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Chapter 6
Transmission and Epidemiology of Potato virus Y

Christophe Lacomme, Jon Pickup, Adrian Fox, Laurent Glais, Brice Dupuis, 
Thomas Steinger, Jean-Louis Rolot, Jari P.T. Valkonen, Kerstin Kruger, 
Xianzhou Nie, Spela Modic, Natasa Mehle, Maja Ravnikar,  
and Maurice Hullé

Abstract  As obligate parasites, plant viruses, require in order to survive, to be 
transmitted to another plant. Experimentally, viruses such as Potato virus Y (PVY) 
can be transmitted by mechanical means such as wounding and grafting. In its 
natural environment, PVY transmission is mediated by sap-feeding aphid vector, or 
vegetatively through propagated organs such as potato tubers. A vast number of 
aphid species have been reported to transmit PVY in a non-persistent manner with 
variable efficiency to a large number of solanaceous and non-solanaceous plant 
species including weeds and ornamentals. Several sensory stimuli will influence 
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host selection and feeding behaviour of the aphid and will strongly influence virus 
epidemiology. The interactions between the virus, its vector, and the environment 
are complex and are the focus of many studies aiming to understand the molecular 
basis of these interactions and their impact on disease development. This chapter 
will present the current knowledge of PVY transmission, epidemiology, and its 
management in different countries.

1  �Introduction

Plant viruses are obligate parasites, and their survival depends on their transmission 
(often via a vector) from an infected plant to another plant. For the vast majority of 
plant viruses, their infectious cycle is tightly associated with that of their vector(s) 
and their host(s). When a plant is infected, a virus can persist in seed or in vegeta-
tively propagated organs, such as potato tubers, bulbs, corms, at the end of the grow-
ing season. These offer ways for a virus to survive adverse conditions and initiate 
new infections during the following growing season. Plants acquire virus through 
two pathways. The first, termed vertical or secondary transmission, occurs when a 
virus moves from infected planting material, e.g., potato tuber into the growing 
plant and, in the case of potato, into the daughter tubers. The second pathway termed 
horizontal transmission occurs when a plant is infected mechanically or through a 
vector, usually an invertebrate such as an insect. Both pathways of infection by 
Potato virus Y (PVY) occur with potato but foliar symptoms on infected plants are 
generally more severe with vertical transmission than with horizontal transmission. 
Nearly 765 species of aphids (Hemiptera: Aphididae) have been reported to trans-
mit PVY with variable efficiency. PVY has a broad host range infecting solanaceous 
and non-solanaceous plant species including weeds and ornamentals (Kerlan 2006). 
Biennial and perennial arable weeds can act as reservoirs for aphid-mediated trans-
mission (Beemster and de Bokx 1987) and can contribute to the rapid dissemination 
of PVY within field crops and its persistence in the environment. The interactions 
between the virus, its vector, and the environment are complex and are the focus of 
many studies aiming to understand the molecular basis of these interactions and 
their impact on disease development.

This chapter is intended to give an overview of the current knowledge of the 
transmission of PVY, and its interaction with its aphid vectors, its host (potato) and 
the environment.
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2  �Transmission of PVY

2.1  �“Natural” PVY Transmission

2.1.1  �Vertical Transmission: Seed-Borne Infection

The infectious cycle of a virus in a plant host starts from a single infected cell. After 
an initial stage of uncoating (i.e., virion CP disassembly exposing the viral RNA 
genome), genome replication occurs, followed by cell-to-cell (local) movement 
through plasmodesmata to reach phloem vessels from where the virus will be trans-
ported in the phloem sap throughout the whole plant. As is the case for all plant 
viruses in infected plants, PVY movement throughout the plant will follow the 
source-sink partitioning of photoassimilates, resulting in systemic infection of sink 
tissues above and below the ground. Hence, developing leaves and other tissues, 
including new tubers, will gradually become infected (for a review, see Hull 2002).

Infected seed potato tubers can be an important source of PVY inoculum as they 
can maintain the virus within a crop and enable its spread within daughter growing 
crops and to other potato crops in following seasons. Analyses of seed potato certi-
fication data in Scotland revealed that PVY was four times more likely to be found 
in a crop derived from seed potatoes from a crop which contained plants with symp-
toms of PVY than a crop without any symptomatic plants (Fenton et al. 2012). PVY 
transmission through true seed or pollen of potatoes has not been recorded (de Bokx 
1972).

2.2  �Horizontal Transmission

2.2.1  �Transmission by Aphids

As with about 380 other plant viruses, PVY is transmitted naturally by aphids (Nault 
1997). Aphids are sap (phloem)-feeding hemipteran insects, and over 190 aphid 
species are known to transmit plant viruses (Nault 1997), with many species capable 
of transmitting more than one virus species (reviewed in Katis et al, 2007). Aphid 
populations can rapidly reach very high numbers, primarily through asexual (par-
thenogenetic) reproduction rather than sexual reproduction. Aphid multiplication is 
very variable and depends on aphid species, geographical location, temperature, and 
the presence of suitable hosts. The temperature threshold for aphid flights is around 
15 °C for Rhopalosiphum padi and Aphis fabae; however, it does vary among and 
within species (Bale et al. 2007).

The interactions between aphids and the viruses they transmit have been studied 
at the physiological, cellular, and molecular levels and have emerged, perhaps not 
surprisingly, as very complex and closely related. The host selected by an aphid will 
be guided primarily by its perception of plant colour, volatiles, and, once having 
landed on a plant, through the ingestion of plant cellular contents (Moericke 1955; 
Kennedy et  al. 1959a, b; Kring 1972; Pettersson 1970; Pettersson et  al. 2007; 
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Giordanengo et al. 2010). Interestingly, plant viruses can promote their own trans-
mission by manipulating host physiology to make the plant more attractive to aphids 
and, in some cases, increase aphid fecundity (Holmes and Bethel 1972; Ingwell 
et al. 2012; Casteel et al. 2014). Moreover, it has been reported that the infection of 
a potato plant by PVY can affect the feeding behaviour of some aphid species 
(Boquel et al. 2011, 2012). In the case of Myzus persicae, the most efficient aphid 
vector of PVY, the landing of an aphid on a PVY-infected plant increased its inges-
tion of phloem sap and reduced the time spent not probing (Boquel et al. 2011), 
which could increase the risk of PVY spreading. Consequently, a wide variety of 
tri-trophic interactions can be observed within the PVY/aphid/host system.

Process of Virus Transmission by Aphid

Virus transmission by aphids occurs by transferring virions (virus particles contain-
ing the viral genome, assembled coat protein monomers, and other associated virus-
encoded proteins) from infected to healthy plants. After landing on plants, aphids 
probe (puncture) leaves by inserting their long, flexible stylet into epidermal cells to 
form a salivary and food canal in both host and non-host plants. The first probes last 
less than a minute and seem to provide sufficient information for either plant rejec-
tion (promoting aphid flight) or plant acceptance (secretion of gelling and watery 
saliva, followed by progression through different feeding stages until reaching 
phloem vessels and uptake of phloem). These stages of the aphid-host interaction 
have emerged as a very complex molecular interplay between host and aphid. As for 
other plant-pathogens interactions, aphids are likely to deliver effector molecules 
inside their host which will alter cellular processes, thus enabling successful estab-
lishment and fulfilment of their life cycle (Hogenhout et  al. 2009; Giordanengo 
et al. 2010).

The process of virus transmission can be divided into four phases. The first phase 
is termed the “acquisition phase” in which an aphid acquires virions from an infected 
plant. The second phase is the “retention phase” in which an aphid will retain and 
carry the virions. The third phase is the “inoculation phase” in which an aphid will 
release the retained virions into another host, initiating a new infection. For some 
viruses, another period termed the “latent phase” occurs during which an aphid has 
acquired virions but is unable to transmit them to another host during this period of 
time (reviewed by Katis et al. 2007).

Based on the duration of these different phases, the types of virus transmission 
by aphids can be classified as “persistent”, “semi-persistent”, or “non-persistent”. In 
persistent transmission, virus acquisition requires a relatively long time (hours or 
days) before an aphid becomes infective because most persistent viruses, e.g., 
polerovirus such as Potato leafroll virus, are confined to phloem tissues and can 
either replicate (propagative viruses) or not (non-propagative viruses) in their aphid 
vector. Semi-persistent viruses, such as Cauliflower mosaic virus, may be acquired 
within minutes or hours. However, their efficiency of transmission to a new host 
increases with the duration of the acquisition phase (Palacios et al. 2002).
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Transmission of non-persistent viruses requires only a brief period of seconds or 
minutes of probing of epidermal cells by an aphid’s stylet before the virus becomes 
infective in the aphid. The retention of virions in an aphid foregut suggests that non-
persistent viruses such as PVY are acquired by ingestion of cellular contents during 
probing of the epidermal cells (Pirone and Perry 2002). There is no latent period for 
semi-persistent viruses. Aphids rapidly lose their infectivity immediately after the 
acquisition phase and become non-infective fairly quickly when feeding on healthy 
plants. However, PVY particles can persist for more than 17 h in winged forms of 
A. nasturtii (Kostiw 1975). The vast majority (about 75%) of aphid-transmitted 
viruses are transmitted in a non-persistent manner. Non-persistent viruses include 
viruses of the Alfamovirus, Caulimovirus, Cucumovirus, Fabavirus, Macluravirus, 
and Potyvirus genera, with different virus particles shape (helical and isometric), 
genomes composition (mono or multipartite DNA, ssRNA+ genomes).

Identification of PVY Aphid Vectors

Since the 1980s, a total of 65 aphid species or group species have been reported as 
having the ability to acquire and transmit PVY in a non-persistent fashion (Table 6.1).

This list includes aphid vectors that colonise potato, such as the peach-potato 
aphid M. persicae or the potato aphid Macrosiphum euphorbiae (Fig. 6.1), or colo-
nise other host plants, such as black bean aphid A. fabae, bird cherry-oat aphid R. 
padi, cereal aphids like the rose-grain aphid Metopolophium dirhodum and the grain 
aphid Sitobion avenae, but nevertheless have the ability to transmit PVY in a non-
persistent manner.

All these aphid species exhibit various degrees of efficiency in transmitting 
PVY. This capacity is defined by a relative efficiency factor (REF). The principle of 
REF determination for PVY transmission to potato relies on catching live alate 
aphids of different species present in potato crops, starving them for a period, allow-
ing them to probe a PVY-infected potato and finally transferring each individual 
aphid to a virus-free potato plant or another bait plant. The transmission rate is 
calculated by dividing the total number of bait plants infected for each aphid bio-
type by the total number of plants infected for the M. persicae reference biotype. 
REF values are then calculated for each aphid species by dividing the transmission 
rate value of each individual species by the value of M. persicae transmission rate 
(which will have a value of 1). Since 1980s, several researchers have applied this 
methodology to define the REF factor for specific aphid species and isolates of 
PVYO, PVYN strain groups, and PVYNTN and PVYN-Wi variants (Kostiw 1979; van 
Hoof 1980; van Harten 1983; Sigvald 1984, 1992; Harrington and Gibson 1989; de 
Bokx and Piron 1990; Halbert et al. 2003: Verbeek et al. 2010) (Table 6.2).

However, differences in REF values for specific virus aphid combinations can be 
observed, e.g., Acyrthosiphon pisum and PVYO. Verbeek et  al. (2010) concluded 
that the two most important factors influencing an assessment of an REF value were 
biotype of an aphid species and isolate of PVY, while acknowledging that a number 
of difficulties still occurred in standardising this type of experiment, particularly 
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Table 6.1  List of the 65 aphid species or group species reported in the literature as potential 
vectors of PVY

Aphid species / group 
species

Studied PVY 
strain group(s) Reported by

Acyrthosiphon pisum PVYO, PVYN von Hoof (1980), Sigvald (1984), Harrington et al. 
(1986) and DiFonzo et al. (1997)

Acyrthosiphon primulae PVYN Ragsdale et al. (2001)
Anoecia corni PVYO Basky and Raccah (1990)
Aphis citricola PVY (pepper) Raccah et al. (1985)
Aphis craccivora PVYO Basky and Raccah (1990)
Aphis fabae PVYO, PVYN van Hoof (1980), Sigvald (1984), Harrington et al. 

(1986), de Bokx and Piron (1990), DiFonzo et al. 
(1997) and Basky and Almasi (2005)

Aphis fabae 
cirsiacanthoides

PVYO, PVYN Basky and Almasi (2005)

Aphis frangulae PVYO Sigvald (1992)
Aphis glyacines PVYO, PVYN, 

PVYNTN

Davis et al. (2005)

Aphis gossypii PVYO Raccah et al. (1985)
Aphis hellantti PVYO DiFonzo et al. (1997)
Aphis nasturtii PVYO, PVYN Sigvald (1984), Harrington et al. (1986) and de 

Bokx and Piron. (1990)
Aphis pomi PVYO, PVYN van Hoof (1980), Harrington and Gibson (1989) 

and Basky and Almasi (2005)
Aphis rumicis PVYO Basky and Raccah (1990)
Aphis sambuci PVYO, PVYN Harrington et al. (1986), de Bokx and Piron (1990)
Aphis spiraecola PVYN Basky and Almasi (2005)
Aulacorthum solani PVYO, PVYN van Hoof (1980)
Brachycaudus cardui PVY Basky (2002)
Brachycaudus helichrysi PVY, PVYO, 

PVYN

Edwards (1963), van Harten, (1983), Harrington 
et al. (1986) and de Bokx and Piron (1990)

Brevicoryne brassicae PVY, PVYO Sigvald (1984), Basky and Raccah (1990)
Capitophorus elaeagni PVY, PVYO DiFonzo et al. (1997), Halbert et al. (2003)
Capitophorus 
hippophaes

PVYN van Hoof (1980), de Bokx and Piron (1990)

Cavariella aegopodii PVYO, PVYN de Bokx and Piron (1990)
Cavariella pastinaca PVYN Salazar (1996)
Cryptomyzus ballotae PVYO Harrington et al. (1986)
Cryptomyzus galeopsidis PVYN de Bokx and Piron (1990)
Cryptomyzus ribis PVYN de Bokx and Piron (1990)
Diuraphis noxia PVY, PVYO Halbert et al. (2003), Basky and Almasi (2005)
Drepanosiphum 
platanoidis

PVYN Powell et al. (1992)

Dysaphis plantaginea PVY, PVYO Basky et Raccah (1990)
Dysaphis spp PVYN de Bokx and Piron (1990)

(continued)
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Table 6.1  (continued)

Aphid species / group 
species

Studied PVY 
strain group(s) Reported by

Hayhurstia atripllicis PVY Basky and Raccah (1990)
Hyadaphis foeniculi PVYN de Bokx and Piron (1990)
Hyalopterus pruni PVY, PVYO, 

PVYN

de Bokx and Piron (1990), Basky and Raccah 
(1990)

Hyperomyzus lactucae PVYO, PVYN Harrington et al. (1986), de Bokx and Piron (1990)
Hyperomyzus pallidus PVY Basky and Raccah (1990)
Lipaphis erysimi PVYO DiFonzo et al. (1997)
Macrosiphum 
euphorbiae

PVYO, PVYN van Hoof (1980), van Harten (1983), Harrington 
et al. (1986), de Bokx and Piron (1990)

Macrosiphum rosae PVYN Basky and Almasi (2005)
Metopolophium albidum PVYN van Hoof (1980)
Metopolophium 
dirhodum

PVY, PVYO, 
PVYN

van Hoof (1980), van Harten (1983), de Bokx and 
Piron (1990), Sigvald (1992) and Halbert et al. 
(2003)

Metopolophium festucae PVYO Harrington et al. (1986)
Myzaphis rosarum PVYO Harrington et al. (1986)
Neomyzus circumflexus PVYO, PVYN Salazar (1996)
Myzus ascaionicus PVYN, 

PVYNTN, 
PVYNW

Verbeek et al. (2010)

Myzus cerasi PVYO, PVYN Harrington et al. (1986), de Bokx and Piron 
(1990), Basky and Almasi (2005)

Myzus certus PVYO, PVYN van Hoof (1980), de Bokx and Piron (1990)
Myzus ligustri PVYO, PVYN Harrington et al. (1986), Basky and Almasi (2005)
Myzus myosotidis PVYO Harrington et al. (1986)
Myzus persicae 
nicotianae

PVY, PVYN Halbert et al. (2003), Kanavaki et al. (2006)

Myzus persicae PVY, PVYO, 
PVYN

van Hoof (1980), van Harten (1983), Harrington 
et al. (1986), de Bokx and Piron. (1990), Sigvald 
(1992), Fereres et al. (1993) and Halbert et al. 
(2003)

Phorodon humuli PVYO, PVYN van Hoof (1980), van Harten (1983), de Bokx and 
Piron. (1990) and Harrington et al. (1986)

Rhopalosiphum insertum PVYO, PVYN van Hoof (1980), van Harten (1983), Harrington 
et al. (1986) and de Bokx and Piron. (1990)

Rhopalosiphum maidis PVYO, PVYO DiFonzo et al. (1997), Halbert et al. (2003)
Rhopalosiphum padi PVY, PVYO, 

PVYN

Kosow (1979), van Hoof (1980), van Harten 
(1983), Sigvald (1984), Harrington et al. (1986), 
de Bokx and Piron. (1990), DiFonzo et al. (1997), 
Halbert et al. (2003) and Basky et al. (2005)

Rhopalosiphum 
pseudobrassicae

PVY Ragsdale et al. (2001)

(continued)
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virus load in source plants. Differences in transmission rates as measured by REFs 
values among biotypes of an aphid species suggested that genetic variability among 
biotypes may impact on the transmission of PVY (data not shown, Verbeek et al. 
2010). Moreover, as observed with A. pisum, A. fabae, Aphis nasturtii, Aphis spp., 
Phorodon humuli, and R. padi, recombinant isolates of PVY (PVYNTN and/or 
PVYN-Wi) tended to be more efficiently transmitted than non-recombinant (PVYN) 
isolates (Verbeek et al. 2010). These differences may occur because the transmis-
sion of PVY depends on specific interactions between receptors present in an aphid’s 

Table 6.1  (continued)

Aphid species / group 
species

Studied PVY 
strain group(s) Reported by

Schizaphis graminum PVY, PVYO, 
PVYN

Basky and Raccah (1990), DiFonzo et al. (1997), 
Halbert et al. (2003) and Basky and Almasi (2005)

Sitobion avenae PVYO, PVYN Sigvald (1984), Harrington et al. (1986), de Bokx 
and Piron (1990) and DiFonzo et al. (1997)

Sitobion fragariae PVYO, PVYN Harrington et al. (1986), de Bokx and Piron (1990)
Sitobion graminum PVYNTN, 

PVYNW
Verbeek et al. (2010)

Staphylae tulipaellus PVYN Salazar (1996)
Therioaphis trifolli / sp PVY (pepper) Perez et al. (1995)
Tetraneura ulmi PVY Basky and Raccah (1990)
Uroleucon spp PVYN Harrington et al. (1986)
Uroleucon sonchi PVY Raccah et al. (1985)

Aphid species known to colonise potato plants are in bold. Adapted from Al Mrabeh et al. (2010)

Fig. 6.1  (a) Myzus persicae (peach-potato aphid); (b) Metopolophium dirhodum (rose-grain 
aphid); (c) Rhopalosiphum padi (bird cherry-oat aphid); (d) Macrosiphum euphorbiae (potato 
aphid); (e) Sitobion avenae (grain aphid); (f) Brachycaudus helichrysi (leaf curl plum aphid) 
(Panels a and d courtesy of SASA, Edinburgh, UK Crown copyright. Panels b, c, e and f courtesy 
of Rothamsted Research, Harpenden, UK)
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stylet and the PVY helper component proteinase (HC-Pro) and virion coat protein 
(CP). Consequently, mutations within specific sites in at least one of these two viral 
proteins could impair the capacity of aphids to transmit a virus (Blanc et al. 1998). 
Fox et al (2016) used the Verbeek method as a standardised approach to investigate 
PVY virus strains and aphid biotypes in the UK. This study found that two species, 
Cavariella aegopodii and R. padi, were able to transmit PVYNTN isolates almost as 
efficiently as M. persicae. This study also highlighted that the largest source of vari-
ability in transmission efficiency within a given aphid species was the virus source 
plant, confirming the findings from Verbeek et al. (2010). Although differences in 
REFs were recorded among the various laboratories, M. persicae remained the most 
efficient aphid vector of PVY with the greatest REF value, irrespective of the isolate 
tested.

In addition to these studies, PCR-based methods have been used to detect PVY 
in individual aphids (He et  al. 2006), even in their stylets (Zhang et  al. 2013), 
enabling species that may act as potential vectors to be identified. This approach 
was applied to preserved viral RNA from aphids caught in pan traps in potato crops 
(Nie et al. 2011; Pelletier et al. 2012). Aphid catches from the various crops were 
amalgamated and sorted by species. The stylets of a maximum of 12 aphids from 
each sample were detached from their body parts and stored for RT-PCR detection 
of PVY. The remaining corresponding aphid body parts were kept for taxonomic 
identification using a DNA barcoding approach. The sequence of the cytochrome c 
oxidase subunit 1 (COI) barcode region was compared with a set of ~6600 aphid 
sequences representing 730 species in the Barcode of Life Data Systems project 
(Foottit et al. 2008). Using this approach, 65 aphid taxa were identified from the 
samples that tested positive for PVY. Among these, 45 taxa had never been previ-
ously recorded as being able to transmit PVY and 7 had previously been labelled as 
non-vectors (Pelletier et al. 2012). These results indicate that many aphid species 
that feed on PVY-infected plants can carry PVY particles. However, detecting PVY 
in aphids by RT-PCR or other methods does not mean that a specific aphid is able to 
transmit a virus; further experiments are required to establish whether or not prob-
ing by these PVY-containing aphids can result in infection of a healthy potato plant.

Knowledge of the REF values of aphid species and the number of aphids caught 
in traps is of practical importance for virus management because it allows the cumu-
lative vector pressure to be calculated and the risk of PVY transmission to potato 
crops to be forecast (van Harten 1983, Sigvald 1986). Indeed, while some non-
potato colonising aphid species have relatively low REF values, their importance as 
PVY vectors is directly dependent on their phenology, because large numbers of 
aphids with an attributed small REF value may contribute significantly to PVY 
transmission in crops (DiFonzo et al. 1997; Boiteau et al. 1998; Pickup et al. 2009; 
Kirchner et al. 2011; Fenton et al. 2012, Fox et al. 2016). In addition to how efficient 
an aphid transmits virus (REF values), virus spread in potato crops will be influ-
enced by the activity of vector species and their behaviour. These parameters need 
to be taken into account in virus forecasting models and control systems (Sigvald 
1986). These elements will be discussed in this chapter.
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Molecular Mechanisms Involved in PVY- Aphid Interactions

As with all non-persistent viruses, PVY has a basic simple virion structure with its 
RNA encapsidated in rod-shaped particles by a single type of CP that is required for 
PVY transmission. PVY requires a non-structural protein or “helper component”, 
the helper component proteinase (HC-Pro), which acts in its homodimer active form 
(Thornbury et al. 1985) as a molecular “bridge” between the virions and an aphid’s 
mouthparts. In relation to aphid transmission, HC-Pro N-terminal domain (KITC – 
Lysine/Isoleucine/Threonine/Cysteine) is involved in specific binding to an aphid’s 
stylet (Blanc et al. 1998), more precisely with receptors located in the extreme tip of 
the stylet called the acrostyle (Uzest et  al. 2007), while its C-terminal domain 
(PTK – Proline/Threonine/Lysine) has been shown to be involved either directly or 
indirectly in HC-Pro binding to the DAG motif (Aspartic acid/Alanine/Glycine) at 
the CP N-terminus (Fig.  6.2). Mutagenesis studies performed on the N-terminal 
region of the CP protein of other non-persistent viruses have demonstrated that 
amino acids in the vicinity of the DAG motif influence the transmission efficiency 
of aphids (Pirone and Blanc 1996).

HC-Pro is a multimodular protein with numerous functional domains such as a 
zinc-finger motif involved in viral synergism with co-infecting viruses (Vance et al. 
1995; Pruss et al. 1997), nucleic acid/RNA binding domains (Urcuqui-Inchima et al. 
2000), peptidyl domains involved in viral genomic RNA replication and systemic 

Aphid

Leaf epidermis

: Aphid receptorAphid
stylet

: Helper Component Proteinase viral
protein (HC-Pro)

: PVY particle composed of 2000
subunits of capsid protein (CP)

PVY particles

PTK
DAG

KITC

Acrostyle
area

Fig. 6.2  Schematic representation of the molecular interactions between a PVY particle and an 
aphid stylet
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movement (Cronin et  al. 1995; Kasschau et  al. 1997) and cysteine-protease-like 
domain (Oh and Carrington 1989; Guo et al. 2011). Apart from mediating aphid 
transmission, HC-Pro is involved in almost all processes of the viral cycle such as 
movement through plasmodesmata, cell-to-cell and long-distance Potyvirus move-
ment in a plant (Kasschau and Carrington 2001; Sáenz et al. 2002), pathogenicity 
(Pruss et al. 1997) and suppression of antiviral RNA silencing (Llave et al. 2000).

Studies of the acquisition of purified, labelled, non-persistent viruses by aphids 
demonstrated that successful transmission of PVY by individual aphids of M. persi-
cae to potato plants required fewer than 50 virus particles (Pirone and Thornbury 
1988). In a more recent study using a competition system between infectious and 
non-infectious PVY isolates, it was estimated that aphid transmission of fewer than 
four PVY particles is sufficient to generate a successful infection (Moury et al. 2007).

2.2.2  �Sources of PVY Inoculum

Volunteers and Ware Potato Crops

Volunteer plants, i.e., potato plants growing from true seed or potato tubers or parts 
of a tuber left in the soil after the preceding crop, can be a source of PVY inoculum 
and, if not adequately controlled, may present a risk for PVY transmission to potato 
crops growing in the vicinity. In England the incidence of PVY in volunteer potatoes 
and in ware crops of cv. Record, susceptible to PVYN, were assessed over 2 years by 
Jones et al. (1996). In the second year of the survey, volunteer potatoes were found 
to account for 4–8% of the emerged potato plants in the crops at four sites, and 
31–93% of these plants were found to be infected predominantly by PVYN. Other 
studies have reported that virus incidence (including PVY) in ware potatoes can be 
extremely variable ranging from 1 to 60% (Chatzivassiliou et al. 2008). Management 
of inoculum sources in ware crops and volunteer potatoes is very important in mini-
mising the risk of virus transmission to potato seed crops, particularly PVY to pre-
basic category seed potato crops and will be addressed in this chapter.

Alternative Hosts of PVY

The host range for PVY includes mainly solanaceous crops such as Nicotianae spp. 
(Nicotiana tabacum, Nicotiana benthamiana), pepper (Capsicum spp.), and tomato 
(Solanum esculentum). PVY can also infect weeds such as Solanum sarrachoides 
(hairy nightshade) (Srinivasan et  al. 2008), Solanum nigrum (black nightshade) 
(Chickh-Ali et al. 2008), and ornamentals such as Physalis floridana (Beemster and 
de Bokx 1987; Kerlan 2006). Kaliciak and Syller (2009) identified a range of com-
monly occurring arable weeds such as Erodium cicutarium (redstem filaree), 
Geranium pusillum (small-flowered crane’s bill), Lactuca serriola (prickly lettuce), 
and Lamium purpureum (purple deadnettle) that could be infected mechanically by 
PVY. The virus has also been detected in other weeds such as Plantago major (plan-
tain), Taraxacum spp. (dandelion), and Sonchus spp. (sow thistle), Fallopia spp. 
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(knotweed), Senecio spp. (common groundsel), Chenopodium album (goosefoot) 
(R. van der Vlugt, personal communication). Their importance in the secondary 
transmission of PVY and as reservoir of the virus is likely to vary in different regions 
of the world where cultural practices differ. This aspect is discussed in Chap. 6.

Water as a Source of PVY Inoculum

Water sources such as canals, rivers, streams, ponds, lakes and oceans are known to 
be reservoirs of many viruses. Plant viruses found in natural water sources belong 
mainly to seven groups, but there is limited evidence about their survival in water and 
their potential for water-borne infection (reviewed by Mehle and Ravnikar 2012). 
There is minimal evidence of water transmission of potyviruses, specifically of PVY.

Recently, Mehle et  al. (2014) investigated PVYNTN survival in water and its 
water-mediated transmission. Survival of PVYNTN in water was monitored under 
controlled conditions using macerated infected leaves in tap water. Mechanical 
inoculation of test plants with a PVY-infested aqueous solution confirmed that 
PVYNTN could remain infectious in water for up to 1 week at 20 ± 4 °C. When the 
solution was stored at 4 °C, PVYNTN remained infectious for up to 10 weeks. The 
role of water as a source of PVY inoculum was also assessed experimentally using 
a hydroponic system. Inoculated potato plants were placed in a glass tank filled with 
nutrient solution while healthy (bait) potato plants were placed in separate tanks. 
Bait plants were irrigated with nutrient solution from the tank containing inoculated 
plants. PVYNTN was detected in the nutrient solution in the first month after starting 
the experiment. The virus was also found in the roots of bait plants in the first month 
and in the foliage 54 days after initiation of the experiment. After 4 months when 
the experiment was concluded, PVYNTN was detected in two of the six potato bait 
plants. In addition, it was demonstrated that PVYNTN could be released from injured 
tomato roots into the nutrient solution and could infect healthy tomato plants 
through the roots, ultimately spreading to the foliage, where it was detected more 
than 3 months after initiation of irrigation with the PVY-infested nutrient solution. 
These experiments suggest that while irrigation is not the most efficient means of 
transmission of PVY between plants, it can potentially represent a source of PVY 
inoculum at least in hydroponic systems. Hydroponic systems and/or intensive irri-
gation are widely used in commercial potato production; therefore, water could be 
an important source of PVY infection in such systems.

2.3  �“Experimental” PVY Transmission

There are several “artificial” or “experimental” methods to transmit PVY. In most of 
the cases, these are used for research purposes, i.e., studying the pathogenicity of 
PVY, characterising the resistance status of a given genotype of potato. Nevertheless, 
in some cases, this could represent a potential means of PVY dissemination in 
favourable conditions.

6  Transmission and Epidemiology of Potato virus Y
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2.3.1  �Mechanical Transmission

Healthy plants can be infected by PVY by manually rubbing infectious sap from a 
PVY-infected plant (obtained by grinding infected material with a buffered solu-
tion) onto the leaf surface together with a fine abrasive powder (such as aluminium 
oxide or carborundum). This method, while requiring a relatively high titre of PVY 
in the sap, is a convenient way of experimentally transmitting PVY to a range of 
host plants for studying the pathogenicity of PVY strains (see Chap. 2). For efficient 
transmission, it is preferable to use freshly infected biological material and young 
plantlets at 4–6-leaf stage. Using this method, disease symptoms usually develop 7 
days after inoculation. If viral inoculum originates from freeze or dried material, the 
transmission rate is generally reduced and a delay in the symptom expression can be 
expected.

2.3.2  �Transmission by Wounding

Under environmentally controlled conditions, Fageria et  al. (2015) found that 
PVYO, PVYN:O, and PVYNTN strains could be transmitted by different types of 
wounding (i.e., squashing or squeezing leaf and stems or leaf petioles, repeated 
contacts of leaves through air flow between infected and bait plants). However, 
PVY was not transmitted by the process of cutting seed potato tubers. This study 
showed that wounding inflicted by the manipulation of plants in the greenhouse 
could result in PVY transmission and spread under particularly favourable condi-
tions (Fageria et al. 2015; de Bokx 1972). However, de Bokx (1972) reported previ-
ously that, under field conditions, transmission of viruses through wounding is not 
as efficient as under greenhouse conditions, perhaps because plants are less brittle 
and PVY infectiveness is significantly reduced outdoors.

2.3.3  �Transmission by Grafting

PVY can also be transmitted from infected to healthy plants by grafting. This method 
consists of joining together an infected piece of potato stem with another solana-
ceous plant such as potato, tobacco, tomato, or pepper. An apical scion from a virus-
infected plant is placed into a slit cut the stem of the stock plant so that a vascular 
junction is created allowing PVY to move in the phloem sap into the healthy plant 
(Fig. 6.3). For PVY, this approach is essentially used to study the reaction of potato 
genotypes to infection by PVY. If a potato cultivar carries the hypersensitive resis-
tance N gene, top necrosis symptoms will be observed in the grafted stock.

C. Lacomme et al.
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3  �Epidemiology and Dissemination of PVY

3.1  �Characteristics of the Transmission and Dissemination 
of PVY Strains Under Field Conditions

The prevalence of PVY in cultivated potato crops depends on many biotic and abi-
otic factors. As detailed below, the PVY spread depends essentially on the incidence 
of PVY inoculum in the seed potatoes, climatic conditions, the genetic background 
of the potato cultivar (i.e., relative resistance to PVY strains), and, as discussed 
earlier, the pressure from PVY vectors between plant emergence and haulm destruc-
tion prior to harvest (Rolot 2005; Steinger et al. 2014). In the USA, Nolte et al. 
(2004) reported that the incidence of PVY in daughter tubers derived from virus-
free seed potatoes varied significantly among cultivars ranging from 1.9 to 13.2%. 
While REF values for aphid species and PVY strains (Verbeek et al. 2010) have 
been assessed in environmentally controlled transmission experiments, transmis-
sion of PVY strains in the field will be affected by various parameters, e.g., tempera-
ture, aphid phenology, and the abundance of sources of inoculum.

Fig. 6.3  Representation of the grafting method of potato on to potato. Photographs were provided 
by J.P. Dantec (INRA, Ploudaniel, France). (1) a healthy potato plant is used as stock; (2) select an 
apical part of a virus-infected potato plant to prepare the scion, cut downward away from the apex 
to expose a large area of stem tissue; (3) split the stock’s stem at mid-height, keep the split slightly 
open, insert the scion to ensure the cambia are in contact, and hold the assembly together with 
Parafilm; (4) wait a few days to be sure the graft has taken (Adapted from de Bokx 1972)
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Information on the dynamics of transmission of various PVY strains in the field 
is limited. The transmission of five isolates of four PVY strains was studied in 
small plots, each consisting of 50 plants with 4 replications, over a 3-year period 
(Dupuis and Schwaerzel 2011). Plant infection was assessed by testing a sample of 
tubers collected from each plant at harvest time. The incidence of plant infection 
varied significantly among strains and cultivars (Fig. 6.4). The PVYN-Wi strain pro-
duced the highest incidence of plant infection while infection by PVYO strain 
resulted in a significantly lower incidence. There was no significant difference in 
the incidence of plant infection for the PVYN, PVYNTN, and PVYN-Wi strains. 
However, the incidence of infection for the PVYNTN strain was greater for isolate 
1080 than for isolate 1150, indicating that differences in transmission characteris-
tics may exist among isolates of the same strain. No interaction was detected 
between the year of experiment and the incidence of plant infection produced by 
the PVY strains. A second study in larger plots, each of consisting 100 plants with 
6 replications, was undertaken over a 2 year period in order to compare the trans-
mission efficiency of a PVYN-Wi and a PVYNTN strain (Dupuis et  al. 2014). The 
incidence of plant infection on the two cultivars was greater for PVYN-Wi strain 
than for PVYNTN strain over both years of the experiment (Fig. 6.5). These results 
suggest that the transmission of PVY strains to potato crops may vary significantly 

Fig. 6.4  The incidence of plant infection caused by five PVY strains (PVYN-Wi isolate 1121, 
PVYNTN isolate 1080, PVYNTN isolate 1150, PVYN isolate 605 and PVYO isolate 803) on six potato 
cultivars, as assessed by testing daughter tubers collected at harvest (mean of a 3 year trial). Letters 
in brackets shows the homogeneity groups of the Newman–Keuls mean comparison test

C. Lacomme et al.
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among strains and cultivars with an overall risk of greater transmission with 
PVYNTN and PVYN-Wi strains than with PVYO, potentially explaining the increased 
prevalence of these variants in potato crops.

3.2  �Modelling Approach to Determine the Relative Importance 
of Aphid Species in Transmitting PVY

Modelling can be used to predict the relative importance of aphid species known to 
be PVY vectors. In the high grade (HG) seed potato production zone in Finland, 
over 30,000 winged aphids from 6 or 7 potato fields were caught over three growing 
seasons using yellow pan traps that were emptied twice a week (Kirchner et  al. 
2011). Of the aphids caught, 37% belonged to nine species known to transmit 
PVY. The seasonal increase of PVY (incidence of PVY in harvested daughter tubers 
compared with that in seed tubers), aphid counts in traps, aphid REF values, and 
PVY resistance status of potato cultivars were used as explanatory variables. Early-
season flights of aphids were the most important factor accounting for the incidence 
of PVY. Aphis fabae was found to be the most important vector, because only mod-
els including this aphid species showed a strong statistical model fit with the inci-
dence of PVY in the harvested tubers (Kirchner et al. 2011).

In a different study in Scotland, a similar approach was adopted by correlating 
weekly incidence of virus in experimental test plants and weekly aphid catches over 
several years (Pickup et al. 2009; Fenton et al. 2012). A logistic regression model 
based on binomial response data was used to relate PVY infection to aphid counts 
for individual species. The cereal aphids M. dirhodum and S. avenae were identified 
as the most important PVY vectors (Fig. 6.6).

Fig. 6.5  The incidence of plant infection caused by PVYNTN and PVYN-Wi strains in cultivars 
Nicola and Charlotte. The incidence was assessed by testing daughter tubers collected before 
haulm killing and 4 weeks later at harvest time. Error bars show the standard error of the mean
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3.3  �Aphid Monitoring, Phenology, and Current Status of PVY 
Transmission Worldwide

3.3.1  �Aphid Monitoring and Aphid Trapping Techniques

The association of virus spread in potatoes with aphid flights is documented in 
numerous publications (Ashby 1976; Boiteau et  al. 1988; DiFonzo et  al. 1997; 
Harrington et  al. 1986; Robert et  al. 2000; Basky 2002; Radcliffe and Ragsdale 
2002; Sigvald 1989; Steinger et al. 2015; Kirchner et al. 2011).

The activity of aphids can be monitored using several techniques:

–– Sticky fishing-line traps made of a wooden frame and transparent sticky polyam-
ide threads, the frame being fixed vertically and oriented into the wind (Labonne 
et al. 1983)

–– Traps which collect insects flying in the air by suction at a specific flow rate 
(Fig. 6.7).

–– Coloured pan traps (Moericke 1951) which attract and trap alate aphids (water 
pan traps or sticky tile traps) (Fig. 6.7).

Suction traps and sticky fishing-line traps do not rely on attracting aphids and 
thus sample aphids in an unbiased way. The latter can easily be placed in crops at 
the height of foliage providing information on aphid activity within crops. Suction 
traps which are around 12  m high (Johnson and Taylor 1955) might not reflect 
exactly the abundance and composition of aphid populations in specific crops; how-
ever, it is generally accepted that suction traps can give a good representation of 
aphid phenology for larger areas (up to 30–60 km wide) and are easier to manage on 
a daily basis. Suction traps can provide information on aphid populations more 
rapidly and are widely used as a warning system for the risk of virus transmission. 
For more localised studies, i.e., the spread of a virus in a crop, the use of trap(s) 
positioned in a crop is recommended.

Fig. 6.6  Weekly incidence (%) of PVYO in bait plants (thick black line), suction trap counts for M. 
dirhodum (red line) and S. avenae (blue line), and index of vector pressure (dashed black line) over 
3 years (Fenton et al. 2012; Pickup et al. manuscript in preparation)
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Strong correlations between aphid catches in suction traps and yellow pan traps 
have been found in Belgium, even when traps were several kilometres apart (Rolot 
2005). Similar studies conducted in other locations showed that the range of aphid 
species and numbers of each species collected differed between yellow pan traps 
and suction traps (Robert et  al. 1987; Labonne et  al. 1989, Seco et  al. 1990). 
Numbers of A. fabae and M. euphorbiae were greater in yellow water traps than in 
suction traps, while M. persicae and M. dirhodum made up a greater proportion of 
aphids caught in suction traps.

The efficacy of green (GWT) and yellow (YWT) water pan traps and suction trap 
has been assessed in the Ardennes region of Belgium. Water pan traps were posi-
tioned in three different fields of potato with a suction trap (ST) situated within a 
few hundred metres to 3 km from the fields. Aphids were counted and identified 
over a 10-week period. A significant difference was found between YWT and GWT 
in their efficacy in catching aphids (F(1,2), P = 0.0065), with more being caught in 
YWT than in GWT (Fig. 6.8).

The relative abundance of each species in each type of water trap (YWT, GWT) 
was also analysed by testing the interaction “Species × Colour” against “Species × 
Colour x Sites”. These results suggest that, at least in this case, trap colour might not 
have had a significant impact on the relative proportion of aphid species caught in 
each potato field (F(8,16), P = 0.3849, data not shown). However, other reports on 
aphid response to colour in field experiments suggest that colour, brightness, and 
contrast with surroundings crops might influence aphid trapping (Baldy and Rabasse 
1983; Doring and Chittka 2007). The data from the water pan traps were also com-
pared with suction trap data (Fig. 6.8 right panel). A discrepancy in aphid trapping 
efficacy between ST and YWT or GWT was observed for Aphis spp., Brachycaudus 
helichrysi, M. persicae, R. padi, and S. avenae. This might reflect differences in fly-
ing patterns and behaviour among various aphid species. In addition, because that 
M. persicae is the most efficient vector of PVY, the difference between traps may be 
important in predicting the risk of PVY transmission in potato crops.

Fig. 6.7  Suction trap (Rothamsted-type 12.2  m high) (right panel) and water pan trap (right 
panel) currently used for aphid monitoring (Courtesy of SASA, Crown copyright)
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3.3.2  �Cases Studies on the Current Status of PVY Transmission 
and Aphid Species Phenology Worldwide

Finland

The HG seed potato production zone in Finland (latitude 64°) is one of the northern-
most intensive crop production areas of the world. PVY was not common there until 
2005 when many seed potato lots were down-graded in certification due to a sudden 
increase in the incidence of PVY, mainly PVYNTN-like strains. In a study conducted 
between 2007 and 2012, aphids were monitored in potato crops in the HG zone 
using yellow pan traps. Over 58,000 aphids covering 83 aphid taxa were caught and 
34 species were further characterised by DNA barcoding. The number of aphids 
caught peaked every 3 years in a recurring cycle. Most of the agriculturally relevant 
species occurred late in the potato growing season and did not contribute signifi-
cantly to the spread of PVY (Kirchner et al. 2013). However, A. fabae was one of 
the most common species caught in yellow traps being found mainly in the first 2–3 
weeks after emergence of the potato plants when they are most susceptible to virus 
infection. A. fabae is known to be a vector of PVY, and modelling analysis deter-
mined that it was the main vector of PVY in the HG zone (see Chap. 4.3; Kirchner 
et  al. 2011). The snowball tree (Viburnum opulus) grown in gardens is the only 
known winter host of A. fabae there. Based on this information, four approaches 
were designed to reduce PVY infection pressure on seed potato crops in the HG 
zone: (1) Straw mulch to be spread on potato crops at plant emergence using a bale 
chopper in order to reduce the landing of A. fabae on plants (Kirchner et al. 2014). 
This new practice was readily adopted by growers because barley is grown as an 
intercrop in the seed potato farms and cattle farmers use the straw and have bale 
choppers. (2) The seed potato growers sponsored and conducted a campaign to 
replace snowball trees in gardens with other ornamental species, in order to reduce 
the local overwintering population of A. fabae. (3) Production of seed potatoes of 
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the potato cultivar most commonly grown in Finland was terminated because it did 
not show symptoms when infected by PVYNTN-like strains and roguing of infected 
plants was, therefore, not possible. The cultivar was considered to be a major reser-
voir of PVY and a source of PVY inoculum for seed potato crops in the HG zone. 
4) The recurring triennial cycle of aphid abundance in the HG zone was utilised in 
planning the production of seed potatoes of cultivars susceptible to PVY.  Since 
these proposals were implemented, the incidence of PVY in seed potato crops has 
decreased in the HG zone and the downgrading of seed potato lots at certification is 
now as rare as it was prior to 2005.

Switzerland

In Switzerland, the flight activity of aphids has been monitored since 1987 using a 
standard Rothamsted suction trap located at the Agroscope Agricultural Research 
Station in Nyon. A second trap located in Reckenholz (Zürich) ceased operation in 
2010. The traps are part of the Swiss seed potato certification scheme managed by 
Agroscope, who also contribute the aphid data to the European EXAMINE project. 
The following species are identified and counted on a daily basis during the main 
flight period of aphids (April–November): A. pisum, A. fabae, Aphis sp., Aulacorthum 
solani, Brachycaudus helichrysi, Brevicoryne brassicae, Cavariella sp., M. euphor-
biae, M. dirhodum, Metopolophium festucae, Myzus ascalonicus, M. persicae, 
Phorodon humuli, Rhopalosiphum insertum, Rhopalosiphum maidis, R. padi, and S. 
avenae. In addition, the total number of aphids of the family Aphididae and non-
Aphididae are counted.

Aphid data from the suction trap is used to calculate vector pressure, an indicator 
for the risk of PVY transmission in seed potato crops. Information is updated 
weekly and published on the internet platform “Agrometeo” (www.agrometeo.ch) 
to inform growers about virus risk. Furthermore, the aphid data is fed into a forecast 
model which predicts the incidence of tuber infection by PVY under a range of 
epidemiological conditions using factors such as cultivar, presence of virus inocu-
lum in seed potatoes, number of mineral oil applications, altitude of the field, and 
date of haulm destruction. The relative contributions of these factors to PVY devel-
opment in potato crops were obtained from a statistical analysis of compiled seed 
certification data spanning two decades (Steinger et al. 2014). The seed potato cer-
tification body at Agroscope uses model prediction along with field observations to 
set the optimal date of haulm destruction, which growers are obliged to follow.

The initial model employed to forecast post-harvest PVY incidence in Switzerland 
(named TuberPro) used vector pressure estimated from catches of 11 aphid species 
in suction traps as one of the input variables (Nemecek 1993). Aphid counts were 
weighted using REF values for each species. Myzus persicae had the highest weight-
ing. Recently, a simple linear regression model, using the cumulative number of B. 
helichrysi caught as a predictor variable, was found to provide a more accurate 
forecast of PVY risk than M. persicae (Fig. 6.9) (Steinger et al. 2015). This new 
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model superseded TuberPro in 2013. B. helichrysi is an aphid species that does not 
colonise potato plants but flies relatively early in the growing season, which may at 
least partly explain its importance as a vector of PVY. Interestingly, the abundance 
of M. persicae, often considered to be the main vector of PVY, was not associated 
with PVY incidence in Swiss seed potatoes (Fig. 6.9).

Slovenia

While data on the aphid species responsible for PVY transmission in Slovenia is not 
currently available, their occurrence in potato crops was assessed between 2003 and 
2006 in the four main areas of seed potato production: Komenda, Jablje, Øentvid pri 
Stioeni, and Libelice. Yellow water (Moericke) traps were used to determine the 
number and species of aphids present in potato crops during the growing season 
(Modic and Urek 2008). The majority of aphids of the family Aphididae that were 
caught belonged to the genus Aphis. However, some species previously unreported 
in Slovenia were recorded: Aphis spiraecola (Patch), Amphorophora gei (Börner), 
Chaitophorus leucomelas (Koch), Chaitophorus populeti (Panzer), Drepanosiphum 
aceris (Koch), Cinara sp., Macrosiphum cholodkovskyi (Mordvilko), Macrosiphum 
gei (Koch), Myzocallis castanicola (Baker), Myzocallis coryli (Goeze), Protrama 
flavescens (Koch), Protrama ranunculi del Guercio, R. maidis (Fitch), Thelaxes 
dryophila (Schrank), Therioaphis luteola (Börner), Trama rara (Mordvilko), and 
Tuberolachnus salignus (Gmelin). On the basis of previous publications and this 
survey, 180 species of true aphids of the family Aphididae have now been identified 
in Slovenia. In this study, 197 aphid species were found in seed potato crops.

Fig. 6.9  Relationship between the incidence of PVY in tubers of susceptible potato cultivars and 
suction trap catches of Brachycaudus helichrysi and Myzus persicae in Switzerland. Dots represent 
the annual percentage of PVY-infected tubers averaged over all tested seed lots (N = 150–611 seed 
lots per year) (Adapted from Steinger et al. 2015)
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France

France, as with 18 other European countries, has collaborated since 2000  in the 
EXAMINE programme (Exploitation of Aphid Monitoring in Europe  – an 
EU-funded project within the Concerted Action Programme, with the remit of col-
lecting national data on aphid distribution, phenology and abundance throughout 
Europe) to monitor aphid flights with a network of suction traps. In addition, the 
National Federation of Seed Potato Growers (FNPPPT, Fédération Nationale des 
Producteurs de Plants de Pomme de Terre) together with its regional producer 
organisations, established in 1970s an aphid trapping network of yellow water 
(Moericke) traps in the three main seed potato production areas. Currently, there are 
18 traps: 5 in the west, 10 in the north, and 3 in the centre and the south of France. 
Trapping is done during the potato growing season, from April to the end of July, 
and the content of traps is analysed twice a week to determine the number and spe-
cies of aphids. However, not all specimen are identified to the species  level. 
Routinely, the assessment focuses on 11 species and/or group species known to 
transmit PVY: four that colonize potato (M. persicae, Aulacorthum solani, M. 
euphorbiae, Aphis spp.) and seven that do not colonise potato (R. padi, S. avenae, 
M. dirhodum, A. pisum, Brevicoryne brassicae, Phorodon humuli, Cavariella sp.). 
The data on the flights of these aphids is transmitted to potato inspectors and seed 
potato producers by fax with a recommendation on protection measures appropriate 
for the aphid pressure. In addition, this information is also integrated into plant 
health news bulletins which alert growers on pests present in crops. In 2006, the 
monitoring of nine yellow traps from west, north, and centre of France showed dif-
ferences in the aphid species recorded at the various sampling sites (Fig. 6.10) (Le 
Hingrat 2007). M. persicae was the most abundant aphid species caught in the west 
of France, whereas in the north and the centre, the most abundant aphids were 
mainly the non-colonising M. dirhodum and Cavariella sp. In 2014, in west area, 
the situation was reversed compared with 2006, namely, a preponderance of non-
colonising aphid species (M. dirhodum, Cavariella sp., Aphis spp., S. avenae). It 
was concluded that aphid species diversity depends on environment factors, notably 
the climate and neighbouring crops.

Although aphid flights can be monitored and the efficiency of an aphid species to 
transmit PVY can be evaluated, it is still a challenge to determine accurately those 
aphid species responsible for causing PVY infection of potato crops. Indeed, the 
latent period between aphid transmission of PVY to a plant and the expression of 
symptoms, (or when the PVY infection could be detected by ELISA), is about 
10–15 days in the environmental conditions in France. To improve knowledge of the 
interactions between aphids, PVY, and the environment and to identify the param-
eters involved in PVY epidemiology, monitoring of PVY infection in seed and ware 
potato crops was undertaken as part of a 3-year research project (INRA-Rennes-Le 
Rheu and FNPPPT) (Boisgontier et  al. 2013). Factors associated to landscape, 
meteorological data (temperature, rainfall, wind speed, and direction), aphid flights 
(number, species), and potato PVY infection were monitored, e.g., meteorological 
data every 15 min each day, PVY infection survey once per week, and aphid catches 
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three times per week. Depending on the season, 18–42 aphid species or group 
species were identified in the trap samples from potato crops, with M. persicae, M. 
dirhodum, A. pisum, and Brevicorynae brassicae being the most prevalent aphid 
species probably due to the proximity of cereal, maize, and rape crops in the vicinity 
of the potato crops. The analysis of quantitative and qualitative data linked to aphid 
flights and PVY infection in crops identified the presence of aphids throughout the 
growing crop season as a key factor in the incidence of PVY (Fig. 6.11). It was 
concluded that modelling PVY incidence at post-harvest in relation to the initial 
PVY incidence of the parent crop, the spread of PVY infection, and aphid phenol-
ogy is very complex and additional parameters such as environmental conditions 
affect the model significantly. However, cultural practices (using or not insecticide 
and mineral oil) and initial quality of planted seed are two of the most important 
parameters affecting PVY incidence post-harvest.

Fig. 6.10  Relative abundance of some aphid species caught in 2006 and 2014  in yellow water 
traps in the three main seed potato areas of France (West, North, Center-South)

C. Lacomme et al.
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South-Africa

The South African aphid monitoring network consists of 13 Rothamsted-type suc-
tion traps distributed in the Western Cape, Northern Cape, Free State, North West, 
and Limpopo. The national network was initiated in 2005 by Potatoes South Africa 
and is coordinated by the University of Pretoria. Aphid assessments are conducted 
on a daily or weekly basis. Bulletins are issued to growers to alert them to the risk 
of virus spread. These provide information on the activity of aphids and cumulative 
vector pressure based on the abundance of aphid species and their REF values fol-
lowing van Harten (1983) (mean values derived from published literature and South 
Africa unpublished results), together with weekly SMS notifications. The suction 
trap network is funded by Potatoes South Africa, the Western Cape Department of 
Agriculture, the KwaZulu-Natal Department of Agriculture, the Winter Cereal 
Trust, the Agricultural Research Council, and the Technology and Human Resources 
for Industry Programme (THRIP). In addition, yellow water traps are used locally 
to monitor the prevalence of aphids in potato crops.

The most important of the 79 species or species groups identified are A. pisum, 
Aphis gossypii, and other Aphis spp., M. euphorbiae, M. persicae, and the cereal 
aphids M. dirhodum, R. padi, and S. avenae. Their contribution to vector pressure 
varies with region. For example, in some areas in the summer rainfall region, such 
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as the western Free State (summer crop), which is dominated by grassland, R. padi 
is the most abundant vector of PVY, followed by Aphis spp. In KwaZulu-Natal 
(summer crop), R. padi, A. gossypii, and other Aphis spp. are the most abundant 
vectors. In the Sandveld in the Western Cape, a part of the winter rainfall region, 
seed potatoes are planted in March (winter crop), although potatoes are grown 
throughout the year. In this region, M. euphorbiae, M. persicae, A. pisum and the 
cereal aphids are important vectors of PVY in seed potatoes, but PLRV is consid-
ered to be a greater threat than PVY. Although R. padi is the most abundant aphid 
species in most of the regions monitored, it is a weak vector of PVYNTN. In tests with 
individual adult aphids, none transmitted the PVYNTN isolate to healthy potato seed-
lings, whereas the transmission efficiency for M. persicae for the same isolate was 
0.33 (K. Krüger, unpublished data).

A simple model was developed to determine the influence of changes in climate 
on the abundance of M. persicae, the most efficient vector of PVY and thus indi-
rectly on the risk of virus spread to potatoes (van der Waals et al. 2013). The results 
suggest that the South African seed potato industry may incrementally experience 
greater problems with PVY in the future due to an increase in temperature during 
the potato growing season and consequently in aphid abundance over the 90-year 
period in the areas modelled (Sandveld, Eastern Free State and Limpopo; Fig. 6.12). 

Fig. 6.12  Cumulative relative development rates (cRDR) of Myzus persicae as vector of PVY and 
PLRV on potatoes for the periods 1961–1970 (••••••), 2001–2010 (—–) and 2041–2050 (----) in (a) 
the Sandveld (winter rainfall), (b) the Eastern Free State (summer rainfall) and (c) Limpopo (sum-
mer rainfall) regions in South Africa (Adapted from van der Waals et al. 2013)

C. Lacomme et al.
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Although the results suggest an increase in aphid abundance, population growth 
may be limited by high temperature in areas such as Limpopo and the Sandveld, 
where aphids may reach their thermal limits during the hottest months. Shifts in 
main planting times for potatoes in some regions may lessen vector pressure and 
consequently the risk of PVY transmission.

Scotland/UK

In Scotland, Science and Advice for Scottish Agriculture (SASA-Scottish 
Government) provides a diagnostic service for viruses in seed potato crops (grow-
ing crops and post-harvest) and is part of a network of suction traps operated by 
Rothamsted Research (England, UK) in England and Scotland. Information on the 
weekly catches of aphids is published in a bulletin as part of the Rothamsted Insect 
Survey and advice is also provided on the risk of virus transmission and the need for 
aphid control. The data is contributed to the EU EXAMINE program. An Aphid 
Monitoring programme was introduced into the Seed Potato Classification Scheme 
in 1992 to identify seed potato crops in which potato aphids had been poorly con-
trolled. Subsequent classification of seed potatoes from these crops was dependent 
upon a satisfactory post-harvest tuber test for the presence of viruses. This pro-
gramme was discontinued because it was relatively unsuccessful in identifying 
crops with a high risk of virus infection.

The Agriculture and Horticulture Development Board-Potatoes (AHDB-
Potatoes) funds 100 water traps located in potato crops in the major seed potato 
growing areas of Great Britain. The contents of each trap are analysed weekly at the 
Food and Environment Research Agency in York (UK). Registered users receive 
e-mail and SMS alerts when the peach-potato aphid (M. persicae) is found in their 
region or when aphid catches in any trap in their region exceed a specified weekly 
threshold. Comparative information with previous seasons is also available.

The pattern of changing incidence of PVYN in Scottish seed potato crops closely 
follows the incidence of three species of cereal aphid: the rose-grain aphid (M. 
dirhodum), the grain aphid (S. avenae), and the bird cherry-oat aphid (R. padi). 
Using a model based on these three abundant cereal aphids, the incidence of PVYN 
in seed potatoes was found to be strongly correlated with the abundance of these 
aphids up until day 210 (29 July) (Fig. 6.13). The incidence of PVYN in seed potato 
crops in Scotland can be predicted using the incidence of PVY in the previous year 
and geometrical mean of the catches of these three aphids prior to day 210 in three 
standards Rothamsted suction traps (Elgin, Dundee and Edinburgh, UK).
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Belgium

In Belgium, aphid monitoring is operated using two suction traps located in 
Libramont (since 1983) and in Gembloux (since 1981) under the supervision of the 
Walloon Agriculture Research Center. Aphids are counted and identified on a daily 
basis each year from mid-April (week 16) until mid-October (week 41). For seed 
potatoes, a set of 12 species or species groups are followed during the cropping 
season based on their overall relative abundance in the catches and their efficiency 
for PVY transmission. The vegetative period for seed potatoes is generally between 
week 21 (first emergence of plants end of May) and week 31 (last date of destruc-
tion of foliage, end of July). A strong correlation was established between the abun-
dance of flying aphids and the quality of the seed lots, especially regarding PVY 
which is the most prevalent virus in seed potato crops in Belgium. The downgrading 
rate of seed lots following post-harvest testing depends on: (1) the abundance of the 
selected species as measured by suction traps during the vegetative period, (2) the 
relative efficiency of each of the prescribed species in transmitting PVY (REF 
value), and (3) the mature plant resistance status of the plants (MPR-Table 6.3). 
These three factors enable a weekly index for the PVY infection pressure (IP) to be 
calculated using the equation:

	

IP N REF MPRj i i j= ×( )
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IPj: infection pressure during week j; i….p: aphid species, Ni: aphids number of the 
considered species during week j, r.e.fi: REF for species; MPRj: MPR status dur-
ing week j.

Fig. 6.13  Relationship between observed PVYN incidence in Scottish seed potato crops and pre-
dicted PVYN incidence based on suction trap catches of M. dirhodum, S. avenae, and R. padi
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The weekly values can be accumulated to get a value of IP for the whole season 
which is strongly related to the downgrading rate of seed lots after laboratory test-
ing. Moreover, the weekly cumulative IP can be plotted and compared in a graph 
with values for reference seasons (low-pressure and high-pressure seasons) so that 
the current IP can be compared with previous ones (Fig. 6.14) to provide advice to 
growers.

4  �Conclusion and Future Prospects

As for many other viruses transmitted in a non-persistent fashion, the interactions 
between PVY and their aphid vectors and environment are very complex. As we are 
just beginning to uncover the molecular basis of virus-vector relationships, the 
ongoing and future challenge faced are to integrate the wealth of data on the molec-
ular diversity of PVY, their interaction with their hosts-vector-environment, and 
how these interactions will affect transmission and spread. Ultimately, gathering 
knowledge from a wide variety of ecological niche should help us understand what 
affects PVY epidemiology at the macroscopic level and, in practice, refine PVY risk 
modelling.

Table 6.3  Mature plant resistance factor according plant age (Sigvald 1987)

Weeks n°21 à 26 Week 27 Week 28 Week 29 Week 30 Week 31 Week 32

MPR 1 0,8 0,6 0,4 0,2 0,1 0
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