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Abstract

Potato is often considered synonymous with Ireland, due to the great Irish famine in 1845, and remains the most
important primary food crop in Ireland. Over the last 60 yr, the area of potatoes has reduced from 86,000 ha to
9,000 ha. This trend has occurred in most developed countries but in Ireland it is due to decreasing consumption,
increasing yield, decline in seed production and potatoes no longer being use for animal feed. Significant
specialisation occurred in the industry during the 1990s, with improvements in agronomy, on farm investment
in storage and field equipment, consolidation of packing facilities, and a significant shift in cultivar choice, with
Rooster becoming the dominant cultivar. These developments led to an increase in yield from 20 t/ha in the mid-
1980s to over 40 t/ha today. Potato research in Ireland has focused on breeding, pathology and agronomy, while
there have been significant changes in how knowledge is communicated to growers and the industry in this period.
The industry faces many challenges in the future, largely framed by climate change, the need to reduce fertiliser
and plant protection products as part of the EU Farm to Fork Strategy and industry size constraints. New superior
potato varieties and novel breeding techniques will have potential to help address many challenges in combination
with integrated pest management principles. Multi-actor approaches will be necessary to address all challenges but
particularly to aid the industry grow and exploit emerging opportunities.

Keywords

Potato * market « breeding * pathology

Introduction

The potato is often considered synonymous with Ireland and
more than any other crop has had a formative effect on society
and the Irish economy that is felt to this day. Introduced to
Europe at the end of the 16th century from South America via
the Canary lIslands, potato is well suited to Irish conditions
and produced more food with fewer resources than cereals,
leading to its widespread adoption (Bourke, 1993). The arrival
of late blight (Phytophthora infestans) in 1845 (Fry et al.,
1992; Griffin et al., 2002) caused the Irish potato famine with
widespread loss of life and emigration (O’Grada, 1999). The
potato is the third most important food crop globally and late
blight still remains the most significant disease challenge
to potato production in Ireland (Dowley et al., 2008) and
worldwide. Data from the Central Statistics Office (CSO)
reveals that in 1848 when official records began, the area
of potato had reduced significantly to 258,000 ha compared
to the pre-famine area due to lack of seed and confidence
in the crop. The area recovered to a peak of 359,000 ha in
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1858 before beginning a gradual decline to the current area
of approximately 9,000 ha (Figure 1). Over this period, the
potato moved from being a subsistence crop grown on almost
every farm in Ireland to a high-value specialist producer cash
crop.

This transition has been supported by ongoing research and
development, promotions to support consumption and large
changes within the industry along the supply chain to retail
outlets. This paper sets out the current market situation and
developments in the industry that have led to this point. The
paper will review the main scientific advancements associated
with the potato crop under the areas of agronomy, pathology,
breeding and genetics over the last 60 yr, and the knowledge
transfer mechanisms to action this information. It reviews
current and imminent challenges facing the domestic crop
and market, largely framed by consumer preferences, climate
change and the European Green Deal. Finally, the application
of new technologies and innovation strategies to underpin


mailto:denis.griffin@teagasc.ie

Irish Journal of Agricultural and Food Research

400
350
300
250
200
150
100

50

1848
1854
1860
1866
1872
1878
1884
1890
1896
1902
1908
1914
1920
1926

A O T OO AN O O O AN O F O ©
O MO JF 1 I O © I 0 W0 O © «—
[N RoONONONONONONONoONoNeo ool
- - - - - - - - - -  — AN AN AN

Figure 1. Area of potatoes grown in Ireland from 1848 to 2020 (000 ha).

sustainable potato production in the future to meet these
challenges is discussed.

Current market situation

In 2019, food crops accounted for almost €400m of the total
€467m value of horticultural crops in Ireland. The potato
sector was worth almost 25% of horticulture output, valued at
€111m at the farm-gate level. There are c. 700 Department of
Agriculture, Food and the Marine (DAFM) registered potato
growers in Ireland, with about 300 larger commercial farms
supplying the majority of volume to retail and foodservice
channels. Production was estimated to be 382,000 t in 2019,
while the sector is focused around 10-12 central intake points
for large-scale washing, selection and packing of potatoes.
These potato packers supply the majority of the fresh potatoes
to the retail sector. Other potato operations support foodservice
“prepared” peeled/sliced potatoes, crisp manufacturing and
the chip shop trade. The early potato market is another
distinct market restricted to growers with suitable land and
milder localised climates, whilst seed potatoes account for a
small volume of the total tonnage’.

Rooster is the dominant cultivar grown for the washed and
prepacked sector, representing 62% of the household
purchases (based on Kantar World Panel data) and c. 58%
of plantings at the farm level (based on the 2019 annual
Irish Farmers Association [IFA] survey Table 1). Consumer
preference heavily influences the varieties retailed in Ireland

https://www.kantarworldpanel.com/ie.

and Kerr’s Pink, Golden Wonder, British Queen and Record
(Figure 2) are traditional varieties dating from the early 1900s
that dominated Irish production until the late 1990s. All are
high dry matter “floury” varieties with excellent taste. Before
the introduction of refrigerated storage (discussed further
in the following text) Home Guard, British Queen and other
early varieties were traditionally marketed from late May
to August, followed by Kerr’s Pink and Record and finally
Golden Wonder in the late season, traditionally from January/
February. Importation of new potatoes from Mediterranean
countries in late spring to meet demand was common.
Traditionally, potato varieties must meet both producer and
consumer requirements and are difficult to displace from
the market. Rooster was released in 1991 by Irish Potato
Marketing Ltd. from the Teagasc potato breeding programme.
It was an immediate hit with consumers as it combined taste
preferences with skin finish benefits that eased preparation
while being suitable for boiling, baking, chipping and mashing.
As a cultivar, Rooster has excelled in this supply chain model.

Early knowledge-based advancements

Specialisation of potato growers, changes in consumer
preference and advances in cultivar development

By 1961, the start of the focus period for this paper, the area of
potato in Ireland was c. 86,000 ha (CSO data). The population
of lIreland was beginning to urbanise and most potato
production was still small scale, locally marketed and with a
large proportion of the crop being used on farm for animal
feed. The island of Ireland also exported a significant quantity
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Table 1: % Potato area in Ireland by cultivar or use

British
Queen

Golden
Wonder

Kerr’s
Pink

Cultivar Rooster

Record

Earlies Fresh chip & Salads Whites

peeling

Crisping

% Area 2019

57.8 6.4 5.8 21 0.6

0.8 5.8 1.1 27 6.9

Source: IFA Potato Grower Survey 2019.

100%
90% -
80% -
70%
60% -
50%

40%

30%

20%

10%
0%

Dec-19

m Golden Wonder m Maris Piper

m Kerr's Pink m British Queen m Other Whites

Dec-20

m Rooster

Figure 2. Proportion of Irish fresh potato market measured by household value spend for different potato varieties, figures reflect spend in
€000 by variety across all retail outlets from December 2019 to December 2020 (52 weeks) (Source: Kantar World Panel).

of seed potatoes to the Mediterranean region (Davidson,
1936; Proudfoot & McCallum, 1961). The decline in the area
of potatoes grown in Ireland over the following 60 yr was
linked with immense restructuring of the industry at both farm
and retail levels, coupled with technological developments
and shifts in cultivar choice which, in line with consumer
preferences, increased yield and reduced production and
storage losses.

Training and advice for potato farmers from the AKIS
(Agricultural Knowledge Information/Innovation System) at
this point was focused around general advice and awareness
and it became widely accepted that state-supported agencies
should ensure newer farmer practices were adopted (Keenan,
1965). Specialist advisors were deployed by the state from
1980 to act as an interface between research and advisory

(Kirley, 2008). Teagasc (a semi-state research and advisory
body) was formed in 1988, with advice being delivered on a
fee-paying basis. This resulted in knowledge transfer (KT)
and advisory services focusing on more commercial farmers
who could afford the fee (Phelan, 1995). The increased use of
fertilisers and plant protection products which became part of
the AKIS on many potato farms from the 1980s onwards was
supported by commercial advisors or merchant agronomists.
In addition, changes in the potato supply chain over this
period, with a shift to supply of fresh table potatoes through
supermarket chains, resulted in the necessity to produce
crops to a higher specification, something that challenged
growers. To support this, specialised potato farmers now use
a mix of advisory services from state-funded organisations
such as Teagasc, private consultants (from Ireland and the
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UK), subject matter specialists (e.g. potato storage) and also
commercial advisors.

Research agronomy work conducted during this period
also led to a greater understanding of potato physiology in
Irish conditions particularly for new potato varieties such
as Cara and Barna (Barry et al., 1990; Burke et al., 1998).
Further research was also undertaken into the agronomy of
producing potatoes suitable for french fry production (Burke
et al.,, 2005). Agronomy KT to potato farmers has evolved
from general to specialised advice over the past 60 yr and this
interaction continues to evolve. This level of specialisation
is likely to increase as advisors in the AKIS (and farmers)
are increasingly challenged to respond to environmental
challenges such as decreasing chemical fertilisers and
pesticides while at the same time increasing biodiversity and
putting in place more environmentally friendly practices on
farms.

Increased specialisation has been accompanied by a
requirement for improved equipment and infrastructure. As
demand for quality potatoes increased, Irish farmers looked to
the UK, the Netherlands and further afield for new innovations,
initially focusing on machinery, but also for changes to field
agronomy practice. The introduction of centralised distribution
centres by the retailers since 1998 also greatly influenced
the scale and specialisation of potato producers. A major
shift towards modern production techniques and market
structure began in Ireland in the 1990s when the “Operational
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Programme for Rural Development, Investment Aid for the
Potato Sector” and FEOGA (Fonds Europeen d’Orientation
et de Garantie Agricole or European Agricultural Guidance
and Guarantee Fund) grant schemes were funded by the
Department of Agriculture and Food. This allowed large
investments in potato equipment including refrigerated
stores, potato boxes, handling and packing equipment
graders and field equipment (Gerry Doherty, DAFM personal
communication).

The substantive changes in potato production during the
period since national yield monitoring was introduced by Bord
Bia and Teagasc through sample digs in 1985 are highlighted
in Figure 3 (CSO). The total area of potatoes in Ireland
remained relatively static from 1985 to 1996 while there was a
steady increase in yield from 20 t/ha to 30 t/ha. This increase
in yield was largely due to better agronomy and increasing
specialisation of growers. While the change in potato area
planted fell from 30,000 ha in 1985 to under 9,000 ha in 2019,
the subsequent yield reduction in total annual production was
not linear due to increasing yield and has fallen from over
600,000 in 1985 to between 330,000 and 400,000 t per annum
currently. This reduction in production mirrors the scenario
experienced in other developed countries between 1960 and
2008, where production fell from c. 18 million ha to just over
8 million ha (with rising yields). In contrast, many developing
countries are exhibiting significant growth (Haverkort et al.,
2009).
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Figure 3. Area under potatoes, and average yield per hectare 1985 to 2019.
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It was gradually recognised that more modern cultivars were
required to improve yield and disease resistance while still
serving the preferences of the Irish consumer. The release of
the cultivar Rooster, developed in response to this demand,
was transformational, when coupled with the development
in the industry. In the period between 2000 and 2019, the
national average yield also increased to just over 40 t/ha
(excluding drops in 2012 and 2018 due to severe weather
events). This is largely due to the increased yield and
widespread cultivation of Rooster, which increased its overall
proportion of the potato area to 58% in this period. Results
from the Teagasc/IPM Potato Group breeding programme
breeding trials show a 20% yield increase of Rooster over
Kerr’s Pink, the next most popular and highest yielding
cultivar in Ireland. Whilst Rooster’s superior yield and
disease-resistance characteristics were important features
of its success, it also exhibits other traits more characteristic
of modern varieties, including uniformity of size and superior
skin finish. The changing market requirement for potatoes
with a very good skin, which could be sold year round,
gave Rooster a distinct advantage over traditional varieties.
The impact of a single cultivar bred to address the specific
needs of the lIrish market underlined the importance of
cultivar development in addressing the challenges of potato
production in Ireland; this theme will be revisited later in this
review.

Potato research in Ireland: review and state of
the art

Pathology, late blight in Ireland

Due to the destructive potential of late blight, which is one of
the few diseases that can reduce yields of untreated crops
to zero, research into P. infestans has been fundamentally
important to support production in Ireland. A review of 25 yr
of late blight trials at Teagasc Oak Park Carlow from 1983
to 2007 by Dowley et al. (2008) highlighted that losses
during the period averaged to 10.1 t/ha in both marketable
and total yields, representing almost 25% of potential yields
in untreated crops. Research has primarily focused on three
areas: P. infestans biology (and its relationship to disease
severity and fungicide sensitivity), disease forecasting and
control, and breeding for late blight resistance.

Annual monitoring of P. infestans populations has been
a critical area of research. P. infestans was inadvertently
introduced to Ireland and Europe over 200 yr after its host in
1845, on imported seed potatoes from the United States (Fry
et al., 1993). Similar to potato, only a fraction of the genetic
diversity of the pathogen was introduced from its centre of
origin leading to a single strain of blight dominating the global
population (Goodwin et al., 1994). Further migrations of P.

infestans occurred during the 1970s and 1980s. Tooley et al.
(1993) showed the arrival of new strains in the late 1980s.The
first population change noted was in 1981 with the emergence
of phenylamide resistance (Dowley & O’Sullivan, 1981). Two
mating types (A1 and A2) of the pathogen are required for
sexual reproduction. The first reports of the A2 mating type
in Ireland occurred in the early 1990s, which is significant
for two reasons (O’Sullivan & Dowley, 1991; Cooke et al.,
1995). Sexual hybrids of late blight can be fitter and more
aggressive, and oospores, the result of sexual reproduction,
can overwinter in soil, leading to the potential for early infection
of healthy crops from soil. Genetic-fingerprinting studies have
confirmed that the P. infestans population of Ireland is now a
subset of the wider European population but so far have not
identified sexual hybrids of P. infestans (Carlisle et al., 2001;
Griffin et al., 2002; Stellingwerf ef al., 2018).

The vast majority of commercial cultivars are late blight
susceptible and heavily dependent on the use of fungicides
to maintain stable yields (Cooke et al., 2011). The majority
of new fungicides for blight control are very efficacious, but
are only active at a single biological site, which leads to a
risk of resistance development. Even in the absence of sexual
reproduction, the environmental conditions that prevail in
Ireland are highly conducive to the development of late blight
and random mutations can arise and quickly propagate.
The notable emergence of phenylamide resistance in the
Irish P. infestans population in 1981, with the complete loss
of control provided by this class of fungicides (Dowley &
O’Sullivan, 1981), was a major setback to late blight control at
that time. In recent years, population monitoring has confirmed
the presence of the fluazinam-resistant genotype EU_37_
A2, initially detected in the Netherlands. The importance of
the link of research to KT was highlighted by the fact that
communication of this change to Irish growers mitigated
crop losses (Schepers et al., 2018). Fungicide resistance
management will be more difficult as the older multisite
fungicides such as Mancozeb and Chlorothalonil have been
withdrawn from the EU market where they were often used as
partner products to help prevent resistance development. This
highlights the necessity to continue fungicide efficacy testing
and development of fungicide control programmes which
takes place every year in Teagasc.

The development of late blight is highly dependent on local
weather conditions, in particular temperature and relative
humidity. This produces a degree of predictability that can be
used as a control measure, and disease forecasting based on
these parameters has been a major target for control of late
blight. Disease forecasting originally developed when scope to
control the disease was limited to a small number of protective
fungicides per season and therefore it was important to identify
periods conducive to late blight in order to maximise the utility
of the timing of these applications. Bourke (1955) originally
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Figure 4. Sample map showing effective blight-hour risk prediction
based on the revised model by Cucak et al. (2019).

developed the rules underlying late blight forecasting for
Ireland, with subtle changes to these subsequently made by
Keane (1982). Whilst these undoubtedly reduce the frequency
and quantities of fungicides, they underestimate late blight
infection events as reported by Hansen (2017) and Cucak
et al. (2019). Both Leonard et al. (2001) and Cucak et al.
(2021) highlight how this results in inadequate protection of
the potato canopy and reductions in yield. Dowley & Burke
(2004) have demonstrated that potential does exist for
the role of such forecasting or decision support systems,
although the methods the authors used were based on in-
field weather stations which were problematic in Irish potato
production given the transient nature of production. More
recently, Cucak et al. (2019) have revised the rules originally
developed by Bourke (1955), increasing their accuracy and
predictability. It is envisioned this will be used in the future by
Met Eireann to provide local disease risk assessments in a
graphical map format as shown in Figure 4. These revisions
were further evaluated by Cucak et al. (2021) in conjunction
with an increasing emphasis of the employment of varietal
resistance. This scenario, which is an important support tool
for Integrated Pest Management (IPM), demonstrated that
a substantial reduction in fungicide usage can be achieved
without compromising disease control and yield or adversely
impacting local P. infestans populations in terms of their
aggressiveness (Cucak et al., 2019; Cucak et al., 2021).

Potato virus Y epidemiology
Potato virus Y (PVY) remains the most important virus
disease of potato globally (Valkonen, 2007). The disease is

particularly problematic in seed production for certification.
In recent years in Ireland it has become the dominant virus
partially due to its non-persistent mode of transmission
which makes it more difficult to control using insecticides and
also due to newer variants of the virus emerging in Ireland
which produce less visible symptoms (Hutton et al., 2015).
Reports from growers suggest the virus is spreading more
quickly than in the past. Hutton et al. (2013) confirmed the
presence of the PVYN™ and PVYN® strains that cause potato
tuber necrotic ringspot disease (PTNRD), although the tuber
symptoms are rarely if ever seen due to lower temperatures
exhibited in Ireland. More recently during 2017 and 2018,
many recombinant PVY isolates were detected in Ireland,
with PVYN™a peing the predominant genotype (Della Bartola
et al., 2020). Teagasc has recently invested in a network
of aphid monitoring towers at several locations across
the country to aid virus prediction and aphid transmission
risk for a range of agricultural and horticultural crops?. It
is envisioned this system will assist with risk prediction for
PVY and other potato viruses associated with potato seed
certification in the future.

Cultivar development

Potato breeding and advances in marker-assisted selection
(MAS) and genomic selection (GS)

The potato breeding programme in An Foras Taluntais at
Oak Park Co. Carlow was set up in 1961 to breed cultivars
suitable for the domestic market with enhanced resistance
to late blight. There were many plant breeding programmes
in Ireland at that time including programmes in perennial
ryegrass and clover breeding (which are still in existence), and
now defunct programmes in cereals (DAFM) and sugar beet
(An Foras Taluntais (AFT) and Irish Sugar). It soon became
apparent that commercial partnership and access to diverse
international markets were necessary to support a viable
breeding programme. The introduction of plant variety rights
(PVR) and the creation of the Union Internationale pour la
Protection des Obtentions Végétales (UPOV)? in the same
year enabled breeders and holders of PVR to exclusively
produce and market their new improved cultivars. The income
stream generated from royalties could then be reinvested in
breeding research and further cultivar development. Irish
Potato Marketing Ltd. were already an established exporter
of seed potatoes from Ireland and recognised the opportunity
created by PVR. Informal collaboration between AFT and Irish
Potato Marketing Ltd (now IPM Potato Group Ltd.) since the
late 1960s developed into a formal partnership agreement in

2https://www.teagasc.ie/tillagemonth/establishing-a-bydv-
and-aphid-monitoring-network-/.
Shttp://www.upov.int.
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1976 and subsequently a collaboration agreement between
the two parties to breed and market new potato varieties.
Fifty-six cultivars have been released to date and 34 of these
are either still in full commercial production or in early market
development. While Rooster remains the best known cultivar
in Ireland, Cara was the first successful cultivar released
from the breeding programme in the early 1970s, while
Nectar and Electra are well-established cutivars in the United
Kingdom. Burren and Slaney are widely marketed across the
Mediterranean region. This collaboration is one of the few
commercially successful public—private partnerships remaining
in European plant breeding.

One of the major challenges in potato breeding is the number
of characteristics, or traits, that need to be combined in order
to produce successful, competitive varieties that serve all of
the actors along the value chain, from grower to consumer.
Potato breeding involves selection of over 40 different traits,
the combinations and specifications of which depend on
the specific market class, use of the potato varieties and
agroecology in which they will be grown (Bradshaw, 2017). In
order to combine these traits, a cycle of potato breeding begins
with the creation of a very large breeding population initiated
when parents (generally current varieties) are crossed to
produce progeny, from which one or two varieties are identified
over 12—14 yr. In the Teagasc/IPM Potato Group programme,
a cycle of breeding is generally initiated using approximately
200 parents, which are crossed in pairwise combinations to
produce between 100,000 and 200,000 true seed progeny,
each of which is a candidate cultivar (Milbourne et al., 1997).
After 12 yr of selection usually only one or two candidate
cultivars remain, and these are submitted to the official trials
(lasting 2 yr) required to gain PVR and variety status.

Potato breeding is viewed as somewhat inefficient because
the number of traits that can be combined into a new cultivar
in a 12-yr selection cycle is limited; for example, in the area of
disease-resistance breeding. For many pests and pathogens
of potato, varietal resistance is based on individual resistance
genes (R-genes) from cultivated and wild potato relatives from
Central and South America. The cultivar Cara was an early
success that was partially based on its resistance to the major
strain of the potato cyst nematode (PCN) species Globodera
rostochiensis in the UK at the time, conferred by the H7 gene
from Solanum tuberosum ssp andigena.

For many plant pathogens, resistance provided by single R-
genes is short lived. R-Gene breakdown due to adaptation
by the pathogen population of late blight, as evidenced with
Solanum demissum genes in the 1960s, led to a focus on
partial “field resistance” (Malcolmson & Black, 1966) which
was thought to avoid major resistance genes and be more
durable (Collins et al., 1999). The varieties Colleen (1991), Orla
(1998), Setanta and Galactica (2004) are examples of cultivars
released which exhibit significant levels of field resistance to

late blight. However, over time, it became apparent that much
field resistance was also at least partially based on R-genes
(Gebhardt & Valkonen, 2001). One important idea based on
this increased understanding is the concept of stacking multiple
R-genes for the same pathogen into single cultivars (Ghislain
etal., 2019). Several well-known potato cultivars/lines that have
exhibited durable broad-spectrum blight resistance have been
shown to harbour combinations of strong and partial R-genes
(Kim et al., 2012; Rietman et al., 2012). However, the process
of introgressing R-genes from their wild species donors, and
accumulating multiple genes in an individual cultivar over
multiple selection cycles, is a multi-decadal process. Increasing
the speed of recurrent selection is an important feature in
resistance breeding, to enable the “stacking” of multiple R-
genes in varieties in as short a period as possible.

The Teagasc/IPM Potato Group breeding programme
has adopted a genome-based approach to overcome this
limitation, using DNA-based MAS which allows tracking of
beneficial genes in a breeding programme. An experimental
programme for MAS was established in the period between
2004 and 2008 using a single genetic marker for a gene
conferring partial resistance to the PCN (or eelworm) species
Globodera pallida (Moloney et al., 2009). Currently, MAS is
performed for over 20 different full and partially effective R-
genes using the KASP genotyping platform. These markers
target R-genes for the two major PCN species (G. pallida and
G. rostochiensis), late blight, PVY and potato wart disease,
with a general goal of adding several R-gene diagnostic
markers to this set every year through a parallel marker
development programme (Meade et al., 2020).

Most significantly, MAS can be combined with “rapid cycle
breeding” approaches to help shorten the effective selection
cycle and accumulate R-genes in high-performing cultivar
candidates more quickly. There are numerous possible
schemes for this, but in the Teagasc/IPM Potato Group
breeding programme, the approach is to target crosses
between parents with complementary R-genes at the
beginning of every selection cycle, and to use MAS to identify
progeny individuals with multiple R-genes in the fourth year
of the 12-yr programme. These candidate varieties can then
be recycled for use as parents in another round of crossing.
This effectively shortens the breeding cycle to as little as 4
yr for the resistance genes under selection using MAS, and
up to three cycles of selection can be performed in the same
time as a single 12-yr cycle of conventional selection. This is
graphically represented in Figure 5.

The recently released potato varieties Java (late blight, PVY,
wart and G. rostochiensis resistant) and Buster (dual species
PCN G. rostochiensis and G. pallida resistant) highlight the
ability of MAS and rapid cycle breeding to speed the process
of R-gene stacking. Buster is the result of three separate
rounds of crossing, initiated in 2004, during which MAS
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Figure 5. A representation of the Teagasc/IPM Potato Breeding
Programme and how MAS and rapid cycle breeding can shorten

the selection cycle. A cycle of breeding is initiated (every year) by
pair crosses between approximately 200 varieties and breeding
lines. The grey triangle represents the decreasing number of cultivar
candidates present as selection intensifies each year. Trialling

starts in one field location, and by Year 11, candidates are being
trialled in Ireland, the UK, the Canaries, several locations in Europe
and northern Africa. At the end of this cycle, one or two candidate
varieties are advanced for PVR. In the Rapid Cycle scheme, specific
crosses between R-gene-containing varieties are incorporated into
Year 1. Progeny from these crosses containing multiple R-genes are
identified in Year 4. These continue through the programme, but may
be recycled as parents at any time over the next several years if they
perform well in the field. This shortens the selection cycle. Repeating
this rapid cycling process within the conventional programme
eventually yields high-performing varieties with multiple R-genes.

and rapid cycle breeding were used to stack four partially
effective resistance genes to G. pallida (GpalV, Gpab, Gpa6
and Grp1) and the H1 gene into a single, high-performing
cultivar. Previous research at Teagasc had demonstrated that
combining the two strongest effect genes, GpalV and Gpa},
resulted in an additive effect in which very high levels of
resistance to multiple field populations of G. pallida Pa2/3 were
observed, and that MAS was an efficient way of identifying
plants containing multiple genes (Dalton et al., 2013; Rigney
et al., 2017). Under normal circumstances, stacking this many
R-genes in a single cultivar over three rounds of selection
could have taken in excess of 30 yr.

Many important traits in potato, such as yield, tuber quality
characteristics and resistance to stresses such as drought,

are under complex genetic control, influenced by the
expression of many genes (polygenic). Selection for these
traits suffers from similar limitations to resistance genes in
terms of the speed and efficiency of the recurrent selection
cycle, but MAS is not suited for identifying complex polygenic
traits. This problem has been addressed in animal breeding,
where practically all important traits are polygenic, by the
widespread adoption of GS. First proposed by Meuwissen
et al. (2001), GS is a form of MAS that uses thousands
of markers across the genome to predict the likely value
of traits in cultivar candidates and parents. Significantly,
because marker sets scan the entire genome, traits under
polygenic control can be predicted. The application of GS to
potato breeding for polygenic traits in potato was modelled
and it was concluded that it was potentially cost-effective,
and could increase the rate of genetic gain for these traits
(Slater et al., 2014; Slater et al., 2016). More recently,
the application of GS for the selection of fry colour, an
important trait for potatoes destined for French fry and crisp
production, was successfully tested using breeding material
from the Teagasc/IPM Potato Group breeding programme
(Byrne et al., 2020). This study concluded that while GS
has potential, the current cost of genotyping assays could
limit its applicability for many breeders. Work in the potato
genetics and genomics programme at Teagasc is currently
focusing on the development of low-cost approaches for
genotyping that will allow the benefits of GS to be applied
to the breeding programme, hopefully mirroring the success
of MAS.

Genetic modification and novel breeding techniques

Much of the focus on biotechnology-based approaches to
augment plant breeding over the last two decades has revolved
around the collective technologies that have historically been
referred to as genetic modification (GM). Genetic modification
is defined as the use of recombinant DNA technology to
introduce DNA elements from one species into another. The
approaches under this banner can be broadly divided into
two categories: transgenic, and cisgenic. Transgenic refers
to the insertion of genetic elements that do not occur in the
species being modified (the elements either come from an
unrelated species, or are engineered constructs that do not
occur in nature). Cisgenic refers to the transfer of genes within
a genus (e.g. from a wild potato to a cultivated potato). Both
approaches are subject to regulation in the same manner and
the primary EU legislation (Directive 2001/18* and Regulation

“Directive 2001/18/EC of the European Parliament and of the
Council of 12 March 2001 on the deliberate release into the
environment of genetically modified organisms and repealing
Council Directive 90/220/EEC — Commission Declaration.
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2003/18295%) governs both the cultivation and import of GM
crops.

Although there has been a long history of use in a global
context, the regulatory landscape and polarisation of public
opinion has meant that no GM potato products have made
it to market in the EU. For example, in 2010, the European
Commission approved the transgenic BASF starch potato
Amflora™ that had been engineered to produce amylopectin
starch, in the absence of amylose, a feature applicable to a
range of industrial applications. In spite of regulatory approval,
BASF pulled this GM potato from the market in 2012 due to
intense political reaction®. Around the same time, BASF also
ceased their commercial plans for a cisgenic GM potato,
engineered with resistance to late blight. The Fortuna™
potato was based on the successful processing cultivar,
Fontane, modified to contain two genes (Rpi-blb1 and Rpi-
blb2) from the wild species Solanum bulbocastanum, and
had demonstrated strong resistance to late blight based on
studies in Belgium. BASF closed down the commercialisation
of Fortuna citing the uncertain regulatory environment within
the EU as the primary justification for its action.

Recognising the need to demonstrate the potential societal
benefits of GM technology in potato, some public sector
research has adopted a more nuanced approach. From 2006
to 2015, Wageningen University in the Netherlands ran the
“DuRPh” (Durable Resistance to Phytophthora infestans)
Research project (Haverkort et al., 2008; Haverkort et al.,
2016) which focused on developing a proof-of-concept that
existing potato varieties could be made durably resistant
to late blight when provided with stacked R-genes through
cisgenic modification (Jacobsen & Schouten, 2007). DuRPh
focused not only on the production of resistant plants,
but also their use in combination with IPM to develop low
fungicide input control strategies for late blight. This study
received broad public support (Haverkort et al, 2016)
because it was publicly funded and free of commercial bias;
the material was generated via cisgenics as opposed to the
transgenic GM technique used previously by BASF; and most
importantly because the research team actively contributed
to a programme of proactive societal engagement. Hence,
the generic dialogue that was standard for GM debates was
countered with factual and objective commentary. As a result,
the potential benefits of cisgenic GM potatoes were succinctly
explained in the context of the challenge of trying to reduce
fungicide inputs, while maintaining an economic return for
farmers and a high-quality product for consumers.

*Regulation (EC) No 1829/2003 of the European Parliament
and of the Council of 22 September 2003 on genetically mod-
ified food and feed.
Shttps://www.dw.com/en/basf-stops-gm-crop-development-in-
europe/a-15671900, accessed 01.06.2021.

More recently, similar approaches were employed as part of
the EU-funded project “Assessing and Monitoring the Impacts
of Genetically-modified plants on Agroecosystems” (AMIGA).
In lIreland, as part of AMIGA, Teagasc completed field
evaluations of a cisgenic GM potato, developed through the
DuRPh programme. The engineered potato displayed robust
resistance to late blight disease through three successive
seasons of field trials at Oak Park (Stellingwerf et al., 2018)
with a comprehensive environmental assessment confirming
there was no significant difference between the cultivation of
the GM line and its non-GM comparator cultivar (Ortiz et al.,
2016; Kessel et al., 2018). Indeed, using the internationally
recognised and publicly available Environmental Yardstick for
Pesticides to quantify the environmental impact of chemical
crop protection on water life, soil life and groundwater, the
cultivation of a conventional cultivar under current practice
scored over 700 environmental impact points. In contrast, the
cisgenic-resistant cultivar scored less than ten points (Kessel
etal., 2018). As a result, the IPM control strategy adopted in the
study, based on the use of the cisgenic potato line, reduced the
average fungicide input by 80-90% across the three different
years, without compromising control efficacy or yield. Similarly,
as observed through the DuRPh project, it was evident through
AMIGA that proactive public engagement ensured a greater
understanding of the challenges faced by potato growers
and the need to consider new technologies to reduce the
environmental impact of potato production (Mullins, 2019).

In parallel to the public discussions on the applications of
GMO approaches, biotechnology-based breeding initiatives
have developed considerably over the last two decades.
Numerous different approaches have been developed
(reviewed by Schaart et al., 2016) with a diversity of technical
features that make it questionable whether EU legislation
originally formulated several decades ago, largely based on
the features of the transgenic-based approaches of the time,
is relevant and fit-for-purpose (Zimny et al., 2019; Turnbull
etal., 2021).

One breeding technique called gene editing has been central to
a re-evaluation of both public attitudes and current legislation.
Gene editing is a set of approaches that introduce precise
edits in DNA of a target genome using enzymes guided to the
target site using, for example, pre-coded RNA strands. Using
this type Il clustered regularly interspaced short palindromic
repeat (CRISPR-Cas9) system, the precision of the approach
to functionally alter single/multiple genes has resulted in its
rapid application by the community to address important
challenges in agriculture (Chen et al., 2019). Significantly, it
has been argued that when gene editing approaches simply
introduce mutations in plants, they are functionally equivalent
to other forms of mutagenesis breeding that are not subject to
regulation, and have, in fact, formed the basis of thousands of
plant varieties to date.


https://www.dw.com/en/basf-stops-gm-crop-development-in-europe/a-15671900,
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In 2018, the European Court of Justice (ECJ) ruled that gene
editing should be regulated as per current GMO legislation
under Directive 2001/18. The ECJ judgement elicited a swift
reaction from the plant science and seed trade communities
in Europe due to the non-recognition of equivalence with
mutagenesis breeding (Hundleby & Harwood, 2019). The gap
between the structure of EU legislation on GM approaches
versus the dynamic, continuous development of novel
breeding approaches by the research community was clear.
Subsequently, the European Commission commenced a
lengthy multi-agency study in 2019 to review the status of
new breeding techniques (NBTs) under EU law. Published in
April 20217, the study concluded that current EU legislation
was not fit-for-purpose and that NBTs have the potential to
contribute to a more sustainable food system as part of the
objectives of the European Green Deal and the Farm to Fork
(F2F) Strategy. Significantly, the report followed with details
outlining the pathway to commencing a consultation process
with the goal of designing a new legal framework for NBTs
such as gene editing and cisgenics.

The future of potato breeding is bright, but what it will
look like is unclear

There are many limitations (some discussed previously) in
potato breeding, arising from the genetic architecture of potato
and its clonal reproduction through tubers. Biotechnology-
based approaches such as MAS, GS and GM (cisgenesis
and transgenesis), and gene editing overlaid on to current
conventional breeding schemes are not the only approaches
that are being developed to address these limitations. Diploid
hybrid potato breeding, in which the genetic and reproductive
architecture of potato is effectively re-engineered (using
conventional breeding methods) to allow much more efficient
genetic gain, was originally suggested a decade ago (Lindhout
et al., 2011) and may revolutionise genetic improvement of
potato in the next decade (Stokstad, 2019). The potential of
this approach was recently underlined in a study by Zhang
et al. (2021), who combined genome-based breeding
approaches to help minimise and purge deleterious mutations
from inbred lines, which were crossed to produce a hybrid line
that gave plot yields equivalent to ~40 t/ha, which is on a par
with many tetraploid cultivars. This is new technology and at
the time of writing no diploid hybrid cultivar has been released.
From a breeding point of view, the advantage of diploid hybrid
potato is better precision and speed in cultivar development
relative to current tetraploid-based breeding programmes.
Hybrid potato also has another defining feature in that
resulting cultivars can be propagated through true potato seed
(TPS) rather than tubers. While many practical considerations

"https://ec.europa.eu/food/plant/gmo/modern_biotech/
new-genomic-techniques_en, (accessed 01.06.2021).
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have yet to be worked out for this mode of propagation, it has
potentially revolutionary ramifications for seed production.
TPS is considerably less bulky than tubers and can be stored
at ambient temperatures for long periods. Botanical seed is
also subject to a much lower pathogen burden than seed
tubers, making maintenance of seed health much easier.
All of this could radically change potato seed production,
and may have consequential effects on agronomy and
management of potato crops. Whilst diploid hybrid breeding
has great potential, its development requires a considerable
investment of time and resources. Teagasc is part of a
consortium with Wageningen University (The Netherlands)
and other institutions and commercial potato breeders to
develop an approach called Fixation-Restitution (Fix-Res)
breeding, which has the potential to reduce this burden.
Fix-Res breeding takes many of the advantages of diploid
hybrid breeding, but makes it more compatible with current
tetraploid breeding programmes, reducing its development
and implementation costs.

Potato breeding is entering a period of disruptive advancement
based on the development of the numerous powerful
technologies and approaches that have been mentioned here.
The future of genetic improvement in potato is likely to involve
a combination of these approaches, and while the specific
shape or shapes of these future programmes in unclear, what
is clear is that breeding will be better able to respond to future
challenges at exactly the time when this need is most pressing.

The next 60 yr: challenges and opportunities

The potato in industry in Ireland has changed dramatically
over the last 60 yr. Specialisation of the industry, investment
in technology, a reduction in the number of growers, changes
in cultivars and decline in area of both seed and ware have
been the most visible challenges. The next 60 yr are likely to
be equally, if not more, challenging. Climate change will impact
the physical growing environment for all crops, and potato
growers will have to adapt accordingly. This is reflected in policy
at EU and national levels and numerous challenging policy
targets have been set that will affect potato production. Finally,
consumer preference continues to evolve, presenting both
challenges and opportunities and this is mirrored in EU policies
with an increased emphasis on holistic quality-of-life aspects of
consumer citizens. The question is: how will the innovation and
knowledge community in Ireland respond to support the potato
industry in facing these challenges and opportunities?

Predicted changes in physical climate may alter the face
of potato production in Ireland

Potato growers worldwide will encounter the effects of
climate change. From an agronomic perspective, Ireland will
experience more benign effects than other regions, with a
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predicted 0.5°C to 1°C of warming, drier summers and warmer
wetter winters. However, weather events are predicted to be
more extreme (Fealy, 2018).

Gradual and predictable changes to potato agronomy can
be relatively easily accommodated. Increased summer
temperatures, accompanied by drought, especially in the
east of Ireland where potato production is concentrated, are
an expected consequence (Holden et al., 2003). Whilst heat
stress per se is unlikely to be an issue (productive potato
cultivation takes place in both warmer and drier climates than
those currently predicted for Ireland), there is likely to be a
need for increased irrigation and drought-resistant cultivars.
Some cultivars with enhanced drought or heat tolerance
already exist; indeed, the Teagasc/IPM Potato Group breeding
programme has a track record of producing such varieties
for southern European and Northern African export markets;
however, there will be a need to develop new cultivars with
characteristics that suit the Irish production system and
consumer preferences.

More extreme, unpredictable weather events are much more
difficult to deal with. As shown in Figure 3, prolonged extreme
weather patterns did affect potato yield in both 2012 (delayed
planting due to very wet spring) and 2018 (prolonged drought
after crop emergence in June and July), and these illustrate
the potential effect of weather instability. Other potential
consequences of predicted changes include crop damage
due to late frosts, and wet autumns/winters that will impede
harvesting, particularly on wetter soils where damage and soil
loss may be an issue.

Disease control is a major component of potato production,
and climate change may also impact this significantly. A small
gradual change for a warmer climate in Ireland may increase
the host range of several pests and pathogens of potato
already present in slightly warmer neighbouring EU countries
but which have not established in Ireland. The most notable
of these include Colorado potato beetle (Wang et al., 2017),
potato tuber moth (Phthorimaea operculella) and bacterial wilt
or brown rot caused by Ralstonia solanacearum. The latter
has already been shown to be moving outside its normal
range to higher altitudes in both Africa (Abdurahman et al.,
2017) and South America where global warming has been
proposed as a cause (Castillo & Plata, 2016).

One problem in dealing with the physical effects of climate
change is addressing a complex set of events in a complex
system — resulting in combinations of effects that may act
as ameliorative trade-offs. For example, a corollary to the
potential emergence of new pests and pathogens might be
a reduction in the pressure from major existing pathogens.
For instance, drier spring and summers could lead to easier
and earlier plantings in Ireland and may actually ease disease
pressure from late blight. In another example, increased
atmospheric CO, concentration actually has the potential to
increase yields in potato production (Finnan et al., 2005),

but these may be offset by lower natural precipitation. Future
innovation systems to support potato production will have to
be agile and responsive to the actual consequences of climate
change that may or may not happen from a list of predicted
possibilities.

The regulatory environment to deal with climate change
may make it even more challenging

The Green Deal strategy is the EU response to climate change
and environmental degradation. At the heart of this plan is to
have no net emissions of greenhouse gases by 2050, and to
decouple economic growth from resource use. This strategy
spans all parts of the economy across Europe®. As part of
the Green Deal strategy, in May 2020, the EU published the
Farm to Fork Strategy and the Biodiversity Strategy for 2030
which are particularly important for agriculture. Key targets set
out in these strategies are for agriculture to have a neutral or
positive environmental impact, with the ambition of reducing
use and risks of pesticides by 50% and reduce fertiliser use
by 20%, and to increase organic agriculture to at least 25%
of EU agricultural area by 2030. While potato as a food for
primary consumption has a low carbon footprint of 540 kg CE/
ha per year (Hillier et al., 2009), with a relatively low water
and nitrogen input in comparison to many other crops, it is
still heavily reliant on plant protection products (PPPs) and
fertilisers. The reduction in fertilisers and especially pesticides,
if implemented in full, will have a huge impact on the potato
sector. As previously discussed, Ireland’s maritime climate is
very conducive to potato blight and any significant reduction
in these fungicides would need to be matched by improved
varietal disease resistance to maintain yields and viability of
the sector in Ireland.

Legislation to ameliorate the impact of agriculture is not new to
potato growers. Existing national directives such as the Water
Framework Directive® and the River Basin Management'®
plans are designed to protect and improve the water
environment. Arable farming, including potato production,
is associated with identified problems in a number of river
catchments such as nitrate losses to waterways and sediment
loss. Issues of bare soil, especially on sloping land, during
establishment and post-harvest can give rise to overland
flow of water and soil to rivers. Existing mitigation strategies
such as non-cultivation buffer zones may be strengthened
in years to come to mitigate the risks outlined previously.
In terms of PPPs, the recent loss of diquat (used in haulm

8https://ec.europa.eu/info/strategy/priorities-2019-2024/euro-
pean-green-deal_en.
Shttp://www.irishstatutebook.ie/eli/2003/si/722/made/en/
print.
"https://www.gov.ie/en/publication/429a79-river-basin-man-
agement-plan-2018-2021/.
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destruction) and mancozeb (broad-spectrum blight control)
has caused problems for which imperfect solutions have had
to be implemented. For instance, the loss of diquat, with no
equivalent replacement, has forced growers to use heavy
equipment to top potato haulms late in the season which is not
advisable where soils are saturated as damage to the growing
potatoes is common in these situations as is soil damage
(Phelan, 2020)". Continuing to deal with existing regulatory
changes whilst responding to the ambitious policy targets
of the EU Green Deal will be a major challenge for potato
growers, highlighting the importance of continuing investment
in research and development to support innovative solutions
to these challenges.

It is not just the climate that is changing: the challenges
and opportunities of evolving markets

The potato industry has a high farm-gate value of over €100
million per annum and from a food security perspective,
domestic potato production is incredibly important. The Irish
sector, while specialised, profitable, technologically advanced
and supplying most of our fresh consumption needs, suffers
from a lack of critical mass in comparison to other agricultural
enterprises due to the relatively small production area. The
industry has focused on the fresh consumption markets which,
due to the Irish preference for higher DM potatoes, has largely
isolated the Irish market from European commodity markets
for processing and seed potatoes. Across the decades,
competition from other sources of carbohydrate such as rice
and pasta have reduced the consumption of potatoes, not just
in Ireland but in the developed world in general. As mentioned
earlier, this is reflected in terms of the declining national crop
production (Figure 3).

There is already a strong recognition of the need for the
industry to diversify and expand to maintain viability. In recent
years, notable business innovation projects in the Irish potato
sector have seen some potato packer operations diversify
from their traditional packing business into ready meals,
alcohol and potato starch manufacturing, while several others
have begun new crisp brands which require specific varieties.
Further opportunities exist for the industry in the area of import
substitution, particularly of chipping potatoes and baby/salad
potatoes. For instance, despite Ireland’s potato production
capacity, over 80,000 t of fresh potatoes for the fresh chipping
market are imported each year. Theoretically, these could
be produced in Ireland, but limitations include the availability
of suitable, Irish-adapted chipping varieties and competition
from keenly priced imports. The recent exclusion of UK
seed potatoes from the EU due to Brexit (Robb, 2021) offers

"https://www.teagasc.ie/media/website/crops/crops/potatoes/
Potato-newsletter-September-2020.pdf.
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opportunities for Irish certified seed for the domestic market in
the short term and possible re-invigoration of the seed export
market in the medium term. Ireland is one of five high-grade
seed potato regions'? due to the absence of quarantine pests
and also has a large bank of virgin potato land that could be
used to grow seed potatoes; however, much of this land is
unavailable due to long-term leases in other farm enterprises.

Conclusions: Given these challenges, where do we
go from here?

Cultivars are the answer to a lot of the problems

New cultivars can significantly contribute to the challenges
across all three of the major aforementioned areas of diverse
markets (such as organic and conventional), reduced PPPs
and fertilisers, and biotic stress due climate change. This
will be especially true if potato breeding can become faster
and more precise. Breeding can address tolerance to abiotic
stresses such as drought, disease and pest resistance,
changing consumer preferences for products such as salad
and baby potatoes, and the need for locally adapted varieties
supporting all market sectors such as fresh processing and
specialist markets. Potato breeding has always had the
potential to deliver this in theory, but in practice, conventional
potato breeding suffers from numerous limitations in terms
of precision and timescale preventing the realisation of this
ambition. However, as we have described in this review, we
may be entering a disruptive and productive period for potato
breeding. Technologies such as GS, MAS and other NBTSs,
combined with novel potato breeding schemes, have the
potential to give breeders unprecedented levels of control
in combining multiple traits in high-performing varieties.
More importantly, most of these technologies increase the
speed with which this can be performed, meaning that the
timescale between identification of the required “ideotype”
(e.g. a drought- and disease-resistant, white-skinned chipping
cultivar) and the ability to produce a cultivar fitting this profile
will shorten. Given that some of the impacts of climate change
will become apparent over a relatively short time horizon,
the ability of breeding to quickly respond to these emerging
situations will be more important than ever.

While this “next-generation potato breeding” has enormous
potential, there are factors that will need to be addressed to
help it realise its potential. Precision breeding approaches are
built on a base of basic and strategic research. Approaches
such as GS, MAS and gene editing require a deeper

2https://unece.org/fileadmin/DAM/trade/agr/meetings/
ge.06/2015/ExtBureauMtg_Finland/High_Grade_Region_
Finland2015.pdf.
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understanding of the genetic control of important target traits
in order to be successfully deployed. Teagasc has a good
track record in participating in multinational initiatives such
as the effort to sequence the potato genome (The Potato
Genome Sequencing Consortium, 2011) which has driven
many of the innovations in molecular breeding worldwide.
The Irish research community will need to continue to engage
in these initiatives and similar precompetitive collaboration
efforts to maximise their ability to effectively deploy these
approaches. Given the lack of large multinational companies
in potato breeding, cooperative precompetitive publicly funded
research remains an important source of innovation in the
potato industry (the Bioimpuls project in the Netherlands to
develop late blight-resistant germplasm for organic production
[Almekinders et al., 2014] is an excellent model of this type of
collaborative research).

In addition to this, for NBTs such as gene editing to fulfil their
potential, an aligning of regulations for these technologies to
the current situation is essential. As demonstrated in AMIGA
and DuRPh, cisgenesis can augment existing and new potato
varieties with the ability to reduce PPP use by more than 50%.
The Commission’s commitment to develop a new regulatory
framework has to be welcomed and provides an expectation
that future varieties developed through NBTs can be adopted
on a case-by-case basis, supporting the EU to meet its goal
of reducing the environmental impact of food production while
also ensuring a stable supply of safe food for its citizens.

Multi-actor approaches really are the answer

In reality, whilst single solutions like improved -cultivars

are important, it is their use as a component of multi-actor

approaches to address challenges facing the potato sector
that has the greatest potential. We can use the specific
example of management of late blight through augmented

IPM to demonstrate this. As previously described, P. infestans

is a dynamic pathogen capable of rapidly overcoming both

cultivar resistance and PPPs. Given the added challenge of
reducing the applications of fungicides by 50%, how might
we address control of late blight using the developments
described in this review? An augmented IPM approach that
was initially proposed by Kessel et al. (2018) but adapted for

Irish conditions might look like the following:

(1) Rapid cycle breeding and/or other NBTs give us the
potential to create durable blight-resistant varieties by
stacking multiple R-genes from wild species in high-
performing varieties.

(2) Active monitoring of P. infestans field populations using
molecular methods, to determine the potential of strains
to overcome both the R-genes present in varieties and
the PPPs being used.

(3) Development of low spray programmes that trigger a
“decision-to-spray” based on the presence of R-gene

breaking strains in the local environment (based on P.
infestans monitoring), combined with real-time climate
data as the primary predictors of epidemic potential.

(4) Design KT support processes (e.g. cloud-based blight
warning app available to registered growers) that enable
growers to effectively take decisions based on these
available resources.

In this model, advances in plant breeding, molecular plant

pathology, modelling and data analytics are combined with

well-developed KT networks to enable the challenge to be
addressed. Importantly, all of this is based on the starting
point of the current state of the art as outlined in previous
sections. In the interim, such a model can be used with
existing varieties with lower levels of resistance. Given the
complexity of the challenges faced by the sector, similar multi-
faceted approaches combining innovations and actors across
a range of disciplines will have to be developed.

Climate change will be more difficult

As previously mentioned, predicted gradual changes in
climate will be gradually adapted to by the industry. However,
extreme weather events which may become more common
will present a greater challenge and will impact production.
The Irish potato industry is highly mechanised in comparison
to other countries to allow timely field operations if weather
is inclement. Site and soil selection for growing may become
more important in the future, both in the case of extreme
weather events and also if autumns/winters become wetter,
to ensure growers can avoid unsuitable heavier soils. Land
access to ensure sustainable rotations particularly for seed
production is currently perceived as an issue by growers.
Long-term leases coupled with expansion of other agricultural
areas have intensified the problem. A mechanism to make
suitable land available through rotation and exchange
should be explored. Continued climate prediction and
horizon scanning to determine what the effects of climate
change may be, such as modelling the establishment of new
pest and diseases, will be key to ensuring the industry is
prepared.

Market development

The Irish market is currently relatively stable in terms of
demand, which has increased from a low point in 2012,
attributable to two back-to-back EU-funded potato promotion
campaigns'. Opportunities to expand the industry and
reduce certain imports do exist. This in turn would lead to
increased critical mass, increased service and support, and
investment in research and development. Innovation in this
area requires a true multi-agency co-operation and strong

Bwww.potato.ie.
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partnership between public agencies and the private sector.
Recent cooperative projects between Bord Bia, Teagasc and
the IFA under the auspices of the Irish Potato Development
Group are a good illustration of this. A good example of this
is the knowledge transfer-led Salad/Baby potato project,
which provided the technical know-how to produce specialist
crops (Teagasc) combined with strong liaison with growers
and packers (IFA) and strong market research/development
(Bord Bia). The project increased production by over 200%
from approximately 3,000 t per year to over 7,000 t. A
current project, involving the same organisations, seeks to
increase the volumes of fresh chipping potatoes grown in
Ireland by developing technical expertise, engaging chip
shop owners and their suppliers while creating demand for
local sustainable produce. Future innovation initiatives will
have to be similarly multidisciplinary, but perhaps even more
ambitiously so, integrating research, KT, market development,
strong partnership with private companies and growers and
strong public engagement to maintain and expand a healthy
and vibrant potato industry.
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