1.1  Use of Virus-Free Seed Potatoes

The risk of PVY spread can be reduced by planting seed potatoes which are virus 
free or have a very low incidence of tuber infection by PVY, thus minimising the 
number of inoculum sources within a crop (Kerlan et al. 1987; Rolot 2005; Steinger 
et al. 2014). This will be discussed in the paragraph relating to seed potato certifica-
tion programmes.

2.1.2  Use of Virus-Resistant Cultivars

The most effective means of controlling virus in potato crops is to grow resistant 
potato cultivars. This strategy allows potatoes to be produced in areas where aphid 
pressure is high and hence unsuitable for potato production because of disease. 
There are several breeding programmes worldwide whose goal is to breed new 
potato cultivars that are resistant to PVY (see Chap. 8). In summary, there are sev-
eral different types of resistance (see Chaps. 2 and 8): (i) extreme resistance which 
does not allow a virus to multiply in a plant, (ii) hypersensitive response is defined 
as a mechanism of resistance against pathogen invasion by the rapid death of cells 
at the infection site preventing/reducing significantly the spread of pathogens to 
other parts of the plant and (iii) tolerance which allows a virus to multiply and 
spread within a plant without it expressing visible symptoms. However, breeders 
develop their selection strategy independently depending on market requirements, 
and the specific disease and pest pressures in the countries intended for marketing. 
In the USA and Canada, breeders have developed a number of widely grown culti-
vars which are tolerant to PVY, such as cv. Russet Norkotah, which shows mild or 
‘latent’ symptoms of PVY (Whitworth et al. 2010), and cv. Red LaSoda, which is 
fully susceptible to infection by PVY but does not express symptoms (Draper et al. 
2002). This could be one of the reasons for the re-emergence of PVY in these potato 
production areas (Gray et al. 2010; Schramm et al. 2011). In Germany and France, 
the selection programmes for new cultivars are different. Breeders mainly aim to 
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develop potato cultivars resistant to the multiplication of PVY and avoid the selec-
tion of cultivars susceptible to potato tuber necrotic ringspot disease (PTNRD) (Le 
Romancer and Kerlan 1991). However, it is widely believed that breeding for culti-
vars displaying high level of PVY resistance might often not be seen as a major goal 
due to poor economic return on investments (Ruedi Schwaerzel, personal 
communication).

2.1.3  Isolation from Virus Sources

Location of crops is important in determining the risk of PVY transmission by 
aphids (Kerlan et al. 1987). Low-risk areas are usually those with low aphid popula-
tions, often as a consequence of low mean temperatures (Robert et al. 2000; Gabriel 
1965). Klueken et  al. (2009) studied the flight behaviour of alate cereal aphid 
Sitobion avenae (Fabricius) and demonstrated that, for a 16-h period, no aphid flight 
occurred at 10°C, while the proportion of aphids flying increased to 70% at 15°C to 
reach 100% at 20°C.  They also showed that the temperature threshold was 3°C 
higher for Metopolophium dirhodum (Walker) (bird cherry oat aphid), another cereal 
aphid. This implies that, for cold temperature, these aphid species are likely to stay 
on their ‘winter host’ instead of colonising crops (‘summer hosts’). Under these 
conditions, vector pressure and aphid transmission of PVY are minimised. In 
Switzerland, it was shown that an increase in altitude from 400 m to 800 m resulted 
in a decrease in infection of potatoes by 57%, mainly due to an average colder tem-
perature at the higher altitude (Steinger et al. 2014). In addition, strong wind speeds 
(> 0.8 km/h) are not favourable for alate aphid displacement but also for aphid feed-
ing and development, so windy areas tend to be more suited to seed potato produc-
tion because there is less opportunity for aphids to transmit virus (CIP 1979; Walters 
and Dixon 1984). The presence of plants infected by PVY in neighbouring crops can 
also pose a risk with regard to inoculum sources of PVY, especially if the seed pota-
toes planted are not certified and the crop is being grown for consumption (ware) 
without management measures to control aphids. Virus is likely to be more prevalent 
in farm-saved seed potatoes than in certified seed potatoes (Kerlan et al. 1987).

2.1.4  Time of Planting and Haulm Killing

The physiological state of a plant may affect the transmission of PVY by aphids 
because older plants appear to be less susceptible to PVY infection than younger 
plants (Gibson 1991; Robert et al. 2000; Sigvald 1985; Dupuis 2016), a phenome-
non termed mature plant resistance (Beemster 1972). Sigvald (1985) reported that 
potato plants are at their most susceptible state up to 25 days post-emergence, 
becoming more resistant thereafter at the rate of 10% every week. Managing the 
physiology of plants could, therefore, be integrated into a programme to control 
PVY in potato crops. Advancing the time of planting and haulm destruction could 
be important in reducing the risk of PVY spread. Pre-sprouting seed potatoes can 
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enable plants to emerge earlier and daughter tubers to bulk earlier, thus allowing 
earlier haulm destruction than with unsprouted tubers. However, the effectiveness of 
pre-sprouting in controlling PVY spread will depend to a great extent on the timing 
of aphid flights. If aphid flights are late in the growing season, pre-sprouting could 
be an effective measure. However, if spring aphid flights are earlier than normal, 
this could pose a greater risk to crops which have been planted with sprouted seed 
tubers because the plants will have emerged when aphids are flying, whereas those 
from unsprouted seed potatoes will not (Saucke and Doring 2004). Early haulm 
destruction will reduce the time of exposure of the crop to aphid flights, thereby 
reducing the risk of infection (Basky 2003; Kerlan et al. 1987; Steinger et al. 2014). 
In some conditions, it has been reported that delaying haulm destruction can increase 
the incidence of PVY infection by 3.5% per day (Steinger et al. 2014). For mature 
crops, the choice of herbicide or the use of mechanical haulm destruction has a 
limited impact on reducing virus transmission (Dupuis and Schwaerzel 2011). 
Nevertheless, rapid and total haulm destruction is required to reduce the risk of late 
PVY transmission. If new foliage develops on desiccated stems, transmission of 
PVY by aphids could be possible as the relatively immature leaves are potentially 
susceptible to PVY transmission (Sigvald 1985). New growth that develops after 
haulm destruction can be susceptible to aphid-borne infection especially when sig-
nificant aphid pressure is still observed late in the growing season. However, quan-
titative data are still lacking to assess accurately the impact of late infection of new 
growth and PVY incidence at post-harvest.

2.2  Roguing and Weed Control

For effective control of PVY in crops, it is essential to eliminate any sources of 
inoculum. These can be plants from infected seed tubers, from weeds or from vol-
unteer plants, i.e. potato plants derived from tubers or parts of a tuber left in the soil 
after harvesting a previous crop (Jones et al. 1996). The use of certified seed pota-
toes according to official tolerances can provide assurance regarding the maximum 
amount of virus disease which could develop in a crop, but cannot rule out the 
absence of viruses in a crop. When a crop is being grown for marketing as seed 
potatoes, roguing is a key component in maintaining the health of a crop. Roguing 
is the removal of potato plants which are atypical of the cultivar in appearance or 
diseased including virus (Kerlan et al. 1987). For virus diseases, roguing is efficient 
in reducing PVY spread, but the effect can vary from none to a 20% reduction of 
PVY spread (Broadbent et al. 1950). To be effective, roguing should be conducted 
as soon as possible after plant emergence to minimise the opportunity for aphids to 
acquire virus from infected plants within a crop. However, roguing will be ineffec-
tive if a cultivar is tolerant to a virus because infected plants will be symptomless 
and, therefore, not recognised and removed. There is a risk that excessive amounts 
of virus can build up in crops of such cultivars cultivated over several generations 
and pose a serious threat to the health of crops of susceptible cultivars from aphid 
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transmission (Ragsdale et al. 2011). It is also possible that roguing could enhance 
the transmission of PVY by aphids if too many plants are removed in a small area 
creating bare patches. Aphids land preferentially in areas where there is a contrast 
between bare soil and potato plants (reviewed in Döring (2014)). Excessive gaps 
might promote the landing of aphids and, consequently, increase the risk of infec-
tion of plants surrounding a gap. The risk of infection increases with the size of the 
gap (Davis et al. 2009). The incidence of PVY infection was 13% around gaps of ≤ 
0.6 m2 and 29% around gaps of ≥ 0.6 m2.

Volunteer plants are a major concern in potato-growing areas. It has been esti-
mated that in 1 hectare, 20,000–300,000 tubers could remain in a potato field fol-
lowing harvest because a significant proportion of tubers are too small to be collected 
by harvesters and will remain in the soil over the winter (Yves Le Hingrat, personal 
communication). Some of these tubers will survive the winter if soil temperatures 
are not sufficiently cold enough. The extent of tuber overwintering will vary with 
their depth in soil, the severity and length of cold periods (Lutman 1977; Boydston 
et al. 2006; Cooke et al. 2011). The growth of plants from surviving tubers (volun-
teer potatoes) even after several years of crop rotation could be impaired by the 
foliar growth of the newly planted crop, depending on its capacity to cover and 
shade volunteer potato plants. In France between 2007 and 2011, the density of 
volunteer plants in fields in the Brittany region was estimated to range from none to 
six stems per m2 depending on cultivar, cropping practices and succeeding crop 
(Rakotonindraina et al. 2011). In addition to volunteer potatoes being a source of 
varietal mixtures in potato crops and posing weed control issues in other field crops, 
they can also act as a reservoir for potato diseases and could impact on the phytos-
anitary status of seed potatoes. A survey was conducted in the UK in 1996 in which 
volunteer plants were collected from three different sites and the percentage of vol-
unteer plants infected by PVY was found to range from 2 to 54% (Jones et al. 1996). 
Inoculum from within or near a crop can also originate from weeds. In the late 
1990s, 36 weed species belonging to 13 different botanical families were identified 
as potential host plants for PVY (in natural and/or artificial conditions) (Edwardson 
and Christie 1997). More recently, seven additional weed species have been identi-
fied as potential hosts (Kaliciak and Syller 2009; Kazinczi et al. 2004) (see Chap. 
6). It is almost certain that other weed hosts for PVY will be reported in the future. 
However, the epidemiological role and impact of those weeds in the field are not 
fully understood, and it is unclear whether the presence of weed species will con-
tribute significantly to the spread and prevalence of PVY in potato crops.

2.3  Crop Borders

Crop borders can be planted in order to limit the amount of virus introduced into a 
crop (Boiteau et al. 2009; Difonzo et al. 1996). Crop borders display two distinct 
modes of action, serving as a ‘virus barrier’ and also as a ‘virus sink’ (Boiteau et al. 
2009). Viruliferous aphids landing on a border crop will probe the plants and shed 
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any virus particles that they might be carrying into the barrier plant. In this case, the 
border crop serves the role of ‘virus sink’ by retaining the virus. To be effective, 
border crops must be planted with a plant species which is not susceptible to 
PVY.  Border plants can also act as a physical barrier interrupting aphid flight 
(Simons 1957). To provide this type of protection, the border plants have to be taller 
than the potato plants at all stages of growth. A border must also be wide enough to 
maximise the probability of aphids landing on it (Boiteau et al. 2009; Difonzo et al. 
1996). With a soybean border of 24 m, Difonzo et al. (1996) obtained an efficacy of 
PVY control of 27 and 60% over the 2 years of an experiment, while Boiteau et al. 
(2009) obtained 32% efficacy for an experiment with a narrower border of 4 m sown 
with grass. This technique has the advantage of being effective for the entire crop-
ping season, whatever the environmental conditions. Nevertheless, the use of crop 
borders requires relatively large areas of a field to be removed from potato produc-
tion with no commercial return so the method may not be practical, especially if 
fields are relatively small. To solve this issue, a potato cultivar resistant to PVY can 
be used as a border. A border of 4 m of cv. Kennebec (known to be relatively resis-
tant to PVY) was used in a 3-year field trial in Canada to protect a central plot of cv. 
Russet Burbank, susceptible to PVY, and its effectiveness was compared with 
applying mineral oil (Boiteau et  al. 2009). The border crop alone reduced PVY 
transmission by about 20% in the first 2 years of the trial and 60% in the third year, 
while mineral oil application alone reduced PVY transmission by 20% in the first 2 
years and by 70% in the third year.

2.4  Mulching and Intercropping

Straw mulching (Fig. 7.1) is effective in controlling PVY spread (Heimbach et al. 
2004; Saucke and Doring 2004; Kirchner et al. 2014; Dupuis et al. 2010). The mode 
of action of straw mulching is not well understood, but the main hypothesis is that 
straw impacts on the visual perception of a crop by an aphid (Döring 2014). The 
contrast between potato foliage and the yellow straw is considerably lower than 
potato foliage and bare soil, so that potato plants in mulched plots are less easily 
seen by aphids (Döring 2014; Döring and Schmidt 2007). This was confirmed when 
fewer aphids were captured in mulched plots compared with those in bare soil plots 
(Heimbach et al. 2004; Saucke and Doring 2004). In the study reported by Saucke 
and Doring (2004), aphids were counted on the foliage of potato plants in straw- 
mulched and bare soil plots. An average reduction of 54% in aphid numbers was 
recorded in the mulched plots. This reduction of aphid populations on foliage was 
18% in an independent study (Heimbach et al. 2004), while in the same experiment, 
85% fewer winged aphids were captured by sticky net traps within the mulched 
plots. Thus, the lower number of winged aphids landing on potato plants in mulched 
plots might be the main factor in controlling PVY spread by mulching. PVY control 
by mulching is more effective in the early stages of crop development, declining as 
the crop canopy develops over the mulch (Heimbach et al. 2004). This was shown 
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clearly in a field experiment undertaken over a 3-year period (Saucke and Doring 
2004) in which the efficacy of PVY control recorded in the mulched plots was about 
48% in the first year, 33% in the second year and 27% in the third year. In the first 
year of the trial, aphids were most prevalent a few days after potato emergence in 
mid-May, whereas in the third year of the trial, aphids were most active 2 weeks 
later. In the second year of the trial, aphid activity remained low during the entire 
growing period. Intercropping was also tested for its effectiveness in reducing PVY 
spread in potato crops (Dupuis et al. (2010); Fig. 7.2). Oats sown between rows of 
potatoes but killed before becoming large enough to provide unwanted competition 
for the potatoes resulted in a significant reduction in PVY spread (Fig. 7.3). The 
mode of action of intercropping is comparable to the ‘sink effect’ of a border crop 

Fig. 7.2 Oat intercropping 
(Avena sativa, 60kg/ha) in 
potatoes (cv. Charlotte), 7 
days after spraying oats 
with tepraloxydim (200g/l) 
to stop their development 
(Photo: Maud Tallant)

Fig. 7.1 Wheat straw 
mulch in potatoes, 2500 
kg/ha of straw in cv. 
Charlotte (Photo: Maud 
Tallant)
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in which inoculum being carried by aphids is lost during probing on the associated 
crop (Boiteau et al. 2009). Intercropping offers an additional mode of action called 
the ‘dilution effect’ by significantly decreasing the probability of an aphid landing 
on potato plants. Given the same plot surface, plots containing an associated crop 
present many more plants to potential vectors, thereby reducing the risk of potatoes 
being infected.

3  Chemical Methods

3.1  Oil Treatments

Spraying oil on potato plants has been reported to provide a means of controlling 
the spread of PVY (Boiteau et al. 2009, Bell 1980, Bell 1989, Boiteau and Wood 
1982, Bradley et  al. 1962, 1966, Dewijs 1980, Dupuis et  al. 2014, Hansen and 
Nielsen 2012, Kirchner et  al. 2014, Martin-Lopez et  al. 2006, Milosevic 1996, 
Steinger et al. 2014, Rolot 2005). Mineral oil was found to be more effective than 
vegetable oil (Martin-Lopez et al. 2006; Rolot 2005; Wrobel 2012), although among 
the latter, refined oils were more effective than raw oils (Martin-Lopez et al. 2006). 
The mechanism of action of the oils is not fully understood. It has been suggested 

Fig. 7.3 Percentage of PVY-infected plants assessed by testing daughter tubers for six treatments 
and untreated (1 year; four replications of 100 plants per plot). The acronyms for the treatments are 
SM = straw mulching, MO = mineral oil, OI = oat intercropping. Error bars show the standard 
error, and stars show the treatments with a percentage of infection significantly lower than untreated 
(Dunnett’s test; * for p<0.05 and ** for p<0.01) (Dupuis et al. 2010)
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that oil on aphid mouthparts reduces acquisition and retention of PVY by aphids. 
Oil may impede binding of virus particles on to the stylet (Bradley 1963; Boquel 
et al. 2013; Loebenstein et al. 1964; Powell 1992) and/or shorten the duration of 
virus retention in the stylets (Wróbel 2009). Mineral oil has also been shown to 
reduce virus replication and accumulation in inoculated plants, possibly due to the 
general activation of defence mechanisms in a plant (Loebenstein et al. 1964; Peters 
and Lebbink 1973; Martoub 2010; Al-Daoud et al. 2014). Oil also has the ability to 
kill aphids by interfering physically with their respiration (Martin-Lopez et  al. 
2006; Hesler and Plapp 1986). Studies have investigated the effects of mineral oil 
treatment of potato plants on selection of host plant, growth and reproduction of the 
colonising potato aphid, Macrosiphum euphorbiae (Thomas) (Ameline et al. 2009). 
Olfactometry experiments showed that mineral oil treatment induced a transient 
repellent effect shortly after spraying that lasted a day. While probing behaviour was 
not drastically affected in oil-treated plants, the treatment resulted in antagonistic 
effects with a significant reduction in nymph survival shortly after treatment and 
concomitantly a higher fitness and fecundity rate in adult aphids (Ameline et al. 
2009). Other studies have reported antagonistic effects of mineral oil on M. euphor-
biae that were dose dependent; topical contact at the highest concentration of oil 
resulted in complete mortality, while lower concentrations and exposure to oil vola-
tiles enhanced aphid fecundity but had no effect on aphid survival (Martoub 2010). 
Tan et al. (2005) suggested that, after spraying, oil is ‘absorbed’ in various plant 
tissues and cells and transported throughout the plant, resulting in a decrease in local 
concentrations and the induction of physiological changes (Tan et al. 2005), altering 
photosynthesis (Helson and Minshall 1951; Wedding et al. 1952), and triggering the 
expression of pathogenesis-related proteins (Kachroo et al. 2001; Lin et al. 1996).

In practice, the protection achieved with mineral oil spraying varies greatly 
depending on the time of application (Figs. 7.3, 7.5 and 7.6). Mineral oils are more 
effective on older plants in reducing the speed with which PVY moves in the vascu-
lar system (Al-Daoud et al. 2014). The reduction in the transmission of PVY by oil 
treatments is likely to vary among different potato cultivars and with different aphid 
and virus pressures. Steinger et al. (2014) reported that oil treatments reduced the 
average incidence of PVY by 39% (p<0.001) over a 4-year period. The protective 
effect of mineral oil was slightly greater in the year in which the incidence of PVY 
was greatest (50% decrease in infection Ntreated = 432, Nnon-treated = 86) than in other 
years and with the susceptible cvs Bintje and Charlotte (54% decrease in infection, 
Ntreated = 819, Nnon-treated = 79) compared with more resistant cultivars. In a separate 
study over 3 years of field trials in the UK, mineral oil reduced PVY infection two- 
to threefold in cvs King Edward and Maris Piper (N = 160 plants per cultivar per 
treatment per year) during a year of relatively high virus pressure (overall 30% 
incidence of plants infected by PVY) (Dawson et al. 2015). However, there was no 
significant effect of mineral oil treatments on the incidence of PVY in years of low 
virus pressure (3–13% PVY incidence). In this study, significant variation in the 
effectiveness of the oil treatment in controlling PVY suggests that local differences 
in aphid phenology and aphid vector pressure strongly influenced the effectiveness 
of the treatment. These results are consistent with the expected reduction in the 
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incidence of PVY for oil-based treatments compared with untreated plants, usually 
between 30 and 60% (reviewed by Al-Mrabeh et al. (2010)).

Mineral oils are usually applied weekly to a seed potato crop. The protection 
provided by oil is generally limited to the leaf surfaces exposed to the spray being 
applied (Simons et al. 1977). Effective coverage of foliage is easier to achieve on 
older plants than on younger plants on which new leaves are constantly developing. 
The rate of foliar development should be considered when determining the optimum 
interval between sprays for effective application of oil. An increase in the frequency 
of foliar applications on young plants should be considered for maximum effective-
ness in order to protect recently opened leaves (Fageria et  al. 2014a, b; 
Demeulemeester 2013). The usual practice in France to protect high-grade seed is 
to spray mineral oil three times a week starting at 30% plant emergence and con-
tinuing until complete emergence followed by weekly applications thereafter. In 
Belgium, the practice is very similar except that only two applications are recom-
mended during the early period of crop growth followed by one each week until 
haulm destruction is complete (Yves Le Hingrat and Pierre Lebrun, personal 
communication).

Mineral and vegetable oils must be used with caution to avoid plant phytotoxic-
ity (Kirchner et al. 2014). It is essential to use a labelled product (Dewijs 1980). 
Paraffinic oils are preferably used for the treatment of plants instead of naphthenic 
oils (phytotoxic) and aromatic oils (phytotoxic and unstable) (Rolot 2005). The lin-
ear structure of saturated paraffinic oils is relatively stable and not phytotoxic. 
Dewijs et al. (1979) demonstrated that the viscosity of the oil, which is related to the 
number of carbon atoms in the molecular chain, is an important character determin-
ing the efficacy of the oil. Nevertheless, when the chains have more than 25 carbon 
atoms, phytotoxicity can be observed (Walsh 2000). The phytotoxicity of the paraf-
finic oil also depends on its degree of refining. Less than 8% of sulphonated residues 
(residues reacting with sulphuric acid) are required for plant treatments (Walsh 
2000). For treatments with paraffinic oils, it is also required to not exceed the maxi-
mum rate and to avoid application during hot weather because oil can become so hot 
that it can burn potato foliage on application after being heated in the sprayer pipes 
during prolonged sun exposure. Mineral oil treatment can alter plant physiology 
and, in some cases, be phytotoxic. This can have an adverse effect on the appearance 
of plants and potentially might affect crop inspection by reducing a seed potato 
inspector’s ability to identify cultivars and virus symptoms visually in a growing 
crop. A recent study in the UK of the effect of oil treatments on a range of virus- 
infected and healthy plants of various potato cultivars concluded that the ability of 
inspectors to identify both cultivars and virus symptoms was not diminished by 
applications of mineral oil to foliage (Dawson et al. 2015), even though phytotoxic 
symptoms (localised necrotic spots) were occasionally observed (Fig.7.4). However, 
some loss of tuber yield was reported for some cultivars after mineral oil treatment, 
emphasising the necessity for a cautious use of mineral oil to control PVY (Kirchner 
et al. 2014). Delaying haulm destruction by several days could compensate for this 
reduction in yield (Dawson et al. 2015).
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3.2  Insecticide Treatments

The acquisition and inoculation periods of non-persistent viruses like PVY by their 
aphid vectors are extremely short (seconds to minutes) (Bragard et al. 2013). To be 
effective, an insecticide has to kill or incapacitate an aphid very quickly to limit the 
infection of a plant. However, the effect of an insecticide may impair the capacity of 
a viruliferous aphid to fly from a treated plant to another plant. Various insecticides 
and their formulations have been tested for their effectiveness in controlling PVY 
transmission in the field (Table 7.1). Pyrethroids have a near-instantaneous ‘knock- 
down’ effect and can provide a reduction in PVY transmission in controlled condi-
tions (Perring et al. 1999; Gibson et al. 1982; Collar et al. 1997). Unfortunately, 
results obtained in field-grown potato crops with the same products have proven to 
be variable (Table 7.1). Other group of insecticides with different modes of action 
can potentially interfere with the transmission of viruses either by repelling aphids 
(deltamethrin, Rice et al. (1983)), altering feeding behaviour (flonicamid, imidaclo-
prid, pymetrozine and thiamethoxam, Morita et al. (2007), Cho et al. (2011), Boquel 
et  al. (2014)) and reducing aphid’s movement (aldicarb, Boiteau et  al. (1985)). 
However, no significant reduction of PVY transmission was reported in field trials 
for imidacloprid, pymetrozine (Table  7.1) and flonicamid (Fig.  7.5). Pyrethroids 
such as deltamethrin (Gibson et al. 1982) and cypermethrin (Collar et al. 1997) can 
provide a significant degree of PVY protection in controlled conditions, but it is not 
known whether virus acquisition or transmission is affected. Lambda-cyhalothrin, 
dimethoate and pymetrozine reduce PVY acquisition by aphids (Boquel et al. 2014; 

Fig. 7.4 Phytotoxic symptoms (localised necrotic spots and leaf midrib necrosis) developing on 
leaves of potato cv. Desiree following mineral oil spraying (Dawson et al. 2015). Note the beading 
of rainwater on the foliage of sprayed plants (Photo: Courtesy of SASA Crown copyright)
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Margaritopoulos et al. 2010), but the effect of these insecticides is too slow to pre-
vent PVY spread in the field (Table 7.1). In summary, for most of the field trial 
studies reported, the efficacy of an insecticide in controlling PVY spread was either 
not significant, of a limited impact or highly variable between independent experi-
ments. One of the reasons that insecticides have been demonstrated to be either 
ineffective or only of limited effectiveness is because many aphids which transmit 
PVY do not colonise plants in a crop and thus only come in contact with the insec-
ticides for a very limited period (reviewed in Perring et al. (1999)).

Intense

Standard (w) + thiametoxam

Standard (w)

flonicamid (2w)

zetacypermathrine (w)

etofenprox (w)

mineral oil (w)

untreated

esfenvalerate (w)

mineral oil (w) + flonicamid (2w)

mineral oil (fract) + esfenvalerate (w)

mineral oil (w) + esfenvalerate (w)

40 50 60 70 80 90 100

PVY (%)

Fig. 7.5 Percentage of PVY-infected daughter tubers produced by plants treated with a range of 
insecticides and mineral oil. The insecticides used belong to different chemical groups such as 
pyrethroids (esfenvalerate, etofenprox, zeta-cypermethrin), neonicotinoids (thiacloprid, thiameth-
oxam) and pyridine (flonicamid, pymetrozine). The ‘standard’ programme refers to a weekly 
application of mineral oil, together with a pyrethroid in the first week after emergence (esfenvaler-
ate) and a systemic insecticide every 2 weeks (one treatment with flonicamid followed by pyme-
trozine and thiacloprid). The ‘intense’ programme is similar to the ‘standard’ programme with, in 
addition, two applications of mineral oil in the first week after emergence. The letter (w) means 
weekly application, (2w) means one application every 2 weeks and (fract) means two applications 
per week with half dose for the first 3 weeks after emergence and thereafter one application per 
week (Demeulemeester 2013)
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Table 7.1 Insecticides tested in field trials to control the spread of Potato virus Y (PVY)

Active compound Chemical group Application Protection Authors

Cypermethrin Pyrethroid Foliage 7%; Bell (1989)
29%; Gibson and 

Cayley (1984)
NS Martin-Lopez 

et al. (2006)
Demeton-S-methyl Organophosphate Foliage NS Milosevic 

(1996)
Esfenvalerate Pyrethroid Foliage 29%; NS; 

NS (Years 
1, 2 and 3)

Kirchner et al. 
(2014)

Imidacloprid Neonicotinoid In furrow at 
planting

NS Boiteau and 
Singh (1999), 
Alyokhin et al. 
(2002)

Seed tubers NS van Toor et al. 
(2009)

Foliage 53%; Alyokhin et al. 
(2002)

NS Boiteau and 
Singh (1999)

Lambda-cyhalothrin Pyrethroid Foliage 10% Dupuis et al. 
(2014)

NS Hansen and 
Nielsen (2012)

NS van Toor et al. 
(2009)

Permethrin Pyrethroid Foliage 22% Bell (1989)
Pymetrozine Pyridine Foliage NS van Toor et al. 

(2009)
Rolot et al. 
(2006)

Thiomethon and 
tau-fluvalinate

Organophosphorus and 
pyrethroid

Foliage 8% Rolot (2005)

Tau-fluvalinate and 
thiacloprid

Pyrethroid and 
neonicotinoid

Foliage NS Kirchner et al. 
(2014)

Thiamethoxam Neonicotinoid Foliage NS Kirchner et al. 
(2014)

The table shows the name of the active compound and its chemical group, the type of treatment 
applied in the trial, the authors and the corresponding protective efficiency expressed as a percent-
age of reduction in the incidence of tuber infection in comparison with that for untreated plants 
(NS = test not significant or no protective effect)
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3.3  Limitation of Chemical Control: Insecticide Resistance 
in Aphids

The (intensive) use of insecticides has led to the development of different mecha-
nisms of resistance in some aphid populations. The main aphid vectors displaying 
various levels of resistances to insecticides worldwide are Myzus persicae (Sulzer), 
Aphis nasturtii (Kaltenbach), Macrosiphum euphorbiae (Thomas) and Sitobion 
avenae (Fabricius) (Foster et al. 2014, 2002). Different types of biochemical and 
molecular mechanisms of insecticide resistance can be found with Myzus persicae 
(Bass et al. 2014), which includes (i) the overproduction of carboxylesterases (con-
ferring broad-spectrum resistance to members of the organophosphate (OP), (mono-
methyl) carbamate and, to a much lesser extent, pyrethroid classes) that hydrolyse 
the active compound before it affects the nervous system of the insect; (ii) mutation 
of the acetylcholinesterase enzyme (MACE – modified acetylcholinesterase) result-
ing in the insensitivity of target site of the insecticides, the acetylcholinesterase 
enzyme; (iii) mutation of the voltage-gated sodium channel, also named ‘knock-
down resistance’ (kdr or super-kdr for the enhanced allelic form), which is con-
ferred by a mutation of a transmembrane ion channel that plays an essential role in 
the initiation and propagation of action potentials in neurons; and (iv) the mutation 
of the nicotinic acetylcholine receptor (nAChR), a neurotransmitter-gated ion chan-
nel that plays an important role in nerve signalling (Bass et al. 2014). In addition, 
there are new types of resistance that are currently being identified (such as resis-
tance to pyridine compounds) (Table 7.2; Bass et al. (2014)). Table 7.2 presents the 
chemical groups of insecticides frequently used in potato production and the cor-
responding resistance mechanism displayed by Myzus persicae. The incidence of 
Myzus persicae susceptible to the insecticides listed in Table 7.2 is highly variable 
from one year to another. For example, in aphid samples collected in the UK in 
2004, about 60% of the sampled aphids were genotypically associated with 
carboxylesterases- mediated resistance, 70% with MACE and 80% with super-kdr, 
while 5 years before, this proportion was about 20%–5%–80% respectively (IRAG 

Table 7.2 Examples of chemical groups and active compounds available for aphid control in 
potatoes and types of resistance developed by Myzus persicae (IRAG 2014; Bass et al. 2014)

Chemical group Active compound(s)
Resistance mechanism (period of first 
reported resistance)

Dimethyl carbamate Pirimicarb MACE (1940s) and/or 
carboxylesterase (1950s)

Neonicotinoid Acetamiprid, thiacloprid, 
thiamethoxam

Alteration of nAChR (1990s)

Pyrethroid Esfenvalerate, λ-cyhalothrin, 
etofenprox, cypermethrin

Super-kdr (1970s)

Pyridine azomethine Pymethrozine Action on the chordotonal organ 
TRPV channel modulators (1990s)

Pyridine 
carboxamide

Flonicamid Action on the chordotonal organ 
TRPV channel modulators (2010)
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2008). Myzus persicae individuals resistant to neonicotinoids (with an alteration of 
the nAChR) have not yet been found in the UK; however, a survey performed in 
Southern France and Northern Spain in 2010 revealed that resistance to neonicoti-
noids is relatively widespread in these regions, with an average of 76% of resistance 
to thiamethoxam (Slater et  al. 2012). Combinations of the three main resistance 
mechanisms (MACE, carboxylesterase and kdr) can be found in individuals of 
Myzus persicae, but the most common association of resistances found in the field 
in the UK are MACE with super-kdr (IRAG 2008). Consequently, growers are rec-
ommended to minimise whenever possible the use of insecticide mixtures in order 
to prevent the outbreak of Myzus persicae populations displaying cross- resistances. 
Populations of Aphis nasturtii (Buckthorn-potato aphid) sampled in Belgium and 
northern France in the 1990s were found to be resistant to insecticide; however, 
resistance in Aphis nasturtii seems to be a relatively rare event (Duvauchelle et al. 
1997). Macrosiphum euphorbiae has developed a resistance mechanism based on 
overproduction of an esterase after treatment with pirimicarb and λ-cyhalothrin. 
This mechanism of resistance is analogous to the one found in M. persicae. However, 
it is not known if this mode of resistance is effective when treatments are applied at 
the recommended rate (Foster et  al. 2002). Kdr resistance to pyrethroids 
(λ-cyhalothrin) was found in Sitobion avenae in the UK (Foster et al. 2014), and the 
prevalence of resistant individuals in 2015 varied from 45 to 75% depending on the 
location of sampling (Malloch et al. 2016).

3.4  Synthetic Pheromones

Numerous aphid species secrete pheromones as a behavioural mechanism when 
attacked by natural enemies (Kislow and Edwards 1972; Nault et al. 1973). (E)-β- 
farnesene (EβF) is the main alarm pheromone (Pickett et  al. 1992; Zhang et  al. 
1997). EβF has a repellent effect on aphid colonies and affects the development and 
fecundity of the aphid populations (Su et al. 2006; Gibson et al. 1984). Additionally, 
it was shown in the laboratory that EβF inhibits the acquisition and subsequent 
inoculation of PVY by Myzus persicae (Sulzer) (Gibson et al. 1984). Another labo-
ratory experiment performed with tobacco plantlets using apterous aphids (Myzus 
persicae (Sulzer) and Macrosiphum euphorbiae (Thomas)) revealed a higher spread 
of PVY when the aphids are in contact with EβF (Lin et al. 2016). This result sug-
gests an increase in the movement of apterous aphids from plant to plant in the 
presence of EβF. Apterous aphids are known to be able to move from plant to plant 
even without the overlapping of crop canopy, by walking on the soil surface 
(Alyokhin and Sewell 2003; Narayandas and Alyokhin 2006). Nevertheless, winged 
aphids are more motile in the crop by flying from plant to plant and, hence, have a 
higher impact on PVY spread in the field (Boiteau 1997). A 1-year experiment 
undertaken in field conditions showed that PVY spread was identical with or with-
out the diffusion of EβF (Crutzen et al. 2014). While pheromone treatment might 
have a limited impact on the aphid transmission of PVY, the efficacy of insecticide 
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in controlling aphid populations can be improved by using EβF treatments, as 
reported in Chinese cabbage fields treated simultaneously with imidacloprid and 
EβF (Cui et  al. 2012). The strategy of combining EβF diffusion with insecticide 
treatments to control PVY spread has yet to be tested and might represent an inter-
esting approach to control aphid populations and consequently virus transmission.

3.5  Elicitors

Several chemicals are able to induce systemic resistance of plants to pathogens 
(Kessmann et al. 1994). Among those chemicals, salicylic acid (SA) is known to 
induce resistance to a wide range of pathogens including viruses (Nakayama et al. 
1996; Vasyukova and Ozeretskovskaya 2007). It was shown that Potato virus X 
(PVX) accumulation in tobacco leaves is reduced after SA treatment (Naylor et al. 
1998). This effect was also observed in tomato leaves inoculated with PVY and 
treated with acibenzolar-S-methyl (Bion®), a functional analogue of SA (Petrov 
and Andonova 2012). Bion® was also tested in a field trial to control PVY spread in 
potatoes, which resulted in a relatively low (14%) but nevertheless significant reduc-
tion of PVY transmission (Dupuis et al. 2014).

4  Combined Methods

Many of the techniques cited above have often been tested in combination. Crop 
borders and mineral oil treatments have been tested together, and the combination 
of those two techniques was more effective than when they were applied individu-
ally. In the field trials of Boiteau et  al. (2009), the combination of applying oil 
sprays to potato crops and a border crop improved the efficacy of PVY control 
compared with oil treatment and borders used alone: 47–59% reduction in the inci-
dence of PVY in the first year, 57–63% in the second year and 79–97% in the third 
year of field trials. Insecticide treatment of a border crop did not produce a reduction 
in the incidence of tuber infection by PVY (Difonzo et  al. 1996). A synergistic 
effect of applying straw mulching and mineral oil together was recorded in a 1-year 
trial in Switzerland (Fig. 7.3), but no synergy was found in a similar trial in Finland 
(Kirchner et al. 2014). In the Swiss trial, the efficacy of PVY control with straw 
mulching was about 47%, while spraying mineral oil produced a similar efficacy of 
a 55% reduction in PVY. However, an efficacy of 70% was achieved when both 
techniques were used together. In the Finnish trial, straw mulching produced a 
reduction of 26% in PVY infection, but a combined mineral oil spraying and straw 
mulching treatment gave only a 19% reduction. It is likely that the extent of any 
synergistic effect of mineral oil with straw mulch may depend upon the experimen-
tal conditions of a trial. As explained above, the efficacy of mineral oil treatment 
increases the older the plants are when they are sprayed, while the efficacy of straw 
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mulching is greatest early in the season before the soil surface becomes covered by 
the crop canopy. Thus, the timing and location of the peak of aphid activity (data not 
shown) could explain the differences between those two trials. Oat intercropping 
was also tested with mineral oil applications, and some synergy was recorded 
(Fig.  7.3). Oat intercropping resulted in 63% reduction in PVY infection in the 
potato crop, and the efficacy of PVY reduction reached 89% when oat intercropping 
was used together with mineral oil spraying. The combination of insecticides and 
mineral oil treatments can also provide some synergy, increasing the protection of 
treated crops against PVY. A Canadian survey of 56 crops of seed potatoes being 
multiplied using distinct cropping techniques revealed that mineral oil was more 
effective when combined with insecticide applications, particularly when used early 
in the season (Mackenzie et al. 2014; 2016). This synergy was not found in all cir-
cumstances. A weekly treatment with esfenvalerate together with mineral oil gave 
better protection (42%) of a crop against PVY spread than a weekly spray of min-
eral oil alone (9%; p<0.05) (Fig 7.5). Contrastingly, the combination of a weekly 
treatment of thiomethon + fluvalinate and a twice-weekly treatment with mineral oil 
did not improve the protection of the crop against PVY infection (p > 0.05 for all 
years of trial) than when treatments were applied individually (Fig. 7.6). Additional 
studies conducted in a greenhouse have shown a significant reduction in the trans-
mission of PVY in plants treated with mineral oil and insecticides (Martin-Lopez 
et al. 2006; Gibson and Rice 1986). This synergistic effect of insecticides and oil 
may be influenced by the particular chemistry of an insecticide, e.g. synthetic pyre-
throids (Fig. 7.5), and by the time of application because mineral oil alone is less 
efficient when applied early in the season (Mackenzie et  al. 2014; Gibson and 
Cayley 1984; Demeulemeester 2013).

Fig. 7.6 Efficacy in the reduction of the incidence of PVY in progeny tubers in response to foliar 
treatments with either mineral oil (3 l twice a week) sprayed alone or in combination with a pyre-
throid insecticide (0.6 l of thiomethon (200g/l) +fluvalinate (72g/l) once a week) over a 3-year 
period. Each year, the trials were conducted in three different locations with three replications of 
each treatment (Rolot 2005)
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5  Seed Certification Schemes

5.1  History and Evolution

Potato is a vegetatively propagated crop, and consequently tubers can potentially be 
contaminated with a large range of organisms (Franc 2001). These pathogens can 
then be transmitted from the seed tuber to the new plant in the next generation of 
multiplication and also to healthy plants in the crop. The pathogens can range from 
fungi to viroids and can be carried within and/or on the surface of a tuber. The dis-
eases caused by the pathogens can have a serious effect on the yield and the quality 
of a crop. Seed potatoes are potatoes intended for planting, unlike those intended for 
end uses such as consumption and processing. As commercial trade in seed potatoes 
developed, a perceived need arose for some form of independent verification of the 
quality of seed potatoes being marketed. This resulted in the establishment of seed 
potato certification schemes under official control with tolerances for quality aspects 
of seed potatoes being applied at each year of propagation (Rousselle et al. 1996; 
EPPO 1999). The first potato seed certification scheme was established in Europe 
(Germany) in the first years of the nineteenth century and about 10 years later in the 
USA (Shepard and Claflin 1975). Similar schemes were introduced in New Zealand 
in the late 1920s and in Australia in the 1930s (Maunder 2005; Crump 2008). Until 
early 1970s, production of the initial planting material was largely by ‘clonal selec-
tion’ (or ‘positive selection’), which involved selecting disease-free tubers from 
apparently healthy mother plants (Gildemacher et al. 2011). As far as possible, test-
ing was conducted on mother plants and tubers to ensure freedom from viruses 
known to be present in a country. However, appropriate testing was not available to 
confirm freedom from bacterial and fungal tuber pathogens. Subsequently, tissue 
culture techniques were developed for producing initial planting material in which 
greater security of plant health could be achieved through an extensive testing pro-
gramme (Espinoza et al. 1984; Dodds 1988). In Scotland, the first technique used 
was ‘stem cuttings’ starting in the late 1960s with the aim of eliminating latent 
tuber-borne pathogens, especially those causing blackleg, from the initial planting 
material (Jeffries 1986; Hall 1993), but this was superseded by micropropagation to 
produce ‘nuclear stock’. Nowadays, this method is used as the starting point in 
almost all certification schemes worldwide because it allows material to be tested 
comprehensively for quality and notifiable pathogens and pests (EPPO 1999; 
Donnelly et al. 2003; Frost et al. 2013). One exception is the Netherlands, where 
clonal selection is also used, together with micropropagation, to produce the initial 
planting material (NIVAP 2016). Tubers produced from the initial planting material 
are then multiplied for a number of generations in the field as seed potatoes under 
certification control until finally marketed for end use (Frost et al. 2013). In Asia, 
Africa and South America, ‘informal’ seed potato production systems account for 
94% of the market (Thomas-Sharma et al. 2016). In informal seed potato production 
systems, seed tubers are sourced on farm, neighbouring farms, local markets and 
unofficial specialist producers (Hirpa et al. 2010). The health status of this type of 
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seed potatoes can be very variable, and consequently crop yields fall far short of 
their potential. This is largely due to the inherently high amounts of virus in the 
potatoes and greater aphid pressure in more favourable environments for spread. 
Gildemacher et  al. (2011) assessed the economic return of three different seed 
potato schemes: (i) the use of the farmer seed stock, (ii) the use of the ‘positive 
selection’ technique and (iii) the use of certified seed from the market. This showed 
that buying high-quality seed is generally more economically effective than the 
other schemes because the yield obtained with certified seed is usually greater. This 
does assume that farmers can afford buying high-quality seed potatoes and that the 
required cultivar is available for planting.

5.2  Objectives of Seed Potato Certification Schemes

The main goal of a potato certification scheme is to assure the quality of seed pota-
toes being marketed through an independent process of verification and testing con-
ducted by a designated certifying authority. The aspects covered by certification are 
identity of cultivar, purity of crop, diseases and pests affecting quality or yield, 
external quality, physiology, size and labelling (UNECE 2015). Seed potatoes are 
propagated over a number of years so genealogy and traceability are key elements 
of a well-developed certification scheme. In order to maintain the health of seed 
potatoes during propagation, tolerances for disease and quality characteristics are 
set for each generation, being strictest for first generation and becoming slightly 
more relaxed for subsequent generations in the field (EPPO 1999). Verification of 
tolerances is largely conducted by visual inspection of plants or tubers supported by 
testing as appropriate (Franc 2001; Frost et al. 2013).

5.3  Principles of Certification

Although varying degrees of complexity exist, the basic principles of seed certifica-
tion remain the same (EPPO 1999). Currently, the first step is the multiplication of 
an in vitro pathogen-free plant (nuclear stock) which can then be multiplied in an 
approved facility to produce large numbers of in vitro plantlets or microtubers (i.e. 
tubers produced in vitro by a micropropagated plantlet). Nuclear stock is normally 
subject to an extensive testing programme to ensure its freedom from a range of 
specified pathogens before being used to produce minitubers in insect-free green-
houses or screenhouses (Frost et  al. 2013; EPPO 1999). These tubers are then 
planted in the field the following year to produce the first generation of seed pota-
toes (Franc 2001). The import of healthy plant material or clonal selection can be 
used as an alternative to tissue culture (Franc 2001; Schulte-Geldermann et  al. 
2012). Several years of field multiplication will ensue before being used by ware 
potato producers. In European countries, most certification schemes classify seed 
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potatoes into three categories: pre-basic, basic and certified in accordance with 
United Nations Economic Commission for Europe (UNECE) Standard for Seed 
Potatoes (UNECE 2015). At least two classes within each category are normally set 
nationally although the possibility of agreed common classes is being explored by 
EU (2002). The number of years that seed potatoes can be multiplied is also limited 
in a scheme, normally less than nine (Frost et al. 2013), and with a maximum of 
nine generations allowed in the EU since 2016 (directives 2014/20/CE and 2014/21/
CE). Some schemes, especially in North America, are based solely on generation 
number although the number does not always correspond to the number of genera-
tions in the field from initiation (Willem Schrage, personal communication). Each 
year, crops are visually examined by seed potato inspectors for varietal purity and a 
range of faults including virus diseases around the time when plants are flowering. 
Inspected crops have to comply with specific tolerances for faults for the class for 
which they have been entered; otherwise the crop is downgraded to the appropriate 
class or, in extreme circumstances, not accepted as being suitable for marketing as 
seed potatoes (Frost et al. 2013). The UNECE has developed an international stan-
dard for certification and marketing of seed potato that sets out a common terminol-
ogy and minimum commercial quality requirements for the certification of 
high-quality seed intended for marketing internationally (UNECE 2015). This stan-
dard is a useful blueprint to facilitate seed potato trade between countries that 
already have their own certification schemes in accordance with the UNECE stan-
dard. It is also a good model for countries aiming to develop their own seed potato 
certification scheme.

5.4  Virus Diagnostic Methods Used in Certification Schemes

Historically, the incidence of viruses, including PVY, in seed potato crops was 
assessed visually at two or more inspections according to disease symptoms reported 
as severe mosaic or mild mosaic (see Chap. 5). Knowledge of the virus causing 
symptoms was not essential for certification purposes but was nevertheless col-
lected for future analysis. If any tolerance is exceeded at inspection, a crop is down-
graded as appropriate or rejected (Shepard and Claflin 1975). This method is still 
used in seed potato production areas where PVY pressure is low (e.g. Scotland). 
Diseased plants seen at inspection are generally the result of secondary transmission 
from infected tubers although symptoms of primary infection can sometimes be 
observed, but this can underestimate the true extent of such infection. The incidence 
of symptomatic plants derived from primary infection varies with environment and 
time of infection. Late-season infection of a susceptible potato plant will probably 
result in no development of foliar symptoms although virus may be translocated to 
daughter tubers, highlighting the necessity for post-harvest testing (Franc 2001; 
Frost et al. 2013). Therefore, in some environments, relying on visual inspection 
may be insufficient to provide assurance that seed potatoes will meet the expecta-
tions of customers (Lindner et al. 2015). Additional measures such as a targeted 
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post-harvest assessment were introduced in some certification schemes to check for 
late-season virus infection or, in some cases, symptomless infection of tolerant 
cultivars.

There are numerous post-harvest diagnostic methods for viruses. The first 
method to be developed was termed ‘post-harvest grow-out assay’ or ‘growing-on 
assay’. A sample of a prescribed number of tubers is collected at random from a 
crop before harvest or shortly after harvest. Seed pieces consisting of a single eye 
are removed from each tuber and planted (with or without a treatment to break 
 dormancy) in a greenhouse or outdoors if the climate of a country is suitable. When 
these tests were first conducted, the plants grown from each seed piece were then 
examined visually for symptoms of virus infection (Franc 2001). Microscopy (Igel- 
Lange test) or serological (radial-immunodiffusion) techniques were used to sup-
port these assessments (Shepard and Claflin 1975; Gugerli and Fries 1983). Visual 
observation was later replaced by an enzyme-linked immunosorbent assay (ELISA) 
for the detection of virus (see Chap. 5). France and Belgium still use ELISA for this 
type of testing.

A variation of this method is the so-called winter test. After breaking tuber dor-
mancy, a standard sample from a crop is shipped to a ‘warmer’ location for planting. 
After emergence, each plant is visually inspected, and/or a leaf sample is taken for 
further testing by serological or molecular methods. The northern states of the USA 
use this approach and ship seed samples to southern states for a ‘winter test’. These 
programmes are expensive and are gradually being replaced by laboratory-based 
tuber tests (Shepard and Claflin 1975; Franc 2001). Laboratory-based tests of tubers 
were first developed in Switzerland in the early 1980s. After dormancy of the tubers 
is broken by fumigation with Rindite (a mixture of 2-chloroethanol, 
1,2- dichloroethane and carbon tetrachloride 7:3:1), sap from the basis of the sprouts 
of each tested tuber is tested by ELISA (Gugerli and Gehriger 1980). In Europe, this 
product is banned due to its toxicity and is replaced by a solution of gibberellic acid. 
In this case, ELISA test is performed on recently emerged potato leaflets. ELISA is 
gradually being replaced by molecular techniques such as real-time RT-PCR, which 
has been employed in seed potato certification schemes in the Netherlands and 
Scotland since 2013 and in Switzerland and France since 2015 (this list of countries 
is not exhaustive).

5.5  The Role of Seed Certification Schemes for PVY Control 
and Future Challenges

Seed certification schemes are essential in managing and controlling non-persistent 
viruses such as PVY in seed potato production through inspection of seed potato 
crops and statutory virus testing. They provide a purchaser with assurance that seed 
potatoes have been produced according to scheme requirements and standards, par-
ticularly with regard to health and cultivar purity. A post-harvest test should provide 
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a reasonable estimate of the incidence of PVY in the daughter crop, provided the 
sample collected is representative of the crop (Frost et al. 2013). Certification, there-
fore, offers the opportunity to discard or ‘flush through’ crops, which pose a risk to 
the health of subsequent crops. The population dynamics of PVY are changing (see 
references in Chap. 3). Ordinary and veinal necrotic PVY strains (i.e. PVYO and 
PVYN) are gradually becoming less prevalent in Europe and are being replaced by 
recombinant strains PVYNTN and PVYN-Wi. PVYO and PVYN are generally believed 
to be more aggressive than the now-prevalent above-mentioned recombinant strains 
and elicit severe foliar symptoms on potato plants, although this does vary between 
cultivars. On certain cultivars, the recombinant PVYNTN and PVYN-Wi strains tend to 
produce milder symptoms, and in some occasions, higher copy numbers of viral 
RNA were found in leaves displaying milder symptoms (Lindner et  al. 2015; 
Karasev and Gray 2013). This suggests an apparent lack of correlation between 
symptom severity, virus concentration and virus strains; therefore, adopting differ-
ent tolerances with respect to the severity of virus symptoms might no longer be 
appropriate in certification schemes when it comes to control PVY (Lindner et al. 
2015). Consequently, the Specialised Section on Standardisation of Seed Potatoes 
at UNECE has revised the UNECE Standard (S-1) Seed Potatoes and adopted new 
virus tolerances irrespective of the severity of viral symptoms observed in growing 
crops (UNECE 2014). As mild mosaic/viral symptoms may be missed during crop 
inspection, particularly if conditions are less favourable for visual inspection of 
plants (e.g. bright sunlight or water on foliage) or, as stated above, when plants are 
infected by less aggressive virus strains or if a cultivar is tolerant to some virus spe-
cies, visual inspections should be complemented by post-harvest virus testing, as 
undertaken by most developed certification schemes worldwide.

6  Conclusion

Controlling the spread of PVY remains a challenge to the potato industry worldwide 
because of its non-persistent mode of transmission and the evolution of new strains 
and variants. Prophylactic measures such as roguing and early haulm destruction 
are required to limit PVY spread but are not efficient alone; the implementation of 
additional control strategies is needed to protect the susceptible potato cultivars. 
The control strategies presented in this chapter can help to reduce PVY transmission 
by aphids; however, each individual control strategy has its own limitations. Border 
crops can reduce the introduction of virus from outside the field but will not reduce 
the risk of transmission within a crop. While displaying variable levels of protec-
tion, mineral oil is generally used by seed potato growers to reduce aphid transmis-
sion of non-persistent viruses. Nevertheless, the effectiveness of mineral oil is 
dependent on the timing of aphid flights. For ‘early’ aphid flights that occur during 
the first weeks after plant emergence when plants are at their most susceptible stage, 
frequent oil application (two to three times per week to maximise coverage of new 
leaves) might provide some level of protection by reducing PVY transmission if 
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inoculum is present. For ‘late’ aphid flights (3–4 weeks after emergence), most 
leaves on a potato plant should be more effectively covered with a film of oil, which 
reduces the risk of infection. The efficacy of insecticides in controlling PVY spread 
is highly variable and at best of a limited impact. The effectiveness of control of 
PVY transmission through combined insecticide and mineral oil treatment may be 
more effective than individual insecticide or mineral oil treatment. Due to the rapid 
development of leaves and the difficulty of forecasting aphid flights during early 
crop development, it is advisable to combine mineral oil treatments with other con-
trol techniques such as intercropping, straw mulching and insecticide treatments. 
These emphasise the importance of controlling virus through appropriate monitor-
ing methods and crop management enforced by seed certification schemes through 
the use of ‘clean’ input seed (ideally virus free or seed potatoes with a low incidence 
of virus) and, when possible, the segregation of seed and ware crops to minimise the 
risk of virus transmission between them.
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