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ABSTRACT: Potato (Solanum tuberosum L.) is a very 

important crop grown worldwide. Its production and yield 

is affected by many pests and diseases among which the 

late blight caused by the fungus Phytophthora infestans 

(Mont.) De Bary is the most devastating. The disease affects 

the stem, leaves and tubers of the crop. Potato late blight 
may be controlled by several approaches including host 

resistance. Unfortunately, efforts till date using host 

resistance have led to limited successes as pathogen 

populations have evolved rapidly to over-come resistance 

or durably resistant varieties have had limited adoption. 

Therefore, applying fungicides frequently has been the 

most common control measure employed globally. 
However, these fungicides are expensive and long-term use 

has adverse effects on the environment, human health and 

livestock. A review was carried out on the mechanisms of 

disease resistance to late blight disease of potato. At the 

end of the review, it was gathered that several problems 

hinder the diffusion of resistant cultivars, including a 

rapidly evolving pathogen population, market preferences, 

association of resistance with late maturation, and 

methodological issues such as inaccurate phenotyping and 
insufficient communication among researchers. New 

technologies and approaches that improve the 

identification and adoption of resistant varieties are 

discussed, including biotechnology, enhanced conventional 

breeding, pathogen monitoring, improved phenotyping, and 

better research collaboration.  
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INTRODUCTION 
 
Potato (Solanum tuberosum L.), is one of the world’s 
major food crop (Scott et al., 2000; Haverkort et al., 
2016). It is a very versatile tuber crop (Gebhardt, 2016). 
Potato is ranked the fourth-largest food crop after rice, 
wheat, and maize (Bowen, 2003; Haas et al., 2009; 
Chakraborty et al., 2010; FAO, 2008; Hussain, 2016). 
Potato is cultivated in several countries, including Nigeria, 
China, India, Russia, and Pakistan (Hijmans, 2003; 
Hassanpanah et al., 2009; Arab et al., 2011). The relative 
ease of cultivation of Potato and its’ high energy content 
has made it a valuable cash crop for millions of farmers in 
developing countries (Singh et al., 2011; Devaux et al., 
2014).  Potato produces high value food within a short 
duration and its amenability to fit into cropping systems 
makes it a preferred choice crop (Hussain, 2016). Potato 
grows well in cool temperate climates, in subtropical 
winters, and in mountainous areas in the tropics (Kumar 
et al., 2013). According to Ugonna (2013), the production  

 
 
 
of potato in Nigeria has increased by over 12% in the last 
10 years. However, it is still grossly below demand. Low 
quality seeds, poor storage facilities and diseases 
especially late blight caused by Phytophthora infestans, 
are a major limiting factor to potato production in Nigeria 
(Ugonna et al., 2013). In Nigeria, Potato is planted in both 
rainy and dry season. The rainy season accounts for up 
to 82% total annual production of potato is prone to 
various diseases, especially early blight caused by 
Alternaria solani and late blight caused by Phytophthora 
infestans (Arora and Khurana, 2004; Rupp and 
Jacobson, 2017; Chingle and Kwon-Ndung, 2019). 

Late blight is one of the most devastating diseases of 
potatoes not only in Nigeria but worldwide in areas where 
potato is cultivated (Fry et al., 2015). It is the best known; 
most studied and still the most destructive of all potato 
diseases (Jones, 1998; Son et al., 2008). Worldwide 
losses due to late blight are   estimated   to   exceed   $5  
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billion annually and thus the pathogen is regarded as a 
threat to global food security (Latijnhouwers et al., 2004). 
The impact of the disease was first noticed during the 
middle of the 19th century (1940s) in Ireland (Bourke, 
1993). This led to the famous Irish potato famine, which 
caused about 1 million deaths and emigration of 1 million 
and a half people out of Ireland due to starvation 
(Mercure, 1998; McConnell and Reid, 1998; Donnelly, 
2002). In 2014, Nigeria witnessed a major outbreak of 
late blight which ravaged over 500 hectares of potato 
farms in Plateau State (Ibrahim, 2014). Chuwang, (2014) 
reported that Potato business which is a multi-billion 
Naira enterprise in Jos-Plateau has faced major setbacks 
recently due to increased incidences of late blight. Late 
blight has been described as a serious threat to potato 
production worldwide due to its ability to cause complete 
defoliation, tuber rot and subsequent death of the plant, 
(Garelik, 2002 and Gergely, 2004). The infection appears 
every year in epiphytotic forms in both hilly and plain 
lands (Hussain et al., 2017). This disturbing development 
and increase in crop destruction may predispose the 
entire populace to food insecurity and economic 
deterioration, since potato plays a major role on global 
food security (Devaux et al., 2014). In Nigeria, the potato 
business is conservatively estimated to worth over N 300 
billion (FAO, 2008 and NRCRI, 2005). The demand for 
fresh tubers had never been fully met (Ugonna et al., 
2013).  

The seed is the carrier of the genetic potential for 
higher crop production (Agrios, 2005). Thus, improved 
seed varieties have been produced by modern selection 
and breeding techniques to confer resistance to late 
blight and boost potato production, however, this has not 
been very successful on a wider scale (Gergely, 2004). 
Notwithstanding, researchers have continued to device 
new methods to improve the use of resistant varieties to 
curb the late blight disease. Technological advances in 
molecular diagnosis provide a fast and accurate method 
for detection and identification of plant pathogens 
(Hussain et al., 2005). These are now being applied 
towards detection and identification of P. infestans 
(Judelson and Tooley, 2000; Chen et al., 2013; Schena 
et al., 2008 and Khan et al., 2017). Early detection and 
accurate identification of plant pathogens is essential for 
understanding their biology and appropriate control 
strategies (Pandey et al., 2015). Plant diseases can be 
controlled most effectively if diagnostics is introduced at 
an early stage of disease development (Nicola et al., 
2020). Molecular diagnostics provide significant 
advantages over traditional techniques like microscopy 
and culture-based pathogen identification (Boonham et 
al., 2016). These advantages include ability to detect an 
organism without prior culturing, faster and more 
accurate results, high through-put and ability to identify 
pathogen species or strains (Chilvers, 2012).  Some 
examples of molecular diagnostic methods used in 
detection and identification  of plant   pathogens   include:  
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monoclonal antibodies, enzyme-linked immunosorbent 
assay (ELISA) and DNA-based technologies such as 
polymerase chain reaction (PCR) (Atkins and Clark, 
2004, Chilvers, 2012). In recent years, the increasing use 
of molecular methods in fungal diagnostics has emerged 
as a possible answer to the problems associated with 
existing phenotypic identification systems (Lévesque, 
2001; McCartney et al., 2003; Gherbawy and Voigt, 
2010).  
 
 
Causal pathogen of late blight 
 
The causal organism of the late blight of potato is 
Phytophthora infestans (Mont.) de Bary (Jones 1998; 
Binyam, 2014). Montagne first identified the pathogen as 
Botrytis infestans (Mont.) in 1845, but De Bary renamed it 
to Phytophthora infestans in 1846, hence the current 
name Phytophthora infestans (Mont.) De Bary. The 
genus Phytophthora belongs to the oomycetes, which are 
not related to the true fungi (Forbes et al., 2014). The 
genus contains other species apart from P. infestans that 
are heterethallic (A1 and A2 mating types) (Binyam, 
2014). Studies have shown that a recent classification 
scheme based on molecular analysis of the nuclear 
SrRNA gene as well as ultra-structural data, places the 
genus Phytophthora in the kingdom Chromista together 
with the golden/brown algae and diatoms. That is, the 
genus occurs within the phylum Oomycota, which is 
characterized by zoospores propelled by heterokont 
(unequal length) flagella and by cellulose in the cell walls 
(Forbes et al., 2014; Binyam, 2014). The fungal threads 
or mycelium of P. infestans can easily be observed under 
the microscope. The mycelium is coenocytic (aseptate) 
and multinucleate (Chycoski, 1995). Phytophthora 
infestans reproduces both sexually and asexually, 
although sexual reproduction is less common (Goodwin 
and Drenth, 1997; Andersson, 2007). They produce two 
types of spores, these are: sexually produced oospores 
and asexually produced zoosporangia (Tsedaley, 2014). 
These spores are light and are transmitted from one 
place to the other through wind and rain splash (Granke 
et al., 2009). They germinate when environmental 
conditions are favourable (Tsedaley, 2014).  
 
 
Mechanisms of disease resistance to late blight of 
potato 
 
Plant resistance to pathogen is one of the most important 
strategies of disease control (Agrios, 2005). The 
knowledge of resistance mechanisms, and how to exploit 
them, has made a significant contribution to agricultural 
productivity (Forbes, 2012). Screening potato genotypes 
for resistance and incorporating natural resistance into 
cultivars is the most effective and environmental friendly 
way to prevent wide spread devastation   by   late   blight  
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(Iqbal et al., 2013). However, the continuous evolution of 
new variants of the causal pathogen of late blight disease 
of potato- Phytophthora infestans has made breeding for 
resistance challenging. This therefore creates a need for 
a corresponding increase in our understanding of late 
blight resistance and ability to utilize it (Gómez-Alpizar et 
al., 2007). Molecular genetics has provided the tools to 
analyse and manipulate mechanisms of pathogenicity 
and resistance responses (Chilvers, 2012).  
To find a sustainable solution to the problem of late blight 
disease of potato, the International Potato Center (CIP) 
and partners have struggled for decades to develop 
potato varieties which have high levels of resistance to P. 
infestans, and at thesame time meet the several 
demands of the potato market chain  (Forbes and 
Landeo, 2012; Forbes, 2012). This effort has led only to 
partial success; some reasons for this as well as steps 
that may be taken for greater success are discussed 
below (Forbes, 2012). 
  
 
Brief history of late blight resistance breeding  
 
In many parts of the world, the late blight disease was not 
always a constraint to potato production (Forbes. 2012). 
Potatoes were introduced from South America to Europe 
in the second half of the sixteenth century and 
subsequently spread globally (Salaman, 1989). In 
Europe, adoption of potato was rather slow, although the 
crop eventually became a staple which contributed to 
population growth in the nineteenth century (Salaman, 
1989; Forbes 2012). The pathogen causing potato late 
blight was introduced in North America and Europe in the 
1840s and this led to major disease epidemics with 
horrific human consequences (Bourke, 1993). The 
pathogen subsequently spread worldwide, presumably 
with the trade of seed potatoes (Fry, 2008). Thus, the late 
blight pathogen was introduced in North America, 
Europe, and then globally several centuries after the 
introduction of potato (Forbes, 2012).  

There has never been a universally available scale to 
accurately measure resistance in potato to late blight (as 
there is for example for yield which is measured in weight 
per area harvested), and therefore, it is not easy to 
ascertain the level of resistance in cultivars grown after 
blight was introduced (Forbes, 2009). Nonetheless, 
reports of potato varieties with resistance to late blight 
dates back to the 1800s, and apparently, breeding was 
an important activity in Ireland during the decades 
following the famine (Bourke, 1993). A number of 
varieties with some level of resistance to late blight were 
available in Europe by the late 1800s (Umaerus et al., 
1983). Research indicates that potatoes grown in Europe 
in the post-famine era had appreciable levels of 
resistance to late blight (Forbes, 2012). However, efforts 
to breed and select resistance were undermined by the 
discovery of Bordeaux mixture in the 1880s,  which  gave  

 
 
 
 

farmers an opportunity to grow susceptible cultivars 
which may have other desirable characteristics 
(Robinson, 1996; Gómez-Alpizar et al., 2007; Forbes, 
2012). 

Regardless of levels of resistance in potato in the post-
famine decades, most of the potato varieties presently 
grown worldwide are susceptible to late blight disease. In 
the industrialized countries, farmers prefer the marginal 
cost of fungicides to the perceived risk of using a 
resistant cultivar (Cooke et al., 2011). In developing 
countries, where disease is less well managed for many 
reasons (e.g., high disease pressure, problems of access 
to fungicides, and inadequate farmer knowledge of 
disease dynamics), one would expect that host 
resistance might play an important role in disease 
management, and in fact, one can argue that on average 
varieties in developing countries have higher levels of 
resistance (Forbes et al., 2005). In Kenya, for example, 
45.4% of the potato production area is covered with 
varieties that have a weighted resistance scale value of 
7.14, and 54.6% of the potato production area of Uganda 
is covered by the cultivar Victoria, which has a scale 
value of 6.26 (Nyankanga et al., 2004). This relatively 
small amount of resistance may not seem relevant to 
disease management, but many of these cultivars are 
known by farmers as more blight resistant than other 
available varieties (Nyankanga et al., 2004). In Rwanda, 
20.8% of the potato production area is planted with Cruza 
148, which has a scale value of 2 and is therefore highly 
resistant to late blight disease. Nonetheless, resistance is 
not high enough in developing countries to avoid the 
need to protect most of the area planted to potato with 
regular applications of fungicides (Forbes, 2012). Large 
areas of potato production in many developing countries 
are planted with highly susceptible cultivars that would 
have values of 8 or 9 (highly susceptible) on the scale of 
Yuen and Forbes (2009). For example, the most popular 
cultivar in Indonesia, covering about 80% of the area, is 
Granola, which is highly susceptible to late blight. The 
question then arises, why has there not been more 
success in the development, diffusion, and adoption of 
resistant varieties, particularly in developing countries? 

There are several reasons why potato varieties 
susceptible to late blight are still widely grown. As with 
many crops, the market chain for potato favors many 
qualities and a cultivar that has no resistance to a 
disease may be selected for other attributes. For 
example, the late blight-resistant cultivar Cruza 148, once 
widely grown in the Lake Kivu area of Africa, has lost 
ground to more susceptible cultivars that command a 
higher value in the market. The varieties that have 
replaced Cruza 148, such as Asante, have more uniform 
tuber size and shape. Cruza 148 also contains a 
pigmented vascular ring, which is unattractive to 
consumers (Nyankanga et al., 2004). Market demand has 
been recognized as a factor influencing and frequently 
limiting cultivar turnover as markets  become  specialized  
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for certain varieties (Forbes, 2012). As previously noted, 
the European cultivar, Granola, has become entrenched 
in the production system of Indonesia even though it is 
often sprayed more than 20 times per season to control 
late blight (Nyankanga et al., 2004; Forbes 2012). In spite 
of the example from Indonesia, the market effect on 
cultivar turnover is stronger in the industrialized world 
where market components have become highly 
specialized (Walker et al., 1999); hence, at present, there 
remains a window of opportunity for adoption of resistant 
cultivars in developing countries. Another reason for the 
widespread use of susceptible cultivars in many countries 
is that disease resistance has not been stable; many 
varieties released as late blight resistant have rapidly 
become susceptible as the pathogen population evolves 
(Mundt, 2015). When virulence is selected in the 
pathogen population, cultivars may become highly 
susceptible or may retain different levels of partial 
resistance, which in some cases may still be useful 
(Brylinska and Sliwka, 2017). The cultivar Victoria in 
Uganda (known as Asante in Kenya) was released as 
highly resistant to blight but has “fallen” to an apparently 
stable susceptibility level of about 6 and is still widely 
grown (Walker et al., 1999). Some researchers have 
found that “defeated” R-genes are associated with partial 
resistance (Stewart et al., 2003). Nonetheless, the 
ephemeral nature of R-gene-mediated resistance and the 
difficulty of transferring quantitatively inherited resistance 
have rendered the identification and diffusion of durable 
resistance to potato late blight a difficult task (Haverkort 
et al., 2009; Cooke et al., 2011). 

Since the middle of the 19th century, there has been 
extensive selection and breeding for late blight resistance 
(Forbes, 2012).Historically, breeding for late blight 
resistance in potato was not always considered 
intractable. In fact, enthusiasm for host plant resistance 
to late blight surged in the 1950s when very high levels of 
resistance, or even immunity, were found in wild species 
in Mexico, particularly in the species Solanum demissum 
(Wastie, 1991). Many current potato cultivars contain 
resistance derived from Solanum demissum, Solanum 
andigena and other wild species (Magembe et al., 2019). 
Most of the resistance obtained from these wild species, 
mainly from S. demissum  is race-specific or qualitative in 
nature and was conferred by single genes and was thus 
easy to incorporate into new varieties (Cooke et al., 2011; 
Grunwald et al., 2002). Potato breeders quickly began 
transferring this resistance to cultivated potato, but 
unfortunately, the loss of this resistance due to pathogen 
evolution occurred almost concomitantly. This is because 
the resistance belong to the ‘‘vertical resistance’’ type 
(Vossen et al., 2016). In vertical resistance, plants 
containing a specific resistance gene (R-gene) or 
virulence gene will interact with the corresponding 
avirulence gene found in the pathogen, which is known 
as the ‘‘gene-for-gene’’ concept (Flor,1971; Keen, 2000; 
Leister, 2000). Potatoes  containing  these  R  genes  are  
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only effective in preventing the development of late blight 
if the invading P. infestans race contains the 
corresponding avirulence gene (Hammond-Kosack and 
Jones, 1996). The R gene - mediated resistance is often 
short lived and is rapidly overcome by new strains of the 
late blight pathogen (Stewart et al., 2003). By the 1960s, 
the boom and bust cycle of this race-specific resistance 
became one of the models upon which J. E. Vander 
Plank developed the foundations of plant disease 
epidemiology (Vander Plank, 1963). In the 1970s, potato 
breeding with emphasis on vertical resistance was 
replaced by breeding for ‘‘horizontal resistance’’ (Wastie, 
1991).  

The identification, utilization, and failure of the race-
specific resistance derived from S. demissum contrasted 
with resistance found in some other wide varieties that, 
although not complete (i.e., not immunity), appeared to 
be durable (Vander Plank, 1956). This apparent 
phenotypic dichotomy in resistance types led to decades 
of research into the nature of host resistance to P. 
infestans that continues in full force today (Nowicki et al., 
2012). The failure of the S. demissum resistance to 
provide protection in farmers' fields also led to a shift in 
emphasis on the part of breeders toward partial, 
quantitatively inherited resistance (often referred to as 
horizontal, field, or quantitative resistance) (Bradshaw et 
al., 1995). CIP initiated a program in the 1990s to identify 
varieties with resistance that was not conferred by any of 
the known S. demissum R-genes by screening 
segregating populations of potato with races of the 
pathogen thought to overcome all S. demissum R-genes 
(Forbes and Landeo, 2006). Breeding for a quantitative 
trait is difficult, and in this particular case, late blight 
resistance was often associated with late maturity and 
day length sensitivity (Visker, 2005). Many wild potato 
species co-exist in the same habitat as the late blight 
pathogen and have developed mechanisms for survival 
along with the pathogen (Perez et al., 2001). Solanum 
bulbocastanum, a diploid species native to Mexico, has 
previously been characterized as possessing durable 
resistance against P. infestans, even under high disease 
pressure (Dorrance et al., 2001; Song et al., 2003)). 
Solanum bulbocastanum shows a general suppression, 
but not total elimination, of late blight symptom 
(Ambarwati et al.,2011).   

The resistance present in S. bulbocastanum is effective 
against all the known races of P. infestans (Song et al., 
2003). The late blight resistance in the S. bulbocastanum 
clone PT29 has been mapped to a single locus on 
chromosome 8 (Naess et al., 2000). This single gene, 
RB, has been previously cloned and transformed into 
Katahdin, a highly susceptible potato cultivar (Ambarwati 
et al.. 2011). Katahdin plants transformed with the RB 
gene showed broad-spectrum resistance against a 
number of P. infestans strains in both greenhouse and 
field tests (Song et al., 2003; Lozoya-Saldana et al., 
2005; Kuhl et al., 2007). These results show that  it  is  be  
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possible to develop resistant varieties by introgression of 
the RB gene from S. bulbocastanum into cultivated 
potato (Halterman et al., 2008). Therefore, it is believed 
that horizontal resistance is much more durable than 
vertical resistance due to the interaction of many genes 
which recognize different races of the same pathogen 
(Simmonds, 1991). Durable or horizontal resistance is 
described as being effective during prolonged and 
widespread use in an environment conducive to the 
disease (Turkensteen, 1993; Mundt, 2015). However, the 
mechanisms of horizontal resistance have not been fully 
understood. It is difficult to breed for due to its polygenic 
nature and poorly understood mechanisms of action 
(Brylinska and Sliwka, 2017).  

Other factors have militated against the development 
and adoption of late blight resistant varieties in 
developing countries. Relative to many other crops, 
diffusion of new varieties of potato is slow and difficult 
because of the low multiplication rate, bulkiness, and 
perishability of the tubers (Mundt, 2015). In the 
industrialized countries, there are highly developed seed 
production industries that can quickly multiply and 
distribute a new variety (Forbes, 2012). These systems 
do not exist in developing countries and new varieties 
generally spread from farmer to farmer, which is a much 
slower process (Cooke et al., 2011). This spread from 
farmer to farmer can quickly lead to a reduction in the 
health status of potato seed, which could also affect 
cultivar adoption (Li et al., 2010). 
 
 
Modern technologies used to expedite the 
development and adoption of durably resistant 
varieties in potato breeding 
 
As noted, conventional breeding for late blight resistance 
has produced some successes, and though not always 
widely grown, there are a number of cultivars in 
developing countries and industrialized countries with 
measurable levels of resistance (Forbes and Jarvis, 
1994; Shapiro et al., 1998; Forbes et al., 2005; Li et al., 
2010; Cooke et al., 2011). With the advent of new 
molecular technology and the sequencing of the 
pathogen and host genomes, breeders now possess 
more tools to unravel the mysteries associated with 
resistance to late blight, particularly factors limiting 
durability (Chilvers, 2012). One strategy for increasing 
the probability of finding durable resistance is to broaden 
the genetic base of resistance (Villamon et al., 2005). CIP 
plans to make better use of its wild germplasm by 
directed searches for new resistance sources. For 
example, a molecular phylogenetic analysis was used to 
identify a clade (Piurana) that had not previously been 
utilized as a resistance source. A major quantitative trait 
locus for resistance was identified on chromosome 11 of 
the species Solanum paucissectum from this newly 
“mined” clade (Villamon et al., 2005; CIP, 2007).  

 
 
 
 
Comparative genetic mapping of available and new 
resistance sources can ideally lead to the strategic use of 
germplasm facilitated by molecular markers that tag each 
resistance source and may assist breeders in eliminating 
the undesirable horticultural features of unadapted 
germplasm from new hybrid populations and clones 
(Harverkort et al., 2009; Forbes, 2012; Hussain, 2016; ). 

As an innovative approach toward the identification and 
use of resistance to late blight, some scientists have 
advocated a search for novel and hopefully “broad 
spectrum” R genes (i.e., effective against most or 
potentially all of the pathogen population), particularly 
from the wild species Solanum bulbocastanum 
(Champouret et al., 2009). There now appears to be a 
greater awareness that the evolutionary potential of the 
pathogen is similar for these new genes as it was for the 
S. demissum genes (Tan et al., 2010). These newer 
genes have been introgressed through conventional 
breeding or genetic engineering into existing potato 
cultivars (Lammerts Van Bueren et al., 2008; Haverkort et 
al., 2009) and would, in theory, either be deployed in 
multi-lines or by pyramiding in a single genotype. 
Assuming that the frequency of pathogenicity for each 
single gene would be low in the pathogen population, 
isolates pathogenic against the complete cassette would 
be extremely rare and this could mean that the resistance 
would be durable (Champouret et al., 2009). For 
developed agricultural infrastructures, where seed 
systems exist and varieties can be changed, strategic 
deployment of these genes in space and time may also 
be possible (Champouret et al., 2009; Tan et al., 2010). 
Although, actually implementing this type of gene 
deployment would be difficult as it requires forecasting 
future seed demand and several years to bulk up a new 
variety (Tan et al., 2010). For developing countries, 
where formal and structured seed systems are not 
present to any large degree, the idea of gene deployment 
is irrelevant and resistant cultivars must prove durable 
both spatially and temporally (Forbes, 2012; Lal et al., 
2018). Whether crop improvement is implemented by 
conventional breeding or via genetic modification, greater 
knowledge of resistance sources is important. To that 
end, an international effort to identify R-genes has led to 
the development of a database of resistance sources 
(SolRgenes), hosted at Wageningen University 
(Vleeshouwers et al., 2011). 

Host resistance to late blight is of significance in 
integrated late blight management due to its long-term 
economic benefits for farmers (Andersson and De 
Vicente, 2010). It also minimizes changes in the 
population structure of P. infestans, decreasing the 
likelihood of fungicide resistance (Hakiza, 1999; Mukalazi 
et al., 2001). Variations in resistance to late blight among 
different potato varieties have been demonstrated by 
several researchers (Njualem et al., 2001). Polygenic 
resistance has proved to be helpful in reducing the 
amount of fungicides used  (Jones, 1998).  Cultivars  with  
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polygenic resistance have significantly reduced area 
under disease progress curve (AUDPC) values compared 
with susceptible ones (Hussain, 2016). The use of plants 
with field resistance can also slow the pathogen growth 
rates (Shapiro et al., 1998). There is diversity among 
commercial potato cultivars in terms of resistance to late 
blight and these levels can be incorporated into an overall 
management strategy (Jones, 1998). However, no potato 
varieties are fully resistant to late blight (ATTRA, 2004). 
Most resistant varieties are not immune to late blight but 
possess varying degrees of resistance to various races of 
the pathogen (Shtienberg et al., 1994).  

Generally resistant potato varieties and improved 
cultural practices can reduce late blight (FAO, 2008). It is 
always advisable to use resistant varieties, even when 
sprays with fungicides are considered the main control 
strategy, because resistant varieties delay the onset of 
the disease or reduce its rate of development so that 
fewer sprays on a resistant variety may be needed to 
obtain a satisfactory level of control of the disease 
(Agrios 2005). According to Binyam et al., (2014a), onset 
of the potato late blight disease was delayed almost by 
20 days on the moderately resistant varieties as 
compared to the moderately susceptible and susceptible 
varieties.  
 
 
Pathogen monitoring 
 
As noted, many earlier efforts to release potato varieties 
with resistance to late blight were not very successful due 
to changes in the pathogen population. The genome of P. 
infestans has recently been sequenced, demonstrating a 
highly diverse arsenal of effector genes (needed to cause 
disease), which are evolving more rapidly than normal 
genes. (Andrade-Piedra et al., 2009).This discovery led 
researchers to postulate a “dual speed” (i.e., evolutionary 
speed) genome for the pathogen (Haas et al., 2009). In 
recognition of the importance of understanding the 
population dynamics of this pathogen, researchers have 
developed several markers for genotypic and phenotypic 
characterization of isolates (Cooke and Lees, 2004). 
Efforts to breed for new and durable levels of resistance 
described above could be enhanced by monitoring of 
pathogen populations with these markers and eventually 
better ones to come (Forbes, 2012). Pathogen population 
change can also affect overall disease intensity in ways 
other than just increased pathogenicity on previously 
resistant varieties. Pathogen change may be related to 
loss of fungicide efficacy (Cooke and Lees, 2004) and 
also a radical change in the disease process due to the 
involvement of oospores in disease initiation (Cooke et 
al., 2011). The latter has led to an earlier disease 
initiation each new season, which would tend to be 
applicable to all potato varieties but which could, 
nonetheless, affect the interpretation of resistance 
screening results if undetected. Sexual reproduction, with  
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the production of oospores, also leads to greater diversity 
in the pathogen population (Widmark et al., 2011; Yuen, 
2012). 
 
 
Improved phenotyping, better data management, and 
research coordination 
 
The need for accurate assessment of potato late blight is 
striking in developing countries where, until recently, 
there was no conventionally accepted way of classifying 
cultivars based on their susceptibility to P. infestans. 
Potato farmers have tended to use highly subjective, 
ordinal classifications of “resistant,”  “moderately 
resistant,” and “susceptible” (Yuen and Forbes, 2009). 
These semi-quantitative classifications are inappropriate 
for even the simplest mathematical operations and thus 
provide limited information about host resistance (Hansen 
et al., 2005). 

To overcome the problem of poorly quantified host 
resistance, CIP joined forces with the Swedish 
Agricultural University (SLU) and modified an existing 
resistance scale (Hansen et al., 2005) to make a simple, 
interval scale easy to apply under conditions of 
developing countries (Yuen and Forbes, 2009). In the 
new scale, values increase with increasing levels of 
disease, and thus, the reference is to susceptibility 
instead of resistance (i.e., higher numbers indicate 
greater susceptibility). In contrast, many conventional 
resistance scales quantify increasing levels of resistance 
as a function of decreasing disease severities. One 
difficulty with the latter approach is that zero point 
resistance (i.e., when no resistance or absolute 
susceptibility is assumed) is not easy to measure, as one 
generally does not know the highest attainable level of 
susceptibility. Having low numbers for resistance solves 
this problem because the absolute level of resistance is 
simply the absence of disease (Hansen et al., 2005; 
Yuen and Forbes, 2009). 

Advances in IT and particularly greater Internet access 
provide new potential for collaboration in developing 
countries (Simon et al., 2010). In the area of data 
standardization and management, CIP together with 
some partners is promoting the use of data input tools 
that help standardize data and provide for improved data 
quality and assist researchers in data analysis. One such 
tool is Data Collector, an Excel template that helps 
standardize and maintain quality of input data, but also 
has other features such as development of field books 
and data analyses. For example, Data Collector performs 
multi-locational stability analysis and calculates the late 
blight susceptibility scale described above. Data collector 
is part of the International Potato Center's Global Data 
Management System (Simon et al., 2010). Understanding 
the stability of resistance across locations can only be 
enhanced by better collaboration among potato 
researchers.  To    this    end,    numerous    stakeholders 
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including CIP, donors, and many national partners have 
promoted research networks for many years (GILB and 
CIP, 2004). Networks are especially good at promoting 
horizontal transfer of knowledge.  This knowledge may be 
related to capacities needed to more effectively identify 
new potato varieties (such as accurate quantification of 
resistance to potato late blight) or to research results 
(Forbes, 2009). For example, data from variety trials in 
one country may guide selection of candidate varieties for 
other countries. The role of pathogen monitoring in 
search for durable resistance described earlier also 
requires planning and coordination of sampling and strain 
evaluation; otherwise, data are not easily compared 
across locations (Andrivon et al., 2011).  

 
 
Involving stakeholders in cultivar selection and 
development 
 
In order to overcome bottlenecks that have hampered 
successful adoption of resistant cultivars in the past, the 
R & D sector in developing countries will need to innovate 
institutionally (Forbes, 2012). For example, the traditional 
bilateral working relationship between an international 
center such as CIP and the national potato program of 
each country is giving way to a much broader chain 
approach involving the private sector (seed producers, 
produce purchasers and distributors, retailers, etc.), 
universities, farmer groups, community groups, and 
NGOs (Thiele et al., 2011). Involving a large number of 
stakeholders from the production-marketing chain 
increases the probability of selecting cultivars that fulfill 
the needs of all. Some of the innovative relationships 
needed are not simple; for example, finding a common 
ground with private industry on cultivar development 
could involve complex agreements on property rights 
(Thiele et al., 2011). An important goal of any seed 
production and distribution system is to shorten the time 
required to make seed of new cultivars available to 
farmers; this is a crucial aspect of cultivar diffusion. 
Potato has a very low multiplication rate (ca 10×per 
season) and producing seed of a new cultivar therefore 
requires several seasons (Haverkort et al., 2009). Where 
formal seed systems have been used, the introduction of 
new cultivars can occur more rapidly. Interestingly, some 
of the best examples had occurred previously in sub-
Saharan Africa (Vander Zaag, 1982). Prior to the 1980s, 
only very old European cultivars were grown in this 
region. In the early 1980s, simple seed systems were 
introduced to both Rwanda and Burundi which helped to 
multiply newly selected cultivars. This led to an almost 
complete turnover of cultivars in Burundi, Rwanda, and 
Eastern Democratic Republic of Congo (Vander Zaag, 
1982). One of the cultivars introduced at that time, Cruza 
148, is still widely grown in these countries and maintains 
a high level of resistance to potato late blight (Nyankanga 
et al., 2004). 

 
 
 
 
In most cases, the formal seed systems in developing 

countries are small; producing a minimal percentage of 
seed used each year. To the extent they are operational; 
they often involve only the most widely grown varieties 
and are not effective in distributing newly developed 
varieties (Yuen and Forbes, 2009). For this reason, 
creative ways of distributing new varieties are needed. 
One example is the distribution network developed by the 
NGO FIPS Africa (http://fipsafrica.org). They deliver small 
quantities of clean seed of new varieties (of many crops 
including potato) to farmers with information on crop 
management. Such networks can rapidly get seed of new 
varieties to a large number of farmers. 
 
 
CONCLUSION 
 
Potato is a highly recommended food security crop that 
can help shield low-income countries from the risks 
posed by rising international food prices (Latijnhouwers et 
al., 2004). Therefore, identifying its major production 
constraints is very important. Among its production 
constraints, late blight is the most destructive and can 
cause a total crop loss (Son et al., 2008). Therefore 
understanding the development, epidemiology and life 
cycle of the pathogen and the mechanisms of disease 
resistance to late blight are very essential in selecting 
and implementing an effective management strategy 
(Tsedaley, 2014). The use of resistant varieties is the 
most environmentally friendly management option of 
potato late blight, which can help significantly in 
combating the disease if properly harnessed (Sharma et 
al., 2013). Building a future where farmers have access 
to potato varieties that have high levels of durable 
resistance to potato late blight will require improvements 
of previous approaches. Greater understanding of the 
genetics of resistance and pathogenicity will hopefully 
lead to identification of sources of durable resistance that 
can be combined with traits needed by potato value 
chains (Forbes, 2012). This task would be facilitated by 
greater knowledge of pathogen evolution and monitoring 
of pathogen change using molecular methods and the 
accurate measurement of resistance using appropriate 
measures and statistical procedures (Chilvers, 2012). 
Collaboration across countries or regions and also along 
the potato value chain would allow for a faster 
identification of varieties with broad acceptability. 
Diffusion of new varieties must occur faster with improved 
seed systems that incorporate new varieties or other 
innovative seed distribution approaches (Cooke et al., 
2011). 
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