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CHAPTER 1 

General Introduction 

 

Potato crop  

The potato  belongs to the Solanaceae family which was first domesticated in South America 

in the surroundings of Lake Titicaca which today is the border between Perú and Bolivia 

about 8000 years ago (De Jong, 2016). It allowed the development of societies across the 

Andes, including the Inca Empire by the time of the arrival of the Spanish conquestors. After 

this,  potatoes were initially introduced to the Canary Islands and in Seville, Spain in the 

1500s and, from there they were later distributed to the rest of the world (Brown & Henfling, 

2014; Bentley, 2015, De Jong, 2016). Potato tubers are widely consumed due to their high 

carbohydrate and protein contents, additionally they are a valuable source of nutrients like 

Potasium, Calcium, Phosphorus, Copper, Magnesium and vitamins C and B  (Camire et al, 

2009; Stoorey 2007, Navarre et al, 2014). 

 

Currently, the potato is the fifth most important crop in the world after, corn, wheat, rice and 

sugar cane with 376 million tons produced, it occupied the  seventeenth place for cultivated 

area with 19 million ha in 2016 (http://www.fao.org/faostat/en/#home). It is cultivated around 

the world, with China, India, Rusia and Ukraine being the top four countries in area harvested 

and production, whereas The United States of America, New Zealand, Germany, Denmark 

and The Netherlands have the highest yields per ha (Table 1). In South America, the top 

producers are Peru, Brasil, Colombia and Argentina, meanwhile the highest yields are 

obtained in Brazil, Argentina, Chile and Uruguay (Table 2).  

 

Potato in Ecuador 

 

One of the most important crops in Ecuador is the potato, therefore it is an important part of 

the dietary consumption, especially in the highlands (Devaux et al., 2010). The annual 

consumption per capita in the country is about 31.8 kg per year (Devaux et al., 2010).  It is 

cultivated in the Ecuadorian highlands from 2.000 to more than 3.600 meters above sea level 

(masl).  Small scale farmers mainly cultivate it (around 45.000 of them) in an area of 29.635 

hectares in 2016 (INEC, 2016) (Table 3).  Most of the small farmers, about 88%, cultivate 

their potatoes in farms of no more than 20 ha (Rivadeneira, 2009). Even more, about 50% of 

the growers produce their potatoes in properties of less than 1 ha (Monteros-Guerrero, 

2016).Potatoes are mainly produced in the provinces of Chimborazo (7.450 ha), Carchi (7.241 

ha), Cotopaxi (3.909 ha), Pichincha (2.969 ha), Tungurahua (2.077 ha), and Cañar (1.995 ha) 

(Table 3 & Figure 1). In 2016, 422.589 tons were harvested (INEC, 2017). The main 

producing provinces are Carchi which represents 36.14 % of the total harvest, followed by 

Chimborazo (26.88%) and Cotopaxi (11.11 %) (Table 3). The national average yield was 

12.71 t/ha in 2016, with the highest yields obtained in Carchi province (Table 3).  

 

http://www.fao.org/faostat/en/#home
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Ninety per cent of the potatoes are consumed fresh and the rest are used as chips and french 

fries (Devaux et al., 2013). In the Northern provinces (Carchi and Imbabura) the growers 

prefer the Superchola variety which has a pink skin and yellow flesh. In the central provinces 

(Pichincha, Cotopaxi, Tungurahua, Chimborazo and Bolivar) the preferred variety is INIAP-

Fripapa. In the southern provinces (Cañar, Azuay and Loja), Bolona variety, which is a 

landrace has the preference of the farmers; its tubers have a creamy coloured skin with 

creamy coloured flesh and a round shape (Devaux et al., 2013) (Figure 2). According to 

Monteros-Guerrero (2016), Superchola variety (55%) is the most planted potato variety in the 

country followed by  INIAP-Fripapa (5%) and in lower percentages several other clones. 

 

Other particularities about the potato cultivation in Ecuador include that about 85% of the 

growers use their own seed obtained from the previous harvest and not from formal seed 

sources. Additionally, due to their small scale, most of them have difficulties with using 

technologies like irrigation, resulting in just 33% of the farmers with access to it (Monteros-

Guerrero, 2016). Regarding the educational level of the farmers, 58% had elementary school 

partial or completed, 26% high school, 4% university and 7% no formal education (Flores et 

al, 2012). Aside from all this, there are biological stresses that affect the crop, reducing the 

yields and among them late blight had been consistently the most important one (Oyarzún et 

al, 2002; Devaux et al, 2010; Monteros-Guerrero, 2016; Navarrete et al, 2017). 

 

Table 1. Potato statistics of main countries on area harvested (ha), production (t) and average 

yield (t/ha) in 2016. 

Country Area  

harvest 

(ha) 

Country Production 

(t) 

Country  Average 

Yield 

(t/ha) 

China 5812865 China 99065724 United 

States of 

America 

49.02 

India 2130000 India 43770000 New 

Zealand 

48.99 

Rusia 2030858 Rusia 31107797 Germany 44.42 

Ukraine 1311600 Ukraine 21750290 Denmark 42.48 

Bangladesh 475699 United 

States of 

America 

19990950 Netherlands 42.00 

United 

States of 

America 

407810 Germany 10772100 Australia 40.41 

Canada 342409 Bangladesh 9474099 Jordan 40.05 

Nigeria 333100 Poland 8872445 Ireland 39.11 

Poland 311620 France 6834680 France 39.01 

Peru 310698 Netherlands 6534338 United 

Kingdom 

38.65 

World 19246462 World 376826967 World 19.58 

FAOSTAT (http://www.fao.org/faostat/en/#home). 

 

http://www.fao.org/faostat/en/#home
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Table 2. Potato statistics of South American countries on area harvested (ha), production (t) 

and average yield (t/ha) in 2016. 

Area Area 

harvested 

(ha) 

Production 

(t) 

Yield 

(t/ha) 

Argentina 59834 1750000 29.25 

Bolivia 181708 1073744 5.91 

Brazil 129842 3851396 29.66 

Chile 53485 1166024 21.80 

Colombia 121920 2354862 19.31 

Ecuador 29635 422589 14.26 

Paraguay 250 3625 14.50 

Peru 310698 4400295 14.16 

Uruguay 4424 89000 20.12 

Venezuela 20202 391433 19.38 

FAOSTAT (http://www.fao.org/faostat/en/#home). 

 

 

 

 

 

Figure 1. Potato production areas and percentage by province in Ecuador (INEC, 2017). 

http://www.fao.org/faostat/en/#home
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Table 3. Area harvested (ha) and pro-duction (tons) in the provinces where potatoes are 

cultivated in Ecuador. 

Province 

Area 

harvested 

(ha) 

Percentage 

(%) 

Production 

(t) 

Percentage 

(%) 

Average 

Yield (t/ha) 

Azuay 1341 4.53 7298 1.73 5.44 

Bolívar 1611 5.44 12262 2.90 7.61 

Cañar 1995 6.73 8461 2.00 4.24 

Carchi 7241 24.44 152742 36.14 21.09 

Cotopaxi 3909 13.19 46929 11.11 15.25 

Chimborazo 7450 25.14 113588 26.88 12.01 

Imbabura 923 3.11 9625 2.28 10.43 

Loja 32 0.11 134 0.03 14.21 

Pichincha 2969 10.02 42203 9.99 13.12 

Tungurahua 2077 7.01 27257 6.45 18.69 

El Oro 10 0.03 32 0.01 3.18 

Sucumbíos 75 0.25 2057 0.49 27.31 

Total 29635 100 422589 100 - 

Average - - - - 12.71 

/Adapted from data from INEC (2017). 

 

 

Figure 2. Tubers from Superchola (A), INIAP-Fripapa (B) and Bolona (C) potato varieties 

(Pumisacho & Velazquez, 2009). 

 

Late Blight around the world and in Ecuador 

 

Late blight, called in Ecuador ‗tizón tardío‘ in Spanish or ‗lancha‘ in kichwa, is caused by the 

oomycete Phytophthora infestans (Mont.) de Bary. This is the main disease of potatoes 

worldwide (Thurston & Schultz, 1981). It was the cause of the known ‗Irish famine‘ which 

caused the death of a million people and the immigration of another million in the 1840s 

(Nowicki et al, 2012; De Jong, 2016). The disease is still a matter of concern worldwide due 
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to the epidemics that reduce the yields and incomes among others because of the increase of 

the production costs in order to control this problem (Fry, 2008). The European Union has 

estimated a loss of 1 billion euros annually due to the disease (Haverkort et al, 2008). Also in 

the United States, the costs for the fungicides applied for the control of late blight have been 

calculated to be around 300 to 500 dollars per hectare (Johnson et al, 2000; Guenthner et al, 

2001). 

 

In Ecuador, late blight is the main constraint of this crop in the country (Oyarzún et al., 2002). 

The first time the pathogen was described in Ecuador it infected the fruit bearing crops, sweet 

cucumber (Solanum muricatum) and tzimbalo (S. caripense) (Lagerheim, 1890). Years later, 

it was observed causing blight in potatoes (Pachano, 1918). Epidemics caused by this 

pathogen led to losses than can range from 28 to 100 % of the yield varying due to host 

resistance and weather conditions (Morales et al., 1995).  

 

The pathogen can infect leaves, stems, petioles and tubers (Oyarzún et al., 2002). Leaf 

symptoms consist of brown spots of necrotic tissue often surrounded by a pale green to 

yellow halo (Figure 3). Lesions can expand and coalesce with each other, killing the leaflets, 

leaves and eventually the whole plant (Figure 3) (Thurston & Schultz, 1981). When high 

moist weather conditions occur sporangia are formed in the abaxial leaf surface (Figure 3) 

(Thurston & Schultz, 1981). Stem lesions can also occur as dark brown spots which can break 

by wind or other movements (Figure 3) (Perez & Forbes, 2010). The foliage damage affects 

the photosynthesis reducing the number and weight of the tubers. The damage can be so 

extensive that the whole plant is destroyed (Thurston & Schultz, 1981). 

 

The life cycle of the pathogen consists of asexual reproduction through sporangia which 

germinate directly producing mycelia or by realizing motile zoospores (Figure 4 & Figure 5). 

These spores later lose their flagella and germinate causing infection through a germ tube. 

Until this moment, only the asexual cycle of the pathogen seems to exist in Ecuador (Oliva et 

al., 2002). The disease cycle starts from the sporangia grown on the surface of the infected 

tissue which has gotten necrotic. These can be dispersed by rain and wind. Once landed on 

susceptible tissue, sporangia can germinate directly producing mycelia which infect the plant 

or by realizing zoospores. The pathogen can survive in infected tubers, debris and volunteer 

plants. Infection of tubers can occur but is rarely observed in Ecuador (Oyarzún et al., 2005, 

Kromman et al., 2008b), possibly due to suppressiveness of the soil, either by biological 

and/or soil factors (Oyarzún et al.,2011, Orquera-Tornakian et al, 2018). Late blight 

epidemics could start soon after the emergence through infected sprouts from zoospores or 

sporangia from infected potato plants in the field (Kromman et al., 2008b). 

 

Two clonal lineages, EC-1 and US-1, both of the A1 mating type have been identified in 

Ecuador (Forbes et al., 1997). The EC-1 lineage, is predominant in the potatoes and US-1 in 

tomatoes (Forbes et al., 1997; Oyarzún et al., 1998). These populations have been changing 

through the years, from a predominance of avirulent isolates (INIAP, 1976) to complex races 

(Forbes et al., 1997, Tello, 2008). The EC-1 lineage was found to be more aggressive than the 

US-1 (Ordoñez et al., 1998). 
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Figure 3. Symptoms of late blight in potato: Lesion on a potato leaflet caused by P. infestans  

surrounded with a yellow halo (A); Sporulation on the abaxial surface of leaflet (B); Stem 

lesion (C);  Necrotic lesions on foliage (D); Blight lesions on the apex of the plant (E); Blight 

of the inflorescence (F). 

 

 

Figure 4. Colony of P. infestans growing in Rye Agar media (A); Sporangia of  P. infestans  

(B). 
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Figure 5. Disease cycle of potato late blight in Ecuador (Cáceres et al., 2007). 

 

Disease management 

 

 For the management of the disease, two alternatives have been applied, chemical control by 

the application of fungicides and the use of resistant varieties. The chemical control is used in 

the commercial crops in order to prevent epidemics. It has been ongoing since the first 

description of this disease in the country when Pachano (1918) suggested the use of the 

Bordeaux mixture in potatoes. Several types of fungicides have been recommended through 

the years in order to minimize the losses due to late blight, including those with contact or 

systemic mode of action (Vega, 1975, Muñoz & Cruz, 1984, Padilla, 1991, Oyarzún et al., 

2002, Taipe et al., 2002, Mideros & Forbes, 2003, Caceres et al., 2007, Kromman et al., 

2008a). It is recommended to start applying fungicides when severity reaches 0.5% of late 

blight or even as preventive measure soon after emergence of the plants (Oyarzún et al., 

2002). This control measure increases the costs due to repeated sprays over the plants; they 

can be as high as 14 times in a crop cycle which have been observed in Carchi province in the 

susceptible variety Superchola (Yánez et al., 2008). It has been estimated that the cost of late 

blight control can be as high as 20% of the total income (Oyarzún et al., 2001). Another 

problem due to the high use of the fungicides is that they can affect the health of the farmers 
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as reported by Crissman et al., (1994), Cole et al., (1997) and Yanggen et al., (2003) who 

reported cases with symptoms of skin irritation.  

 

The other control method available is the planting of late blight resistant varieties. This is 

thought to be the most suitable control because it is supposed to be easy to adopt.  Despite  

this, it has been observed in different countries that late blight susceptible varieties are 

preferred by farmers due to their quality and consumer preferences, like is the case for the 

Granola and Superchola varieties in Indonesia and Ecuador, respectively (Forbes, 2012). 

Other advantages of the use of resistant varieties are that they are friendly for the environment 

and safe for farmers.  

 

The main objective of breeding potatoes in Ecuador is obtaining improved varieties with 

valuable traits including late blight resistance. For this purpose different sources of genes are 

used, among them potato landraces which include species like S. phureja, S. andigena and S. 

chaucha (Monteros-Altamirano, 2011). Additionally introduced germplasm from other 

locations is used for obtaining improved varieties. The breeding process until the release of a 

new variety takes many years (10 -15) (Cuesta, 2011; Cuesta et al, 2015). The obtaining of a 

new potato variety has to include several traits apart from late blight resistance, such as 

earliness and nutritional contents among others.  Diverse factors may affect the breeding for 

late blight resistance, such as pathogen population and environment. In the case of pathogen 

population, it represents a complication for the breeder since it has been observed that late 

blight resistant varieties, were quickly overcome by the pathogen and thus the varieties status 

changed from resistant to susceptible relatively soon after they were released, as observed 

with Arka (Tanzania), Capiro (Colombia), INIAP-Cecilia, INIAP-Gabriela, Superchola 

(Ecuador), Canchan and Amarilis (Perú) (Forbes 2012). This leads to the constant need for 

new sources of resistance to be included in the breeding plan.  

 

The development of the technologies for the potato crop in Ecuador, which includes improved 

varieties, integrated pest and crop management are the responsibility of the National 

Agricultural Institute of Ecuador (Instituto Nacional de Investigaciones Agropecuarias – 

INIAP), with emphasis on applied reseach. 

 

Scope of this thesis 

 

Ecuador has as a valuable resource in the potato landraces which have been grown for many 

decades by the farmers. They may be a source of quantitative resistance to late blight since 

they have survived the epidemics of late blight induced by a new aggressive population in the 

country. The objective of this thesis is to characterize the resistance of Ecuadorian potato 

varieties, understand why a clonal population of P. infestans makes it difficult to obtain 

durable resistance, and attempt to identify QTLs associated to the resistance against this 

important and devastating disease. 
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In chapter 2, the potato breeding work performed in Ecuador is presented and analyzed. 

Methodologies, germplasm utilized, and main achievements are presented. Perspectives for 

future development are discussed. 

 

In chapter 3, the diversity of the populations of P. infestans associated to potato landraces is 

studied. The pathogenic diversity in the country is analyzed and the genetic variability is 

evidenced.  

 

In chapter 4, a screening of late blight resistance is performed with a group of selected 

landraces, not reported elsewhere, in Carchi province with the aim to characterize their 

reaction against the disease and identify the possibilities of incorporating some of them as 

new parental clones for breeding. 

 

In chapter 5, an evaluation of late blight field resistance among a selected group of landraces, 

collected recently, is performed and an analysis of the perception of this disease by small 

farmers is made. Their value for breeding purposes and reasons for their  use and existence 

until the present days are discussed. 

 

In chapter 6, the behavior of a group of selected potato varieties is studied in different sites in 

Chimborazo province. The genotype x environment interaction is analyzed and discussed.  

 

In chapter 7, a QTL analysis is performed in a segregating population of a cross between two 

S. phureja landraces which were shown to carry some level of quantitative resistance against 

late blight in an attempt to see whether QTL could be identified and if yes whether these 

could be combined to obtain a higher level of resistance. 

 

In chapter 8, a discussion on the main findings of this thesis is presented. Recommendations 

for future research are made. 
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Abstract 

 

Potato is one of the most important food crops in Ecuador. Late blight is the main disease that 

affects potatoes in the country. Breeding efforts for obtaining improved potato varieties have 

been carried out by the Instituto Nacional Autónomo de Investigaciones Agropecuárias 

(INIAP) soon after its creation in the late 1950ties. The objective of this assay is to review the 

breeding for potato late blight resistance in Ecuador carried out by the INIAP, the strategies 

followed and results achieved in the last 60 years. 

 

Keywords: Phytopthora infestans, Solanaceae, Oomycete 

 

Introduction 

 

Potato is one of the most important staple crops in Ecuador. It is an important part of the diet 

of all people in the country, especially in the highlands (Devaux et al., 2010).  Potatoes are 

cultivated in the Ecuadorian highlands (Figure 1), mostly by small scale farmers (Andrade et 

al., 2002). Potatoes are grown all year around mainly based on the seasonal rainfall and the 

access to irrigation. The plantings are made from May to June and October to December. The 

average national yield was in 2016, 12.21 t/ha (INEC, 2017), which is lower than those 

obtained in Colombia (19.31 t/ha) and Perú (14.16 t/ha) 

(http://www.fao.org/faostat/en/#home). This may be explained by the fact that most of the 

farmers use seed tubers selected from the harvested production (Flores et al., 2013) , which is 

true for about 85% of the seeds used in the country (Monteros-Guerrero, 2016). This situation 

leads to a  diminished sanitary quality of the seeds necessary to ensure good yields (Navarrete 

et al, 2017).   
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Among the factors that limit the yield, there is late blight which is caused by the oomycete 

Phytophthora infestans (Mont.) de Bary and it is the main disease of potatoes in the country 

(Oyarzún et al., 2002). The pathogen was first reported in Ecuador in 1890 infecting Solanum 

muricatum and S. caripense, probably the first report of a plant disease in the country 

(Lagerheim, 1890). Later, it was confirmed to cause blight in potatoes as well (Pachano, 

1918). It can induce severe losses depending on host susceptibility and weather conditions 

that might favor the epidemics (Morales et al., 1995). For the management of the disease, two 

alternatives have been applied; chemical control by the application of fungicides and the use 

of resistant varieties. Chemical control is used in the crop in order to prevent epidemics in 

commercial fields (Oyarzún et al., 2002).  It may require repeated sprays over the plants; they 

can be as high as 14 times as has been observed in Carchi province (Yánez et al., 2008). 

Another problem due to the high use of the fungicides is that they affect the health of the 

farmers as reported by Crissman et al., (1994). The most suitable control measure is the use of 

resistant varieties because this does not require the use of fungicides anymore and it is 

supposed to be easy to adopt. The objective of this essay is to review the breeding for potato 

late blight resistance in Ecuador in the last 60 years, the strategies followed, results achieved 

and future perspectives. 

 

Potato Breeding in Ecuador 

 

The breeding efforts in the country, started in Ambato in the 1910‘s with the trials set by the 

Quinta Normal de Agricultura- an agricultural school- where native potatoes and newly 

introduced varieties were evaluated for late blight resistance (Pachano, 1918). Some years 

later (in the 1930‘s), crosses among S. andigena local varieties were performed by Manuel 

Bastidas, a private breeder from the Carchi province producing some improved varieties 

which were planted in that location (Estrada, 2000). The work of this breeder was followed by 

his son Germán Bastidas who released some varieties including Superchola (Bastidas, 1991), 

which is still one of the most cultivated commercial varieties in Ecuador (Pumisacho & 

Velasquez, 2009; Monteros-Guerrero, 2016).  

 

The National Agricultural Research Institute of Ecuador (INIAP) was created in 1959. In 

1961, a collection of three hundred clones was received from the Universidad Central del 

Ecuador and transferred to the Potato Program. This germplasm was named as Colección 

Ecuatoriana de la Papa- CEP (Ecuadorian Potato Collection) starting in this way the potato 

breeding activities of INIAP (Albornoz & Morillo, 1968).  

 

Breeding Objectives of INIAP’s Potato Program 

 

Nowadays, the potato program has as breeding objectives to obtain improved varieties 

adapted to the conditions of the country, with the following attributes: high yielding (>30 

t/ha), earliness (growth cycle shorter than 150 days), resistant against main biotic stresses 

(Phytophthora infestans, Rhizoctonia solani, Pectobacterium sp., Globodera sp. and viruses), 

resistant against abiotic stresses (drought, high or low temperatures, poor soils), suitable for 

fresh consumption (round shape, high contents of iron and zinc, and antioxidants)  or 

industrial purposes like chips and fries (round to oblong shape, high dry matter content, etc) 

(Figure 3) (Cuesta, 2011; Cuesta et al, 2015). Breeding of varieties includes different 
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approaches like clonal selection and hybridization which can take more than 10 years (Figure 

2, 4). 

 

Breeding strategies 

 

Initially the breeding efforts consisted of the selection of clones from local germplasm and 

introduced from other origins like Colombia. Hence, in 1965, INIAP-Santa Catalina, a late 

blight resistant variety was released. This was the first variety offered by INIAP (Albornoz & 

Ortuño, 1968).   

 

In collaboration with the International Potato Center (Centro Internacional de la Papa -CIP) in 

Peru, advanced clones were introduced and varieties were selected. Most of them had 

monogenic resistance which was effective when the varieties were released, but quickly were 

overcome by the pathogen (Revelo et al., 1997). This was due to a shift of the dominant 

population of P. infestans, which was more aggressive (Forbes et al., 1997) and has a high 

genetic diversity (Chapter 3; Delgado et al., 2013).  

 

During part of the 1990‘s a strategy for breeding based on quantitative resistance against late 

blight was implemented. The aim was to obtain varieties with durable resistance. It consisted 

of the screening of clones from the CEP and other origins for late blight resistance at field 

level. Additionally, the clones were tested using a detached leaf assay in the laboratory with a 

complex race and a race 0 of P. infestans. The purpose was to select progenitors that had 

resistance but no major genes, thus selecting for quantitative or so called field resistance 

against late blight (Cuesta et al., 1999). To this scheme a recurrent selection procedure was 

added so that after some cycles of field trials advanced clones were selected as progenitors 

and introduced into the breeding process by crossing them with other parental lines and 

starting over the selection on the resulting materials. 

 

A new approach was introduced in the Potato Program of INIAP, the so called Participatory 

breeding (PB). The purpose was to improve the breeding process by the inclusion of the 

criteria of the farmers, consumers, and the industry. All these had the goal to improve the 

acceptance and adoption of the new varieties.  The PB started in 1992 as part of the breeding 

scheme in INIAP‘s Potato Program (Capelo, 1998). The procedure included the evaluation of 

different traits by selected groups of potential users of the varieties, such as farmers, 

consumers, industrial representatives among other actors involved in the potato chain. The 

traits under evaluation were late blight resistance, yield and organoleptic characteristics 

(Capelo, 1998, Cardenas et al., 1998). Varieties such as INIAP-Raymipapa and INIAP-

Suprema were selected using this approach (Cuesta et al., 2000). PB is nowadays a routine 

part of the breeding process carried out by INIAP‘s Potato Program. 

 

Other strategies have been explored over the years as well, like mutation breeding, with some 

results. Chacon & Forbes (2000) from CIP, irradiated plants of the varieties INIAP-Esperanza 

and INIAP-Cecilia. They observed that some of the plants were more resistant to late blight 

than the non-irradiated controls. They did not find immunity in the individuals so it was 

concluded that the irradiation induced variation in quantitative resistance. Years later, Lopez 

& Yánez (2010) from INIAP, tried to induce mutations by irradiation in the late blight 

susceptible variety Superchola. Eighteen mutants performed better than untreated Superchola, 
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but were not as resistant as INIAP-Santa Catalina, the resistant control.  Despite these 

experiences, no improved varieties have been developed by this technique until this moment. 

 

Potato landraces were part of the beginning of the Potato Breeding Program as part of the 

CEP (Albornoz & Ortuño, 1968, Sola, 1986, Andrade et al., 1994, Andrade, 2002). These 

potatoes are the result of selection and conservation carried out by small scale farmers in the 

highlands over generations (Cuesta et al., 2005). They selected tubers from each crop cycle as 

seeds for new plantings. They constitute a potential source of genetic variation for breeding 

purposes.  

Despite the fact that most of them are susceptible to late blight, some accessions have 

quantitative resistance (Cañizares & Forbes, 1995; Revelo et al., 1997; Garofalo et al., 2005; 

Delgado & Vosman, 2009, Monteros-Altamirano 2011). They could also be a source of genes 

to improve nutritional contents like carotenoids and polyphenols as reported by Cuesta-Subia 

et al., (2012). Efforts have been carried out in order to preserve the landraces, characterize 

and use them for breeding purposes (Andrade et al., 1994, Revelo et al., 1997, Monteros-

Altamirano, 2011). These attempts have been conducted since the beginning of the breeding 

program because the preference of consumption in the local markets tended to the old 

traditional varieties (Reinoso, 1994a & 1994b). The importance of landraces is illustrated in 

the genealogy of most of the varieties developed by INIAP (Table 1). An example of the 

variability on shape and color of Ecuadorian potato landraces can be observed in Figure 3. 

 

Other approaches for variety improvement include the introduction of genes from wild 

species like S. pausissectum, S. bulbocastanum and S. okadae into potato in order to obtain 

varieties with late blight resistance. From crosses performed between different varieties (like 

INIAP-Gabriela and Superchola) and hybrids of varieties with landraces such as Yema de 

Huevo (S. phureja) x S. pausissectum, the INIAP-Natividad and INIAP-Estela varieties were 

obtained  (Cuesta et al., 2007a, Cuesta et al., 2007b).  In the case of S. bulbocastanum and S. 

okadae, clones were obtained from protoplast fusion with S. tuberosum performed by the 

University of Tubingen in Germany. These materials were introduced to Ecuador carrying 

genes of these wild Solanum species (Schilde, 2003). Field evaluation of the clones allowed 

the identification of three late blight resistant clones (Espinoza & Andrade, 2007). 

 

Discussion 

 

To date, twenty-one potato varieties have been released by INIAP over the last sixty years 

(Table 1). However, the varieties developed by INIAP have only been very limited adopted 

by most of the farmers. The main commercial varieties planted in the country are INIAP-

Fripapa and Superchola (Pumisacho & Velasquez, 2009). Despite its high susceptibility to 

late blight, Superchola is still predominant among the improved varieties planted in 

commercial farms. One explanation for this apparent contradiction is that the characteristics 

that are demanded in the markets are outstanding in this variety. These are pink skin, 

superficial eyes and yellow flesh (Andrade et al., 1997).  A study carried out in the early 

1990s in the markets of Quito, Guayaquil and Cuenca –the main cities of Ecuador-, showed 

that consumer preferences tended to Superchola and local varieties (Reinoso, 1994a & 

1994b). Surveys performed in the restaurants in Quito showed that Superchola is the most 

demanded potato variety in the city for processing purposes (Mayorga, 2006; Alcozer, 2006). 

Additionally, according to Sherwood (2009) consumers in the fresh market tend to buy a type 
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of potato that fits with Superchola characteristics, so all new varieties should be similar to it 

(Table 2). Another example on the difficulties for the adoption of the improved varieties is the 

case of INIAP-Estela which is resistant to late blight, high yielding, drought resistant and 

selected according preferences of the farmers. Unfortunately, it didn‘t match with the 

preferences of the traders and consumers who did not like the purple skin and the light cream 

flesh color, so the farmers stopped planting it since there were no buyers. Hence, it is 

necessary to include in the participatory  breeding the traders and consumers in order to select 

potato varieties that filll the requirements of all the stakeholders (X. Cuesta, INIAP, personal 

comm.). 

The population of the pathogen adds an additional difficulty due to its complexity and even 

genetic diversity as reported by Forbes et al. (2001) and Delgado et al. (2013). This implies 

the need of sources of resistance genes which must be effective against complex races of the 

pathogen. 

 

It is also necessary to promote the use of a formal seed distribution system since nowadays 

most of the farmers use the tubers from their own harvests (Monteros-Guerrero, 2016), thus 

making it difficult to adopt the improved potato varieties. 

 

The breeding process has to include a lot of traits which make the process difficult and 

requires years until new varieties can be released. Other alternatives, for speeding up the 

process, like introducing genes by transgenesis, even combining several R-genes 

simultaneously as reported by Zhu et al (2012), seems impossible at the moment in the 

country. The present constitution, approved in 2008 in Article No. 401 expresses; ‗Ecuador is 

declared as free of seeds and genetically modified crops‘, so this technique cannot be used. 

The chance of using cisgenesis, which  is defined as ‗a crop plant that has been genetically 

modified with one or more genes (containing introns and flanking regions such as native 

promoter and terminator regions in a sense orientation) isolated from a crossable donor plant‘ 

(Schouten et al., 2006), opens the possibility to help speeding up the breeding processes. But 

this technology needs to be approved legally in order to be applied in the country.  

 

Another alternative, is represented by the technique of Gene Editing, which consists of site 

directed mutagenesis, using engineered site specific nucleases (SSNs) to delete, insert or 

replace a DNA sequence, leading to a change in the expression of the original gene without 

inserting alien DNA (Wiel et al, 2017). Originally, it was expected not to be subjected to 

restrictions like those for GMO‘s. Despite the apparent advantages it has, recently, this 

promising breeding technique is facing the same difficulties as with the GMO‘s since the 

European Union has judged that plants obtained with new mutagenesis techniques must be 

regulated by the same norms like for those derived from GMO procedures (Judgment. 

ECLI:EU:C:2018:583). 

The most promising technique to help bring the potato breeding process in the country -not 

just for late blight but, for many other traits- to a higher level is the use of marker assisted 

selection (MAS).  It will help to establish the presence and inheritance of known genes in a 

breeding population (Sliwka et al., 2010) or in a germplasm collection (Alvarez et al, 2017). 
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Final considerations and future perspectives 

 

The potato breeding by INIAP is a continuous challenge. Several superior characters need to 

be present in the new varieties. Together with late blight resistance and high yield, quality 

traits are demanded and also resistances to abiotic stresses have to be taken into account. 

Having said this, the major challenge remains resistance to the late blight disease. New 

sources for resistance to late blight have to be identified within the available germplasm 

collection or introduced into the country from abroad and must be efficient against the 

predominant genotypes of the pathogen.  
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Figure 1. View of  a potato field in Pichincha province at 3000 masl. 
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Figure 2.Breeding processes carried out by the Potato Program of INIAP (Adapted from 

Cuesta, 2011 & Cuesta et al, 2015). 
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Figure 3. Morphological variability of potato landraces (shape, color, eye depth). 

 

Figure 4. Field plot for selection of clones.  
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Table 1. Potato varieties released by INIAP in Ecuador.  

Name Genealogy Release 
Potential Yield 

(t/ha) 

Resistance to 

Late blight 

Presence of 

R genes* 

INIAP-Santa Catalina 
(Branca Cascuda x Pana Blanca) x 

(Jabonilla x Curipamba) 
1965 30 R N 

INIAP-María Black x (Paspuela x Leona) 1967 35 MR Y 

INIAP-Cecilia 
Vertifolia (S. tuberosum) x Jabonilla 

(S. andigena) 
1967 25 HS Y 

INIAP-Gabriela Algodona x Chola 1982 36 S Y 

INIAP-Esperanza Florita x Chola 1983 38 S Y 

INIAP-Fripapa 
(Bulk México x 

378158.721) x I-1039 
1995 40 R Y 

INIAP-Rosita (Nevada x I-1058) x Bulk Mexico 1995 50 S Y 

INIAP-Santa Isabel Chola x (Jabonilla x Curipamba) 1995 40 S Y 

INIAP-Margarita 
(Bulk LLT-Pop x 

378493.928) x IVPCE 10 
1995 40 R Y 

INIAP-Soledad Cañari Atzimba x Chola 1996 30 S Y 

INIAP-Raymipapa 

378979.46 (CCCU-69.1 x Bulk 

Seedl.78 Mx) x Bulk Seedl 79/80 

Mex 

1999 40 R Y. 

INIAP-Suprema (ABPT) B.2 x bk (LB78.79). 1999 30 HR Y 

INIAP-Papa pan Unknown 2000 40 HR Y 

INIAP-Estela 
Superchola x (Yema de Huevo (S. 

phureja) x S. pausissectum) 
2007 40 R n.d. 

INIAP-Natividad  
INIAP-Gabriela x (Yema de Huevo 

(S. phureja) x S. pausissectum) 
2007 45 MR n.d. 

INIAP-Santa Ana Superchola x INIAP-Fripapa 2007 30 MR n.d. 

INIAP-Victoria INIAP-Gabriela x INIAP-Fripapa 2011 40 MR n.d. 

INIAP-Puca Shungo BOM-532 x BOM-532  2011 27 MR n.d. 

INIAP-Yana Shungo HSO-213 x HSO-213 2011 25 MR n.d. 

INIAP-Josefina Bolona x (S. phureja) x S. 

pausissectum) 
2015 18-36 MR n.d. 

INIAP-Libertad B3C0 2015 25-48 R n.d 

R = Resistant; MR= Moderately resistantant; HR= Highly resistant; S= Susceptible; HS= Highly susceptible. * N =no; Y= 

yes.  
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Table 2. Tuber characteristics of important Ecuadorian potato varieties. 

Name Release Skin Flesh 

INIAP-Santa Catalina 1965 Cream Yellow 

INIAP-María 1967 Cream White 

INIAP-Cecilia 1967 Cream White 

INIAP-Gabriela 1982 Pink Cream 

INIAP-Esperanza 1983 Cream Cream 

Superchola 1984 Pink Yellow 

INIAP-Fripapa 1995 Pink Yellow 

INIAP-Rosita 1995 Red Yellow 

INIAP-Santa Isabel 1995 Red Yellow 

INIAP-Margarita 1995 Yellow Cream 

INIAP-Soledad Cañari 1996 Cream Yellow 

INIAP-Raymipapa 1999 Cream Yellow 

INIAP-Suprema 1999 Cream White 

INIAP-Papa pan 2000 Cream White 

INIAP-Estela 2007 Purple Yellow 

INIAP-Natividad  2007 Yellow Yellow 

INIAP-Santa Ana 2007 Yellow Yellow 

INIAP-Victoria 2011  Red Yellow  

INIAP-Puca Shungo 2011 Purple Red 

INIAP-Yana Shungo 2011 Brown Purple 

INIAP-Josefina 2015 Red Yellow 

INIAP-Libertad 2015 Yellow Cream 
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Abstract 

 

The population of Phytophthora infestans on potato landraces in three provinces (Carchi, 
Chimborazo and Loja) of Ecuador was analysed. All isolates (n= 66) were of the A1 mating 

type. SSRs were used to assess the genetic diversity of the isolates. The P. infestans isolates 

from the potato landraces grouped in a single clade together with reference isolates belonging 

to the clonal lineage EC-1. In the 66 SSRs profiles obtained, 31 multilocus genotypes were 

identified. The 66 isolates, constituted 49 different races according to the S. demissum 

differential set (R1 to R11). The P. infestans population observed was complex and virulent 

on 4 to 11 R-genes. Analysis showed that the sub-clonal variation in the Ecuadorian EC-1 

clone is increasing over time and is much larger than clonal variation in lineages in the 

Netherlands and Nicaragua, suggesting high mutation rates and little or no selection in 

Ecuador.  

 

Keywords:  Late blight, SSRs, diversity, virulence, P. andina 
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Introduction 

 

The oomycete Phytophthora infestans is the causal agent of late blight and attacks a range of 

species in the Solanaceae family. It is the most important disease on potato in Ecuador and 

worldwide (Oyarzún et al., 2002). This species had been studied worldwide using phenotypic 

and genotypic markers. Among the phenotypic markers, the mating type and virulence had 

been used. The mating type is based on the fact that P. infestans is heterothallic so two types 

are necessary for sexual reproduction, named A1 and A2. For virulence studies, the R gene 

differential set is used. This is based on the reaction of P. infestans isolates with Solanum 

plants carrying specific resistance genes, and grouping those with the same virulence 

phenotype as races. Among the genotypic markers, allozymes, restriction fragment length 

polymorphisms (RFLPs), mitochondrial haplotypes, amplified fragment polymorphisms 

(AFLPs) and simple sequence repeats (SSRs or microsatellites) had been used (Fry et al., 

2009). Studies on Phytophthora associated with Solanaceae in Ecuador, showed the presence 

of four clonal lineages based on RFLPs fingerprinting pattern (Forbes et al., 1997, Adler et 

al., 2004). Two clonal lineages, EC-1 and US-1, both of the A1 mating type have been 

identified already in the previous century (Forbes et al., 1997). The EC-1 lineage is 

predominant on potatoes and the US-1 on tomatoes (Forbes et al., 1997; Oyarzún et al., 

1998). More recently, two additional lineages were found in Ecuador, EC-2 and EC-3, which 

cause late blight on non-tuber bearing Solanum species, such as S. betaceaum, S. quitoense, S. 

hispidum, and S. muricatum (Adler et al.., 2004; Ordoñez et al., 2000). Oliva et al., (2010) 

formally described EC-2 and EC-3 as a distinct species Phytophtora andina. However, the 

species status of  P. andina is questioned by others (Cárdenas et al., 2012), it may actually be 

a hybrid between P. infestans and a yet unknown lineage. Support for this also comes from a 

study by Blair et al., (2012).   

 

Studies on the race structure of P. infestans populations isolated from cultivated potatoes in 

Ecuador showed an increase in the complexity from a predominance of avirulent isolates 

(INIAP, 1974, INIAP, 1975, INIAP, 1976) to complex races, which was suggested to have 

resulted from the replacement of the US-1 on potatoes by the EC-1 lineage (Forbes et al., 

1997). Additionally, EC-1 was found to be more aggressive on potato than isolates of the US-

1 clonal lineage (Oyarzún et al., 1998). Forbes et al., (1997) found twenty-four races infecting 

potatoes in Ecuador, 14 in Carchi, 14 in Chimborazo and 8 in Loja. More recently, in 

commercial varieties and selected clones from the INIAP‘s national potato breeding program, 

27, 17 and 37 races were found in Carchi, Cotopaxi and Pichincha provinces, respectively 

(Tello, 2008). In Perú and Colombia three clonal lineages were identified that infected potato 

landraces (Garry et al., 2005, Vargas et al., 2009) and, as in Ecuador the dominant lineage 

was EC-1. Despite all previous studies on Phytophtora species, there are no specific studies 

on populations of P. infestans associated with Ecuadorian potato landraces and it is unknown 

if there are any other lineages or species present on them.  

There are more than 400 potato landraces in Ecuador (Cuesta et al., 2005). These landraces 

are the result of selection and conservation carried out by small scale farmers in the highlands 

(Cuesta et al., 2005). In contrast to conventional potato cultivation these potatoes are 

cultivated on small acreage, with low input of pesticides and often several landraces together 

(Cuesta et al., 2005, Monteros & Reinoso, 2010). Three species had been observed among the 

landraces cultivated nowadays: the diploid Solanum phureja, the triploid S. chaucha and the 
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tetraploid S. andigena (Monteros-Altamitano, 2011).  They constitute a potential source of 

genetic variation for breeding purposes, in characters such as quality, earliness and resistance 

to biotic and abiotic stresses. Evaluations showed that most landraces in Ecuador were highly 

susceptible to late blight, but some landraces with field resistance to late blight were also 

identified (Cañizares & Forbes, 1995; Revelo et al., 1997, Monteros-Altamirano, 2011).  

The aims of this study were to characterize P. infestans populations associated with 

Ecuadorian potato landraces in three areas of Ecuador, to compare these to populations 

previously reported on commercial potatoes; and to assess the impact of landraces on the P. 

infestans population. We also compared the genotypic diversity found in the EC-1 lineage 

present in Ecuador to the variation found elsewhere.  

 

Materials and methods 

  

Isolate collection  

Phytophthora infestans isolates were collected from potato landraces present in three regions 

of Ecuador: in the provinces of Carchi in the north, Chimborazo in the centre and Loja in the 

south (Monteros et al., 2008). Of each potato landrace present on a farm, five to ten leaves 

with a single lesion were sampled. Leaves were kept at 4 °C until isolation (Forbes et al., 

1997). The name and ploidy level of the landrace sampled, farm owner, location, GPS-

coordinates and altitude were recorded (Table S1). The pathogen was isolated either from 

infected leaves or from small pieces of necrotic leaves, which were placed between potato 

slices of the susceptible variety Superchola, in both cases incubated in a humid chamber at 16 
o
C, with a 12 hours photoperiod. Once mycelium was visible on leaves or slices, it was 

transferred to Petri dishes with Rye B Agar medium (Caten & Jinks, 1968) with antibiotics 

(Oyarzún et al., 1998). Purified isolates of P. infestans were maintained on Rye A medium 

(Caten & Jinks, 1968). 

 

Isolate characterization 

The mating type was determined for each isolate by pairing it with known A1 (EC3090 or 

EC3690) and A2 (EC3260) isolates (provided by International Potato Center (CIP), Lima, 

Peru) on 10% clarified V8 agar (Forbes, 1997) at 18 °C. After 2 to 3 weeks each plate 

containing the paired isolates was assessed for the presence of oospores. Isolates that 

produced oospores in the presence of a known A2 tester were designated as the A1 mating 

type, and vice versa (Forbes, 1997).  

 

Virulence was determined using a differential set of potato clones containing 11 major P. 

infestans resistance genes from S. demissum (Malcomson & Black, 1966). R1 (CIP 801038), 

R3 (CIP 801041), R4 (CIP 801042), R5 (CIP 801043), R7 (CIP 801045), R8 (CIP 801046) 

and R9 (CIP 800994) differential cultivars were provided by CIP. R2 (CIP 800987), R6 (CIP 

800991), R10 (CIP 800995) and R11 (CIP 800996) differentials, and the susceptible cv. 

Bintje which has no known R genes (Montarry et al., 2010) were obtained from Wageningen 

University and used as control. Each isolate was inoculated on the differentials. From each 
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plant, three leaflets were taken and placed in inverted Petri dishes containing Water-Agar. On 

the abaxial surface of each leaflet, two 20 μL drops containing 25 x 10
3
 sporangia/mL were 

placed at each side of the mid vein. The inoculated leaves were placed in a climate chamber at 

16 °C for six days with 12 hours of photoperiod, after which the reaction was scored. The 

reaction was considered compatible, when a necrotic lesion and/or sporulation was observed 

on a leaflet, and as incompatible when hypersensitive reaction was seen or no lesion was 

visible.  

DNA extraction 

All the P. infestans isolates obtained from potato landraces were grown from 10 – 14 days on 

Pea broth (Forbes, 1997). The mycelium was harvested and lyophilized. DNA was extracted 

from each sample with AGOWA sbeadex 
®
 Maxi Plant kit on a KingFisher96 robot (Thermo 

Fisher Scientific).  

 

SSR amplification and genetic data analysis 

Twelve SSRs were used in this study, including Pi04, Pi63, Pi70, G11, D13, Pi4B (Lees et al., 

2006), PinfSSR2, PinfSSR3, PinfSSR4, PinfSSR6, PinfSSR 8 and PinfSSR11 (Li et al., 

2010). They were selected from previously published sets according to their map position, 

ease of scoring and allelic diversity (Knapova & Gisi, 2002, van der Lee et al., 2004, Lees et 

al., 2006, Li et al., 2010). Amplifications were run in a PTC200 thermocycler (MJ Research, 

Waltham, Massachusetts, USA), with an initial denaturation at 95°C for 15 min, followed by 

30 cycles of 95°C for 20 sec, 58°C for 90 sec, and 72°C for 60 sec, and a final extension at 

72°C for 20 min (Li, 2012). In the analysis we included a number of isolates from previous 

surveys carried out in Ecuador for reference (Table S2). The resulting amplification products 

were sized by capillary electrophoresis on an ABI 3730 sequencer using the molecular 

standard GeneScan-500 ROX and scored using GeneMapper 3.7 software (Applied 

Biosystems, USA). Within the GeneMapper software kits, panels and binsets were generated 

defining the markers and their known allele bins, which were provided by Plant Research 

International (PRI, Wageningen, the Netherlands). The known panels and binsets for the 12 

SSRs have been used to size SSR alleles in thousands of isolates from different countries by 

PRI and the James Hutton Institute (JHI, UK). Most P. infestans isolates showed a maximum 

of two alleles per locus, as expected for a diploid organism. However, in a number of cases 

more than two alleles were found, which may result from  aneuploidy or polyploidy (see for 

examples Additional Figure 1). This complicates the analysis as the analysis tools assume 

haploid or diploid data. Therefore, we converted the detected SSR fragments (alleles) to 

binary presence (1) or absence (0) data. From this a Neighbour Joining tree was produced 

using PAUP* 4.0 Beta software. Robustness of the phylogram branches was inferred from 

Jacknife values after 10.000 replicates (Swofford, 2002). 

 

Diversity analysis 

Race and genotypic diversity were estimated using the Shannon index (Hs) as Hs= -∑ (pi.lnpi), 

where pi is the frequency of the race or genotype. The Evenness (E) was estimated by the 

formula: E= Hs /ln(n), where n is the total number of isolates of the sample and Hs is the 

Shannon index. E varies 0 from to 1 with 1 representing a situation in which all races or 

genotypes are equally abundant (Magurran, 1988). 
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The significance of different Shannon indices was assessed with the t-test of Hutcheson (tH) 

(Hutcheson, 1970). It was calculated as follows: tH= (H1-H2)/[S
2
H1+S

2
H2]

1/2
, where H1-H2 is 

the difference among the Shannon indexes between two samples. The variance of each sample 

(S
2
) was estimated with the formula: S

2
= [∑ pi.(lnpi)

2
 – (∑pi.lnpi)

2
/n]/n

2
, pi and n are as 

described above. 

The degrees of freedom (df) for each pairwise comparison were calculated using the formula: 

df=[S
2
H1+S

2
H2]

2
/[((S

2
H1)

2
/n1) + ((S

2
H2)

2
/n2)].  

To examine the distribution of genetic variation within and among populations, analysis of 

molecular variance (AMOVA) using Arlequin version 3.5 (Excoffier et al., 2005) was carried 

out with the binary dataset as input. Population differentiation (Fst) was calculated using 

Arlequin. 

To compare the sub-clonal variation in the Ecuadorian to other populations, the genotyping 

data of 219 Dutch isolates was used. These isolates were collected during the period 2004-

2009 in the Netherlands and genotyped with the same 12 SSR markers. The genotyping data 

and isolate information can be found in Li et al. (2012a). In addition we calculated the 

Shannon index and the Evenness using the frequency data in Nicaragua reported by Blandón-

Díaz (2011). These were based on four multilocus genotypes obtained with six SSRs on 165 

P. infestans isolates collected from potatoes in Nicaragua.  

 

Results 

 

Isolate collection 

A total of 66 P. infestans isolates were collected during the years 2009-2010 from 16 farms 

(Table 1), details on these isolates can be found in Table S1. The reason for the low number 

collected in Loja was the severe drought that occurred in that province at the time of 

collection, making it difficult to obtain samples.  

 

Isolate characterization using potato R gene differentials 

All isolates were of the A1 type mating type. The number of races collected and associated 

virulence factors are also shown in Table S3. There were 49 different races in total (Table 1). 

Twenty seven races were identified in Carchi, 18 in Chimborazo and seven in Loja. The P. 

infestans population observed was complex, and virulent on 4 to 11 R-genes. One race 

(1,3,4,5,6,7,8,9,10,11) was present in all three provinces. The rest was restricted to one site 

(Table S3).  

 

Isolate characterization using SSR markers 

Eight of the twelve SSR markers were polymorphic among the P. infestans isolates collected. 

Markers Pi04, Pi63, Pi70 and PinfSSR8 were monomorphic (Table S4).  

file:///D:/PhD%20Thesis/chapter/Chapter%205%20Dutch%20manuscript/chapter%205%20final.docx%23_ENREF_16
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For some markers we observed three or even four alleles in a particular isolate. In the P. 

infestans isolates from potato landraces, 3 alleles were observed with Pi4B and PinfSSR4 

markers (Table S2). In the reference P. infestans isolates, 3 alleles were detected with markers 

Pi4B, Pi63, PinfSSR4 and PinfSSR8 (Table S5). In the case of P. andina, three to four alleles 

were detected with Pi4B marker (Table S5). Several private and monomorphic alleles were 

detected. Allele 279 from locus Pi63 was detected in all P. infestans isolates. Allele 188 from 

locus Pi70 was present in all US-1 reference isolates and absent in the rest of P. infestans 

isolates.  In total we observed 31 different genotypes among the 66 isolates (Table 1) using 

the SSRs. 

 

Relationship among the materials collected 

The phylogenetic tree obtained from the SSR profiles, showed that the P. infestans isolates 

grouped together in a large clade (Figure 1; the structure analysis is shown in Figure S2). This 

clade also included the reference isolates known to belong to the clonal lineage EC-1. They 

were clearly distinct from the reference isolates identified as US-1 and P. andina. We did not 

find a relation among the multilocus genotypes and race phenotype. Isolates that belonged to 

the same race could show different multilocus genotypes and the other way around. Even 

isolates obtained from the same landrace and sharing the same virulence phenotype, could 

belong to different SSR multilocus genotypes (Table S1).  

 

Diversity among regions and development of diversity over time 

In total, 31 different multilocus genotypes were identified. From all, just one (EC-1_001) 

occurred in the three provinces, but predominated in Carchi. Another one (EC-1_003) was 

found in two provinces (Carchi and Chimborazo). The rest was restricted to one province 

(Table S4). To examine the distribution of genetic variation, among and within sub-

populations as defined by the three geographical regions (Carchi, Chimborazo and Loja), 

AMOVA was performed. This showed that, 82% of the variance was present within sub-

populations whereas the remaining 18% among the 3 populations.  There was a clear relation 

between genotype and geographic origin, as the Fst value was 0.18 (P < 0.0001).  

Carchi had the highest Shannon diversity index for race phenotype (3.15) and it was 

significantly more diverse than Chimborazo (tH=23.28, df=46.29, p<0.0001) and Loja (tH= 

7.31, df=15.32, p<0.001) (Table 1). Chimborazo, with a Shannon Index of 2.86, was more 

diverse than Loja (tH=17, df= 17.13, p<0.0001), which showed the lowest diversity value 

(1.89). The Evenness among provinces showed slight, non-significant differences.  

Based on the SSR markers, the P. infestans population in Carchi (Hs =2.44) was genetically 

more diverse than the population in Chimborazo (tH=18.56, df= 30.39, p<0.001) and Loja 

(tH=5.48, df= 9.43, p<0.001). The populations in Chimborazo and Loja were not significantly 

different from each other (tH=-0.80 df= 10.73, p=0.372) (Table 1). The total race diversity 

(Hs= 3.78, Table 1) was significantly higher than the genotypic diversity (Hs = 3.03, Table 1) 

(tH=12.66, df= 66.28, p=0.007). When analysing the genotype changes over the time in the 

Ecuadorian population of P. infestans, there is increase in diversity, evenness and number of 

genotypes (Table 2). 
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Comparison of the variation within the EC-1 in Ecuador to other clonal lineages.   

We also compared the genetic variation within the Ecuadorian population (the 3 regions taken 

together) with the variation in a clonal lineage that is dominant in Europe. In total 219 Dutch 

isolates from the clonal lineage Blue_13 were studied with the same set of SSR markers (Li et 

al., 2012..). The markers split Blue_13 clonal lineage in 32 different subclones. The 

genotyping diversity (Hs=1.98, E=0.37) in the Dutch clonal lineage is significantly (tH = -

5.00, df =177.88, p = 1.36E-06)  lower than the diversity (Hs=3.03, E=0.72) in the Ecuadorian 

population. Also when we calculate the diversity present in the Nicaraguan population based 

on the data provided by Blandón-Diaz (2011), (165 isolates, 5 SSR multilocus genotypes 

Hs=0.23, E=0.04) we see that the variation in this population is also much lower than in the 

Ecuadorian population.   

 

Discussion 

 

Sixty-six isolates of P. infestans were obtained from 16 farms in three provinces of Ecuador. 

As a first step in the  characterization, their virulence was analyzed on a set of differential 

genotypes containing the P. infestans resistance genes R1 to R11 (Black et al., 1953; 

Malcolmson & Black, 1966), as these genes and functional homologues are widely distributed 

in Solanum spp. (Vleeshouwers et al., 2011). Using this differential set of genotypes, 49 

(75%) of the isolates were found to be unique races. Simple races capable of overcoming one 

to three R genes were not observed. A similar high frequency of different races among 

isolates has been reported from Costa Rica (37 out of 40; Barquero et al., 2005). However, 

lower frequencies were observed in other studies, e.g. Nepal 30 out of 251, Estonia 86/432, 

Finland 66/269, Norway 38/105, Nordic countries (Denmark, Finland, Norway and Sweden) 

31/177 and China 61/125 races (Hermansen et al., 2000; Ghimire et al., 2001; Lehtinen et al., 

2008; Li et al., 2009; Runno-Paurson et al., 2010). It should be noted that in Denmark, 

Estonia, Finland, Norway and Sweden sexual populations are dominant, and the populations 

seems to be clonal in China and Nepal (although both mating types can be found), whereas 

the population in Ecuador is clonal. 

 

The variation in the Ecuadorian population may be maintained due to a lack of selection for a 

particular race. Most of the Ecuadorian potato landraces are highly susceptible to late blight 

(Cañizares & Forbes, 1995; Revelo et al., 1997; Monteros-Altamirano, 2011). In addition, 

fungicides are rarely used in the small-scale farming system used for these potato landraces. 

Grünwald et al., (2006) reported that populations of P. infestans not exposed to the fungicide 

metalaxyl showed more genetic diversity than exposed ones. 

 

The current study has confirmed that P. infestans attacking potato in the Ecuadorian highlands 

is of the EC-1 clonal lineage. Notwithstanding the fact that all isolates from potato landraces 

belonged to the same clonal lineage, genetic variation was detected using the SSRs and by 

phenotypic characterization. Thirty-one multilocus SSR genotypes were detected among the 

66 isolates. This variability is large for a clonal lineage. Clonal lineages have been identified 

in Europe (Cooke et al., 2006, 2012) and Nicaragua (Blandón-Díaz et al., 2012) using 

microsatellites. Guo et al., (2009) identified a single clonal lineage in northern China using 



42 
 

two SSRs; Li et a.,. (2012b) identified three clonal lineages in western China using ten SSRs. 

In the Nordic countries (Denmark, Finland, Norway and Sweden), 169 SSR multilocus 

genotypes were identified using seven microsatellite markers from a sample of 191 P. 

infestans isolates. This high genetic diversity observed in Nordic countries is attributed to the 

sexual reproduction of the pathogen (Brurberg et al., 2011). Comparing the results of the 

current study to published data is not easy as different sampling strategies and different 

numbers of SSR markers have been used: the best comparison is with the European Blue_13 

lineage as this study was carried out with the same set of SSR markers. The variation in the 

Ecuadorian EC-1 lineage was significantly greater than the diversity in Blue_13 as measured 

by the Shannon index and evenness. When the results of the current study are compared to the 

population present in Nicaragua (only considering markers that were present in both studies), 

the variation in the Ecuadorian population was greater than that in the Nicaraguan population. 

The high diversity in Ecuador might be related to a high mutation frequency, e.g. due to 

increased UV radiation as potatoes are grown in Ecuador at high altitudes (>2400 m). It is 

also possible that the greater diversity in the EC-1 population than in the clonal lineage 

Blue_13 is due to the age of the population: Blue_13 was detected for the first time in 

samples from 2004 in the Netherlands (Li et al., 2012a), whereas EC-1 was described in the 

1990s (Forbes et al., 1997). 

 

Mechanistically, the subclonal variation may partly be explained by loss of chromosome 

regions or mitotic recombination. Nevertheless, new alleles were detected that can only be 

explained by changes in the number of repeat units during mitosis. The presence of more than 

two peaks in some of the SSR profiles supports the hypothesis that polyploidization or gene 

duplication followed by mutations caused the genetic diversity observed in the P. infestans 

population of Ecuador (Tooley & Therrien, 1991; Cooke et al., 2012). The occurrence of 

more than two alleles at a specific locus has been reported before (Knapova & Gisi, 2002; 

Lees et al., 2006; Chacón Acosta, 2007; Akino et al., 2009; Oliva Pérez, 2009; Cooke et al., 

2012; Li et al., 2012a,b). The same mechanism seems to be active in P. andina also, where 

four alleles were observed (Fig. S1). Changes in virulence spectrum have been attributed to 

(partial) chromosomal deletions (van der Lee et al., 2001). Also, mutations in avirulence 

genes have been found to cause changes in the virulence phenotype (Armstrong et al., 2005). 

Copy number variations, amino acid replacements, and gene gains and losses have been 

suggested as sources of the variability within the clonal lineage Blue_13 in the UK (Cooke et 

al., 2012). The high race and SSR diversity observed in the Ecuadorian population might be 

related to the cultivation of potatoes all year round, so several generations of the pathogen can 

occur, increasing the chance of the appearance of new genotypes. 

 

There was no correlation between the phenotypic and genotypic diversity. Isolates of a 

particular race showed different multilocus genotypes. These occurred even in isolates 

obtained from the same landrace or farm (Table S1). Thus, the observed variation appears to 

be produced randomly with no selective pressure. The high race and SSR diversity observed 

in this study contrasts with populations from USA, France and China, where clonal lineages 

were shown to possess a wide diversity in races but a low genetic diversity (Abu-El Samen et 

al., 2003; Montarry et al., 2006; Guo et al., 2009). 
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The genetic diversity was highest in the Carchi province and significantly different from 
Chimborazo and Loja (Table 1). The FST analysis showed clear differentiation of the 
populations in the three regions and most of the variation was present within 
populations. This difference in diversity observed in Carchi could be due to the higher 
number of isolates and farms sampled. The highest evenness value was measured in 
Loja (0.93), although the number of samples was small (Table 1) and the value probably 
reflects under-sampling. The one genotype that occurred in all three provinces might 
have migrated through the Ecuadorian highlands, perhaps as a result of the exchange of 
landrace seeds among farmers (Monteros-Altamirano, 2011). Alternatively, this 
genotype may have arisen multiple times independently. The microsatellite analysis also 
showed some P. infestans lineage- and species-specific alleles. These may be used to 
distinguish clonal lineages (Akino et al., 2009). The SSR markers used in this study 
reflected the genetic diversity within the current P. infestans population in Ecuador: in 
future they may be used to monitor changes in the population and displacement of 
pathogen genotypes across the country. 

Comparisons with previous studies have to be treated with caution because of the different 
sampling strategies used. However, an increase in the Shannon index and evenness over time 

was apparent, as was an increase in the number of races. The differences in Carchi in 2007 

and 2009–2010 may be due to the fact that the present study survey included eight farms, 

whereas Tello (2008) collected all the samples from just one farm in the province and some 

races were much more frequent than others. The evenness values are close to 1 for all 

provinces, which was not the situation in 1990–1993, where in Carchi two races represented 

40% of the isolates. For Chimborazo and Loja, the situation was similar, two races at each 

location representing 55 and 70% of the isolates sampled (Forbes et al., 1997). 

 

All P. infestans isolates from potato landraces grouped in a clade together with known EC-1 

isolates, separate from US-1 and P. andina isolates (Fig. 1). There is currently some 

discussion as to whether P. andina should be considered a separate species or a hybrid. 

Although SSR markers are not particularly suitable for species identification, some of the 

alleles identified in P. andina are rare and have never been reported in P. infestans isolates. In 

addition, in P. andina there were four alleles at locus Pi4B and null alleles for locus Pi70 

which have not been found for other P. infestans isolates (Y. Li & T. van der Lee, Plant 

Research International, Wageningen, The Netherlands, personal communication). This is not 

a typical pattern for a simple hybridization, but clearly distinguished P. andina isolates from 

P. infestans isolates. 

 

This study has identified genetic variation within the P. infestans clonal population in 

Ecuador. The high number of races and their complexity constitute a challenge for late blight 

management in the country. It is necessary to incorporate new R genes not belonging to the S. 

demissum group into the National Breeding Programme. Other sources of resistance (Wang et 

al., 2008; Jacobs et al., 2010; Lokossou et al., 2010) may be useful for potato breeding 

against P. infestans in Ecuador. However, one promising broad-spectrum resistance gene, 

Vnt1 (Pel, 2010) cannot be used because the avirulence gene triggering the defense response 

is not expressed in EC-1 genotypes. 
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Table 1. Diversity of the Phytophthora infestans population associated with potato landraces 

in three provinces of Ecuador. Shown are number of farms from which isolates were 

collected, the number of isolates, number of races identified, number of SSR profiles as well 

as  Shannon index (Hs) and Evenness (E) based on number of races and SSR profiles. 

    Carchi Chimborazo Loja All sites 

 No. of farms 8 3 5 16 

  No. of isolates 37 20 9 66 

Virulence 

phenotype 

Races 27 18 7 49 

Hs 3.15 a   2.86  b  1.89   c 3.78 

E 0.88 0.95 0.86 0.91 

SSR 

Genotype 

Genotypes 17 9 8 31 

Hs 2.44 a  1.94  b 2.04  b 3.03 

E 0.68 0.66 0.93 0.72 

Values followed by same letter within one line are not significantly different (α=0.05) according to the t-test of Hutcheson for pairwise 

comparisons. 

 

Table 2. Changes in number of races, Shannon index (Hs) and Evenness (E) of Phytophthora 

infestans populations over the years in Ecuador.  

 
Year 

Provinces 

 Carchi Chimborazo Loja 

 1990-1993
a 

2.33 2.12 1.55 

Hs 2007
b 

2.81 n.e.
 d 

n.e. 

 2009-2010
c 

3.15 2.86 1.89 

 1990-1993
a 

0.64 0.58 0.45 

E 2007
b 

0.67 n.e. n.e. 

 2009-2010
c 

0.88 0.95 0.86 

 1990-1993
a 

14 (n= 39) 14 (n=38) 8 (n= 31) 

Races 2007
b 

27 (n= 68) n.e. n.e. 

 2009-2010
c 

27 (n= 36) 18 (n= 20) 7 (n= 9) 
a Calculated from data of Forbes et al,. (1997). 
b Calculated from data of Tello (2008). 
c Data from this research.  
d Not evaluated. 
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Figure 1. Neighbour-joining tree of the Ecuadorian Phytophthora infestans populations associated 

with potato landraces, based on 12 SSRs. Numbers at the nodes are jackknife values supporting the 

branches based on 10 000 replicates. (a) European P. infestans isolates; (b) P. infestans isolates, clonal 

lineage US-1; (c) P. andina isolates; (d) P. infestans isolates, clonal lineage EC-1.  
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Table S2. Reference isolates used in the genetic study.  

Isolate Host Species 
RG57 

RFLP 

Mating 

type 

Collection 

Year 
Province Country 

1917 S. muricatum    1995 Pichincha Ecuador 

2946     1996  Ecuador 

3166 S. brevifolium P. andina EC2 A2 1998 Pichincha Ecuador 

3236 Solanum spp.  EC2 A2 1999 Pichincha Ecuador 

3337 S. paucijugum    2001 Cotopaxi Ecuador 

3351 S. tuberosum P. infestans EC1 A1 2001 Tungurahua Ecuador 

3355 S. tuberosum P. infestans EC1 A1 2001 Tungurahua Ecuador 

3364 S. betaceum P. andina EC3  2001 Tungurahua Ecuador 

3365 Anarrhichomenum P. andina EC2    Ecuador 

3374 S. brevifolium    2001 Tungurahua Ecuador 

3380 S. betaceum P. andina EC3  2001 Tungurahua Ecuador 

3381 S. lycopersicum P. infestans US1 A1 2001 Tungurahua Ecuador 

3383 S. phureja P. infestans EC1 A1 2001 Pichincha Ecuador 

3390 S. solisii P. infestans EC1 A1 2001 Tungurahua Ecuador 

3401 S. betaceum P. andina EC3  2001 Tungurahua Ecuador 

3404 S. caripense P. infestans US1 A1 2001 Tungurahua Ecuador 

3420 S. minutifoliolum    2001 Tungurahua Ecuador 

3421 S. muricatum P. andina EC2 A2 2001 Tungurahua Ecuador 

3424 S. muricatum P. andina EC2 A2 2001 Tungurahua Ecuador 

3425 S. brevifolium P. andina   2001 Tungurahua Ecuador 

3447 S. phureja P. infestans EC1 A1 2001 Cotopaxi Ecuador 

VK1.4 S. tuberosum P. infestans US-1 A1 1958  Netherlands 

88133 S. tuberosum P. infestans  A2 1988  Netherlands 

80029 S. tuberosum P. infestans  A1 1980  Netherlands 

90128 S. tuberosum P. infestans  A2 1990  Netherlands 

IPO428-2 S. tuberosum P. infestans  A2 1992  Netherlands 

T30-4 S. tuberosum P. infestans  A1 1998  Netherlands 

98014 S. tuberosum P. infestans  A1 1998  Netherlands 

IPO Complex S. tuberosum P. infestans  A2 1982  Belgium 
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Table S3. Races of Phytophthora infestans associated to potato landraces in Ecuador. 

No. Race 

Number of 

defeated  

R-genes 

Carchi Chimborazo Loja All sites 

No. No. No. No. 

1 1,4,7,8 4  1  1 

2 1,4,7,9 4 1   1 

3 1,3,4,7,10 5 1   1 

4 1,4,7,10,11 5 1   1 

5 1,4,7,8,9 5   1 1 

6 1,4,7,9,11 5   1 1 

7 1,3,4,7,10,11 6 1   1 

8 1,3,4,7,8,10 6  1  1 

9 1,4,5,7,10,11 6 1   1 

10 1,4,5,7,8,9 6 1   1 

11 1,4,7,8,9,10 6   1 1 

12 1,4,7,8,9,11 6   1 1 

13 1,4,7,9,10,11 6  1  1 

14 2,3,4,5,7,10 6 1   1 

15 2,4,5,6,7,9 6 1   1 

16 5,6,7,8,10,11 6 1   1 

17 1,2,4,6,7,9,10 7 1   1 

18 1,2,4,7,9,10,11 7  1  1 

19 1,3,4,5,7,10,11 7 1   1 

20 1,3,4,6,7,10,11 7 1   1 

21 1,3,4,7,8,10,11 7 1   1 

22 1,4,5,7,8,10,11 7 3   3 

23 1,4,5,7,9,10,11 7  1  1 

24 1,4,5,8,9,10,11 7  1  1 

25 1,4,6,7,8,10,11 7 1   1 

26 1,4,6,7,8,9,11 7  1  1 

27 1,4,7,8,9,10,11 7   2 2 

28 4,5,7,8,9,10,11 7  1  1 

29 1,2,3,4,5,7,9,10 8 1   1 

30 1,3,4,5,6,7,10,11 8 4   4 

31 1,3,4,5,6,8,10,11 8 1   1 

32 1,3,4,5,7,8,10,11 8 1   1 

33 1,3,4,5,7,9,10,11 8  1  1 

34 1,3,4,6,7,8,10,11 8 1 1  2 

35 1,3,4,6,7,9,10,11 8  1  1 

36 1,4,5,7,8,9,10,11 8  1  1 

37 1,2,3,4,5,6,7,9,10 9 1   1 

38 1,2,3,4,5,7,9,10,11 9 1   1 

39 1,2,4,5,7,8,9,10,11 9  1  1 

40 1,3,4,5,6,7,8,10,11 9 3   3 

41 1,3,4,5,6,7,8,9,10 9  1  1 

42 1,3,4,5,6,7,8,9,11 9  1  1 

43 1,3,4,5,6,7,9,10,11 9   2 2 

44 1,3,4,5,6,8,9,10,11 9  2  2 

45 1,4,5,6,7,8,9,10,11 9  2  2 

46 1,2,3,4,5,6,7,8,10,11 10 1   1 

47 1,2,3,4,5,7,8,9,10,11 10 1   1 

48 1,3,4,5,6,7,8,9,10,11 10 1 1 1 3 

49 1,2,3,4,5,6,7,8,9,10,11 11 3   3 

 Total of isolates  36 20 9 65 
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Figure S1. Electropherograms of the fluorescent amplification products for locus Pi4B in 

isolates of P. andina. A: EC3365; B: EC3380. 
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Figure S2. STRUCTURE analysis of the Ecuadorian P. infestans populations associated to 

potato landraces based on 12 SSRs.   

A: The whole Ecuadorian population. All material originating from Ecuador described in 

Supplementary tables 1 and 2 is included.  Summary of results for STRUCTURE analysis at 

K=2 showing the proportion of all isolates from the three sampling regions. IC= Carchi, Ich= 

Chimborazo and IL=Loja.  EC= Ecuadorian reference material from Supplementary table 2. 

Red color = P. infestans; green color = P. andina.  

B: Structure of the clonal lineage. Material included all P. infestans isolates Supplementary 

tables 1 + the P. infestans reference material from Supplementary table 2. The STRUCTURE 

output at (K=2 and K=3) is presented.  
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Abstract  

 

Late blight is the most devastating disease of potatoes in Ecuador, which makes breeding for 

disease resistance a necessary and continuous effort. There are more than 400 potato 

landraces in Ecuador, which belong mainly to Solanum phureja and S. andigena species. The 

goal of this research was to evaluate the potential of a selection of potato landraces as a source 

for late blight resistance. Two field trials were set in San Pedro de Huaca, Carchi province. 

The first consisted of 52 Ecuadorian landraces, two landraces from Perú and one from 

Colombia and four Ecuadorian commercial varieties. The second one consisted of 15 

landraces. Both trials were planted in a random block design with three replications. Disease 

severity was recorded under natural infection and the Area Under Disease progress Curve 

(AUDPC) was calculated. An aggressiveness test was conducted in the lab with three 

Phytophthora infestans isolates. These were inoculated on detached leaflets of a set of five 

selected landraces and two commercial varieties. After six days inoculated leaflets were 

photographed and lesion size measured with ImageJ software and the percentage of leaflet 

area covered by the disease calculated. In the field trials, the landraces Santa Rosa Amarilla, 

Uva, Coneja Blanca and Botella were resistant to late blight and grouped with INIAP Estela, 

Fripapa and Natividad varieties. In the aggressiveness test, it was observed that the ranking of 

the genotypes varied depending on the isolate. There is quantitative resistance in Ecuadorian 

potato landraces. The resistance detected seems to be of a similar level as that of improved 

varieties released in the country. Detached leaf assays may give an indication on the reaction 

of the genotypes, but field evaluation is necessary to confirm the trait. For future breeding, the 

resistant accessions observed can be used in combination with other quantitative resistant 

genotypes and/or carriers of major resistance genes to breed for (quantitative) resistant 

varieties. 

 

Keywords: breeding, resistance, Phytophthora infestans 
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Introduction 

 

Late blight is the most important disease of potatoes worldwide as well as in Ecuador 

(Oyarzún et al., 2002). It is caused by the oomycete Phytophthora infestans (Mont.) de Bary. 

The yield losses due to late blight disease can be enormous (up to 100%) depending on the 

cultivar‘s level of resistance and weather conditions (Morales et al., 1995). The use of 

varieties with resistance to the disease is one of the alternatives for reducing the damage 

induced by the pathogen. Breeding efforts to obtain more resistant varieties are continuously 

being carried out, but it can take several years until a new variety is ready for release (Cuesta, 

2011; Cuesta et al, 2015). An additional difficulty is caused by the population of P. infestans, 

which consists of a clonal lineage in Ecuador, named EC-1, but despite the lack of sexual 

reproduction, it is composed of highly complex races (Forbes et al., 1997, Tello, 2008, 

Delgado & Vosman, 2010, Chapter 3, Delgado et al, 2013) and capable to overcome major 

resistance genes incorporated in improved varieties (Revelo et al., 1997; Oyarzún et al., 

2002). 

 

Two types of resistance are known: vertical resistance or horizontal resistance. Vertical 

resistance is based on major genes (R genes) and is associated with hypersensitive response 

leading to cell death and, preventing further colonization of the host tissue. Horizontal 

resistance, also known as quantitative or field resistance, is based on multiple genes that each 

have a relatively small effect and, similarly effective against a wide spectrum of races of P. 

infestans and stable (Acquaa, 2007; Brown & Caligari, 2008; Sliwka & Zimnoch-Guzowska, 

2013). 

 

There is a continuous need for identifying sources for resistance to the disease in the country. 

According to Camacho et al (2006), "A landrace is a dynamic population(s) of a cultivated 

plant that has historical origin, distinct identity and lacks formal crop improvement, as well as 

often being genetically diverse, locally adapted and associated with traditional farming 

systems". The local potato landraces could be a possible source for this character. These 

landraces are the result of selection and conservation carried out by the farmers in the 

highlands (Cuesta et al., 2005). These potatoes have been cultivated under conditions 

different from the commercial varieties, mainly on a small scale with low use of pesticides 

(Cuesta et al., 2005, Monteros & Reinoso, 2010). It has been estimated that there are over 400 

landraces in the country (Cuesta et al., 2005). The landraces in Ecuador are mainly from the 

species S. andigena, S. phureja and S. chaucha (Monteros-Altamirano, 2011). 

 

The potato landraces have been reported as sources of quantitative resistance in several 

countries. This type of resistance is attributed to the effect of several genes leading to a partial 

resistance to all the races of the pathogen and, considered stable and durable (Slidwa & 

Zimnoch-Guzowska, 2013). In Colombia, clones mainly from S. phureja had been reported as 

sources of quantitative resistance (Thurston et al, 1962; Escallon et al., 2005; Mosquera, 

2007) and S. andigena too (Thurston et al, 1962). Meanwhile, in Bolivia, accessions from S. 

andigena and S. phureja showed resistance to late blight as well (Gabriel et al., 2007; Gabriel 

et al., 2013). Additionally, in Perú, Perez et al (2014) reported different species of landraces 

with resistance to the disease equal or less susceptible than the resistant control, including 

several accessions of S. andigena, one of them from Ecuador. Finally, potato landraces 

belonging to S. phureja have been reported as sources of quantitative resistance in Ecuador 

(Cañizares & Forbes, 1995, Revelo et al., 1997a, Garofalo, 2005).  
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The use of laboratory techniques for screening late blight resistance, like detached leaf assays 

have been proposed for the characterization of germplasm (Vleeshouwers et al 1999). Some 

researchers reported low correlation among field behavior and detached leaf assays when 

screening potatoes (Filippov et al, 2004, Rogozina et al, 2010, Sharma et al, 2013). 

 

The purpose of this research was to explore the potential of a set of Ecuadorian potato 

landraces as sources for late blight resistance under field conditions and the effect of different 

isolates on the reaction to the disease. 

 

Materials and methods 

Field Trials 

For the evaluation of late blight resistance of a collection of genotypes maintained by the 

National Potato Program of the Instituto Nacional Autónomo de Investigaciones 

Agropecuárias (INIAP), two field trials were conducted in San Pedro de Huaca, Province of 

Carchi, Ecuador. The farm is located 77°43‘35‖ longitude, 00°38‘29‖ N latitude, 2952 masl 

with 1100 mm of average rainfall/year, 76% average relative humidity and 10 °C average 

temperature/year. This location was chosen since several complex races had been observed 

there (Tello, 2008). Two trials were necessary because of the size of the field and the 

accompanying workload, as well as because of the availability of planting material. The first 

trial consisted in 52 Ecuadorian landraces plus three landraces from neighboring countries 

(Natin Suito/CIP702464 from Colombia, Amarilla/CIP704481 and Puca Huayro/CIP701524 

both from Peru) and 4 commercial varieties (INIAP-Estela, INIAP-Fripapa, INIAP-Natividad 

and Superchola) as checks. The second trial consisted of 15 Ecuadorian potato landraces. 

Both trials included a susceptible control, the landrace named ‗Uvilla‘ (Revelo et al., 1997b), 

as well as the landraces Bolona, Puña and Coneja Negra to be able to compare results between 

the two trials. Both trials were carried out in a Random Block Design (RBD) with 4 replicates 

in the first trial and 5 in the second, each replicate consisted of 10 tubers as recommended by 

CIP (2006). Natural infection by the pathogen was allowed. Disease severity was recorded as 

percentage of necrotic tissue. The evaluation started when the first symptoms were observed 

and they were scored weekly. The late blight severity values were used to calculate the Area 

Under the Disease Progress Curve (AUDPC) according to Shanner & Finney (1977):  

           n 

AUDPC =  ∑ [(Yi + n1 + Yi)/2] [Xi + 1 - Xi] 

                             i=1       

in which Yi = late blight severity (per plot) at the ith observation, Xi = time (days) at the ith 

observation, and n = total number of observations.  

 

Additionally, the cultivars were classified based on their susceptibility to late blight according 

on their average AUDPC values: highly resistant (< 250), resistant (251-550), moderately 
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resistant (551-650), susceptible (651-1200) and highly susceptible (>1200) (Gopal & Singh, 

2003). 

 

Aggressiveness test 

Three isolates of P. infestans obtained from potato landraces were used. They were inoculated 

on a set of five potato landraces plus the commercial varieties Superchola and Fripapa. The 

experiment was set as a Complete Random Design with the potato varieties as treatments. 

From each potato genotype, six leaflets were taken and placed in inverted Petri dishes 

containing Water-Agar. On the abaxial surface of each leaflet, one 20 μL drop containing 25 x 

10
3
 sporangia/mL was placed at one side of the mid vein. The inoculated leaves were placed 

in climate chamber at 16 °C for six days with 12 hours of photoperiod (Forbes, 1997). 

Thereafter, each leaflet was photographed with a digital camera. Using the software ImageJ 

(Abràmoff et al., 2004), the size of the lesion and area of leaflet was measured with the 

program as described by Delgado & Tello (2010) (Figure 1). The percentage of area diseased 

was calculated for each leaflet. 

 

Statistical Analysis 

For the field trial, the Analysis of Variance of AUDPC values was performed. In the case of 

the laboratory trial for the Analysis of Variance, the square root of the percentage of diseased 

was used. Scott & Knott test was used for mean analysis in all the cases (Gates & Bilbro, 

1978). 

 

Results 

 

The severity observed in field conditions for both trials showed that majority of them behaved 

as susceptible to late blight with few ones with lower values at the end of the evaluation (Fig. 

2 and 3). For the first field trial, there were significant differences in the late blight resistance 

of the potato genotypes evaluated (F=6.78, d.f.=58, p<0.0001). The Scott & Knott test 

allowed distinguishing the genotypes into three groups. The resistant group, which had the 

lowest average values of AUDPC but never an absolute resistance, was formed by seven 

genotypes. They included the commercial varieties INIAP-Estela, Fripapa and Natividad 

together with the landraces Santa Rosa Amarilla, Uva, Coneja Blanca and Botella. The rest of 

the genotypes were intermediate (27) or susceptible (25) to late blight (Table 2). In the second 

field trial, there were significant differences in the reaction to late blight among the landraces 

evaluated (F=16.82, d.f.=14, p<0.0001). Three groups of landraces were formed according to 

their reaction to late blight. Suscaleña Amarilla and Suscaleña Negra were the most resistant 

ones. Seven had an intermediate reaction and six were susceptible. When analyzed the 

reaction to the disease according AUDPC values (Gopal & Singh, 2001), just two in the field 

trial (Santa Rosa Amarilla and Uva) and two in the second trial (Suscaleña Amarilla and 

Suscaleña Negra) were moderately resistant and resistant, respectively (Table 1 and 2). 

In the aggressiveness test, inoculated genotypes were separated in two groups for isolates 

IC6.2 and ICH21.9, one resistant and one susceptible. For IL4.1, the varieties formed three 

groups; resistant, susceptible and intermediate. The genotype AC-37, grouped with the 

susceptible group when inoculated with ICh21.9, but behaved as resistant with IC6.2 and 
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intermediate with IL4.1. The variety INIAP-Fripapa, grouped with the resistant ones when 

inoculated with ICh21.9 and IL4.1, but susceptible with IC6.2 (Table 3). 

 

Discussion 

 

In the first field trial, it was observed that few landraces were resistant to late blight. Santa 

Rosa Amarilla, Uva, Coneja Blanca and Botella were grouped together with the commercial 

varieties INIAP-Estela, INIAP-Fripapa and INIAP-Natividad. These varieties have been 

selected for resistance to late blight (Cuesta el al, 2002, Cuesta et al., 2008). INIAP-Fripapa is 

supposed to have major resistance genes (Revelo et al., 1997). Superchola and Uvilla 

appeared in the intermediate group; nevertheless both had been described as susceptible to 

late blight (Revelo et al., 1997). The rest of the landraces varied from moderate to highly 

susceptible. The landraces from the other Andean countries behave as part of the intermediate 

group. In the second field trial, the same tendency was observed with two resistant landraces 

(Suscaleña Amarilla and Suscaleña Negra) and the rest being moderate to highly susceptible.  

 

In both trials, it was observed that most of the genotypes showed susceptibility to late blight 

which agrees with previous observations on landraces in Bolivia, Colombia, Peru and 

Ecuador. Those studies evidenced a wide variation in the reaction to late blight from high 

susceptibility to some resistance with a small number of resistant genotypes (Thurston et al, 

1962, Cañizares & Forbes, 1995, Revelo et al., 1997, Gabriel et al., 2007, Gabriel et al, 2013, 

Perez et al, 2014). 

 

In the aggressiveness test, it was observed that the ranking of the genotypes varied depending 

on the isolate. The variety Fripapa which behaved as resistant in the field trial, varied in the 

detached leaf assay, depending on the used isolate. Gabriel et al., (2007) reported no 

correlation among lesion size on detached leaves and AUDPC values from a field test among 

17 Bolivian potato landraces. One of these genotypes tested in the field trial -Natin Suito- 

which was susceptible to late blight, was indicated as resistant in a detached leaf assay in 

Bolivia (Gabriel et al., 2008). Rogozina et al., (2010) observed low correlation among 

laboratory inoculation tests and field trials. They even observed that genotypes from Solanum 

species resistant in the field were infected in detached leaf tests. Similarly, Filippov et al 

(2004), reported that resistance of varieties varied according to the origin of the isolates used 

in detached leaf assay. Sharma et al (2013), found a low correlation among detached leaf 

assay and field reaction.   A possible explanation is given by the different conditions of the 

resistance tests. While in the field trial the genotypes are exposed to a population of the 

pathogen, in laboratory tests a single isolate is used. In our country there exists a high 

variability within the P. infestans populations which are highly complex (Forbes et al., 1997, 

Tello, 2008, Chapter 3; Delgado et al., 2013) and capable to overcome major resistance genes 

(Revelo et al., 1997).  

 

From these experiments it is clear that there  is quantitative resistance in Ecuadorian potato 

landraces. The resistance detected is not very strong but seems to be similar to that of some 
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improved varieties released in the country. Detached leaf assays may give an indication on the 

reaction of the genotypes, but field evaluation is necessary to confirm the usable level of 

resistance.  

The potato landraces evaluated in this study may have other valuable traits other than late 

blight resistance which may explain its survival until nowadays. 

It is clear that for future breeding, the quantitative resistant accessions observed have to be 

used in combination with other (quantitative) resistance types to come to varieties which are 

highly resistant to late blight.  
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Figure 1. Inoculated potato leaflets (A); Necrotic lesion measured with ImageJ software (B); 

Leaflet area measured with ImageJ software (C). 

 

Figure 2. Severity (%) in fifty-five potato clones under natural infection conditions in Carchi, 

Ecuador (Sowing date: 19/08/2008). 
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Figure 3. Severity (%) in fifteen Ecuadorian potato landraces under natural infection 

conditions in Carchi, Ecuador (Sowing date: 15/10/2008). 

Table 1. Area under the disease progress curve (AUDPC) of fifty-two Ecuadorian potato 

landraces under natural infection conditions in Carchi, Ecuador. 

Genotype Type
a
 AUDPC

b
 

Santa Rosa Amarilla lan 574.33 A        

Uva               lan 579.67 A    

INIAP-Estela      cv 661.33 A      

INIAP-Fripapa           cv 804.00 A      

Coneja-Blanca     lan 876.00 A        

Botella           lan 965.00 A        

INIAP-Natividad         cv 1046.33 A        

Superchola        cv 1183.00    B     

Santa-Rosa-Blanca    lan 1221.67    B     

Amarilla
c
          lan 1248.00    B     

Roja-Acha         lan 1261.67    B     

Durazno           lan 1265.00    B     

Osito             lan 1318.00    B     

HSO-197           lan 1324.33    B     

BOM-540           lan 1419.00    B     

Natin-Suito
c
       lan 1480.00    B     

Yema-de-Huevo     lan 1483.00    B     
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Yungay            lan 1495.00    B     

BOM-532           lan 1514.00    B     

Parda-Pastusa     lan 1517.33    B     

ASO-802B          lan 1534.67    B     

Puca-Huayro
c
        lan 1547.50    B     

Chaucha-Amarilla  lan 1567.33    B     

HSO-700           lan 1620.67    B     

Violeta           lan 1661.00    B     

CHS-690           lan 1675.33    B     

HSO-161           lan 1694.67    B     

Milagrosa         lan 1713.00    B     

Uvilla            lan 1751.33    B     

Cuchisma          lan 1802.00    B     

Carrizo           lan 1808.67    B     

HSO-213           lan 1810.33    B     

Chaucha-Roja          lan 1832.67    B     

Chola-Cañareja    lan 1863.00    B     

Leona-Blanca          lan 1939.67       C  

Leona-Carchi          lan 1945.67       C  

Puña              lan 1982.59       C  

Leona-Negra           lan 2194.33       C  

Tandapapa         lan 2232.50       C  

Norte-Roja        lan 2276.00       C  

Bolona            lan 2335.67       C  

Quillo            lan 2339.67       C  

Calvache          lan 2345.00       C  

Jubaleña          lan 2347.33       C  

Cacho-Negro       lan 2351.67       C  

Coneja-Negra           lan 2441.00       C  

Olashuyo-Negra           lan 2453.33       C  

Coneja-Blanca-B      lan 2470.00       C  

Azulshungo        lan 2566.00       C  

Mulachaqui-Guangaje        lan 2578.33       C  

Guarmi-Leona      lan 2581.67       C  

Corondilla        lan 2587.00       C  

Mulachaqui        lan 2593.33       C  

Macholulo         lan 2630.00       C  

Olashuyo-Blanco          lan 2631.67       C  

Chivolulo         lan 2657.33       C  

Alpargata         lan 2790.67       C  

Orupina           lan 2830.00       C  

Tuspha            lan 3048.33       C  

C.V. (%)= 22.50      
a lan= landrace, cv= commercial variety. 
b Means followed by the same letter are not significantly different (α=0.05) according to Scott & Knott test. 
c Landraces from other countries: Natin Suito (CIP702464) from Colombia, Amarilla (CIP704481) from Perú, Puca Huayro 
(CIP 701524) from Perú. 
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Table 2. Area under the disease progress curve (AUDPC) of fifteen Ecuadorian potato 

landraces under natural infection conditions in Carchi, Ecuador. 

Genotype        AUDPC
a
 

Suscaleña Amarilla 369.00 A        

Suscaleña Negra    483.67 A        

Milagrosa          891.00    B     

Rosada Carchi      943.00    B     

Curipamba          987.33    B     

Violeta Carchi     1017.00    B     

Puña               1075.67    B     

Rosada             1092.67    B     

Leona Negra A      1129.67    B     

Bolona             1238.67       C  

Coneja Negra       1302.33       C  

Uvilla             1302.67       C  

Zamanica           1340.67       C  

Moroponcho         1362.67       C  

Leona Negra B      1476.00       C  

C.V. (%)= 12.32     
b Means followed by the same letter are not significantly different (α=0.05) according to Scott & Knott test. 

 

Table 3. Percentage of diseased area on detached leaflets in five landraces and two potato 

varieties inoculated with three different isolates of Phytophthora infestans. 

Genotypes Isolates
 a, b

 

IC 6.2 ICh 21.9 IL 4.1 

AXC-25  0.42 A  0.64 A  0.59  B  

Superchola
c
 0.42 A  0.50 A  0.49 A   

AC-37      0.47 A  0.73  B 0.62  B  

INIAP-Fripapa
c
    0.64  B 0.67 A  0.45 A   

AMFY-16    0.66  B 0.75  B 0.78   C 

MG-7       0.67  B 0.84  B 0.79   C 

AXC-7      0.83    B 0.84  B 0.80   C 

C.V. (%) 20.23     14.45    11.36    
a Values of Percentage of  diseased area were transformed by square root. Means in columns followed by the same letter are 

not significantly different (α=0.05) according to Scott & Knott test. 
b IC6.2 isolate is from Carchi province and its race  is 1, 3, 4, 7, 10; Ich21.9 isolate is from Chimborazo province and its race 

is 1, 4, 7, 9, 10, 11; IL4.1 9 isolate is from Loja province and its race is 1, 4, 7, 8, 9, 10, 11. 
c Commercial varieties. 
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Abstract 

 

A field experiment was carried out to assess resistance or susceptibility to late blight of 31 

Ecuadorian potato landraces from a new germplasm collection obtained in Carchi, 

Chimborazo and Loja. The experiment was conducted in Quito at the Santa Catalina 

Experimental Station (EESC) of the National Institute for Agricultural Research (INIAP). 

This location was selected because it is under high P. infestans pressure. Additionally, a 

survey of 145 farmers growing potato landraces in these three provinces identified the main 

diseases affecting their potatoes. Informal conversations with these farmers both during the 

collections and during farmer meetings provided additional information regarding late blight 

and their perception of landrace resistance. The landraces under study showed different 

responses to late blight in the experimental field. Based on the AUDPC scores we distinguish 

three categories: resistant, moderately resistant and susceptible. Five landraces (and one 

commercial variety grown as control) showed the best field resistance. Similar to farmers 

growing commercial varieties also farmers currently cultivating landraces consider late blight 

as the main disease in their potatoes. It is interesting that farmers have managed to maintain 

these mostly susceptible landraces for centuries. Probably the broad crop diversity on their 

farms and the planting of potato landrace mixtures reduces the late blight severity effects 

within their potato fields. Possible strategies to improve late blight resistance in potato in 

Ecuador could include the identification of accessions with resistance among local landraces 

and/or the introduction of new sources of resistance from other origins. Alternatively, one 

could attempt to introduce novel R-genes in material that already contains some level of field 

or quantitative resistance.  

 

Keywords: late blight, Phytophthora infestans, resistance 
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Introduction 

 

Late blight, caused by Phytophthora infestans (Mont.) de Bary, is one of the most devastating 

diseases of potato world-wide (Birch & Whisson, 2001). The disease is also a limiting factor 

in potato production in Ecuador (Crissman et al.., 1998). It has been observed that under 

extreme climatic conditions, the potato crop can be destroyed within a few days after the first 

symptoms are visible (Oyarzún et al., 2001). All the information on the importance of late 

blight is based on commercially grown potatoes in Ecuador. However, Ecuadorian farmers 

also maintain potato landraces in their fields (Monteros-Altamirano, 2011). These landraces 

have endured biotic and abiotic stresses for generations and are still maintained under low 

input conditions.  

 

Resistance to late blight may be based on vertical resistance or horizontal resistance. Vertical 

resistance is based on major genes which include amongst others the so-called NBS-LRR type 

of resistance genes. Such resistance (R)-genes often originate from wild relatives of potato 

(van der Vossen, 2003; Tan et al., 2008; Pel et al.., 2009; Jacobs et al., 2010; Lokossou et al., 

2010). Horizontal resistance, also known as quantitative or field resistance, is based on 

multiple genes that each have a relatively small effect and, in theory, render the host partially 

resistant to all races of the pathogen (Vanderplank, 1968; Turkensteen, 1993; Colon et al., 

1995; Landeo et al., 1995). Some authors consider field resistance more stable than resistance 

based on R-genes (Turkensteen, 1993; Wulff et al., 2007; Brown & Caligari, 2008). However, 

also pyramiding of R-genes has been suggested as a strategy for obtaining late blight 

resistance (Tan et al., 2010). 

 

The Andean cultivated potatoes S. tuberosum ssp. andigenum and S. phureja are reported to 

have quantitative resistance (Simmonds & Malcomsom, 1967; van Soest et al., 1984; 

Turkensteen, 1993; Cañizares & Forbes, 1995). Van Soest et al., (1984) evaluated nearly 200 

accessions of S. tuberosum ssp. andigenum and found intermediate to high susceptibility to 

late blight. Based on this they concluded that these materials have no practical value for 

breeding. Gabriel et al., (2007) found good quantitative resistance in S. tuberosum ssp. 

andigenum accessions when compared to accessions of S. stenotomum, S. juzepczukii and S. 

ajanhuiri from Bolivia. Also, late blight resistance was found in S. tuberosum ssp. andigenum 

seedling populations under long-day conditions after mass-selection (Simmons & Malcoms, 

1967). Van Soest et al., (1984) found resistance in one accession of S. phureja. In evaluations 

of Ecuadorian landraces of S. phureja, mostly susceptible material was found, but also some 

accessions with field resistance to late blight were identified (Cañizares & Forbes, 1995; 

Revelo et al., 1997a). One of the resistant accessions of S. phureja (CHS-625) was crossed 

with a susceptible S. tuberosum DH line (PS-3) producing a dihaploid hybrid population that 

segregated for quantitative resistance (Trognitz et al., 2001). In this population QTLs 

associated with field resistance to late blight under short-day conditions were identified 

(Ghislain et al., 2001; Trognitz et al., 2002). Also two PR-1 genes have been isolated and 

proposed to play a role in horizontal late blight resistance in S. phureja (Evers, 2006). In 

conclusion, Andean potatoes show quite some variation in resistance to late blight, but 

unfortunately many of them are susceptible. However, field resistance does exist and 

accessions with this characteristic have been used in breeding programs.  
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In this study we evaluate selected Ecuadorian landraces from three provinces for late blight 

resistance under natural conditions. We connect our evaluation with the farmers‘ perception 

of their landraces in relation to late blight resistance and their understanding of potato 

landrace management in the field.  

 

Materials and methods 

 

Plant materials 

We studied 31 Ecuadorian potato landraces collected in the provinces of Carchi, Chimborazo 

and Loja, which are areas of high potato diversity (Monteros-Altamirano, 2011). Three of 

these landraces are classified as S. tuberosum diploid Andigenum Group (Spooner et al., 

2007), formerly S. phureja (Hawkes, 1990); one landrace as S. tuberosum triploid Andigenum 

Group (Spooner et al., 2007), formerly S. chaucha (Hawkes, 1990); and 27 landraces as S. 

tuberosum tetraploid Andigenum Group (Spooner et al., 2007), formerly S. tuberosum ssp. 

andigenum (Hawkes, 1990). The ploidy levels of all the materials were confirmed by flow 

cytometry as described in Monteros-Altamirano (2011). The 31 landraces were selected from 

a set of 152 native potatoes collected recently in the provinces of Carchi, Chimborazo and 

Loja, which had been genotyped previously with 8 SSRs in Monteros-Altamirano (2011). 

Figure 1 shows the relationship among the materials selected for this study. Additionally two 

improved tetraploid commercial varieties were included in the analysis as control: 

‗Superchola‘ and ‗I-Fripapa‘.  
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Figure 1. UPGMA tree showing the genetic relationship of the 31 landraces selected for the study (in blue). The 

tree was constructed using the Nei and Li coefficient (Nei and Li, 1979) based on 8 SSRs (Monteros-Altamirano, 

2011). 
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Farmers from Carchi, which is at the border with Colombia, provided ‗Parda mejorada‘ and 

‗Parda pastusa‘ as landraces. However, there are also Colombian commercial varieties under 

these names. According to Ñustez (2010) the Colombian ‗Parda pastusa‘, was produced by a 

cross [‗Quincha‘ (S. tuberosum ssp. andigenum) x ‗Tocana colorada‘ (S. tuberosum ssp. 

andigenum)]. The material of ‗Parda pastusa‘ used in our study was triploid and we consider 

this material as a landrace. We could not get additional information on ‗Parda mejorada‘. 

‗Uva‘ was collected as a landrace but turned out to be genetically distant from all other potato 

landraces. It apparently is a spontaneous hybrid between S. tuberosum ssp. andigenum x S. 

chilotanum (Ghislain et al., 2009).  

 

Farmers´ information  

145 surveys were conducted with farmers growing potato landraces in the provinces of 

Carchi, Chimborazo and Loja (Monteros-Altamirano, 2011). The survey included a question 

regarding the main diseases affecting the potato landraces (Appendix 1). Farmers provided 

common names of the diseases affecting their landraces. This information was compared to 

Oyarzún et al. , (2002) who described potato diseases present in Ecuador. Also, informal 

conversations with farmers both during the collections and during farmer meetings provided 

information regarding late blight and their perception of landrace resistance.  

 

Field experiment 

A field experiment was carried out to assess resistance or susceptibility of Ecuadorian potato 

landraces to late blight. The experiment was conducted in Quito at the Santa Catalina 

Experimental Station (EESC) of the National Institute for Agricultural Research (INIAP) 

located at 3050 m.a.s.l, Longitude: 78º33‘15‖ and Latitude: 00º22‘4‖ S. The average annual 

temperature is 13ºC, the annual precipitation: 1432.1 mm, and the relative humidity (annual 

average) 72.5 % (data from Izobamba Meteorological Station, in EESC). This location was 

selected because it is under high P. infestans pressure. In the past, 36 complex races of P. 

infestans were identified at this location (Tello, 2008). 

A complete random block design with four repetitions was used. The landraces were planted 

in single row plots of ten plants per repetition, with a plant spacing of 0.25 m and a row 

spacing of 1.0 m. One application of contact fungicide (Mancozeb) was done after 30 days of 

emergence to protect the plants from complete devastation by late blight. This protocol is 

common practice at Santa Catalina station due to the high disease pressure. It is also 

recommended by the International Potato Center (2006).  

The plant materials were evaluated under natural infection pressure. The severity of the 

foliage damage caused by late blight (as a percentage of leaf surface) was assessed every 7 

days for 4 weeks. The evaluation started when the first symptoms were observed (62 days 

after emergence). The late blight assessments were used to calculate the Area Under the 

Disease Progress Curve (AUDPC) following Shaner & Finney (1977): 

  n 

AUDPC =  ∑ [(Yi + n1 + Yi)/2] [Xi + 1 - Xi] 
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                  i=1       

in which Yi = late blight severity (per plot) at the ith observation, Xi = time (days) at the ith 

observation, and n = total number of observations. 

 

Data analysis 

We used SAS (release 9.1, SAS Institute, Inc., Cary, NC) to perform an ANOVA analysis. A 

LSD Fisher test on the AUDPC data was performed in Infostat® (Di Rienzo et al., 2008) to 

determine the statistical significance of the differences among the landraces.  

The cultivars were classified by their susceptibility to late blight based on their average 

AUDPC values according the following scale: highly resistant (< 250), resistant (251-550), 

moderately resistant (551-650), susceptible (651-1200) and highly susceptible (>1200) (Gopal 

& Singh, 2003). 

 

Results 

 

Diseases affecting Ecuadorian potato landraces 

A total of 145 farmers provided information about the main diseases affecting their potato 

landraces (47 from Carchi, 49 in Chimborazo and 49 in Loja). Farmers mentioned nine 

diseases affecting their potatoes. The number of times a respondent mentioned a disease is 

shown in Figure 2. Late blight caused by Phytophthora infestans, in Ecuador known as 

‗Lancha‘, was most frequently mentioned in the three areas. The second important disease in 

Carchi was ‗Lanosa‘ (Rosellinia sp.) and in Chimborazo and Loja: ‗Pudrición de la raíz‘, 

which is root wilt (in this case the pathogen is unknown). The farmers from Loja mentioned 

more local common names of diseases than in the other areas, but the associated pathogens 

are unknown. These diseases were grouped under the category ―Other‖.  
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Figure 2. Number of respondents that mentioned a disease affecting potato landraces in three provinces of 

Ecuador (n=145). All the diseases mentioned by the farmers are included (sometimes more than one per 

farmer). 

 

Response to late blight of the selected Ecuadorian landraces 

The Analysis of Variance for the model AUDPC = Blocks + landraces, was highly significant 

(F= 4.16; P= 0.0001). The variation among blocks was not significant (F= 0.33; P= 0.8285) 

and the variation among landraces highly significant (F= 4.52; P= 0.0001).  

The LSD test showed significant differences among the landraces according to their field 

response to late blight (Table 1).   



 

82 
 

Table 1. Late blight resistance of the Ecuadorian potato landraces and the two varieties. Common names of the 

landraces, origin, collection code, AUDPC values, LSD and ploidy levels are shown. 

Landrace Province Code Ploidy  
AUDPC 

(average) 
LSD* 

Late blight 

reaction 

Uva Carchi JS-2 4x  331 A R 

Chaucha roja Loja MPG-028 4x  374 AB R 

Guata amarilla Loja MG-007 4x  427 ABC R 

Coneja Chimborazo FM RA FH 002 4x  434 ABC R 

Chaucha ratona Carchi AXC-028 2x  505 ABC R 

Fripapa (Var.) 
  

4x  507 ABC R 

Superchola (Var.) 
  

4x  557 ABCD MR 

Negra, Carriza or Catalina Loja MOPG-002 4x  589 BCD MR 

Super violeta Carchi AXC-004 4x  597 BCD MR 

Violeta común Carchi AXC-025 4x  599 BCD MR 

Curipamba Carchi AXC-016 4x  628 BCDE MR 

Colorada chaucha Loja MOPG-004 4x  663 BCDE S 

Parda Pastusa Carchi AC-042 3x  692 BCDE S 

Morasurco Carchi AXC-009 4x  696 BCDE S 

Puña negra Chimborazo FM FH RA 002 4x  711 BCDEF S 

Negra ojona Loja MG-011 4x  714 CDEF S 

Parda mejorada Carchi AXC-020 4x  716 CDEF S 

Bodeguera blanca Loja MOPG-009 4x  723 CDEF S 

Semibolona Loja MG-014A 4x  759 CDEF S 

Negra Loja MPG-033 4x  761 CDEF S 

Colorada Loja MOPG-003 4x  768 CDEF S 

Carriza Loja MPG-020 4x  778 CDEF S 

Tulca hembra Chimborazo XCFM-19 4x  781 CDEFG S 

Sulipamba Carchi AXC-003 4x  788 DEFG S 

Colorada antigua Loja MPG-042 4x  842 DEFG S 

Roja plancha Carchi AXC-030 4x  891 DEFG S 

Papa chacra Loja MPG-021 2x  914 DEFG S 

Rabo de gato Carchi AC-040 2x  917 DEFG S 

Manuela Chimborazo AMFY-1 4x  917 EFG S 

Rosada Carchi AXC-029 4x  919 EFG S 

Cuchi chupa Chimborazo FMFYRA IV 005 4x  1013 FG S 

Cacho blanco Chimborazo FM RA FH 002 4x  1069 FG S 

Sabanera Carchi AC-034 4x  1125 G S 

* Different letters indicate significant difference at α = 0.05.   

** HR= Highly Resistant (AUDPC<250); R= Resistant (AUDPC 251-550); MR= Moderately Resistant (AUDPC 551-650); S= Susceptible 

(AUDPC 651-1200); Highly Susceptible (AUDPC >1200). 

 

A total of five landraces and one variety were ranked as resistant. Three of these landraces are 

from the S. tuberosum tetraploid Andigenum Group: ‗Uva‘, ‗Guata amarilla‘, ‗Coneja‘ and 

‗Chaucha roja‘ and one from the S. tuberosum diploid Group: ‗Chaucha ratona‘. The landrace 

‘Chaucha roja’ is an early-sprouting potato, but tetraploid while ‗Chaucha ratona‘ is a diploid 

early-sprouting landrace. The landrace ‗Uva‘ performed the best since it had the lowest 

AUDPC value (331) among all the landraces evaluated. Four landraces and one variety 

(Superchola) were moderately susceptible. These landraces include: ‗Negra-Carrizo-Catalina‘, 

‗Super violeta‘, ‗Violeta común‘, ‗Curipamba‘. Twenty two of the landraces were susceptible 
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to late blight. There was no obvious link between the level of susceptibility and the origin of 

the different landraces. 

The 145 farmers were growing some of the landraces used in our study and knew 

/acknowledged that indeed these landraces were susceptible to late blight. No reports were 

made of very conflicting results although some of the landraces used in more than one 

province or region were less/more susceptible in one versus the other region.  

 

Discussion 

 

Ecuadorian landraces and late blight performance 

The landraces under study showed different responses to late blight in the experimental field. 

Most of them turned out to be only moderately resistant to susceptible (Table 1), which is in 

line with reports on landraces from other parts of the Andes (Van Soest et al., 1984; Birhman 

& Kang, 1993; Turkensteen, 1993). Five landraces (one diploid and four tetraploid) showed 

the best field resistance. The performance of these landraces was similar to the tetraploid 

variety ‗I-Fripapa‘, which is a leading variety in Ecuador and reported as resistant (Oyarzún et 

al., 2001 a; Perez & Forbes, 2007) or moderately resistant (Cáceres et al., 2008). The variety 

‗Superchola‘ is believed to be susceptible, but was not significantly different from the most 

resistant landraces in our field experiment. The landrace ‗Uva‘ performed best and is believed 

to have S. tuberosum ssp andigenum in its pedigree which may have donated its resistance 

(Turkensteen, 1993). 

 

Late blight perception by farmers  

Similar to farmers growing commercial varieties (Ortiz et al., 1999) also farmers currently 

cultivating landraces consider late blight as the main disease in their potatoes (Figure 2). 

Other diseases were mentioned but these are less important. Farmers are aware of differences 

in late blight response among their landraces. They know that certain landraces are more 

resistant or susceptible than others. For example, ‗Sulipamba‘ is considered susceptible by the 

farmers, which was confirmed in our field experiment (Table 1). Similarly, ‗Uva‘ was 

considered resistant by the farmer who provided the landrace.  

Changes in the response of landraces to late blight have been noticed by farmers. In Carchi 

farmers mentioned that ‗Violeta‘, ‗Curipamba‘ and ‗Morasurco‘ were the more resistant 

landraces in the past. In our field trial these landraces were only moderately resistant or even 

susceptible. These changes might be related to the appearance of more virulent races of P. 

infestans. Forbes et al., (1997) reported a shift in the P. infestans populations. The original 

clonal lineage US-1 was replaced by EC-1, which is a more complex race than the previous 

one.  

 

Management practices of farmers 

It is interesting that farmers have managed to maintain these mostly susceptible landraces for 

centuries. Apparently, there are other characteristics that promote the continued use of the 
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landraces, despite the fact that most of them are susceptible to late blight. Ortiz et al. (1999) 

already mentioned that farmers preferred particular cultivars for other reasons than late blight 

resistance. For example in our study the landrace Sulipamba was determined as susceptible, 

but local farmers appreciated its taste. 

There are also management practices that decrease the impact of late blight on the potato 

crop. Farmers growing potato landraces do not only keep potatoes, but a much broader crop 

diversity on their farms (Monteros-Altamirano, 2011). This crop diversity may provide 

protection to diseases by inter-cropping and crop rotation (Thurston, 1990; Garret et al., 

2001). An example is the susceptible landrace ‗Papa de chacra‘, which is grown within corn 

fields ―as weedy potato‖ with no pesticide application. Another common practice among the 

farmers is planting potato landraces in mixtures. This can reduce potato late blight severity as 

observed by Andrivon et al.. (2003) and Pilet et al. (2006). We observed different landraces 

of potatoes and also different ploidy levels intermixed in farmer fields (Monteros-Altamirano, 

2011). 

Potato landraces were managed organically in the past. The appearance of new commercial 

cultivars e.g. ‗Superchola‘ and ‗I-Fripapa‘ has brought new management practices to the 

commercial potatoes. A large range of fungicides and excessive use of them has been 

documented in commercial potatoes in Ecuador (Crissman 1994, 1998; Ortiz et al., 1999; 

Ortiz et al., 2001). Pesticide application on the commercial varieties is now common practice 

and farmers are also increasing their use of potato landraces. Currently 64% of the farmers in 

Carchi, 58% in Chimborazo and 60% in Loja are managing landraces similarly to commercial 

varieties (Monteros-Altamirano, 2011).  

Finally, farmers growing landraces are aware of ways to escape late blight; e.g. farmers in 

Loja skip the heavy rainy season to avoid losses due to late blight attack (Monteros-

Altamirano, 2011). 

 

Perspectives for late blight resistance breeding  

From this study (Table 1) and previous reports, it is clear that there is variation in the level of 

resistance to late blight in Ecuadorian landraces (Cañizares and Forbes, 1995; Revelo et al.et 

al.., 1997a). Possible strategies to improve late blight resistance in potato in Ecuador could 

include the identification of accessions with resistance among local landraces and/or the 

introduction of new sources of resistance from other origins. A screening of the available 

potato germplasm could be carried out. However, considering our results on a selection of 

landraces that represents the available diversity quite well (Figure 1), this might not lead to 

much improvement as most landraces turned out to be susceptible (Table 1).  

Previous experiences with the release of varieties carrying single R-genes in Ecuador showed 

that the resistance was quickly overcome by the P. infestans population (Revelo et al., 1997b; 

Oyarzun et al., 2001). This probably is due to the high variability of the P. infestans 

populations present in the Ecuadorian highlands (Forbes et al., 1997; Tello, 2008). As an 

alternative, the pyramiding of novel R-genes obtained from different sources has been 

proposed to improve late blight resistance and its durability (Tan et al., 2010; Verzaux, 2010). 

However, we have to keep in mind that several of the R-genes have already been defeated. 

Therefore, a careful selection has to be made based on the frequency of the different races and 

composition of the P. infestans population. It is encouraging that recent research identified 

several novel R-genes in wild tuber bearing Solanum species that will be useful (Wang et al., 
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2008; Jacobs et al., 2010; Pel et al., 2009, Jo et al, 2011; Rietman et al., 2012;  Jo et al., 

2015). In addition, it might be a viable strategy to introduce these novel R-genes in material 

that already contains some level of quantitative resistance, as suggested by Stewart et al. 

(2003).  
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Appendix 1. Questionnaire 

1. Farmer name: 

2. Age:  

3. Race: 1= mestizo, 2=indigenous 

4. Education level: 0=none, 1=primary, 2=secondary, 3=university 

5. Do you have another job besides agriculture? 0=only agriculture, 1= grow minor 

animals, 2= cattle, 3=housekeeping, 4=paid labor, 5=other 

6. Which one is more important? 1=agriculture, 2=equal, 3= other activities 

7. Province: 1= Carchi, 2= Chimborazo= 3 Loja 

8. Canton:  

9. Parish: 

10. Locality: 

11. Community: 

12. Size of the farm (ha): 

13. Observations: 

14. Date: 

15. How many members of the family are men? 

16. How many members of the family are women? 

17. How many members of the family are working directly in agriculture? 

18. How many members of the family have migrated to look for a job different than 

agriculture? 

19. Who prepares the land? 1= men, 2= women, 3= men + women, 4= hired labor, 5= 

tractor, 6=. partidario*, 7= men + hired labor, 8= men + women + hired labor 

20. Who takes care of the crop daily? 1= men, 2= women, 3= men + women, 4= hired 

labor, 5= tractor, 6=. partidario, 7= men + hired labor, 8= men + women + hired labor 

21. Who applies fungicides? 0= not applied, 1= men, 2= women, 3= men + women, 4= 

hired labor, 5= tractor, 6=. partidario, 7= men + hired labor, 8= men + women + hired 

labor 

22. Who harvests? 1= men, 2= women, 3= men + women, 4= hired labor, 5= tractor, 6=. 

partidario, 7= men + hired labor, 8= men + women + hired labor, 9= all family 

23. Who sells? 0= do not sell, self consumption, 1= men, 2= women, 3= men + women, 

4= hired labor, 5= tractor, 6=. partidario, 7= men + hired labor, 8= men + women + 

hired labor 

24. Invisible work for women: 

25. Crops in the farm: 

26. Is there any difference among the management of commercial potatoes and native 

ones? 1= Yes, 2= No 

27. Potato diseases: 

28. Potato plagues: 

29. Grow the landraces mixed or separated? 1= mixed, 2= separated 

30. If you lose your landrace, do you try to recover it? 1= Yes, 2= No 

31. If you sell these landraces, where do you do it? 1= local market, 2= other 

32. Do you exchange seeds with the neighbors? 1= Yes, 2= No 

33. Do you know anybody that still has these local potato landraces? 1= Yes, 2= No 

34. If you choose one of the lost landraces, which would you choose to get it back? 

35. Do you believe if you grow potatoes together, they hybridize? 1= Yes, 2= No 

36. Do you collect berries from the field and plant them? 

37. Have you seen wild potatoes close to your farm field? 1= Yes, 2= No 

38. Do you believe that wild species can hybridize with the cultivated ones? 1= Yes, 2= 

No 

39. Common names of the wild potatoes: 

40. Use of potato wild species: 

* partidario, is a local name referred to a farmer that grows the crop in another farmers‘ land 

and they share the profits according to the negotiation process. 

Source: Monteros-Altamirano, 2011.  
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Abstract 

 

Late blight caused by Phytophthora infestans (Mont.) de Bary is the most devastating potato 

disease in Ecuador. Main breeding goals are centered on obtaining varieties with good levels 

of resistance. One potential resource available for this purpose are potato landraces. A 

segregating population was created with two Solanum phureja accessions. Field experiments 

were conducted and late blight severity was recorded and AUPDC was calculated for each of 

the individuals from the crossing population. Diversity Arrays Technology (DArT) was used 

to genotype the individuals of the population. A male and female linkage map was 

constructed. The Kruskal-Wallis non-parametric test identified nineteen markers potentially 

associated to field resistance against blight. Interval mapping and Permutation tests were 

performed in order to confirm the presence of Quantitative Trait Loci (QTLs) in the 

population under study. No QTLs were identified by Interval mapping. Although no clear 

QTL with large effect could be observed some association was observed with the Kruskal-

Wallis test. A low heritability was observed so most of the variation should be attributed to 

environmental effects. Further studies with more evaluation sites and better genome coverage 

should lead to confirmation of the absence or the presence of QTLs for resistance in this cross 

and to the answer whether the level of resistance conveyed in these type of crosses is 

sufficient to be of practical use. 

 

Introduction 

 

Late blight (LB), caused by the oomycete Phytophthora infestans (Mont.) de Bary is the most 

devastating potato disease not only in Ecuador (Oyarzún et al, 2002), but  worldwide 

(Thurston & Schultz, 1981). Yield losses due to this disease can be enormous depending on 

the weather conditions and host resistance (Morales et al, 1995). The deployment of improved 

varieties is one of the management strategies used to reduce damage by the pathogen, 

Breeding efforts to obtain varieties with resistance are continuously being carried out in the 

country, but it takes several years until a new variety is ready for release (Cuesta, 2011). 
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Sources of resistance to LB used in potato breeding in Ecuador in the past included S. 

demissum and S. pausissectum species. Their resistance was based on major genes (R genes) 

that soon were overcome by the population of P. infestans (Revelo et al., 1997; Oyarzún et 

al., 2001) present in Ecuador, which consists of highly complex races (Forbes et al., 1997, 

Tello, 2008, Chapter 3; Delgado et al., 2013).  

An alternative may be the use of Ecuadorian landraces. It is estimated that there are over 400 

potato landraces in Ecuador (Cuesta et al., 2005). These landraces are the result of selection 

and conservation carried out by small farmers in the highlands for many generations (Cuesta 

et al., 2005). These potatoes have been cultivated under conditions different from the 

commercial varieties, mainly on a small scale with low use of pesticides (Cuesta et al., 2005, 

Monteros & Reinoso, 2010). These landraces include species such as Solanum phureja, S. 

chaucha and S. andigena (Monteros-Altamirano, 2011). Early reports have identified S. 

phureja accessions as a source of quantitative resistance to late blight in Ecuador (Cañizares 

& Forbes, 1995, Revelo et al., 1997, Garofalo, 2005), in Colombia (Escallon et al., 2005; 

Mosquera, 2007) and more recently in Bolivia (Gabriel et al., 2013). Quantitative trait loci 

(QTLs) for late blight resistance have been identified (Ghislain et al., 2001, Constanzo et al., 

2005, Mosquera, 2007). QTLs have been detected for S. phureja on chromosomes VII, XI, 

XII, in a cross between S. phureja x S. tuberosum (2n) (Ghislain et al., 2001). A major 

resistance locus Rpi-phu1 from S. phureja, conferring broad-spectrum resistance to late blight, 

was mapped to chromosome IX (Sliwka et al., 2006). Two PR-1 loci (PR-1b1 and PR-1b2) 

which are supposed to play a role in horizontal resistance to LB in S. phureja were also 

located on chromosome IX (Evers et al., 2006). Also, three major QTLs were identified on 

chromosomes III, V and XI in a cross between S. phureja x S. stenotomum (Costanzo et al., 

2005. Additionally, ten defense genes were clustered at a QTL on chromosome III and three 

defense genes were located at a QTL on chromosome XII (Trognitz et al., 2002). On the other 

hand, QTLs with a negative effect on late blight resistance have also been reported in a cross 

between S. phureja varieties (Mosquera, 2007).  

For the mapping of QTLs different types of marker have been used in potato, including 

RFLP, AFLP, SSR, SCAR and CAPs (Ghislain et al., 2001, Constanzo et al., 2005, 

Mosquera, 2007). Diversity Arrays Technology (DArT) is a hybridization-based technique, 

based on the amplification of a set of restriction fragments. Polymorphism in the restriction 

sites (SNPs or Indels) will result in the absence/presence of a particular fragment, which is 

detected by hybridization (Wittenberg, 2007). This marker system has been used for QTL 

mapping of disease resistance against powdery mildew and crown rot in wheat (Lillemo et al., 

2008, Ma et al., 2010) and spot blotch in barley (Roy et al., 2010). The identification of 

molecular markers linked to QTLs will allow using them in marker assisted selection, which 

will speed up the breeding process (Sliwka et al., 2010) to obtain resistant varieties. 

The aim of this research was to identify and map potential QTLs associated with LB 

resistance in a cross between two diploid potato landraces from Ecuador using DArT® 

markers.  

 

Materials and methods 

 

Plant materials 

The progeny derived from a cross between two diploid S. phureja landraces from the 

germplasm collection known as Colección Ecuatoriana de la Papa (CEP) was used. Chaucha 
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amarilla (HSO-131), which is a moderately resistant potato landrace, was used as male parent, 

and the susceptible landrace Chaucha roja (HSO-369) was the female parent. The family 

obtained was designated as CHAR-01 and  rendered 200 offspring plants of which 110 were 

deployed in a field experiment. 

 

Field trial for late blight resistance 

The field experiment was conducted in Quito at the Santa Catalina Experimental Station 

(EESC) of the National Institute for Agricultural Research (INIAP) located at 3050 m.a.s.l, 

Longitude: 78º33‘15‖ and Latitude: 00º22‘4‖ S. This location is known to have a high P. 

infestans pressure involving several complex races (Tello, 2008). Each individual of the 

progeny was planted in rows of 10 seeds each in a Complete randomized design. The plant 

material was evaluated under natural infection pressure for late blight resistance. The severity 

of the disease was assessed visually every 7 days for 4 weeks as percentage of necrotic leaf 

area. The evaluation started when the first symptoms were observed. The late blight severity 

values were used to calculate the Area Under the Disease Progress Curve (AUDPC) (Shanner 

& Finney, 1977): 

n 

AUDPC =  ∑ [(Yi + n1 + Yi)/2] [Xi + 1 - Xi] 

                  i=1       

in which Yi = late blight severity (per plot) at the ith observation, Xi = time (days) at the ith 

observation, and n = total number of observations. The late blight reaction of the clones were 

classified according their AUDPC values as: Highly Resistant (HR): <250; Resistant (R): 

251-550; Moderately Resistant (MR): 551-650; Susceptible (S): 651-1200 and Highly 

Susceptible (HS): >1200 (Gopal & Singh, 2003). Broad sense heritability (h
2
) was calculated 

as the ratio of the genetic variability (σ
2
g) to phenotypic variability (σ

2
g  + σ

2
e) and is given by  

h
2
= σ

2
g/(σ

2
g  + σ

2
e). The estimation of the genetic and phenotypic variability was done 

according Singh et al. (1993). 

 

Linkage map and QTL analysis 

DNA samples of the CHAR-01 population were extracted according to the protocol provided 

Diversity Arrays Technology (DArT) Pty. Ltd (Yarralumla, Australia) and sent to them for 

analysis. A total of one thousand four hundred and twenty-six DArT® markers were used on 

the array in 110 individuals of the progeny. Each genotype was scored for presence (1) or 

absence (0) of a DArT marker. Linkage analysis was carried out using the software package 

JoinMap® 4.0 (Kyazma B.V., Wageningen, Netherlands). The linkage maps were constructed 

with the Cross Pollinated population type option and Haldane‘s mapping function linkage 

with a recombination threshold smaller than 0.40. The QTL analysis was conducted using 

MapQTL® 6.0 (Kyazma B.V., Wageningen, Netherlands). The phenotypic data used was the 

average of the AUDPC values of the field trial for each individual clone. A nonparametric 

test, single marker-based, Kruskal-Wallis analysis was used in a preliminary analysis to detect 

significant association of markers with AUPDC averages. Interval Mapping was then 

conducted in order to identify QTLs. To determine the significant genome-wise logarithm of 

the odds (LOD) threshold, a permutation test with 1.000 iterations was performed. A QTL 

was considered significant if it had a higher LOD score than the genome-wide threshold. 
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Results 

 

Disease Phenotyping 

A field experiment was conducted with offspring plants which were naturally infected by P. 

infestans. AUDPC values were obtained for one hundred ten individuals on the field. The 

average AUDPC was 1238.90. The minimum was 74.5 and the maximum was 3145. The 

coefficient of variation was 47.92%. The distribution of data was normal (W*= 0.98, P=0.43) 

(Figure 1). Most of the clones reacted as susceptible and highly susceptible, 91 out of 110. 

Meanwhile, 15 out of 110 reacted as moderately resistant to highly resistant (Table 1). The 

Broad Sense heritability (h
2
) of the trait was 0.10. 

 

Construction of the genetic linkage map using DArT markers and QTL Analysis 

Using the 110 progeny plants and the 733 DArT markers which were polymorphic, 693 DArT 

markers were not polymorphic, a genetic linkage map for each of the parents was constructed. 

The parental map named P1 (Chaucha Amarilla) used 388 markers and the parental map P2 

(Chaucha Roja) 134. Two hundred eleven markers were used in both maps as bridge markers. 

The map of the resistant parent (Chaucha amarilla, P1) covered 388.4 cM. The map was 

constructed with 248 DArT markers from a total of 599 markers. The map of the susceptible 

parent (Chaucha roja, P2) covered 262.4 cM and was based on 232 DArT markers from a 

total of 345. Chromosomes 8 and 12 had the lowest number of markers mapped, four and 

three respectively (Figure 2). In the parental map P2 no markers were associated to 

chromosomes 2, 3, 4, 8 and 12 (Figure 3). 

 

The Kruskal-Wallis test was used to identify significant associations between the AUDPC 

data and the markers (Table 2). Nineteen such markers were identified. Thirteen markers were 

located on the chromosome VI, five markers on chromosome VII, one on chromosome I, all 

in the P1 map. Just one marker was significantly associated to a P2 marker, which was located 

on chromosome I. The permutation test was performed and LOD thresholds were calculated, 

which were 2.36 and 2.2 for P1 and P2 respectively. No QTLs were found since no peaks 

above the threshold were detected.  

 

Discussion 

 

Construction of linkage map 

The mapping rendered an incomplete coverage of the genome. Some chromosomes had few 

markers associated. In the case of the P1 map Chromosomes 8 and 12 had the lowest number 

of markers associated (Figure 2). In the P2 map, chromosomes 2, 3, 4, 8 and 12 had no 

markers at all (Figure 3). This means that in order to definitively say something about the 

presence or absence of QTL against late blight more markers should be mapped so that also 

the missing chromosomes will contain DArT markers. 
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Segregation of Late blight resistance  

Despite the variability observed in the AUDPC values in the CHAR-01 family, the fact that 

the heritability is extremely low (0.10) means that at this moment the environmental effects in 

the single location where the population was evaluated were too large. The fact that the 

population which was effectively scored for late blight resistance was relatively small (110 

plants) and that the segregation of resistance was extremely skewed (the large majority >90% 

of the plants were susceptible) might play a role as well. 

 

QTL mapping  

No QTLs were identified in this population. A possible explanation of the failure is that the 

QTLs may have been located in regions poorly or not covered by markers in the linkage 

maps. QTLs had been reported in chromosome 12 in a population using a S. phureja 

accession from Ecuador (Ghislain et al., 2001). In a population involving two S. phureja 

parents, QTLs were identified on chromosomes 2, 3, 4 and 9 (Mosquera, 2007). Another 

possibility is that several genes contributing to the late blight resistance phenotype in this 

segregating population were present and each with a small effect, so being non-significant for 

QTL detection. This later was supported by the low value of the heritability observed 

(Molina, 1992). Despite that some markers showed association with the trait the significance 

level was too low. Constanzo et al., (2005) used as threshold criterion for QTL detection with 

Kruskal-Wallis test and a P-value of less than 0.01. Additionally, the association of the 

markers detected by this test pointed to chromosomes where no QTLs had been described 

before, so environmental effects could also serve as explanation for the variation in the late 

blight susceptibility observed in the field. 

Another explanation for the absence of detection of QTLs in this population, could be 

attributed to the resistance level of the Ecuadorian potato landraces were most of them are 

susceptible. Additionally, those resistant potatoes are similar to the improved varieties 

(Monteros-Altamirano, 2011). The parental genotypes used for this progeny behaved not so 

different for their late blight reaction (Figure 1). Maybe field trials in more than one site 

would have been better for the detection of QTLs, if present. Further studies with more 

complete genome coverage will allow finding out if QTLs are present in this population and 

whether it will be worthwhile to try and introgress them into new cultivars.  
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Figure 1. Distribution by mean AUDPC of 110 clones from the diploid family CHAR-01. 

Parentals are indicated with arrows. 

 

Table 1. Reaction to late blight of 110 clones from the diploid family CHAR-01 according to 

AUDPC values (Gopal & Sigh , 2003).  

Late 

blight 

reaction* 

Genotype Total 

HR 142, 530, 556, 100, 7 5 

R 152, 233, 109, 4, 84, 140, 6, 52, 18, 726 10 

MR 31, 113, 514, 237 4 

S 

20, 15, 38, 185, 1, 101, 195, 518, 548, 205, 14, 220, 110, 85, 34, 

529, 130, 262, 114, 708, 559, 403, 96, 106, 206, 549, 257, 88, 42, 

119, 700, 170, 10 

33 

HS 

3, 527, 266, 211, 28, 128, 45, 55, 53, 76, 74, 60, 41, 172, 73, 68, 

36, 512, 75, 153, 397, 32, 525, 555, 93, 537, 545, 125, 533, 24, 

126, 546, 118, 56, 122, 98, 507, 70, 513, 242, 508, 524, 17, 104, 

528, 522, 521, 16, 19, 39, 8, 750, 308, 502, 511, 509, 131, 5 

58 

*HR (Highly Resistant): <250; R (Resistant): 251-550; MR (Moderately Resistant): 551-650;  

S (Susceptible): 651-1200; HS (Highly Susceptible): >1200. 
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Figure 2. Linkage map of the Parental Type P1 (Chaucha amarilla). 
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Figure 3. Linkage map of the Parental Type P2 (Chaucha roja). Note for chromosomes 

2,3,4,8 and 12 no markers were found 
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Table  2. Markers associated to late blight resistance according to Kruskal-Wallis test. 

 

Parental type Chromosome Marker K* Signif. 

P1 VI 657084-6P30087 7.50 0.01 

P1 VI 6520890 7.50 0.01 

P1 VI 458706-6P30087 6.23 0.05 

P1 VI 440708-6P30087 6.23 0.05 

P1 VI 654150-6P30087 6.20 0.05 

P1 VI 438646-6P30087 6.20 0.05 

P1 VI 473709-6P30087 6.17 0.05 

P1 VI 437684-6P30087 6.17 0.05 

P1 VI 458203-6P0087 5.96 0.05 

P1 VI 437027-6P30087 5.93 0.05 

P1 VI 439265-6P30087 5.92 0.05 

P1 VI 651851-6 5.91 0.05 

P1 VI 438329-6P30087 5.85 0.05 

P1 VII 539655 4.87 0.05 

P1 VII 654273-7P30076 4.25 0.05 

P1 VII 536850 4.08 0.05 

P1 VII 6556410 4.07 0.05 

P1 VII 654843-7P30076 4.02 0.05 

P1 I 672281-1P0073 3.92 0.05 

P2 I 672281-1P0073 3.92 0.05 
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Chapter 7 

 

Late blight response and yield characteristics of potato varieties in two 

environments in Chimborazo province, Ecuador 
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Abstract 

 

The late blight susceptibility and yield of fifteen potato varieties was evaluated in two 

locations in Ecuador, Tunshi and Quimiag in Chimborazo province. There were significant 

differences observed for environments, genotypes and the interaction between these two. In 

Tunshi, clones Carolina and 00_24_1 were shown to be highly resistant, while Superchola, 

99_66_6 and 08_12_01 were resistant to late blight. In Quimiag, Carolina, 99_66_6, INIAP-

Estela and INIAP-Natividad were resistant to the disease. For yield per hectare, Carolina 

(34.6 t/ha), 08_12_1 (28.67 t/ha), INIAP-Estela (27.63 t/ha), 97_25_3 (26.6 t/ha), INIAP-

Natividad (26.33 t/ha), Superchola (22.27 t/ha), 08_12_2 (21.5 t/ha) and 00_24_1 (20.3 t/ha) 

were the most productive. In Quimiag, Carolina (14.4 t/ha), INIAP-Estela (13.3 t/ha) and 

INIAP-Natividad (12.3 t/ha) had the highest yields for that site. In Tunshi, non-significant 

correlations among yield and late blight assessments and AUDPC were observed. On the 

other hand, in Quimiag yield was negatively correlated to AUDPC and late blight severity 

assessments. Despite the variation observed among the two sites, Carolina and 99_66_6, were 

the best performing clones with regard to late blight resistance. Carolina, INIAP-Estela and 

INIAP-Natividad were those that had the higher yields in both places. The variability 

observed shows the difficulties for breeding potatoes in Ecuador. Nevertheless, the varieties 

that performed good in both places are valuable for breeding and should be used as parental 

clones in the country.  

 

Keywords:  Breeding, Phytophthora infestans, Solanum, disease resistance 
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Introduction 

In Ecuador potatoes are an important staple crop and challenged mainly by late blight. One of 

the main constraints for tuber yield is the occurrence of late blight epidemics caused by the 

oomycete Phytophthora infestans (Oyarzún et al., 2002b). It causes necrosis of the leaves and 

all other organs of the plant thus reducing harvestable potato yield to zero in severe cases 

(Thurston & Schultz, 1981;Morales et al., 1995). Conditions in the Ecuadorian highlands are 

favourable for late blight epidemics because of the highly favourable temperatures ranging 

from 12 to 18 
o
C, the high humidity, and potato being grown all year around (Oyarzún et al., 

2002b). 

The epidemic starts from the sporangia grown on the surface of the infected tissue, which can 

be dispersed by rain and wind. Once landed on a susceptible tissue, sporangia can germinate 

producing mycelia or release zoospores both capable to infect the host. The pathogen can 

survive in infected tubers, plant debris and volunteer plants. Infection of tubers can occur but 

is rarely observed (Oyarzún et al., 2005, Kromman et al., 2008), or even absent (Fankhauser, 

2000) when tuber diseases had been prospected. These have been attributed to soil 

supressiveness due to physical/chemical properties (Oyarzun et al., 2011, Villamarin et al., 

2011) and/or microbial antagonism (Orquera et al., 2011). Late blight epidemics could start 

soon after the emergence through infected sprouts from zoospores or sporangia from infected 

potato plants in the field (Kromman et al., 2008). Despite the fact that the population of P. 

infestans belongs to the A1 mating type, so it reproduces clonally only, it has been observed 

that it is composed of complex races capable to overcome several major resistant genes 

(Forbes et al., 1997, Tello, 2008, Chapter 3; Delgado et al., 2013). It has also been observed 

that this asexual reproducing population has different genotypes among them based on 

microsatellite analyses (Chapter 3; Delgado et al., 2013). Particularly, taken into 

consideration the race composition, in Chimborazo a high diversity has been observed with an 

Evenness near a value of 1, which means that almost every isolate analyzed was a unique race 

phenotype (Chapter 3; Delgado et al., 2013). 

For this reason, breeding efforts are continuously undertaken in order to obtain resistant 

varieties.  Variability in the late blight development on advanced breeding clones and in the 

improved varieties has been observed in the different evaluation sites in Ecuador (Rivadeneira 

et al., 2008). Also, Forbes et al., (2005) observed variation in the late blight development on a 

group of potato varieties planted in different countries. They attributed this to the variability 

of P. infestans populations in Argentina, where both mating types occur and where sexual 

recombination results in an increased genetic variation. Also the epidemiological conditions 

in Ecuador, where infections could occur soon after emergence of the sprouts, since inoculum 

sources are available throughout the year, may give the chance for spontaneous mutations to 

occur. Additionally, a change in the population of the pathogen in Ecuador from 

predominantly simple to highly complex races, capable to overcome several major resistance 

genes, has been reported (Forbes et al., 1997, Delgado et al., 2013).  

The aim of this study was to analyse the resistance to late blight of a set of fifteen potato 

cultivars at two locations in Chimborazo province in Ecuador with the aim to determine if 

they behave similarly under different conditions. Correlations between late blight resistance, 

tuber yield and location are studied. 
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Materials and methods 

 

Testing site  

The present research was carried out in two locations in the Chimborazo province, with two 

different rainfall conditions, which means that one location (Quimiag) is probably more 

conductive for late blight epidemics. Quimiag (2834 meters above sea level [masl], 1000 mm 

average rainfall/year, 12 °C average/year, 75% average relative humidity, 1° 40‘42‘‘ 

longitude, 78°38‘24‘‘ latitude) and Tunshi (2829 masl, 421 mm average rainfall/year, 13.8 °C 

average/year, 66.4% average relative humidity,1º 44‘ 36‘‘ longitude, 78º 37‘ 33‘‘ latitude). 

Nutrient contents of the soil at both sides proved to be different (Table S1).   

 

Testing materials and treatments  

The experiment consisted of three replications (plots) placed in each of the two locations in 

Chimborazo province. Fifteen potato clones/cultivars, nine of them selected from the breeding 

lines of INIAP‘s breeding  program, all obtained from crosses using Ecuadorian potato 

landraces , and four Ecuadorian varieties and two clones, one from Colombia and one from 

Perú  (Table 1) were used.  These clones were included in each plot according to a 

randomized block design, the examined materials consisted of nine advanced clones which 

have been developed in Ecuador and six commercial varieties that were developed locally or 

introduced. The seed tubers were obtained from Santa Catalina Research Station in Quito, 

Pichincha Province. They were treated with Carboxin (100 mL/L) before planting. Plots 

measured 12 m
2
 with 4 rows, each of them had 3 m of length and 30 cm distance between 

plants and 1 m distance between rows. Fertilization was applied according to crop 

requirements based on nutrient contents prior to planting adding Nitrogen, Phosphorus and 

Potasium, in each row (Table S1, Oyarzun et al., 2002a).  

Planting took place on November 17
th

, 2011 in Quimiag and October 24
th

, 2011 in Tunshi. 

Plants were earthed up 64 and 75 days after planting in Quimiag and Tunshi, respectively. 

Profenopos (2.5 ml/l) was applied in order to control the potato flea beetle (Epitrix sp.) in 

both sites. One application of contact fungicide (Mancozeb, 2,25 kg/ha) was done 30 days 

after emergence of the sprouts in order to protect the plants from early infection by P. 

infestans, after this, natural infection by the pathogen was allowed. Disease severity was 

recorded as percentage of necrotic tissue.  

 

Assessment of late blight resistance   

The evaluations of late blight started 46 and 69 days after planting in Quimiag and Tunshi, 

respectively and were registered weekly. The late blight severity values were used to calculate 

the Area Under the Disease Progress Curve (AUDPC) according to Shanner & Finney (1977): 

n 

AUDPC =  ∑ [(Yi + n1 + Yi)/2] [Xi + 1 - Xi] 

                  i=1       
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in which Yi = late blight severity (per plot) at the ith observation, Xi = time (days) at the ith 

observation, and n = total number of observations.  

 

Yield assessments  

At harvest, tubers were collected from each plot and weighed. Data were extrapolated to tons 

per hectare.  

Data of AUDPC and Yield were subjected to analysis of variance (ANOVA) for each 

environment in order to asses differences among the genotypes and means were compared by 

Scott & Knot test (α= 0.05) (Gates & Bilbro, 1978).  A combined ANOVA was performed for 

both environments to check genotype – environment interaction. The heritability (h
2
) of 

AUDPC and Yield per hectare was calculated according Singh et al. (1993) by the formula: 

h
2
= σ2

g/ [σ2g+ σ
2
i+ σ

2
e], where σ2

e = MSE, σ2
i = (MSI – MSE)/b and, σ2

g = (MSG – MSI)/bl. 

MSE stand for Mean Square of Error, MSI for Mean Square of Interaction, MSG for Mean 

Square of Genotypes, b for number of replications and l for number of locations.  

The correlations between AUDPC, Yield and severity assessments in each site were estimated 

with the Spearman‘s coefficient (Bonierbale et al., 2006). 

The cultivars were classified by their susceptibility to late blight based their average AUDPC 

values in each location according the following scale: highly resistant (< 250), resistant (251-

550), moderately resistant (551-650), susceptible (651-1200) and highly susceptible (>1200) 

(Gopal & Singh, 2003). 

 

Results and Discussion 

 

The single ANOVA performed for each environment resulted in a significant effect of 

genotypes for AUDPC and yield. For both variables, the better performance was registered in 

Tunshi with lower mean AUDPC (504.04) and higher mean yield (20.07 ton/ha) than in 

Quimiag with 1236.44 (AUDPC) and 7.28 ton/ha, respectively (Table 2).  The results are in 

agreement with different weather conditions in both locations, being more favourable for late 

blight epidemics in Quimiag with high rainfall than in Tunshi.  

In the combined ANOVA we observed significant differences for environments, genotypes 

and the interaction (G x E) (Table 3). It was observed that yield per hectare had a heritability 

(h
2
) of 0.44 while it was 0.43 for AUDPC. The heritability values are low indicating that the 

traits observed were largely influenced by the environment.  Similar and higher heritability 

values for late blight resistance have been reported by Landeo et al., (1999) (0.40-0.53), 

Costanzo et al., (2004) (0.67) and Pinto et al., (2002) (0.87-0.95). For yield per hectare, 

higher heritability values had been reported by Perez-Lopez et al., (2007) (0.79-0.90). 

In Tunshi, it was observed that the clones Carolina and 00_24_1 were highly resistant, 

Superchola, 99_66_6 and 08_12_01 were resistant to late blight. In Quimiag, Carolina, 

99_66_6, INIAP-Estela and INIAP-Natividad were resistant to the disease (Table 4). In both 

sites Carolina and 99_66_6 were resistant. The variation on the late blight reaction (Table 4) 

between sites may be due to the weather conditions that are more humid in Quimiag than in 
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Tunshi. Other conditions that may influence the reaction of the potatoes planted in this trial 

maybe that potatoes are grown all year around, so inoculum is available for early infection 

(Forbes et al., 2005), especially in Quimiag where the climate is more favourable for late 

blight epidemics.  Additionally, the pathogen population in each location is most probably 

different and may explain the differences in the behaviour of the potato varieties in both 

locations.  Recently it has been observed that the population of P. infestans in Chimborazo, 

despite the fact that is part of a clonal lineage (EC-1), has diversity in races and even in 

genotypes (Chapter 3; Delgado et al., 2013). So the different behaviour of the potato varieties 

may also be influenced by differences in the populations of the pathogen in each location. 

These may be the case of Superchola which in Tunshi behaved as resistant but was 

susceptible in Quimiag. Similarly, INIAP-Estela and INIAP-Natividad were susceptible in 

Tunshi but resistant in Quimiag. 

For Yield per hectare, Carolina (34.6 t/ha), 08_12_1 (28.67 t/ha), INIAP-Estela (27.63 t/ha), 

97_25_3 (26.6 t/ha), INIAP-Natividad (26.33 t/ha), Superchola (22.27 t/ha), 08_12_2 (21.5 

t/ha) and 00_24_1 (20.3 t/ha) were the most productive. In Quimiag, Carolina (14.4 t/ha), 

INIAP-Estela (13.3 t/ha) and INIAP-Natividad (12.3 t/ha) had the highest yields for that site 

(Table 4).  

In Tunshi, non-significant correlations among yield and late blight assessments and AUDPC 

were observed (Table 5). This may be due to the low average rainfall that occurs in that site. 

AUDPC was highly correlated with late blight severity in 97 DAP (0.95, α ˂0.001) (Table 5.) 

Meanwhile in Quimiag, yield was negatively correlated to AUDPC and late blight severity 

assessments starting  from 67 until the last one, 94 days after planting, with 80 DAP with the 

highest correlation (-0.71, α ˂0.001). The highest correlation between AUDPC and severity 

assessment in Quimiag was with 80 DAP (0.99, α ˂0.001) (Table 6). This situation in 

Quimiag can be attributed due to the higher average rainfall that occurs in that location, so 

epidemics have favourable conditions, resulting in a negative correlation among late blight 

and yield. 

 

Consequences for the breeding program   

The variation in the late blight resistance and yield observed in this research points out the 

difficulties for potato breeding in Ecuadorian highlands. Two evaluation sites in the same 

province led already to quite different behaviour of the varieties. Nevertheless, some varieties 

performed good in both sites for late blight resistance, which was the case of Carolina and 

99_66_6, while others were superior just in one of the locations. For yield, Carolina, INIAP-

Estela and INIAP-Natividad were in both sites superior. This behaviour may serve as an 

indication of the adaptation of these varieties to different environments. These characteristics 

made these clones valuable for breeding, so they should be used as progenitors for future 

development of new varieties with late blight resistance and high yield. 
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Table 1. Potato genotypes used in the present research.  

 

Genotypes Pedigree Category Origen1 
Skin 

color 

Days to 

maturit

y 
99-32-1  B1C41103 x Margarita Advanced 

clone 

INIAP-Ecuador Cream 130-150 

07-46-8 05-18-5 x Estela Advanced 

clone 

INIAP-Ecuador Red 130-150 

97-25-3 B1 x Fripapa Advanced 

clone 

INIAP-Ecuador red 130-150 

07-29-18 ASO861*HSO213 Advanced 

clone 

INIAP-Ecuador red 130-150 

08-12-1 BOM-532 X I-Fripapa Advanced 

clone 

INIAP-Ecuador red 130-150 

08-12-2 BOM-532 X I-Fripapa Advanced 

clone 

INIAP-Ecuador Red 130-150 

08-12-4 BOM-532 X I-Fripapa Advanced 

clone 

INIAP-Ecuador Red 130-150 

99-66-6 Fripapa x B2C3075 Advanced 

clone 

INIAP-Ecuador Red 130-150 

00-24-1 Uvilla x D-134 Advanced 

clone 

INIAP-Ecuador cream 130-150 

Superchola (Curipamba negra x Solanum demissum) x (resistant 

clone with yellow flesh x Chola) 

Variety Private Breeder- 

Ecuador 

pink 180 

INIAP- 

Natividad 

(INIAP-Gabriela x (Solanum phureja x Solanum 

pausissectum) 

Variety INIAP-Ecuador Cream/pin

k 

145-170 

INIAP- 

Fripapa 

(Bulk México x 378158.721) x I-1039 Variety INIAP-Ecuador pink 180 

INIAP- 

Estela 

Superchola x (Solanum phureja x Solanum 

pausissectum) 

Variety INIAP-Ecuador purple 145 -160 

Carolina  38139.16 x I – 039 Variety CIP-Perú cream 90-120 

Capiro  Tuquerreña (CCC 61) x 1967 (C) (9) (CCC751). Variety ICA-Colombia Red 165 
1 INIAP: Instituto Nacional Autónomo de Investigaciones Agropecuárias, CIP: Centro Internacional de la Papa, ICA: Instituto Colombiano 

Agropecuario. 

 

Table 2. Means Squares of individual analysis of variance of 15 genotypes in two 

environments in Chimborazo province, Ecuador. 

Source of Variation Degrees of freedom 
AUDPC Yield (ton/ha) 

Tunshi Quimiag Tunshi Quimiag 

Block 2 4131.09 n.s. 17166.96 n.s. 20.47 n.s. 0.4 n.s. 

Genotype 14 191765.95 *** 1491005.03 *** 172.1 *** 43.21 *** 

Error 28 2282.66  14872.38  37.59  5.75  

Mean  504.04  1236.44  20.07  7.28  

CV (%)  9.48  9.86  30.55  32.93  

*** Significant at α< 0.001, n.s. non-significant. 
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Table 3. Mean Squares of combined analysis of variance of AUDPC and Yield of fifteen 

potato genoptypes in two environments in Chimborazo province, Ecuador.  

Source of Variation Degrees of freedom Yield (ton/ha) AUDPC 

Block 2 7.66 n.s. 9552.34 n.s. 

Environments (E) 1 3678.72 *** 12069219.6 *** 

 Genotypes (G) 14 173.74 *** 1209975.76 *** 

G x E 14 41.58 * 472795.22 *** 

Error 58 21.37  8686.77  

Mean   13.67  870.24  

CV (%)  33.81  10.71  

* Significant at α< 0.05, *** Significant at α< 0.001, n.s. non-significant. 

 

Table 4. Mean of AUDPC, Yield (ton/ha) and Late blight (LB) reaction of fifteen potato 

genotypes in two locations of Chimborazo province, Ecuador. 

Genotypes 
TUNSHI QUIMIAG 

AUDPC LB reaction Yield AUDPC LB reaction Yield 

Carolina   169 A         HR 34.6 A   416 A       MR 14.4 A    
00_24_1    228 A         HR 20.3 A   1032.67       C     S 7.7       C  

Superchola 255.67 A         R 22.27 A   996.67       C     S 5       C  

99_66_6    276.33 A         R 13.17    B  656 A       S 4.1       C  

08_12_1    308.67    B      R 28.67 A   830    B      S 9.5    B   
INIAP-Fripapa    385.67    B      MR 10.8    B  1814.33             E   HS 3.4       C  

99_32_1    389.33    B      MR 11.9    B  1504    D    HS 4.8       C  

INIAP-Estela     507.33       C   MR 27.63 A   422.67 A       R 13.3 A    
07_46_8    562       C   MR 15.37    B  830.33    B      S 9.1    B   
INIAP-Natividad  564.67       C   MR 26.33 A   545 A       MR 12.3 A    
97_25_3    585       C   MR 26.6 A   1168.33       C     S 4.8       C  

08_12_2    587.33       C   MR 21.5 A   1437.67          D    HS 5.9       C  

Capiro     880.33          D  S 10.8    B  2902.67                F  HS 1.3       C  

07_29_18   904          D  S 13.2    B  2005.67             E   HS 6.4       C  

08_12_4    957.33          D  S 17.53    B  1984.67             E   HS 7.2       C  

Mean 504.04           20.07     1236.44               7       

CV (%) 9.48           30.55     9.86               33       

Means followed by the same letter are not significantly different (α=0.05) according to Scott & Knott test. 

    HR= Highly resistant, R= Resistant, MR= Moderately resistant, S= Susceptible, HS= Highly susceptible. 
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Table 5. Spearman‘s correlation coefficients between AUDPC, Yield and severity evaluations 

in Tunshi, Chimborazo province, Ecuador. 

        69dap 76dap 83dap 90dap  97dap  104dap  AUDPC 

69dap  

       76dap  0.44 ns 

      83dap  0.63** 0.58 ** 

     90dap   0.37 ns 0.5 ns 0.55 * 

    97dap   0.38 ns 0.67 * 0.61 * 0.86 ** 

   104dap 0.33 ns 0.52 ns 0.31 ns 0.84 * 0.83 * 

  AUDPC   0.33 ns 0.65 * 0.46 ns 0.92 *** 0.95 *** 0.91 *** 

 Yield   0.21 ns -0.08 ns -0.11 ns -0.21 ns -0.31 ns -0.26 ns -0.29 ns 
Data significant at α < 0.05 (*), α < 0.01 (**), α < 0.001 (***). 

 

Table 6. Spearman‘s correlation coefficients between AUDPC, Yield and severity evaluations 

in Quimiag Chimborazo province, Ecuador. 

       46dap 53dap 60dap 67dap 73dap  80dap  87dap   94dap   AUDPC 

46dap          
53dap 0.73 *         
60dap 0.52 ns 0.72 *        
67dap 0.56 * 0.67 * 0.75 *       
73dap 0.34 ns 0.6 * 0.61 * 0.87 **      
80dap 0.29 ns 0.51 ns 0.51 ns 0.85 ** 0.97 *     
87dap 0.23 ns 0.4 ns 0.39 ns 0.72 * 0.89 ** 0.96 ***    
94dap  0.14 ns 0.41 ns 0.31 ns 0.6 * 0.83 ** 0.9 *** 0.96 ***   
AUDPC  0.35 ns 0.55 * 0.51 ns 0.83 * 0.96 *** 0.99 *** 0.97 *** 0.92 ***  
Yield  -0.22 ns -0.47 ns -0.3 ns -0.67 * -0.6 * -0.71 *** -0.64 * -0.62 * -0.68 * 

Data significant at α < 0.05 (*), α < 0.01 (**), α < 0.001 (***). 

 

Table S1. Soil contents in two locations in Chimborazo province, Ecuador. 

  Quimiag Tunshi 

Nitrogen (ppm) 84 47 

hosphorus (ppm) 121 49 

Sulfur (ppm) 0,79 0,78 

Potassium (ppm) 6,4 11 

Calcium (meq/100 ml) 14,1 8,8 

Magnesium (meq/ml) 2,4 3,8 

pH 5,52 6,31 

Organic matter (%) 3,9 1,5 
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  Chapter 8 

  

   General Discussion 

 

Late blight disease of potatoes is a major constraint in the production of potatoes and is 

occurring globally as shown in Figure 1. It causes severe losses amounting to almost 1 billion 

euros in the European Union annually (Haverkort et al, 2008). Late blight disease increases 

the production costs because of fungicide applications with about 300 to 500 dollars per 

hectare in for instance the United States (Johnson et al, 2000; Guenther et al, 2001). In 

susceptible cultivars without fungicide use in Argentina a reduction of 35.6 % of the total 

yield was observed (Mantecon, 2009). In Ecuador, the pathogen may cause losses ranging 

from 28 to 100 % (Morales et al, 1995). The disease management costs may represent 20% of 

the total production costs in Ecuadorian conditions (Oyarzun, 2002). 

 

Figure 1. Global distribution map of Phytopthora infestans, the causal agent of late blight of 

potatoes (https://www.cabi.org/isc/datasheet/40970). 

  

The main objective of this thesis was to improve the knowledge with regard to the variability 

of Phytophthora infestans populations in Ecuador and connected to that to identify potential 

resistance to late blight in the Ecuadorian potato landraces and some varieties. Attempts were 

also made to identify molecular markers associated to late blight resistance and to analyze the 

breeding work performed in Ecuador, particularly by INIAP, the National Agricultural 

Research Institute, which has been working on this topic for more than fifty years. 

  

Late blight resistance 

The efforts carried out in Ecuador over the last 60 years, with reference to potato breeding for 

late blight were reviewed in Chapter 2. Initially there were only isolated efforts evaluating 
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some landraces and varieties introduced in the early 1900´s.  Later, some breeding activities 

were performed by botanists leading to a few released varieties from which a single variety, 

named Superchola still persists today because of its high demand in local markets (Gonzalez 

et al, 2017). Since its creation, the National Agricultural Research Institute of Ecuador 

(INIAP), has developed new varieties which were more productive and resistant to late blight. 

As a result,  twenty one potatoes varieties have been released by INIAP.  

  

According to Cuesta (2013) and Cuesta et al (2015), the potato ideotype in Ecuador required 

by farmers, traders and consumers varies a lot from one region to another, however sharing 

similar requirements, such as late blight resistance, high yield (>30 ton/ha), earliness (<150 

days), shallow eyes, round shape, red, pink or yellow skin and yellow flesh tubers. 

Additionally they must have good culinary characteristics.  Some of these traits, like tuber 

shape for example, are monogenic, but others like yield and late blight quantitative resistance 

are polygenic which would complicate the breeding process, making it difficult to develop 

new varieties (Cuesta, 2013).  

 

Different breeding strategies have been used by INIAP, among them, clonal selection which 

rendered the first variety developed by INIAP (Santa Catalina). Another approach was the 

recurrent selection method that identified clones with resistance to the disease and using them 

as parents in order to obtain progenies with more resistance to P. infestans. Working in 

collaboration with the International Potato Center (CIP), advanced potato clones were 

introduced, characterized and selected, leading to the release of some varieties with 

monogenic resistance, which was effective at the beginning, but were later defeated (Revelo 

et al, 1997). An example, is the case of INIAP Cecilia and INIAP Gabriela varieties which 

lost their resistance to the disease shortly after their release (Forbes et al, 2012). This strategy 

was changed in order to select quantitative resistance to late blight, but rendering new 

varieties at that time, which were INIAP Fripapa, INIAP Rosita, INIAP Raymipapa and 

INIAP Victoria. Mutation breeding was also explored, with some results, but no improved 

varieties were developed (Lopez & Yanez, 2010). Introgression of genes from wild species 

was carried out crossing varieties with hybrids of S. phureja x S. pausissectum, so two 

varieties were obtained in this manner (INIAP-Natividad and INIAP-Estela). 

 

In this thesis, as presented in Chapters 4 and 5, potato landraces were evaluated for their 

potential as a source for late blight resistance, particularly for quantitative resistance which is 

supposed to be more stable and durable. Few clones behaved with similar levels of resistance, 

like the improved varieties already available in the country. This agrees with several reports 

from Bolivia, Colombia, Ecuador, Chile and Perú, where most of the accessions of potato 

landraces evaluated were classified as moderately resistant to susceptible (Thurston et al, 

1962, Cañizares & Forbes, 1995, Gabriel et al, 2007, Gabriel et al, 2013, Solano et al, 2014, 

Pérez et al, 2014).  Since most of the accessions evaluated behaved as moderately resistant 

and susceptible, the survival of these landraces must be associated to some other traits.  

 

Farmers may have conserved these landraces because of characteristics such as taste or 

culinary quality (Monteros-Altamirano, 2011). Cuesta et al (2012) identified landraces with 
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high contents of dry matter, polyphenols and carotenoids. Traits like frost and drought 

tolerance, and even medicinal uses were mentioned by farmers as a reason to keep planting 

potato landraces (Monteros-Altamirano, 2011). Other reasons for the conservation of these 

potatoes may be due to the cultivation practices performed by farmers as described by 

Monteros-Altamirano (2011), planting them in mixed plots which may reduce the severity of 

late blight, which agrees with what was observed by Andrivon et al (2003) and Pilet et al 

(2006). This practice, probably was not intentionally done for this purpose, however it 

allowed them to preserve those landraces susceptible to late blight up to now.  

 

Those landraces that were as resistant as the improved varieties (described in Chapters 4 and 

5) might be expected to perform fine since they were exposed to late blight disease in the field 

where several complex races are reported to occur naturally (Tello, 2008). 

 

Pathogen variability 

 

Additionally in this research, the pathogenic and the genetic variability of the Phytophthora 

infestans populations associated to the potato landraces in the provinces of Carchi, 

Chimborazo and Loja were studied (Chapter 3). Furthermore, we confirmed the prevalence of 

the clonal lineage EC-1 in the potatoes in Ecuador since the 1990s (Forbes et al, 1997). 

 

Despite the fact that all the studied isolates in this research infecting Ecuadorian potato 

landraces belonged to the clonal lineage EC-1 exclusively, without sexual reproduction, it was 

observed that the population analysed was complex and virulent on 4 to 11 R-genes on potato 

differentials. Even more, genetic variability was identified among the clonal population as 

assessed with the aid of SSRs, meaning that despitethe lack of sexual recombination there are 

mechanisms of variation which contribute to the complexity of this population. Moreover, the 

occurrence of more than two alleles in the SSRs profiles was observed. We hypothesized that 

this maybe a mechanism for variability in a pathogen population which was supposed to be 

diploid and clonally reproduced, possibly by mutations, loss of chromosome regions or 

mitotic recombination. The occurrence of more than two alleles at a specific locus had been  

reported previously by several researchers (Knapova & Gisi, 2002; Lees et al, 2006; Chacón 

Acosta, 2007; Akino et al, 2009; Oliva Pérez, 2009; Cooke et al, 2012, Li et al, 2012 a,b). 

Recently, based on what we originally observed about the variability in number of alleles 

(Chapter 3, Delgado et al, 2013), it has been proposed that isolates belonging to clonal 

lineages like Blue_13, US-1 and EC-1, were actually triploid (Li et al, 2017). These triploid 

clonal lineages may shift to diploid stage when under stress conditions, thus this phenomena 

would contribute to the pathogen fitness by gene dosage or multiallelism, favouring its 

adaptation to environmental changes according to Li et al (2017).  

  

The occurrence of particular SSR multilocus genotypes (MLG) of Phytophthora infestans that 

we found in this research (Chapter 3, Delgado et al, 2013), demonstrate that we can identify 

the predominant MLGs among the EC-1 clonal population, verify its movement, as well as 

their changes in abundance in different locations across the country and over the years. A 
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recent example of this, may be seen in a study were the P. infestans Indian population was 

characterized, identifying the MLG from different geographic areas, drawing conclusions 

about their origin and future actions to prevent the entry of new populations of the pathogen 

to that country (Dey et al, 2018). Other practical uses for this knowledge is that it opens the 

possibility of testing the late blight resistance of potatoes against specific MLGs which 

predominate in different areas in Ecuador or elsewhere. 

 

Perspectives for late blight resistance breeding in Ecuador  

 

The high diversity of the asexual clonal lineage of P. infestans in the country constitutes a 

challenge for potato breeding. Besides there are other traits that are needed for new varieties 

to be released in Ecuador. The consumer demands certain characteristics associated to the 

shape, skin, and flesh color, among others traits, making the development of new varieties and 

its adoption by farmers as well as by consumers more difficult.  

  

The current breeding scheme followed by INIAP in Ecuador is presented in Figure 2. 

According to our findings in this research, to incorporate stable late blight resistance there are 

few resistant or tolerant potato accessions available, which could be used as progenitors 

(Chapters 4 and 5). Nevertheless, there are still accessions from the potato germplasm 

collection that must be characterized. Recently, Monteros-Altamirano et al (2017), using 

SSRs, reported that Ecuadorian landraces possess unique alleles and can be distinguished 

from European varieties, which means that they have variability still unexploited in breeding.  

For instance, some species like S. phureja and S. andigena are pointed out as sources of 

resistance in Bolivia, Colombia, Peru and Spain (Escallon et al, 2005; Gabriel et al, 2007; 

Gabriel et al, 2013; Pérez et al, 2014; Alor et al, 2015). One approach to improve the 

identification of sources of resistance to late blight may include the inoculation of detached 

leaves with the main dominant SSR multilocus genotypes of the different environments where 

we want to develop new varieties, preferable those predominant in the north, center and south 

of the country (Figure 3). This would aid to identify accessions with resistance to the local 

populations, taking into account that EC-1 has genetic variability (Chapter 3, Delgado et al, 

2013). After this, the selected accession should be characterized for other valuable traits such 

as stress tolerance (drought and/or cold), nutritional or culinary properties, etc. This would be 

crucial, taking in account that despite, late blight being the main biotic stress affecting 

potatoes in Ecuador, the predominant variety planted in the country is the susceptible, 

Superchola (Buddenhagen et al, 2017, Gonzalez et al, 2017), so there are farmers and 

consumers demands related to quality traits that should be covered by the new potatoes 

varieties to be released. Of course these potatoes must then be tested in the field for their 

resistance and yield preferably in different locations as we have shown in Chapter 7, where 

variables like Relative Humidity or rainfall may change the status of varieties regarding late 

blight resistance. This was also observed in a group of clones and varieties when evaluated in 

three different provinces (Carchi, Pichincha and Chimborazo), with no differences or 

interaction for Iron and Zinc contents (Comina et al, 2017). In figure 4, a map of Ecuador is 

shown with the different conditions for rainfall and temperature in the Ecuadorian highlands, 

where the potatoes are predominantly cultivated. 
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In addition, as shown in Chapter 3, there will be genotypes within the EC-1 population that 

might be predominant in some sites. Adaptation trials must be carried out in more locations, 

as many as possible, in order to obtain more reliable conclusions. So ‗hot spots´ for late blight 

epidemics must be identified across the highlands, which should be combined with favorable 

weather conditions for the disease development as well as a high genetic and pathogenic 

diversity of the pathogen, such as, in the case of rice and the blast caused by Magnaphorthe 

oryzae (Correa-Victoria & Zeigler, 1993) allowing to identify varieties with stable resistance. 

In figure 5, we propose including a screening of potatoes or varieties for late blight resistance 

against the main MLG across the country,  using disease hot spots for identifying highly 

resistant potatoes to the disease. 

  

Introduction of resistance genes is also a must in order to have alternatives to manage the 

pathogen that we found to have diversity despite the lack of sexual recombination. Another 

alternative to be explored is the use of the germplasm collection´s from INIAP, which has 

been  preserved as seeds of Solanum accessions from different origins that should be 

characterized in order to find if there is any valuable source for late blight resistance (Tapia et 

al, 2008). Solanum accessions different from S. demissum must be used in the breeding 

process, but it is necessary to know if these Solanums are effective against Ecuadorian 

populations of P. infestans. An example of this can be evidenced in the case of Rpi-vnt1.1, a 

broad-spectrum resistance gene. Pel (2010) concluded that it was ineffective against EC-1, but 

Roman et al (2017) found that this gene was able to resist infection from variants of EC-1 

which had a low expression of the Avr-vnt1.1 gene, so the effectiveness of a R gene must 

necessary be tested against the predominant MLG of the pathogen population. 

 

Alternatives for speeding up the breeding process of late blight resistant varieties must be 

considered, as was mentioned before, but the development of transgenic or cysgenic varieties 

is not possible since there is a legal ban (Article 401 of the Ecuadorian Constitution), on the 

use of these GM improved varieties. More recently, it has been suggested that the gene editing 

technology which leads to targeted changes in the plant genome without introducing alien 

DNA (Wiel et al, 2017), may not be limited due to the actual legal restrictions over the GMOs 

according to Vincelli (2016). So the introduction in the country of varieties or clones resistant 

to late blight developed with this technology seems to be possible. Recently, a judgment from 

the European Union, has decided that genetic modified plants with this technology must be 

regulated following the existing GMO rules in the EU, making this alternative highly 

unlikely.  

 

In Chapter 6, we attempted to map markers associated to late blight resistance, with no 

success. Nevertheless, the use of marker assisted selection is possible since it allows to 

identify known late blight resistance genes in breeding populations (Sliwka et al, 2010) and in 

a germplasm collection by association mapping (Alvarez et al, 2017). The fact that these 

markers were not identified for the more quantitative related field resistance might be due to 

the lack of polymorphism between the used populations or the fact that these field resistances 

are too low in resistance level to differentiate them from susceptible genotypes. This then 

brings up the question whether novel major R genes in stacked form should be introduced into 

Ecuadorian genotypes. There are currently quite a number of cloned R genes available 
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including markers and effectors and they could be used to obtain new varieties with 

pyramided R genes (Haverkort et al, 2016). 

One crucial step for potato production in Ecuador is to change the use of tubers from previous 

harvest as seeds, which includes 85% of the farmers (Monteros-Guerrero, 2016). This 

situation leads to poor seed quality which affects the yields (Navarrete et al, 2017). As an 

alternative, the use of improved varieties must be promoted by financial or technical 

assistance provided by governmental specialized offices, thus leading to the adoption of new 

varieties, allowing to increase the national yields and incomes of farmers. 

 

In conclusion, potato late blight breeding is still a major challenge for Ecuadorian research 

and researchers. Opportunities to speed up the process to obtain resistant varieties, like marker 

assisted selection must be explored. Improving the procedures for more accurate 

characterization with the aim of identifying varieties with broad spectrum resistance may be 

achieved by implementing the screening with the predominant MLGs. Modern techniques, 

such as transgenesis, cisgenesis, or gene editing, may not be feasible in the short term since 

the legal framework in Ecuador does not allow the use of them. 
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Figure 2. Breeding processes carried out by the Potato Program of INIAP (Adapted from 

Cuesta, 2011, Cuesta et al, 2015).  
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Figure 3. Screening of potato varieties, introduced potatoes and wild relatives against 

predominant P. infestans Multilocus Genotypes from North, Center and South areas of 

Ecuador. 

 

 

Figure 4. Maps of Isotherms (left) and Isoyets (right) of Ecuador in 2012. (INAMHI, 2015). 
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Figure 5.   Breeding  process for late blight resistance including detached leaf test against 

main  Multilocus Genotypes of P. infestans and the use of hot spots  field locations in order to 

improve  for high resistance against late blight.  
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Summary 

 

Potato is one of the most important food crops in Ecuador. It is produced mostly by small 

scale farmers. Late blight is the main disease that affects potatoes in the country, which 

reduces the yields. From its early beginnings right until now, late blight resistance research 

and breeding remains the most important Ecuadorian research goal in potato breeding. 

 

In Chapter 2, the potato breeding history in the country and the main results achieved in the 

last 60 years are reviewed. Although progress has been made over these years durable late 

blight resistant varieties have not yet been created. Additionally, discussed is the possible 

reason for a poor adoption of late blight resistant improved varieties. Farmer preferences as 

well traders and consumers have their role in the adoption of varieties. So there is a need for a 

formal seed system as well as incentives to lead farmers to adopt new varieties. 

  

The pathogenic and genetic variability of the Phytophthora infestans populations associated 

to potato landraces in three provinces (Carchi, Chimborazo and Loja) of Ecuador was 

analysed in Chapter 3. Despite the fact that all the isolates were of the A1 mating type, which 

implies that no sexual recombination occurs, the population analysed was complex and 

virulent on 4 to 11 R-genes. From the 66 isolates studied, 39 races and 31 multilocus 

genotypes were identified. All the isolates belonged to the clonal lineage EC-1 which 

predominates in Ecuador since the 1990s.  The analysis performed using a set of 12 SSR 

markers lead to identify variability within a clonal population. This opens the possibility to 

monitor the predominant genotypes of the pathogen.The results suggest high mutation rates 

and little or no selection for specific genotypes. 

 

Then inn Chapter 4, a selection of potato landraces was evaluated for its potential as a source 

for late blight resistance. Two field trials were conducted in San Pedro de Huaca, Carchi 

province. Additionally, an aggressiveness test was conducted in the laboratory with three 

Phytophthora infestans isolates which were inoculated on detached leaflets of a set of five 

selected landraces and two commercial varieties. In the field trials, the landraces Santa Rosa 

Amarilla, Uva, Coneja Blanca and Botella were partially tolerant to late blight and grouped 

with INIAP Estela, Fripapa and Natividad varieties. In the aggressiveness test, it was 

observed that the ranking of the genotypes varied depending on the isolate. The resistance 

detected seems to be of a similar level as that of improved varieties released in the country. 

Detached leaf assays may give an indication on the reaction of the genotypes, but field 

evaluation is necessary to confirm the trait. For future breeding, the resistant accessions 

observed can be used in combination with other quantitative resistant genotypes and/or 

carriers of major resistance genes to breed for (quantitative) resistant varieties. 

 

A field experiment in Chapter 5 was carried out to assess resistance or susceptibility to late 

blight of 31 Ecuadorian potato landraces from a new germplasm collection obtained in 

Carchi, Chimborazo and Loja which were genetically different. The landraces under study 

showed different responses to late blight in the experimental field. Few landraces demostrated  

field resistance similar to the improved variety INIAP-Fripapa. For breeding purposes we can 

search among the collection of potato landraces for late blight resistance, but few accessions 

with field resistance may be expected. The introduction of new sources of resistance which 
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can be cross with local germplasm may be an alternative. Additionally, a survey among 145 

farmers growing potato landraces in these three provinces identified late blight as the main 

disease affecting their potatoes.  

 

The breeding process for obtaining new late blight resistant potatoes takes several years. 

Potatoes landraces are under study as a source of late blight resistance. One of the species 

present in Ecuador is Solanum phureja. This species had been reported to present quantitative 

resistance to the pathogen. Some previous research by several authors have identified 

Quantitative Trait Loci (QTLs) associated for resistance to the disease in S. phureja. The 

identification of QTLs associated to the desired trait may be use as a tool to speed up the 

breeding process. In Chapter 6, an attempt to map resistance to late blight was made using a 

segregating population of a Solanum phureja cross from the Ecuadorian Potato Collection. 

DArT markers were utilized for genotyping. No QTLs were identified, probably due to lack 

of a sufficient contrasting resistance level in the studied offspring plants. Further studies will 

be necessary to confirm this. 

 

The late blight susceptibility and yield of fifteen potato varieties was evaluated in two 

locations in Ecuador, in Chimborazo province in Chapter 7. There were significant 

differences observed for environments, genotypes and the interaction between these two sites. 

For one of this sites, Tunshi, there was no correlation among yield and late blight assessments 

and AUDPC. Meanwhile, in Quimiag, the opposite situation was observed. Carolina and 

99_66_6, were the best performing clones with regard to late blight resistance. Carolina, 

INIAP-Estela and INIAP-Natividad had the best yields in both places. The variability 

observed shows the difficulties for breeding potatoes in Ecuador. Nevertheless, the varieties 

that performed good in both places are valuable for breeding and should be used as parental 

clones in the country.  

 

Finally, in Chapter 8, the main findings are summarized and discussed for its use in future 

work with late blight in the country. It is discussed why despite the breeding efforts 

performed in the country, there is still low adoption of the improved late blight resistance 

varieties and why a susceptible one persist. Also discussed is the value of potato landraces as 

a source of late blight resistance for breeding purposes. The role of the variability of the 

clonal pathogen population is discussed. The monitoring of the main multilocus genotypes 

and screening the germplasm against them must be routine in the country. Introduction of new 

and effective late blight resistance genes is a need in order to obtain better varieties for this 

trait. Finally, the alternatives for improving the breeding process for late blight resistance are 

expressed in regards to the present legal frame in Ecuador which despite the limitations still 

requires change for improvement. 
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Resumen 

 

La papa es uno de los más importantes cultivos del Ecuador. Este es cultivado por pequeños 

agricultores principalmente. El tizón tardío es la principal enfermedad que afecta al cultivo en 

el país, la cual reduce rendimientos. Así como en los inicios hasta la actualidad, la 

investigación y mejoramiento para resistencia a tizon tardío continúa siendo el objetivo 

principal en el mejoramiento del cultivo de la papa.  

 

En el Capítulo 2, la historia del mejoramiento del cultivo de la papa en el país es revisada, así 

como los principales logros obtenidos en los últimos 60 años. A pesar del progreso realizado a 

través de estos años, resistancia durable a tizon tadio aun no ha sido desarrollada. Además, se 

discute los posibles motivos para la pobre adopción de variedades de papa mejoradas para 

resistencia al tizón tardío. Las preferencias de los agricultores, así como la de los 

comercializadores y consumidores jugarían un rol en la adopción de las variedades. Existe 

además la necesidad de un sistema formal de producción de semillas de papa, así como de 

incentivos para motivar la adopción de nuevas variedades. 

 

La diversidad genética y patogénica de las poblaciones de Phytophthora infestans asociadas a 

papas nativas en tres porvincias (Carchi, Chimborazo y Loja) de Ecuador fue analizada, en el 

capítulo 3. A pesar del hecho de que todos los aislamientos correspondieron al tipo de 

apareamiento A1, por lo que no habría recombinación sexual, la población estudiada fue 

compleja y virulenta para 4 hasta 11 R-genes. De los 66 aislamientos estudiados, 39 razas  y 

31 genotipos multilocus fueron identificadas. Todos los aislamientos pertenecieron al linaje 

clonal EC-1, el cual predomina en Ecuador desde los noventas. Los análisis realizados 

utilizando un set de 12 marcadores SSR abren la posibilidad de monitorear los genotipos 

predominantes en la población del patógeno.  Los resultados sugieren altas tasas de mutacion 

y poca o ninguna selección para genotipos específicos. 

 

En el Capítulo 4, un grupo seleccionado de papas nativas fue evaluado por su potencial como 

fuentes de resistencia al tizón tardío. Dos ensayos a campo fueron conducidos en San Pedro 

de Huaca, provincia del Carchi. Adicionalmente, una prueba de agresividad fue llevada a cabo 

en  laboratorio con tres aislamientos de Phytophthora infestans, los cuales fueron inoculados 

en folíolos desprendidos de un grupo de cinco papas nativas y dos variedades comerciales. En 

los ensayos a campo, las variedades nativas Santa Rosa Amarilla, Uva, Coneja Blanca y 

Botella fueron parcialmente tolerantes al tizón tardío y se agruparon junto con las variedades 

mejoradas INIAP Estela, Fripapa y Natividad. En la prueba de agresividad, se observó que el 

ranking de los genotipos variaba dependiendo del aislamiento utilizado. La resistencia 

detectada parece ser de nivel similar al observado en las variedades mejoradas liberadas en el 

país. Las pruebas utilizando folíolos desprendidos pueden dar indicios sobre la reacción de los 

genotipos, pero los ensayos a campo son necesarios para confirmar el carácter. Para futuros 

trabajos en mejoramiento, las accesiones resistentes o tolerantes observadas pueden ser 

utilizadas en combinación con otros genotipos con resistencia cuantitativa y/o portadores de 

genes mayores de resistencia para mejorar variedades con resistencia cuantitativa ya 

existentes. 

 

Un experimento a campo en Capítulo 5, fue llevado a cabo con la finalidad de evaluar la 

resistencia o susceptibilidad de 31 papas nativas ecuatorianas pertenecientes a nueva 

colección de germoplasma obtenida en Carchi, Chimborazo y Loja, las cuales eran 

genéticamente diferentes. Las papas nativas estudiadas en este trabajo tuvieron diferentes 
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respuestas frente al tizon tardío en campo. Pocas de estas papas nativas mostraron alto nivel 

de resistencia en campo similar al de la variedad INIAP-Fripapa. Para fines de mejoramiento, 

nosotros podemos explorar la colección de papas nativas en busca de resistencia al tizón 

tardío, pero pocas accesiones con resistencia en campo serían de esperarse. La introducción de 

nuevas fuentes de resistencia que puedan ser cruzadas con germoplasma local puede ser una 

alternativa. Adicionalmente, en una encuesta realizada entre 145 productores de papa en estas 

tres provincias, estos identificaron al tizón tardío como la principal enfermedad afectados sus 

cultivos.  

 

El proceso de mejoramiento genético para la obtención e nuevas variedades de papa toma 

muchos años. Las papas nativas están bajo studio como una possible Fuente de Resistencia al 

tizón tardío. Una de las especies presentes en el país es Solanum phureja. Esta especie ha sido 

reportada como portadora de resistencia cuantitativa al patógeno. Investigaciones realizadas 

previamente por otros investigadores han identificado la ocurrencia de QTLs asociados a 

resistencia a la enfermedad en S. phureja. La identificación de QTLs asociados a este carácter 

podría ser una herramienta para acelerar el proceso de mejoramiento. En el Capítulo 6, un 

tentativa de mapear la resistencia al tizon tardío fue llevada a cabo utilizando un población 

segregante de Solanum phureja pertenecientes a la Colección Ecuatoriana de Papa (CEP). 

Marcadores DarT fueron utilizados para el genotipado. No fueron identificados QTLs, 

probablemente debido a la falta de un contraste suficiente en el nivel de resistencia en las 

plantas de la progenie estudiada. Más estudios serán necesarios para confirmar esto. 

 

La susceptibilidad al tizón tardío y rendimiento de quince variedades de papa fue evaluada en 

dos localidades en la provincia del Chimborazo, en el Capítulo 7. Diferencias significativas 

para ambientes, genotipos y la interación entre ambos fueron observadas. En una de las 

localidades, Tunshi, no se observó correlación entre rendimiento, mediciones de severidad de 

tizón tardío y Área Bajo la Curva de Progreso de la Enfermedad (ABCPE). En tanto que, en 

Quimiag, la situación opuesta fue observada. Carolina y 99_66_6, tuvieron la mejor 

performance en cuanto a resistencia al tizón tardío. Carolina, INIAP-Estela e INIAP-

Natividad presentaron los mejores rendimientos en ambos sitios. La variabilidad observada 

pone en evidencia las dificultades que existen en el mejoramiento de papa en Ecuador. Sin 

embargo, las variedades que tuvieron buen comportamiento en ambas localidades tendrían 

valor para mejoramiento genético y deberían utlizarse como líneas parentales en el país.  

 

Finalmente, en el Capítulo 8, los principales hallazgos son resumidos y discutidos para su uso 

en el futuro trabajo con el tizón tardío en el país. Se discute por qué a pesar de los esfuerzos 

realizados en mejoramiento genético en papa en el país, aún hay baja adopción  de variedades 

mejoradas con resistencia al tizón tardío y por qué una variedad susceptible persiste. Además 

es discutido el valor de las papas nativas como fuente de resistencia al tizón tardío para fines 

de mejoramiento. El rol de la variabilidad de la población clonal del patógeno es discutido. El 

monitoreo de los principales genotipos multilocus y la evaluación del germoplasma contra 

ellos debería ser una rutina en el país. La introducción de nuevos y efectivos genes de 

resistencia contra el tizón tardío es una necesidad con la finalidad de obtener variedades 

mejoradas por ese carácter. Por último, alternativas para acelerar el proceso de mejoramiento 

por resistencia al tizón tardío son presentadas teniendo en cuenta el marco legal vigente en 

Ecuador, el cual a pesar de las limitaciones permite posibilidades de perfeccionamiento. 
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