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ABSTRACT 

Potato variety screening for late blight disease resistance  and tuber yield has been conducted in 

different regions of Ethiopia and distributed to model farmers. However, there was lack of 

awareness of improved technologies, yield capacity of potato and fear of devastating of potato 

by late blight. The field experiments were conducted to evaluate the resistance levels of potato 

varieties against late blight, to evaluate the yield performance of potato varieties and to adapt 

the late blight resistant and high yielding potato varieties. A total of 12 varieties were arranged 

in RCBD in three replications on a plot of 3 m X 3m (9 m2) at three research locations. Disease 

severity and tuber yield data were recorded and analyzed using ANOVA for the design and 

relation of disease and tuber yield parameters were determined using correlation and regression 

statistics. Disease severities, disease progress curves, disease progress rate, marketable tuber 

yield and other yield components were significantly affected by potato varieties, locations and 

cropping seasons. On average of both cropping seasons, the varieties Menagesha, Ararsa, 

Chala, and Wechecha were susceptible while Gera, Gudenie, Belete, Chekole and Netib5 were 

resistant varieties to late blight of potato at Debre Berhan research site. Menagesha, Chala, 

Wechecha, Jalenie and Hundie were susceptible while Gera, Belete and Netib5 were resistant at 

Tengego. Menagesha, Chala, Ararsa and Jalenie were highly susceptible while Belete, Gera, 

Netib5 and Chekole were resistant at Megezez. Higher AUDPC values were exhibited during 

2018 than 2019 cropping season at Debre Berhan while relatively higher AUDPC values were 

exhibited during 2019 cropping season than 2018 cropping season at Tengego and Megezez.  

When comparing cropping seasons as the functions of general varieties and locations, higher 

tuber yield tha-1 and number of tubers per plant were obtained during 2019 cropping season 

than 2018 cropping season. When comparing effect of locations as the functions of general 

varieties and cropping seasons, averagely the highest tuber yield (41 tha-1) and the highest 

number of seeds per plant (21.1) were recorded from Megezez  whereas the lowest yield (36.9 

tha-1) and the lowest number of seeds per plant (20.6) were obtained from Tengego research site. 

When comparing potato varieties as the functions of general locations and cropping seasons, the 

highest tuber yield (50.2 tha-1) was recorded from Gera followed by (48.1, 46.0, 45.1 tha-1) 

recorded form Gudenie, Belete and Netib5 respectively. The least tuber yield (27.6 tha-1) was 

recorded from Wechecha followed by 30.8 and 31.7 tha-1 from Chala and Guasa respectively 

although there were some irregularities. Therefore, the farmers at different locations are advised 

to use the most resistant and high yielding varieties recommended for each locations. In 

addition, since the resistant level varieties might be broken down by aggressive nature of the 

pathogen, farmers in the study area needs to use low concentrations of fungicides and change 

time of planting, not favorable for pathogen.  

. 

Keywords: late blight severity; location; progress rate, resistant varieties 
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1. INTRODUCTION 

Potato (Solanum tuberosum L.) is the most widely produced and consumed tuber crop worldwide 

and in Ethiopia, it occupies an important place in human nutrition for improving the nutritional 

status of many subsistent farmers (Chala and Dechasa, 2015; Gebremedhin et al., 2008). Potato 

is an important food security and a hunger reliever crop by virtue of its ability to mature earlier 

than most other crops at time of critical food need (Hassen et al., 2015).  

Among root and tuber crops in Ethiopia, potato ranks first in volume produced and consumed 

followed by Cassava, Sweet potato and Yam (CSA, 2015; Hassen et al., 2015). Potato is 

produced as food and income security crop to overcome seasonal food shortage due to food 

crops depletion from stores. Its high yield per unit area and best maturity period are double 

advantages to be a food security crop (Girma et al, 2004; Chala and Dechasa, 2015). Potato’s 

nutritional value is higher than most of the food crops so that it is the richest source of 

carbohydrates (Ali et al., 2015; Elraiah et al., 2013). It is fat-free and contains substantial amount 

of vitamins especially vitamins B and C, and different types of minerals (CIP, 1988; Elraiah et 

al., 2013; Chala and Dechasa, 2015). The balance of proteins to calories, the balance among the 

more important amino acids in protein, and the level and spread of minerals make potato second 

next to eggs in nutritional value (Swamintha and Sawyer, 1983; Girma et al, 2004; Chala and   

Dechasa, 2015). Although potato has high production potential (37 tha-1) described by Hassen (et 

al., 2015), 9,432,334 and 3,396,390 quintals of potato was produced from 70,131 ha and 22,934 

ha of land at national level and in Amahara region respectively (CSA, 2016). According to CSA 

(2016), the potato yield was 13.45 tha-1 and 14.9 tha-1  at national level and in Amahara region 

respectively in 2015/16  main cropping season, while very small proportion of land (428.63 ha) 

was cultivated in north Shewa zone with unrecorded yield. 

The major production constraints of potato in Ethiopian central highlands are several biotic and 

abiotic factors; most important ones include diseases, insect pests, low soil fertility and periodic 

water stress (Girma et al, 2004; Ghorbani et al., 2004; Gebremedhin et al., 2008; Hassen et al., 

2015). Potato average yield is low (7.2 t·ha-1), far below the crop potential. Lack of well adapted 

varieties, inappropriate rate and application of fertilizer, unavailability and high cost of seed 

tubers, improper planting density, diseases, insect, inadequate storage, transportation and 

marketing facilities are major problems in potato production (Gebremedhin et al., 2008; Adane 
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et al., 2010). None of the currently used varieties has potential for production in all environments 

and for all uses (Bradshaw, 2007), since agroecologies vary with respect to soil type, moisture 

and temperature regimes, fertility condition and the onset, intensity and duration of rain as well 

as availability of irrigation facilities (Gebremedhin et al., 2008). Farmers grow local landraces in 

traditional production systems, even though improved varieties have been released. This is due to 

lack of awareness of farmers of improved varieties and lack of research to select well adaptive 

potato varieties. The objective of the study was to evaluate varieties for yield and yield 

components. 

 Throughout the country, the potato crop suffers from the late blight caused by the fungi like 

organisms Phytophtora infestans. When the climate is conducive to the growth and development 

of the pathogen, up to 90% of crop losses may result due to premature death of foliage and 

diseased tubers (Khair and Haggag, 2007; Bekele and Eshetu, 2008; Haq et al., 2008; Mohsan et 

al., 2016). 

The main sources of the disease are cull piles, volunteer plants, seed tuber and alternate hosts 

(Ghorbani et al., 2004; Bekele and Eshetu, 2008). Even soil contributes to the initial inoculum. 

Farmers do not cut the foliage and in most cases, after the crop reaches senescence, farmers do 

not harvest the entire field. They use the piecemeal approach of leaving the tubers in the field for 

extended periods and harvesting as needed. These practices favuor the pathogen remaining in the 

ground and serving as source inoculums for the next season. Farmers in most areas cultivate 

potato as mono-crop without rotation. These practices and the presence of alternate hosts 

significantly contribute to maintaining sources of inoculums in the system (Bekele and Eshetu, 

2008).  

Late blight is one of the main diseases affecting potato plants and damages leaves, stems and 

tubers, which   can wipe out a potato crop in a relatively short period. Early symptoms first 

appear on leaves as small, circular or irregularly shaped dark necrotic lesions  on petioles and 

stems, symptoms appear as dark, water-soaked lesions (Ghorbani et al., 2004; Bekele and 

Eshetu, 2008; Mohsan et al., 2016). Lesions expand with time as the pathogen colonizes the 

internal plant tissues. On mature lesions, the pathogen produces glistening white spore-bearing 

structures called sporangia on the underside of the leaves or surface of stems. As the disease 

progresses, the entire infected tissue will decay. Tubers become infected at any stage of their 
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development and they start to turn brown and rot slowly from the outside. Under damp 

conditions, infected tubers may completely rot due to secondary bacterial infection (Ghorbani et 

al., 2004; Mohsan et al., 2016). 

The late blight fungus attacks potato leaves, stems and tubers. Asexually produced spores 

(sporangia) spread through the crop by wind and rain splash and the disease progresses very 

rapidly when temperatures exceed 10°C and relative humidity is 90- 95% for 2 days or more 

(Mohsan et al., 2016). At Temperatures above about 15oC, spores can infect leaves directly but 

at lower temperatures, the spores germinate to produce 10-12 motile zoospores, each of which 

can swim in water films and infect the leaves. The fungus overwinters as mycelium in potato 

tubers infected during the previous season by spores that were washed through the soil (Khair 

and Haggag, 2007; Haq et al., 2008; Bekele and Eshetu, 2008; Mohsan et al., 2016).   

Nonchemical blight management depends on the integration of different measures that help to 

avoid, prevent or delay the onset of the disease or reduce the rate of infection (Clarke, 2003; 

Mohsan et al., 2016). As infected tubers are one of the main sources of infection, blight-free seed 

should be planted. Waste potatoes on dumps and volunteers are major sources of inoculum early 

in the season and, as they tend to develop and produce foliage well ahead of the planted crop, 

should be destroyed before the new crop emerges.  

Potato varieties differ in their susceptibility to foliage and tuber blight. There are potato varieties 

with race specific and race non-specific resistance to late blight. However, if the same resistant 

varieties are used frequently in the same area, new more aggressive races or strains of the fungus 

develop that overcome their resistance. Partial resistance, based on a number of genes that work 

together rather than a single major resistance gene, slows the progression of the disease, imposes 

less selection pressure on the fungus and is more durable (Ghorbani et al., 2004). Resistant 

varieties grown to organic standards under different environmental conditions are effective in 

prevention of foliage and tuber blight. Late blight resistant potato varieties can be grown with 

fewer fungicide applications (Tumwine et al., 2002; Mohsan et al., 2016). 

The food potential of potato has not yet been fully exploited and utilized despite their significant 

contributions towards food security, income generation, provision of food energy and resource 

base conservation (Gebremedhin et al., 2008; Singh and Rana, 2013). In recent years, although 



4 
 

the production of this crop is expanding rapidly owing to the presence of improved technologies, 

farmers in Northern Shewa do not cultivating potato as compared to low yielding cereals and 

legumes. This is due to the lack of awareness of improved technologies, yield capacity of potato 

and fear of devastating of potato by late blight of potato. Therefore, the objectives of this study 

were: 

1. To evaluate the resistance levels of potato varieties against late blight disease in the study 

areas 

2. To evaluate the yield performance of potato varieties and to adapt the late blight resistant 

and high yielding potato varieties in the study area.  
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2. LITERATURE REVIEW 

2.1. Potato production 

Potato (Solanum tuberosum L.) is one of the most important food crops grown in more than 

hundred countries in the world, in which the tuber provides high energy, carbohydrates and high 

quality protein as well as substantial amount of vitamins, minerals and trace elements (Horton 

and Sawyer, 1985; Nyunza and Mwakaje, 2012). It is the fourth most important food crop in the 

world on the basis of production after maize, rice, and wheat with annual production with 

about381.7 million tons (FAOSTAT, 2017; Naz et al., 2011). There is a high potential to expand 

the cultivation area of the potato crop, as most arable land is in principle suitable for cropping 

with potato. It has multiple benefits for low income households and where land shortage is a 

constraint. Ethiopia is one of the major potato producers in Africa, with 70 % of its arable land in 

the high altitude areas between 1,500-3,000 meters being suitable for potato production (CSA, 

2016; FAOSTAT, 2017). At present in Ethiopia, potato area had grown to 160,000-ha, with 

average yields around 8 tons ha-1 (Medhin et al, 2006). It is one of the most important food and 

cash crops and also become an important garden crop especially in high and mid altitude areas of 

Ethiopia (Borgal et al., 1980).  

Although, it plays a vital role in ensuring food security, which is a major concern for the country, 

its national average productivity was about 8 tons ha-1 in the 2011 main cropping season, which 

was far below the productivity (40 tha-1) of improved varieties achieved in research trials (CSA, 

2016).  

2.1.1. Potato production constraints 

Yield of vegetable crops are generally lowest in tropical Africa as a result of both biotic and 

abiotic factors, of which the former include primarily insect pests, diseases and weeds. The 

most important factors responsible for the low productivity of potato are diseases and insect 

pests. Farmers get lower yield mainly due to pests and sub-optimal fertilization (Tesfaye, 

2008). However, there are many factors which limits potato yield in Ethiopia, which includes: 

the lack of improved well performing varieties, poor fruit setting due to heavy rains and 

excessively high temperatures, insect pests and diseases, of which fungal, viral and bacterial 

wilt diseases appear to be significant constraints (Adane et al., 2010; Bekele et al., 2011). 
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Among the diseases, Late blight is one of the most important, notorious and widespread 

phytopathogenic soil borne oomycete pathogen caused by Phytophthora infestans mainly in 

main and off season. 

One of the major factors attributed to the low productivity of potato is access to improved 

varieties. The main constraints to accessing improved varieties are lack of availability of healthy 

seed tubers and poor seed tuber quality (Adane et al., 2010; Gebremedhin et al., 2008). Adoption 

of improved varieties is hindered by awareness of the availability and use of improved 

technologies (Adane et al., 2010), shortage of land (CSA 2016) and the high prices of healthy 

seed tubers (Agajie et al., 2013). Thus, the majority of potato growers in the country use local 

cultivars and poor quality seed tubers. Out of the total land allotted to potato production, only 0.5 

% of the land was covered by improved varieties in the 2015/16 main season (CSA, 2016). 

Productivity of potato is also affected by different bacterial, fungal and viral diseases. Late blight 

followed by bacterial wilt, potato leaf roll virus, and potato virus are the most important of these 

(Baye and Woldegiorgis, 2013). Virus diseases cause degeneration of planting materials and 

yield loss (Nascimento et al., 2003). The high incidence of these diseases in Eastern Africa is 

due to lack of good seed system, inappropriate use of chemicals to control fungal diseases, lack 

of proper sanitation, crop rotation and varietal resistance, among other factors. Most farmers in 

Ethiopia do not use pesticides and only a quarter of the potato farms were sprayed in the 2015/16 

main season (CSA 2016). 

Suboptimal agronomic practices other than lack of crop protection, further depress yields (Baye 

and Woldegiorgis, 2013). Due to limited access to training, most farmers use the same, 

traditional crop management practices for ware and seed potatoes. Potato has a high demand for 

soil nutrients; however, soil fertility has been declining due to erosion, continuous cropping and 

mining of nutrients.  

Generally, the above constraints are important in all potato production areas of the country, with 

little variation across locations. Central highlands of Ethiopia are the major potato production 

areas facing these typical constraints. These constraints should be resolved to increase the 

productivity of potato to its potential, thereby playing a role in improving the livelihoods of 

small holder farmers.  
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2.2. Major Diseases of Potato 

The potato plant is attacked by many pathogens causing significant losses to potato producers 

throughout the world. Bacteria, fungi, viruses, nematodes and phytoplasmas cause serious 

production constraints. Of the fungal disease like late blight, caused by Phytophthora infestans, 

stands out from the rest. This disease is the nightmare of potato producers especially in the cold 

and wet regions of the world including highlands of Ethiopia. Late blight management programs 

of 15 sprays per season are not uncommon in wet and cool regions.  

Phytophthora infestans causes late blight diseases in potato and tomato crops worldwide. It 

is not cause only economic losses of yield but also the quality and quantity of the crop. It is 

a highly researchable pathogen in plant diseases. The worldwide late blight disease is 

reemerging, therefore this disease is constantly observed by the late blight researchers (Fry et al., 

2015). The late blight disease is considered emerging disease, it is not only having important in 

global crop production, but also pose severe risks on a local level, especially on small farms in 

developing countries (Subbarao  et al., 2015). The losses caused by late blight disease, it varied 

countries to countries, as per their adopted plant protections measures and grown cultivars. The 

yield losses due to late blight of potato were reported up to 50–70% during the 2007 under 

favorable environmental condition in Pakistan (Haq et al., 2018); however recently Ahmed et al. 

(2015) reported that late blight can induce 100% yield loss under epidemic condition in Pakistan. 

 

2.2.1. Symptomatology 

The late blight disease affects all plant parts especially leaves, stem and tubers. 

Pale green water soaked spots (2–10 mm) appear mostly on the margin and tips. In moist 

weather, spots may appear anywhere on the leaves, enlarge rapidly and turn necrotic and 

black killing the entire leaf instantly. On the corresponding lower side, whitish cottony growth 

containing millions of sporangia forms around the dead area in a ring pattern.  

Light brown lesions develop which elongates and encircles the stem and petioles breaking them 

and killing the plant/leaves instantly. Stem infection is more severe under high temperature and 

relative humidity conditions. Rusty brown discoloration of the flesh is the typical symptom of 

late blight. On outside tuber surface, hard depressions with purplish tinge on the sides are a 
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common feature. Normally, late blight infected tubers are hard but associated secondary 

pathogens may set in soft rot symptoms. 

Generally, late blight appears on lower most leaves of the plant which goes unnoticed from 

a distance. Slowly, the disease spreads to the middle and then upper leaves. Subsequently it 

spreads whole plants and near of the plants. The disease spreads faster and the entire crop gets 

killed as if burnt by fire. The heavily infected field gives fetid odor which can be felt from a 

distance. 

2.2.2. Disease epidemiology 

The late blight infected tubers are the major sources to cause the infection. Moreover, refuse 

piles and volunteer plants also serve as primary source of disease particularly in the hilly 

region. Wherever, both mating type is existed oospore formation take place and oospore also 

has the potential to cause and initiate the disease. The spores germinate and infect the exposed 

tubers. Although, some of the infected tubers get completely rotted by the time, crop is harvested 

but, still lot of tubers carry incipient infection, and escape in the cold store where they remain 

dormant but alive. These tubers if used as seed, becomes the source of infection of the disease in 

the next crop season (Sharma et al., 2015). Sporangia are formed wide range of temperature (3 to 

26°C) and optimum is 18–22°C (Khair and Haggag, 2007; Haq et al., 2008; Bekele and Eshetu, 

2008; Mohsan et al., 2016). The sporangia are germinated by indirect and direct germination 

depending mainly on temperature. Indirect germination generally occurs at temperatures of 6 to 

15°C (optimum 12°C) by means of sporangia produces zoospores. Direct germination takes 

place under warm temperature and a range of 4 to 30°C (optimum 25°C) (Khair and Haggag, 

2007; Haq et al., 2008; Bekele and Eshetu, 2008; Mohsan et al., 2016).  

High relative humidity (>90%) is required for spore formation, germination and infection; 

whereas >80% is essential for lesions expansion. Extreme light is harmful for P. infestans and 

sometimes sporangia may be killed due to extreme light. Cloudy weather is favorable for late 

blight. The cool (12–15°C) and high humidity (>90%) weather with heavy dews or rains 

alternating with warm (18–20°C) moist period favor for rapid development of disease. Infection 

and disease development is observed a range of 7.2–26.6°C (Lal, 2015; Mohsan et al., 2016). 

 



9 
 

2.3. Management 

Several management strategies have been developed for late blight of potato and adopted by 

potato growers as per availability of the resources. Amongst them host resistant, chemicals, 

biological control, cultural control are widely used in Ethiopia. In Ethiopia, the disease occurs 

throughout potato producing areas and is difficult to produce the crop during the main rainy 

season without chemical protection (Shiferaw et al., 2011). The disease caused 100% crop loss 

on some local cultivars, and 67.1% on susceptible varieties. Depending on the variety, the 

average yield loss due to late blight in Ethiopia was also estimated to be 6.5%-70% (Bekele and 

Yaynu, 1996). In Ethiopia thirty one potato varieties with different resistance level to P. infestans 

were released and registered (Shiferaw et al., 2011). However, resistance in potato to P. infestans 

is notoriously unstable, so the actual levels of resistance of the released cultivars affected within 

a short time (Shiferaw et al., 2011). A number of fungicides are introduced into Ethiopia through 

different pesticide supplier companies to manage fungal diseases for different crops. Of all the 

registered fungicides, about 36% are known to be recommended for late blight disease 

management (Shiferaw et al., 2011).  

Management of late blight requires aggressive measures that include combined use of cultural, 

scouting, sanitation, and most importantly the combination of host plant resistance with 

application of fungicides (Johnson et al., 1998; Namanda et al., 2004; Kirk et al., 2005). Yield 

losses due to the disease are attributed to both premature death of foliage and diseased tubers. 

In Ethiopia, the disease occurs throughout the major potato production areas and it is difficult to 

produce potato during the main rainy season without chemical protection measures (Borgal et 

al., 1980; Bekele and Medhin, 2000; Habtamu et al., 2012). To effectively manage late blight, 

farmers have increasingly adopted fungicide application as a main control strategy. However, 

losses due to the disease were estimated to be 65-70% and complete crop failures are frequently 

reported (Bekele and Yaynu, 1996). 

Phytophthora infestans has a high pathogenic variability and therefore, specific resistance has 

contributed little in controlling the disease and varietal resistance only helps in reducing the 

amount of fungicides required and the rate of disease development (Denitsa and Naidenova, 

2005). However, a need to explore the other strategies to supplement the existing measures to 

curb the heavy economic losses inflicted by the disease. Apart from yield losses, the disease 
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reduces the market value of the crop due to brown color that forms in tubers of potato during 

storage (Hartman and Huang, 1995; Cao and Forrer, 2001; Ghorbani et al., 2007). Due to the 

devastating nature of the disease, it poses a threat to food security since many resource poor 

farmers cannot afford the numerous fungicide applications required to control it (Denitsa and 

Naidenova, 2005). Successful control of late blight disease needs an accurate control by using 

efficient fungicides. 

The use of protectant and systemic fungicides for managing late blight has perhaps been the most 

studied aspect of this disease management in temperate countries (Olanya et al., 2001). 

Preventive fungicides principally inhibit spore germination and penetration, but once the 

pathogen enters the leaves, these fungicides become ineffective. Under such conditions a product 

having some curative and systemic activity, such as metalaxyl is desirable (Schwinn and Margot, 

1991). The National Potato Program within the Ethiopian Institute of Agricultural Research, 

together within the International Potato Center (CIP) and several Ethiopian Universities have 

worked over the last two decades to introduce potato varieties with resistance to P. infestans. 

Nonetheless, some of them have lost their resistance soon after dissemination.  

The profound ability of the disease to reach an epidemic level within short periods, the 

inadequate efficiency of cultural practices to reduce high level of disease severity, and rapid 

development of resistance to fungicides and breakage of plant resistance in potato varieties 

within short period of time have made integrated use of different disease management strategies 

very essential in late blight management. The combined uses of fungicide and resistance varieties 

have evolved as one of the most important options in the management of the disease (Ashenafi et 

al., 2017; Namanda et al., 2001). Potato varieties grown in Ethiopia have low levels of general 

resistance to late blight. Mostly the commercial potato farmers rely on fungicide applications for 

control of P. infestans (Habtamu et al., 2012). 

2.3.2. Chemical management 

The severe late blight can be effectively managed with prophylactic spray of mancozeb at 0.25% 

followed by cymoxanil + mancozeb or dimethomorph + mancozeb at 0.3% at the onset of 

disease and one more spray of mancozeb at 0.25% seven days after application of systemic 

fungicides in West Bengal (Chakraborty and Mazumdar, 2012). Similarly, one spray of 
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mancozeb followed by three sprays of cymoxanil + mancozeb was effective on Kufri Bahar 

variety under western UP (Bhat et al., 2009).  Due to development of resistance to fungicides, a 

new fungicide, Victory 72 WP was first used in controlling late blight of potato and tomato in 

West Shewa of Ethiopia (Amin et al., 2013). The late blight specific spray scheduling method 

and a method of scheduling sprays for both diseases (early and late blight) suppressed early and 

late blight as well as did weekly sprays (conventional methods) and with the same average 

number of applications as with weekly sprays (Shtienberg and Fry, 1990). The customarily, 

spray schedules were one prophylactic spray using contact fungicides followed by systemic 

fungicides and one more spray of either same contact or same systemic fungicides. A unique 

combination of treatments was developed keeping in view the sensitivity of P. infestans 

to develop fungicide resistance.  

The post spray (curative spray) of same mode of action fungicide was not taken. Prophylactic 

sprays of chlorothalonil or mancozeb followed by systemic or trans laminar fungicides were 

found effective than post symptom sprays. This will be useful to minimize the yield losses due to 

late blight and assist in reducing development of resistance against fungicides in pathogen (Lal  

et al., 2015). The spray schedule of mancozeb 75% WP (0.2%-before appearance) followed by 

two more spray with mancozeb 75% WP (0.2%) + dimethomorph 50% WP (0.2%) at 7–10 days 

intervals showed less terminal disease severity (24.55%) with highest disease controlled 

(74.45%), which was at statistically par with treatment mancozeb 75% WP (0.2%, before 

appearance) followed by cymoxanil 8% + mancozeb 64% WP (0.3%) with two more spray at 7–

10 days intervals, with 27.56% terminal disease severity along with disease controlled 71.29%.  

One spray of mancozeb (contact fungicides: before appearance) and later two more sprays of 

translaminar/systemic + contact fungicides at 7–10 days interval give belter results for managing 

late blight of potato ( Lal  et al., 2017). The highest marginal benefit was achieved by applying 

first Ridomil then Dithane M-45 at 14–21 days interval. The lowest marginal benefit was with 

alone application of Ridomil at 21 day spray interval. At 7 days sprays was more economical to 

apply Dithane M-45 than Ridomil first followed by Dithane M-45 subsequently (Kankwatsa  et 

al., 2003).  

Twelve fungicides were evaluated on isolates of three identified clonal lineages (US-22, US-23, 

and US-24) of P. infestans using a detached tomato leaf assay in preventative and post-infection 
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methods. The results revealed that these fungicides were suitable in conventional and organic 

systems, which can effectively control late blight caused by new clonal lineages of P. infestans 

when applied preventatively and late blight caused by the US-24 clonal lineage may require less 

fungicide than US-22 or US-23 to manage the disease ( Seidl et al., 2015).  

The efficacy of Ametoctradin 27% + dimethomorph 20.27% (w/w) as a new molecule for 

management of late blight of potato was reported in India (Lal et al., 2017 b). Initium 

(ametoctradin) is a new fungicide for management of Phytophthora infestans. It affects 

mitochondrial respiration inhibitor interfering with the complex III (complex bc1) in the electron 

transport chain of the pathogen, thus ATP synthesis in the fungal cells is inhibited. It is a non-

systemic fungicide that remains primarily on the leaf surface where it is adsorbed with high 

afnity to the epicuticular wax layer of the epidermis (Merk et al., 2011). 

 Many oomycete-specifc fungicides such as QoI compounds, dimethomorph, propamocarb, etc. 

(Köller  et al., 1998) were commercialized, but currently, we are unaware of any fungicide that 

could effectively halt epidemics caused by metalaxyl-resistant strains under conditions favorable 

to P. infestans growth and development  (Mizubuti  and  Fry , 2006). Isolates of Phytophthora 

infestans showed 10-fold or more variation in baseline sensitivity to many fungicides including 

cymoxanil, dithiocarbamates, mandipropamid, and strobilurins (Daayf and Plat, 2002; Samoucha 

and Cohen, 1988; Saville et al., 2015).  

Various substances other than fungicides also were tested for management of late blight of 

potato. Ammonium molybdate, cupric sulfate and potassium metabisulfate at 1 mM partially 

inhibited the growth and spore germination of P. infestans, whereas ferric chloride, ferrous 

ammonium sulfate and ZnSO4 at 10 mM completely inhibited growth and spore germination  

(Bhat  et al., 2006). The foliar spray of ZnSO4 and CuSO4 (0.2%) micronutrients; 12 days 

delayed the onset of late blight when used with host resistance, subsequently reduced disease 

severity with higher yield (Basu et al., 2003).  

Subphytotoixc dose of boron with reduced rate of propineb + iprovalidicarb has been found more 

effective than treated with fungicides alone (Frenkel et al., 2010). β-aminobutyric acid (BABA) 

has been known as an inducer of disease-resistance. However, only the R but not the S 

enantiomer of BABA primes for resistance. Unfortunately, BABA can also impose growth stress 
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in some treated plants therefore BABA analogs with reduced stress effects are highly desirable 

for agricultural field (Cohen et al., 2016).  

Plant activators such as BABA and phosphoric acid was evaluated against late blight by various 

researchers with combination of fungicides or alone (Baider and Cohen, 2003; Cook and Litle, 

2002; Johnson, 2008; JyhNong , 2009). The partially resistant varieties of Ovatio and Superb 

reacted to lower concentrations of BABA where no effect was found in susceptible variety 

(Liljeroth et al., 2010). Two SAR activators (BABA and phosphorous acid) were found effective 

against late blight of potato with significantly reduced disease severity (40–60%).  

2.3.4. Integrated management of late blight of potato 

Integrating fungicide applications with varieties by choosing the best fungicide-variety 

combinations improves the sustainability of the released potato varieties in the potato production 

system. This is particularly important in developing countries such as Ethiopia, where the setup 

of efficient and sustainable breeding programs for potatoes are inadequate. Integration of 

fungicides with varieties has been commonly practiced for sustainable production of potatoes in 

most developed world (Namanda et al., 2001) and in Ethiopia (Ashenafi et al., 2017). In addition 

to the benefits of reducing yield losses due to epidemics of late blight, the combined uses of 

fungicide with resistance varieties can also contribute to reduce the health risks associated with 

high fungicide applications. Integration of fungicide with potato cultivars could reduce the need 

of application of high fungicide and able to decrease the risk to human health, environmental 

contamination, and increase the economic benefit of farmers. 

Production of potato in the main cropping in Ethiopia could not be visualized without fungicide 

application to control late blight. Due to the risk of late blight, the farmers are not able to 

cultivate potato during the main rainy season central highlands of Ethiopia. The efficacy of some 

chemicals against late blight has been reported in Ethiopia (Habtamu et al., 2012), however, 

large scale testing of newly registered fungicides against late blight has not been 

explored so far. There is inadequate information with regard to the plant growth promotion; use 

of potato varieties combination with fungicides against late blight of potato in Ethiopia.   
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3. MATERIALS AND METHODS 

3.1. Experimental location 

Field experiments on potato were conducted in two farmer’s fields and one Debre Berhan 

university research station in central highlands of northern Shewa, Amahara region, Ethiopia 

during 2018/19 – 2019/20 main cropping seasons for two years (three districts each having one 

site). These three districts were Besonawerana, Angolelanatera and Asagirt with altitude ranges 

of 2400-2800. Debre Berhan university research filed is located in the North Shewa Zone of the 

Amhara Region, about 130 kilometers north east of Addis Ababa on the paved highway to 

Dessie. The research field has a latitude and longitude of 9°41’N39°32’E and an altitude of 2840 

masl. The annual average temperature and rainfall is 12.85°C and 927 mm respectively (Bizuneh 

and Abebe, 2019).  

Table 1. Potato seed varieties with their recommended altitude and rainfall 

Variety 

Year of 

Release 

 Area of Adaptation Maturity 

Days Yield(Kg/Ha) Altitude (M) Rainfall (Mm) 

Menagesha 1993 >2400 >750 120-130 27000 

Wechecha 1997 1700-2800 >750 100=115 21800 

Guasa 2002 2000-2800 1000-1500 110-115 22400 

Chekole 

 

 

   Gera 2003 2700-3200 800-1000 >120 25930 

Jalene 2002 1600-2800 750-1000 90-120 44800 

Netib 5 2007 1600-2800 750-1000 110-120 

 Hunde 2006 1600-2800 750-1000 110-121 

 Ararsa 2006 1600-2800 750-1000 110-122 

 Gudenie 2006 1600-2800 750-1000 110-123 

 Chala   2005 1600-2800 750-1000 110-124 

 Belete 2009 1600-2800 750-1000 110-125 4719 

Sources:  EARO, 2004. 

Tengego Farmers field is located in the Angolelanatera district, North Shewa Zone of the 

Amhara Region, about 17 kilometers north east of Chacha, the capital of the district. Megezez 

Farmers field is located in the Asagrit district, North Shewa Zone of the Amhara Region, about 

15 kilometers southwest of Gina Ager, the capital of the district.    
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3.2. Treatments, design and management 

The experiment consists of 12 potato varieties with three replications in Randomized complete 

block design (RCBD). The 12 varieties are mentioned here under in the following table. Each 

potato variety was tested in a plot size of 3mX3m= 9m2 at each experimental site. Since Chekole 

was cultivated in the research area, it was considered as local check. 

A standard intra and inter-row spacing for the crop were used. The optimums between row 

spacing of 75 cm and within row spacing of 30 cm were used and each experimental plot was 9 

m2 in size. Blocks were separated by 1.5 and 1 m between blocks and within a block, 

respectively. There were four rows per plot for each treatment. Data were collected from the 

middle two rows whereas outermost rows and terminal plants were considered as borders.  

Cultural practices (weeding and eartheningup) were carried out 3 times each during the growing 

period. The recommended urea (195 kg ha-1) and DAP (165 kg ha-1) fertilizers were used 

(Hassen et al., 2015). After evaluating for potato production during two successive years of 

genotypic and environmental (G X E) interaction, the most promising three varieties for each 

location were selected for seed production.  Natural inoculation of Phytophtora infestans was 

relied upon in all experimental plots.     

3.3. Data collection 

3.3.1. Disease data 

Incidence and severity: Disease incidence and severity were assessed on the central three rows 

Disease incidence  was recorded at 2nd and 4th dates of disease recording while disease severity 

was recorded at every week for 5 times. Incidence of late blight was assessed by counting the 

number of plants on the middle three rows and was expressed as percentage of total plants.  

 

Five plants were selected randomly from each experimental plot, and then five leaves of each 

plant were used to determine the disease severity (Gwary and Nahunnaro, 1998). Severity of late 

blight was recorded on the basis of 1-6 rating scales as described by Gwary and Nahunnaro 

(1998) and Campbell  and Madden (1990)  where scale 1=trace to 20% leaf infection, 2=21-40% 

leaf infection, 3=41-60% infection, 4=61-80 infection, 5=81-99% infection, 6=100% leaf 
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infection or the entire plant defoliation and then the rating scales were converted into percentage 

severity index (PSI) for the analysis of disease severity using the following formula: 

 

3.3.2. Disease progression analysis  

Area under the disease progress curve (AUDPC) was developed for the disease progress data. 

AUDPC values were calculated for each plot using the following equation (Campbell and 

Madden, 1990; Van der Plank, 1963). 

  
Where, Xi is the cumulative disease severity expressed as a proportion at the ith observation, ti is 

the time (days after planting) at the ith observation and n is total number of observations. 

AUDPC values were then used in analysis of variance to compare amount of disease among 

plots with different treatments. Logistic model was used for estimation of disease progression 

parameters from each treatment. The goodness of fit of the models was tested based on the 

magnitude of the coefficient of determination (R2). The appropriate model (Logistic model) used 

to determine the apparent rate of disease increase (r) and the intercept of the curve. 

3.3.3. Crop data and yield data 

Date of flowering was recorded when 50% of the population reached the flowering stage. Time 

to physiological maturity was recorded when 70% of plants leaves turned yellowish (Mulugeta 

and Dessalegn, 2014). Plant height was determined by measuring stem height from the base of 

the main shoot to the apex at full blooming. Number of stems per hill was recorded as the 

average stem count of five hills per plot during the flowering stage. Only stems arising from the 

mother tuber were considered as main stems. Leaf area index (LAI) was recorded from five 

plants in each plot. Individual leaf area of the potato plant was estimated from individual leaf 

length using the following formula developed by Firman and Allen, 1988. Total leaf area was 

calculated by multiplying the leaf area with the respective leaf number of the plant. LAI was 

calculated by dividing total leaf area to the respective land area occupied by the plants.   
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Weight and number of marketable tubers yield was recorded as the weight and the number of 

marketable tubers that are free from diseases, insect pests, and greater than or equal to 25 g in 

weight (Lung’aho et al., 2007). These were taken from plants in the net plot area at harvest. 

Weight of unmarketable tubers yield were determined as the weight of unmarketable tubers 

(culls) of each plot which included rotten, insect attacked and undersized tubers (Lung’aho et al., 

2007).Tubers were collected from two central rows at maturity and marketable and unmarketable 

tubers were separated and weighted. Total tuber yield was recorded as the sum of yield of 

marketable and unmarketable tuber. The weight of marketable yield per plot was converted to 

the ton per hectare basis. 

3.4.  Data analysis 

 All disease and crop data were subjected to analysis of variance (ANOVA) appropriate to 

RCBD (Gomez and Gomez 1984), using SAS software version 9.2. Means that differed 

significantly were separated using the LSD procedure at (0.05%) level of significance. Simple 

linear regression and correlations between parameters were computed. 
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4. RESULT AND DISCUSSION 

4.1. Effect of Potato Varieties on Late Blight Disease Severity   

Homogeneity test was conducted since the experiment was multi-environmental and multi-

seasonal that needs to be analyzed with combined ANOVA. Homogeneity of error variances 

assured that the data of locations and seasons were not similar so that the researchers preferred 

separate data analysis rather than combined analysis over location and years. 

The analysis of variance (ANOVA) showed that there was significant difference of disease 

parameters and area under disease progress curve during both cropping seasons and at each 

location (Appendix Table I-VI). Disease severity index was highly significantly (P<0.001) 

affected by varieties and years at each location in both cropping seasons (Appendix table I-III). 

In all of the three locations and two cropping seasons, the disease development was highest in 

most susceptible varieties and least in moderately resistant varieties with almost similar 

progressive trends. Since there were interaction effect between varieties and year, disease 

severity data were put in the form of two way table.  

At Debre Berhan, the highest initial disease severity (33.7%) was obtained from the variety 

Menagesha while the least initial disease severity (13.3%) was recorded from each variety of 

Gera, Hundie and Chekole during 2018 cropping season. On the contrary, the highest initial 

disease severity (24.4%) was obtained from the variety Menagesha followed by 22.2% recorded 

from the variety Chala while the least initial disease severity (13.0%) was recorded from the 

variety of Gudenie during 2019 cropping season (Table 2).  

The highest final disease severity (59.2%) was obtained from the variety Menagesha followed by 

51.5% and 51.1% from the varieties of Wechecha and Ararsa respectively while the least final 

disease severity (30.0%) was recorded from variety of Gera followed by 32.6% and 33.0% 

recorded from the varieties of Gudenie and Belete respectively during 2018 cropping season. The 

highest final disease severity (64.8%) was recorded from the variety Menagesha followed by 

53.7%, 53.2% and 52.1% from the varieties of Guasa, Ararsa and Chala respectively while the 

least final disease severity (24.4%) was recorded from variety of Gera followed by 26.3% and 

27.8% recorded from the varieties of Gudenie and Chekole respectively during 2019 cropping 

season (Table 2). 
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Table 2. Disease severity index (%) of late blight of potato caused by Phytophtora infestans at 

Debre Berhan during 2018 and 2019 main cropping season. 

Year Variety 

Disease severity (%) at days after Planting (DAP) 

58 65 72 79 86 

2018 

Menagesha 33.7a 45.9a 52.6a 55.9a 59.2a 

Chala 20.0b 30.0b 40.0b 44.9b 49.6bc 

Ararsa 18.9b 31.1b 41.1b 45.6b 51.1b 

Guasa 18.5b 21.5def 31.5de 41.9bc 47.1bc 

Jalenie 18.2b 23.7cde 38.2bc 43.0bc 48.6bc 

Wechecha 17.8bc 27.4bc 38.5bc 45.6b 51.5b 

Hunde 13.3d 19.3ef 34.8cd 40.0c 45.6c 

Gudenie 15.2cd 16.7f 22.2f 27.0e 32.6e 

Belete 13.7d 17.4f 23.0f 27.4e 33.0e 

Gera 13.3d 19.3ef 20.3f 24.1e 30.0e 

Netib5 17.4bc 20.4ef 27.8e 40.0c 45.6c 

Chekole 13.3d 24.8cd 27.8e 31.9d 38.5d 

LSD (0.05) 2.66 4.89 4.02 4.43 4.87 

2019 

Menagesha 24.4a 39.3a 53.7a 58.9a 64.8a 

Chala 22.2ab 32.2b 42.2b 47.1bc 52.1b 

Ararsa 21.1bc 33.3b 43.3b 47.8b 53.2b 

Guasa 20.7bc 23.7c 33.7c 44.1bcd 49.3bc 

Wechecha 20.0bc 29.6b 40.7b 47.8b 53.7b 

Hunde 19.6c 22.6cd 30.0c 41.5cd 47.8bc 

Jalenie 15.9d 24.4c 34.1c 38.9d 44.4c 

Chekole 14.1de 16.3e 21.1de 23.3ef 27.8de 

Gera 13.7de 15.5e 18.2e 19.3f 24.4e 

Netib5 13.7de 15.2e 20.0de 22.6ef 29.3de 

Belete 13.7de 18.9de 24.1d 26.7e 32.56d 

Gudenie 13.0e 15.2e 17.8e 20.4f 26.3de 

LSD (0.05) 2.4232 4.4093 5.5532 5.6079 6.9277 

  CV (%) 8.67 11.19 8.73 7.95 8.64 

 

At Debre Berhan, the most resistant varieties were Gera, Gudenie, Belete and Chekole 

respectively during 2018 cropping season and Gera, Gudenie, Netib5, Chekole and Belete 

respectively during 2019 cropping season. The most susceptible varieties were Menagesha, 

Wechecha, Ararsa and Chala respectively during both cropping seasons (Table 2). 
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Table 3. Disease severity index (%) of late blight of potato caused by Phytophtora infestans at 

Tengego during 2018 and 2019 main cropping season  

Year Variety 

Disease severity (%) at days after Planting (DAP) 

56 63 70 77 84 

2018 

Chekole 16.4bc 20.6c 28.0cd 39.4bc 45.7ab 

Chala 19.0a 27.4a 34.4ab 41.8abc 47.0a 

Menagesha 19.6a 27.4a 37.4a 45.0a  48.2 a  

Gudenie 18.2ab 23.7abc 31.9bc 37.8c 43.0bc 

Ararsa 17.9ab 24.4abc 32.9ab 38.2c 47.0a 

Guasa 17.5ab 21.6bc 31.7bc 42.0abc 47.2a 

Netib5 14.4cd 20.4c 26.7de 30.7d 40.0cd 

Hunde 18.5ab 25.6ab 34.4ab 43.3ab 45.2ab 

Wechecha 16.0bc 26.0ab 35.6ab 42.abc 48.4a 

Jalenie 17.4ab 25.9ab 35.6ab 41.5abc 47.8a 

Gera 13.3d 15.6d 21.1f 24.4e 34.4e 

Belete 13.3d 15.6d 23.0ef 27.8de 37.0de 

  LSD (0.05) 2.56 4.53 4.8 4.93 3.28 

2019 

Chala 20.0a 28.9ab 36.3bc 40.7bcd 47.5bc 

Chekole 18.9ab 24.4c 37.4bc 42.6bc 48.1bc 

Menagesha 18.9ab 31.5a 42.2a 48.9a 58.2a 

Wechecha 18.9ab 24.4c 34.8bcd 44.8ab 47.4bc 

Hunde 16.7bc 25.2bc 33.5bcde 41.5bc  47.8bc 

Guasa 18.2abc 22.3c 37.8ab 42.6bc 46.3bc 

Ararsa 18.2abc 22.9c 34.5bcd 39.3cd 44.4c 

Netib5 17.8abc 26.3bc 33.1bcde 39.2cd 43.7c 

Jalenie 17.4abc 25.6bc 36.3bc 43.7abc 48.1bc 

Belete 17.0abc 22.7 c 30.1 de 38.5cd 44.1c 

Gudenie 18.5ab 25.9bc 32.9cde 45.9ab 51.1b 

Gera 15.2c 22.6c 28.9e 35.6d 45.2c 

 

LSD (0.05) 3.29 4.3 4.75 5.42 5.16 

  CV (%) 9.84 10.78 8.51 7.58 5.44 

               

At Tengego, the highest initial disease severity (19.6%) was obtained from the variety 

Menagesha followed by 19.0% was recorded from the variety Chala while the least initial 

disease severity (13.3%) was recorded from each variety of Gera and Belete during 2018 

cropping season. On the contrary, the highest initial disease severity (20 %) was recorded from 

the variety Chala followed by 18.9% recorded from each variety  of Chekole, Menagesha and 

Wechecha while the least initial disease severity (15.2%) was recorded from the variety Gera 

followed by 16.7% was recorded from   variety Hundie during 2019 cropping season (Table 3).  
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The highest final disease severity (48.4%) was obtained from the variety Wechecha  followed by 

48.2% and 47.8% from the varieties of Menagesha and Jalenie respectively while the least final 

disease severity (34.4%) was recorded from variety Gera followed by 37.0% was recorded from 

the variety of Belete during 2018 cropping season. The highest final disease severity (58.2%) 

was recorded from the variety Menagesha followed by 51.1% and 48.1% from the varieties of 

Gudenie and Chekole respectively while the least final disease severity (43.7%) was recorded 

from variety of Netib5 followed by 44.1% and 44.4% recorded from the varieties of Belete and 

Ararsa respectively during 2019 cropping season (Table 3). 

At Tengego, the most resistant varieties were Gera, Belete, Netib5 and Gudenie respectively 

during 2018 cropping season and Netib5, Belete, Ararsa and Gera respectively during 2019 

cropping season. The most susceptible varieties were Wechecha, Menagesha, Jalenie and Guasa 

respectively during 2018 cropping season and Menagesha, Gudenie, Jalenie and Hundie 

respectively during 2019 cropping season (Table 3). 

At Megezez, the highest initial disease severity (18.5%) was obtained from the variety 

Menagesha followed by 17.8% was recorded from each variety Chala and Jalenie while the least 

initial disease severity (11.1%) was recorded from variety of Netib5 followed by 11.9% recorded 

from variety Belete during 2018 cropping season. In contrast, the highest initial disease severity 

(19.6%) was recorded from each variety of Menagesha and Guasa while the least initial disease 

severity (15.6%) was recorded from variety Gera followed by 16.3% was recorded from variety 

Belete during 2019 cropping season (Table 4).  

The highest final disease severity (48.8%) was recorded from the variety Ararsa followed by 

48.2%, 47.8%  and 47.7% from the varieties of Menagesha, Wechecha and Chala respectively 

while the least final disease severity (29.3%) was recorded from variety of Belete followed by 

32.3% and 34.5% were recorded from the varieties of Gera and Netib5 respectively during 2018 

cropping season. The highest final disease severity (51.4%) was recorded from the variety 

Menagesha followed by 50.3% and 50.2% were recorded from the varieties of Wechecha and 

Jalenie respectively while the least final disease severity (33.0%) was recorded from variety of 

Gera followed by 33.3% and 33.7% were recorded from the varieties of Chekole and Belete 

respectively during 2019 cropping season (Table 4). 
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Table 4. Disease severity index (%) of late blight of potato caused by Phytophtora infestans at 

Megezez during 2018 and 2019 main cropping season  

Year Variety 

Disease severity (%) at days after Planting (DAP) 

60 67 74 81 88 

2018 

Menagesha 18.5a 28.5a 37.4a 41.5ab 48.2a 

Chala 17.8ab 27.8a 37.8a 42.7ab 47.7a 

Gudenie 14.1cde 20.4bc 28.5c 33.7d 40.4c 

Chekole 15.2bcd 18.2cd 25.6cd 37.1cd 43.4bc 

Ararsa 16.7abc 26.7a 38.9a 43.4a 48.8a 

Guasa 16.3abcd 19.3cd 29.3bc 39.7abc 44.9ab 

Wechecha 15.6abcd 25.2ab 36.3a 43.4a 47.8a 

Hunde 17.0abc 26.3a 34.4ab 38.9bc 45.6ab 

Jalenie 17.8ab 28.9a 36.7a 40.7abc 47.4ab 

Gera 13.3de 15.6cd 22.2d 25.6ef 32.3de 

Belete 11.9e 14.4d 17.0e 22.6f 29.3e 

Netib5 11.1e 14.8d 23.0d 27.8e 34.5d 

 LSD (0.05) 3.05 5.11 5.15 4.32 4.06 

2019 

Menagesha 19.6a 26.7abc 35.6ab 44.1a 51.4a 

Guasa 19.6a 22.6cde 32.6bc 43.0a 48.2a 

Ararsa 18.9ab 26.7abc 35.6ab 44.1a 48.5a 

Hunde 18.5abc 21.5e 28.9cd 40.4a 46.7a 

Wechecha 17.8bcde 25.9abcd 35.6ab 44.1a 50.3a 

Chala 17.4bcde 27.0ab 36.7ab 44.1a 49.6a 

Gudenie 17.0bcde 22.6cde 25.9de 31.5b 38.9b 

Jalenie 16.7cde 27.4a 37.4a 42.2a 50.2a 

Netib5 16.7cde 20.4e 25.2de 30.7b 35.9b 

Chekole 16.7cde 19.6e 24.1e 28.5b 33.3b 

Belete 16.3de 21.5e 25.2de 28.9b 33.7b 

Gera 15.6e 20.7e 24.1e 27.4b 33.0b 

 LSD (0.05) 2.2 4.46 4.53 5.57 6.75 

  CV (%) 9.33 12.36 9.4 7.93 7.7 

 

At Megezez, the most resistant varieties were Belete, Gera and Netib5 respectively during 2018 

cropping season and Gera, Chekole, Belete and Netib5 respectively during 2019 cropping 

season. The most susceptible varieties were Ararsa, Menagesha, Wechecha and Chala 

respectively during 2018 cropping seasons and Menagesha, Wechecha and Jalenie and Ararsa 

respectively during 2019 cropping season (Table 4). 
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4.2. Effect of Potato varieties on area under disease progress curve 

At Debre Berhan research site, the highest area under disease progress curve (AUDPC) 1405.9 

days-% was obtained from Menagesha variety followed by 1069.8, 1047.9, and 1023.4 %-days 

from the varieties of Ararsa, Chala and Wechecha respectively during 2018 cropping season. 

During the same season, the lowest AUDPC value (597.5 %-days) was obtained from variety 

Gera followed by 628.7, 638.0 and 772.4 %-days were recorded from the varieties of Gudenie, 

Belete and Chekole respectively. During 2019 cropping season, the highest AUDPC value 

(1375.4 %-days) was recorded from variety Menagesha followed by AUDPC values of 1131.2, 

1110.6 and 1085 %-days from the varieties of Ararsa, Chala and Wechecha respectively while 

the lowest AUDPC value 503.9 %-days) was recorded from variety Gera followed by 510.7, 

554.9, and 571.7 %-days from the varieties of Gudenie, Netib5 and Chekole respectively (Figure 

1a). Using Gera, Gudenie and Belete varieties reduced AUDPC value by 57.4%, 55.1% and 

54.5% respectively during 2018 cropping season and by 63.4%, 62.9% and 52.8% respectively 

during 2019 cropping season when compared to the most susceptible Menagesha variety. 

Figure 1. AUDPC values of different potato varities at Debre Berhan(A) with AUDPC1 (LSD=91.17) and AUDPC2 

(LSD=121.08); at Tengego (B) with AUDPC1 (LSD=91.23) and AUDPC2 (LSD=89.79); at Megezez (C) with 

AUDPC1(Lsd=113.59) and AUDPC2 (LSd=114.05). AUDPC1=during 2018 cropping season and AUDPC2 is during 2019 

cropping season 
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At Tengego research site, the highest area under disease progress curve (AUDPC) 994.5 %-days 

was obtained from Menagesha variety followed by 960.9 and 952.3 %-days from the varieties of 

Chala and Wechecha respectively during 2018 cropping season. During the same season, the 

lowest AUDPC value (595.0 %-days) was obtained from variety Gera followed by 640.4 and 

735.0 %-days were recorded from the varieties of Belete and Netib5 respectively (Figure 1b). 

During 2019 cropping season, the highest AUDPC value (1127.8 %-days) was recorded from 

variety Menagesha followed by AUDPC values of 977.7 and 968.3 %-days from the varieties of 

Chala and Jalenie respectively while the lowest AUDPC value (820.6 %-days) was recorded 

from variety Gera followed by 853.1and 892.3 %-days from the varieties of Belete and Gudenie 

respectively (Figure 1b). Using Gera, Belete and Netib5 varieties reduced AUDPC value by 

40.2%, 35.6% and 26.1% respectively during 2018 cropping season and by 27.2%, 24.4% and 

19.7% respectively during 2019 cropping season when compared to the most susceptible 

Menagesha variety. 

At Megezez research site, the highest area under disease progress curve (AUDPC) 992.2 %-days 

was obtained from Ararsa variety followed by 987.4 and 985.3 %-days from the varieties of 

Chala and Menagesha respectively during 2018 cropping season. During the same season, the 

lowest AUDPC value (522.5 %-days) was obtained from variety Belete followed by 602.9 and 

618.5 %-days were recorded from the varieties of Gera and Netib5 respectively (Figure 1c). 

During 2019 cropping season, the highest AUDPC value (992.7 %-days) was recorded from 

variety Menagesha followed by AUDPC values of 989.1, 982.8 and 980.1 %-days from the 

varieties of Chala, Jalenie and Ararsa respectively while the lowest AUDPC value 675.4 %-days) 

was recorded from variety Gera followed by 680.6, 703.9 and 718.2 %-days from the varieties of 

Chekole, Belete and Netib5 respectively (Figure 1c). Using Belete, Gera and Netib5 varieties 

reduced AUDPC value by 47%, 38.8% and 37.2% respectively during 2018 cropping season and 

by 29.1%, 32% and 27.7% respectively during 2019 cropping season when compared to the most 

susceptible Menagesha variety. 

Generally, on average of both cropping seasons, the varieties Menagesha, Ararsa, Chala, and 

Wechecha were susceptible while Gera, Gudenie, Belete, Chekole and Netib5 were resistant 

varieties to late blight of potato at Debre Berhan research site. The varieties of Menagesha, 

Chala, Wechecha, Jalenie and Hundie were susceptible while Gera, Belete and netib5 were 
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resistant to late blight of potato at Tengego research site. The varieties of Menagesha, Chala, 

Ararsa and Jalenie were highly susceptible while Belete, Gera, Netib5 and Chekole were 

resistant to late blight of potato at Megezez research field (Table 5). Higher AUDPC values were 

exhibited during 2018 than 2019 cropping season at Debre Berhan research field while relatively 

higher AUDPC values were exhibited during 2019 cropping season than 2018 cropping season at 

Tengego and Megezez research fields (Table 5). 

Table 5: The average AUDPC values of different potato varieties (n=6) during 2018 and 2019 

main cropping seasons (n=36), at Debre Berhan, Tengego and Megezez research fields 

Year 

 

Debre Berhan Tengego Megezez 

2018 895.2a 856.0b 827.2a 

2019 853.0b 943.5a 853.7a  

LSD (0.05) 30.04 25.30 31.89 

Variety       

Menagesha 1390.6a 1061.2a 989.0a 

Ararsa 1100.5b 908.9bc 986.1a 

Chala 1079.2b 969.3ab 988.3a 

Wechecha 1054.2b 956.3b 966.9ab 

Jalenie 930.2c 958.8b 977.6a 

Guasa 924.8c 919.2b 878.6c 

Hunde 879.5c 929.4b 890.0bc 

Netib5 693.7d 820.1cd 668.3ef 

Chekole 672.0d 899.5bc 725.8de 

Belete 643.7de 746.7de 613.2f 

Gudenie 569.7e 920.2b 762.3d 

Gera 550.7e 707.8e 639.1f 

LSD (0.05) 99.35 94.10 84.58 

CV (%) 9.83 9.05 8.71 

 

4.3. Effect of Potato varieties on Disease Progress rate 

At Debre Berhan, the fastest disease progress rate (0.0143) was calculated from Menagesha 

variety  followed by 0.0112 calculated from each variety of Ararsa and Wechecha while the 

slowest disease progress rate (0.0036) was calculated from Gera variety followed by 0.0046, 

0.0049, 0.0055, and 0.0065 from the varieties of Gudenie, Chekole a, netib5 and Belete 

respectively during 2018 main cropping season. Similarly, during 2019 cropping season, the 

fastest disease progress rate (0.0143) was obtained from Menagesha variety followed by 0.0122, 

0.0113 and 0.0111 from the varieties of Wechecha, Ararsa and Guasa respectively while the 
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slowest progress rate (0.0036) was calculated from Gera variety followed by 0.0055 from each 

variety of Gudenie, Chekole and Netib5 (Figure 2a, Appendix Table VII). 

At Tengego, the fastest disease progress rate (0.0116) was calculated from Wechecha variety 

followed by 0.0114, 0.0111 were calculated from the varieties of Guasa and Chekole 

respectively while the slowest disease progress rate (0.0073) was calculated from Gera variety 

followed by 0.0085 was calculated from each variety of Belete and Netib5 during 2018 main 

cropping season. Similarly, during 2019 cropping season, the fastest disease progress rate 

(0.0137) was obtained from Menagesha variety followed by 0.0115, 0.0114 and 0.0111 from the 

varieties of Gudenie, Jalenie and Wechecha respectively while the slowest progress rate (0.0093) 

was calculated from Netib5 variety followed by 0.0095 and 0.0100 from the varieties of Chala 

and Belete respectively (Figure 2b, Appendix Table VII). 

At Megezez, the fastest disease progress rate (0.0118) was calculated from Wechecha variety 

followed by 0.0116, 0.0111 were calculated from the varieties of Ararsa and Guasa respectively 

while the slowest disease progress rate (0.0062) was calculated from Belete variety followed by 

0.0068, 0.0085 and 0.0094 were calculated from the varieties of Gera, netib5 and Gudenie 

respectively during 2018 main cropping season. Similarly, during 2019 cropping season, the 

fastest disease progress rate (0.0117) was obtained from Jalenie variety followed by 0.0116 from 

each variety of Menagesha and Chala while the least progress rate (0.0059) was calculated from 

Gera variety followed by 0.0060 from each variety of Belete and Chekole and 0.0070 from the 

variety of Netib5 (Figure 2c, Appendix Table VII). 

During both cropping seasons and over the three locations, the highest disease progress rate was 

recorded from the most susceptible variety Menagesha while the slowest disease progress rate 

was calculated from variety Gera at Debre Berhan and Tengego during both cropping seasons 

and at Megezez during 2019 cropping season. At Debre Berhan, using Gera, Gudenie, Chekole, 

Netib5 and Belete varieties reduced disease progress rate by 74.8%, 67.8%, 65.7%, 61.5%, and 

54.5% respectively during both cropping seasons when compared to the most susceptible variety 

Menagesha.  At Tengego, using Gera, Belete and Netib5 varieties reduced disease progress rate 

by 29.8%, 18.3% and 15.4% respectively during 2018 cropping season and by 24.1%, 27& and 

32.1% respectively during 2019 cropping season. At Megezez, using Belete and Gera varieties 
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reduced the rate by 39.8% and 34% respectively during 2018 while using Gera variety reduced 

the rate by 49.1% during 2019 cropping season when compared to Menagesha. 

Figure 2. The disease progress rate of late blight of potato caused by Phytophtora infestans in different potato 

varities at Debre Berhan(A) at Tengego (B) and at Megezez (C). Rate1 is  rate during 2018 cropping season and 

Rate2 is  rate during 2019 cropping season. 

4.4. Effect of Potato Varieties on Tuber Yield and Yield Components 

 The analysis of variance (ANOVA) showed that there was significant difference in potato tuber 

yield and yield components related parameters during both cropping seasons and at each 

location. Tuber yield and yield component related parameters were highly significantly 

(P<0.001) affected by varieties and years at each location in both cropping seasons. Since there 

were no interaction effect between varieties and year, tuber yield and related data were put in the 

form of one way table. 

Date of flowering and date of maturity, plant height (cm), yield tha-1 and number of seeds per 

plant (NSPP) were significantly (P<0.05) affected by cropping season at Debre Berhan and 

Megezez locations. At Debre Berhan, significantly higher date of flowering and date of maturity 

were recorded during 2018 cropping season compared to 2019 cropping season where as higher 

date of flowering and date of maturity were recorded during 2019 cropping season when 

compared to 2018 at Megezez. Relatively, higher plant height, yield and number of seeds per 

plant were recorded during 2019 cropping season compared to 2018 cropping season at all 

locations.  
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Table 6. Effect of potato varieties and seasons on tuber yield and yield related parameters at 

Debre Berhan research site during 2018 and 2019 main cropping seasons 

Year DF DM SNs PH YTPH NSPP 

2018 67.9a 116.8a 5.31a 63.0a 39.8b 19.0b 

2019 65.2b 115.6b 5.72a 64.3a 42.9a 20.6a 

LSD(0.05) 0.42 0.90 0.42 1.73 2.52 1.40 

Variety DF DM SNs PH YTPH NSPP 

Jalenie 70.5a 109.0d 5.2cde 67.5de 38.4de 17.8cd 

Belete 69.5ab 122.2a 9.5a 66.0e 49.3bc 20.1bc 

Chekole 69.5ab 115.7c 6.5b 74.4ab 43.7cd 19.9bc 

Chala 69.3b 119.8b 4.7de 59.8f 31.3g 22.2ab 

Hunde 68.2c 117.2c 5.3cde 48.2hi 38.5de 16.3d 

Guasa 68.0c 110.5d 4.3e 55.2g 32.2fg 20.3abc 

Wechecha 68.0c 110.5d 4.3e 47.2i 29.3g 18.0cd 

Ararsa 65.7d 115.2c 5.0cde 51.8gh 41.3d 20.7abc 

Gudenie 62.5e 115.2c 4.8cde 74.0bc 51.3ab 23.6a 

Gera 62.5e 120.3ab 5.2cde 69.9cde 56.3a 19.4bcd 

Netib5 62.5e 116.5c 5.5bcd 71.1bcd 49.8bc 22.0ab 

Menagesha 62.5e 122.3a 5.8bc 78.2a 34.5e 17.6cd 

LSD(0.05) 1.0 2.2 1.0 4.2 6.3 3.4 

CV (%) 1.3 1.6 16.1 5.7 12.9 14.9 

CV= Coefficient of variation, DF= degree of freedom, DM= date of maturity, SNs=Stem numbers, PH= 

Plant height, YTPH= yield ton per hectare (marketable), NSPP= Number of seeds per plant, LSD= least 

significant difference. Similar letters along the column means there is no significant difference. 
  

At Debre Berhan, date of flowering and date of maturity were significantly (P<0.05) affected by 

potato variety. Significantly, the highest date of flowering (70.5) was recorded from variety 

Jalenie followed by 69.5 from varieties Belete and Chekole. On the contrary, the lowest (62.5) 

date of flowering was recorded from the varieties of Gudenie, Gera, Netib5 and Menagesha 

(Table 6). Significantly, the highest date of maturity (122.3) was recorded from variety 

Menagesha followed by 122.2 from variety Belete while the lowest (115.2) date of maturity was 

recorded from the varieties of Gudenie and Ararsa (Table 6). Significantly, the highest plant 

height (78.2cm) was recorded from variety Menagesha followed by 74.4 cm and 74.0 cm from 

the varieties of Chekole and Gudenie respectively while the lowest (47.2 cm) plant height was 

recorded from the variety of Wechecha followed by 48.2 cm and 51.8 cm were recorded from the 

varieties of Hundie and Ararsa respectively (Table 6). 



29 
 

Significantly, the highest average stem numbers (9.5) was recorded from variety Belete followed 

by (6.5) recorded from the variety of Chekole while the lowest stem numbers (4.3) was recorded 

from each variety of Wechecha and Guasa (Table 6). Significantly, the highest marketable tuber 

yield tha-1 (56.3) was recorded from variety Gera followed by (51.3, 49.8 and 49.3) tha-1 were 

recorded from the varieties of Gudenie, Netib5 and Belete respectively while the lowest 

marketable tuber yield tha-1(29.3) was recorded from the variety of Wechecha followed by 31.3 

and 32.2 tha-1 were recorded from the varieties of Chala and Guasa respectively (Table 6). 

Significantly, the highest number of seeds per plant (23.6) was recorded from variety Gudenie 

followed by (22.2 and 22.0) NSPP were recorded from the varieties of Chala and Netib5 

respectively while the lowest NSPP (16.3) was recorded from the variety of Hundie followed by 

17.6 and 17.8 NSPP were recorded from the varieties of Menagesha and Jalenie respectively 

(Table 6). 

Table 7. Effect of potato varieties and seasons on tuber yield and yield related parameters at 

Tengego farmer’s field during 2018 and 2019 main cropping seasons 

Year DF DM PH SNs YTPH NSPP 

2018 68.2a 117.8a 57.4b 4.14b 36.4a 20.4a 

2019 68.0a 117.4a 60.6a 4.69a 34.2a 20.8a 

LSD(0.05) 0.66 0.80 1.92 0.39 2.67 0.99 

Variety 

      Belete 71.8a 125.8a 57.1cd 7.3a 40.0ab 23.0bc 

Chekole 71.8a 120.0bc 60.3b 5.5b 40.0ab 25.4a 

Jalenie 71.2a 113.5e 60.0bc 4.2cde 40.oab 24.5ab 

Gudenie 69.0b 121.2b 58.4bcd 3.8de 46.3a 24.7ab 

Chala 67.8bc 119.8bc 62.3b 3.7de 27.9c 15.3d 

Menagesha 67.8bc 119.0cd 73.9a 4.8bc 27.2c 17.5d 

Netib5 67.7bc 118.8cd 53.8de 4.5cd 33.8bc 23.7abc 

Hunde 66.8cd 117.2d 50.0e 4.3cd 32.4c 21.5c 

Guasa 66.8cd 110.5f 57.3cd 3.3e 29.5c 11.9e 

Wechecha 66.5cd 110.5f 50.0e 3.3e 27.2c 12.3e 

Gera 66.0d 119.8bc 71.1a 4.2cde 39.7b 24.0ab 

Ararsa 64.2e 115.2e 54.0de 4.0cde 39.3b 23.4abc 

LSD(0.05) 1.60 1.96 4.70 0.97 6.55 2.43 

CV (%) 2.03 1.44 6.86 18.81 15.95 10.15 
CV= Coefficient of variation, DF= degree of freedom, DM= date of maturity, SNs=Stem numbers, PH= 

Plant height, YTPH= yield ton per hectare (marketable), NSPP= Number of seeds per plant, LSD= least 

significant difference. Similar letters along the column means there is no significant difference. 
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At Tengego, date of flowering and date of maturity were significantly (P<0.05) affected by 

potato variety. Significantly, the highest date of flowering (71.8) was recorded from varieties of 

Belete, Chekole and Jalenie followed by 69.0 from variety Chekole. On the contrary, the lowest 

(64.2) date of flowering was recorded from the variety Ararsa followed by 66.0 from the variety 

Gera (Table 7). Significantly, the highest date of maturity (125.8) was recorded from varieties of 

Belete followed by 121.2 from variety Gudenie while the lowest (110.5) date of maturity was 

recorded from the varieties of Guasa and Wechecha followed by 115.2 from the variety Ararsa 

(Table 7). Significantly, the highest plant height (73.9cm) was recorded from variety Menagesha 

followed by 71.1 cm from the variety Gera while the lowest (50.0 cm) plant height was recorded 

from the varieties of Wechecha and Hundie each followed by 53.8 cm and 54.0 cm were 

recorded from the varieties of Netib5 and Ararsa respectively (Table 7). 

Significantly, the highest average number of stems (7.3) was recorded from variety Belete 

followed by (5.5) was recorded from the variety of Chekole while the lowest average stem 

number (3.3) was recorded from each variety of Wechecha and Guasa (Table 7). Significantly, 

the highest marketable tuber yield tha-1 (46.3) was recorded from variety Gudenie followed by 

(40.0) tha-1 was recorded from each variety of Belete, Chekole and Jalenie while the lowest 

marketable tuber yield tha-1(27.2) was recorded from each variety of Wechecha and Menagesha 

followed by 27.9 and 29.5 tha-1 were recorded from the varieties of Chala and Guasa respectively 

(Table 7). 

Significantly, the highest number of seeds per plant (25.4) was recorded from variety Chekole 

followed by (24.7, 24.5, 24.0) NSPP were recorded from the varieties of Gudenie, Jalenie and 

Gera respectively while the lowest NSPP (11.9) was recorded from the variety of Guasa 

followed by 12.3 and 15.3 NSPP were recorded from the varieties of Wechecha and Chala 

respectively (Table 7). 

At Megezez, date of flowering was significantly (P<0.05) affected by potato variety. 

Significantly, the highest date of flowering (78.o) was recorded from Jalenie followed by 77.0 

recorded from the varieties of Belete and Chekole whereas the lowest (66.2) date of flowering 

was recorded from the variety Ararsa followed by 68.5 from the variety Wechecha (Table 8). 

Significantly, the highest date of maturity (129.8) was recorded from varieties of Belete followed 

by 128.2.2 from varieties of Gera and Menagesha each while the lowest (111.5) date of maturity 
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was recorded from the varieties of Guasa and Wechecha followed by 116.2 from the variety 

Ararsa (Table 8). Significantly, the highest plant height (86.4 cm) was recorded from variety 

Menagesha followed by 70.6 cm from the variety Gudenie while the lowest (48.2 cm) plant 

height was recorded from the varieties of Wechecha followed by 49.2 cm and 52.8 cm were 

recorded from the varieties of Hundie and Ararsa respectively (Table 8). 

Table 8. Effect of potato varieties and seasons on tuber yield and yield related parameters at 

Megezez farmer’s field during 2018 and 2019 main cropping seasons 

Year DF DM PH SNs YTPH NSPP 

2018 70.4b 119.9b 59.5b 5.89b 34.9b 20.1b 

2019 72.0a 122.1a 63.7a 6.36a 49.4a 22.1a 

LSD(0.05) 0.45 1.07 1.50 0.38 3.33 0.92 

Variety 

      Jalenie 78.0a 116.5d 66.2c 6.2abc 41.7cde 20.0cd 

Belete 77.0a 129.8a 60.1d 6.8a 48.8abc 23.8ab 

Chekole 77.0a 123.2bc 61.8d 6.5ab 47.9abc 20.9cd 

Netib5 70.0b 124.8b 59.4de 6.5ab 51.7ab 18.7de 

Gera 70.0b 128.2a 68.1bc 6.2abc 54.6a  25.2a 

Menagesha 70.0b 128.2a 86.4a 6.8a 45.6bcd 17.0e 

Gudenie 70.0b 123.2bc 70.6b 5.8bc 46.8abcd 25.2a 

Chala 69.8bc 120.8c 60.8d 5.7bc 33.2fg 22.0bc 

Hunde 68.8cd 118.2d 49.2gh 6.3ab 39.7de 17.0e 

Guasa 68.8cd 111.5e 56.2ef 5.3c 33.3fg 21.7bc 

Wechecha 68.5d 111.5e 48.2h 5.3c 25.9g 19.3d 

Ararsa 66.2e 116.2d 52.8fg 6.0abc 36.4ef 22.0bc 

LSD(0.05) 1.11 2.63 3.67 0.93 8.16 2.25 

CV (%) 1.34 1.87 5.12 13.09 16.66 9.2 

CV= Coefficient of variation, DF= degree of freedom, DM= date of maturity, SNs=Stem numbers, PH= 

Plant height, YTPH= yield ton per hectare (marketable), NSPP= Number of seeds per plant, LSD= least 

significant difference. Similar letters along the column means there is no significant difference. 

Significantly, the highest average number of stems (6.8) was recorded from each  variety Belete 

and Menagesha followed by (6.5) was recorded from each  variety of Chekole and Netib5 while 

the lowest average stem number (5.3) was recorded from each variety of Wechecha and Guasa 

(Table 8). Significantly, the highest marketable tuber yield tha-1 (54.6) was recorded from variety 

Gera followed by (51.7, 48.8 and 47.9) tha-1 were recorded from the varieties of Netib5, Belete 

and Chekole respectively while the lowest marketable tuber yield tha-1(25.9) was recorded from 

the variety of Wechecha followed by 33.2 and 33.3 tha-1 were recorded from the varieties of 

Chala and Guasa respectively (Table 8). 
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Significantly, the highest number of seeds per plant (25.2) was recorded from varieties of 

Gudenie and Gera each followed by (23.8) NSPP were recorded from the variety of Belete while 

the lowest NSPP (17.0) was recorded from the varieties of Hundie and Menagesha followed by 

19.3 NSPP were recorded from the variety of Wechecha (Table 8). 

When comparing cropping seasons as the functions of general varieties and locations, higher date 

of maturity, plant height, yield tha-1 and number of seeds per plant were obtained during 2019 

cropping season than 2018 cropping season (Table 6, 7, 8). When comparing cropping locations 

as the functions of general varieties and cropping seasons, the highest date of flowering (71.2) 

and the highest date of maturity120.0) were recorded from Megezez research site while the 

lowest date of flowering (66.6) and the lowest date of maturity (116.2) were recorded from 

Debre Berhan research site. The highest plant height (63.6 cm) was recorded from Debre Berhan 

while the lowest plant height (59.0 cm) was obtained from Tengego research site. Averagely, the 

highest yield (41 tha-1) and the highest number of seeds per plant (21.1) were recorded from 

Megezez research site whereas the lowest yield (36.9 tha-1) and the lowest number of seeds per 

plant (20.6) were obtained from Tengego research site. 

When comparing potato varieties as the functions of general locations and cropping seasons, the 

highest date of flowering (73.2) was recorded from Jalenie variety followed by Belete and 

Chekole varieties while the lowest date of flowering (65.3) was recorded from Ararsa followed 

by 66.2 from the variety Gera. The highest date of maturity (125.9) was recorded variety Belete 

followed by 123.2 and 122.8 from varieties of Menagesha and Gera respectively whereas the 

lowest date of maturity (110.8) was recorded from Guasa and Wechecha varieties. The highest 

stem number (7.9) was recorded from Belete variety followed by 6.2 from Chekole variety while 

the lowest stem number (4.3) was obtained from each variety Guasa and Wechecha.  

The highest plant height (79.5 cm) was recorded from Menagesha variety followed by 69.7 and 

67.6 cm from the varieties of Gera and Gudenie while the lowest plant height (48.4 cm) was 

obtained from the variety Wechecha followed by 49.1 cm recorded from Hundie variety. The 

highest yield (50.2 tha-1) was recorded from Gera variety followed by 48.1, 46.0, 45.1 tha-1) 

recorded form the varieties of Gudenie, Belete and Netib5 respectively while the least yield (27.6 

tha-1) was recorded from Wechecha variety followed by 30.8 and 31.7 tha-1 from the varieties of 

Chala and Guasa respectively. Significantly, the highest number of tuber seeds per plant (24.5) 
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was recorded from the variety Gudenie followed by (22.9) recorded from variety Gera whereas 

the least number of tuber seeds per plant (16.6) was recorded from variety Wechecha followed 

by (17.4) recorded from the variety Menagesha. 

Table 9. Effect of potato varieties, locations and seasons on tuber yield and yield related 

parameters  

Year DF DM SNs PH YTPH UMYTPH NSPP 

2018 68.8a 118.2a 5.1b 60.0b 37.0b 0.74b 19.8b 

2019 68.4b 118.4a 5.6a 62.9a 42.2a 0.95a 21.2a 

 LSD (0.05) 0.56 0.71 0.23 1.39 2.04 0.03 0.94 

Location               

Megezez 71.2a 121.0a 6.1a 61.6b 42.1a 0.72c 21.1a 

Tengego 68.1b 117.6b 4.4c 59.0c 35.3b 0.82b 20.6ab 

Debre Berhan 66.6c 116.2c 5.5b 63.6a 41.3a 1.00a 19.8b 

 LSD (0.05) 0.69 0.87 0.29 1.70 2.50 0.04 1.15 

Variety Mean             

Jalenie 73.2a 113.0f 5.2def 64.5cd 40.0cd 0.97c 20.7bc 

Belete 72.8a 125.9a 7.9a 61.1e 46.0ab 1.05ab 22.3ab 

Chekole 72.8a 119.6c 6.2b 65.5c 43.9bc 0.98bc 22.1bc 

Chala 69.0b 120.2c 4.7fg 61.0e 30.8ef 0.97c 19.8cd 

Hunde 67.9bc 117.5d 5.3def 49.1g 36.d 0.67e 18.3de 

Guasa 67.9bc 110.8g 4.3g 56.2f 31.7ef 0.81d 18.0de 

Wechecha 67.7bc 110.8g 4.3g 48.4g 27.6f 0.71e 16.6e 

Gudenie 67.2cd 119.8c 4.8efg 67.6bc 48.1ab 0.67e 24.5a 

Menagesha 66.8cd 123.2b 5.8bc 79.5a 35.8de 1.07a 17.4e 

Netib5 66.7cde 120.1c 5.5cd 61.4de 45.1b 0.57f 21.5bc 

Gera 66.2de 122.8b 5.2def 69.7b 50.2a 0.84d 22.9ab 

Ararsa 65.3e 115.5e 5.0edf 52.9f 39.0cd 0.85d 22.0bc 

 LSD (0.05) 1.39 1.74 0.57 3.41 4.99 0.07 2.29 

 CV (%) 3.08 2.24 16.29 8.43 19.18 12.62 17.01 

CV= Coefficient of variation, DF= degree of freedom, DM= date of maturity, SNs=Stem numbers, PH= 

Plant height, YTPH= yield ton per hectare (marketable), NSPP= Number of seeds per plant, LSD= least 

significant difference. Similar letters along the column means there is no significant difference. 

4.5. Association of Disease parameters with tuber yield parameters 

Yield enhancement can be obtained through direct selection for seed yield or by indirect 

selection through yield related traits. Traits can be positively and significantly correlated with 

seed yield for ease yield improvement via indirect selection. Determination of yield related traits 

and their correlation towards seed yield could create an opportunity for effective indirect 

selection of superior genotypes. In the current study, correlation was done to see the association 



34 
 

of disease incidence and severity with phonological, yield and its related parameters with yield. 

Disease severities (%) at each disease recording dates and AUDPC showed significantly strong 

positive correlation among themselves and significantly strong negative correlation with potato 

tuber yield at the three research fields. 

At Debre Berhan, disease severity (%) at 58 DAP showed significantly strong correlation 

(r=0.84) with disease severity recorded at 65DAP and 79 DAP each, (r=0.86) with AUDPC. 

Disease severity (%) at 65 DAP showed significantly strong correlation (r=0.89) with disease 

severity recorded at 79 DAP each, (r=0.94) with AUDPC. The disease severity (%) at 72 DAP 

showed significantly strong correlation (r=0.97) with disease severity recorded at 79 DAP, 

(r=0.98) with AUDPC. The disease severity (%) at 79 DAP showed significantly strong 

correlation (r=0.98) with AUDPC. The disease severity (%) at 86 DAP showed significantly 

strong correlation (r=0.98) with disease severity recorded at 79 DAP, (r=0.97) with AUDPC 

(Table 9). The area under disease progress curve (AUDPC) showed significantly strong 

correlation (r=0.99, r=0.98 and r=0.97) with disease severity recorded at 79, 72 and 86 DAP 

respectively. Yield (tha-1) showed significantly strong negative correlation with disease severities 

at each disease recording dates and with AUDPC. The yield was strongly negatively correlated 

(r=-0.67) with disease severity recorded at 79 and 86 DAP each and strongly negatively 

correlated (r=-0.66) with AUDPC (Table 9).  

Table 9. Mean values of spearman Correlation Coefficients (N = 72)  of disease severities at 58, 

65, 72, 79 and 86 days after planting (DAP), area under disease progress curve (AUDPC) and 

tuber yield ton per hectare (YTPH or  tha-1) at Debre Berhan research field during 2018 and 2019 

main cropping seasons 

 58DAP 65DAP 72DAP 79DAP 86 DAP AUDPC YTPH 

58DAP 1     
 

      

65DAP 0.84*** 1 
     

72DAP 0.79*** 0.91*** 1   
   

79DAP 0.84*** 0.89*** 0.97*** 1 
   

86 DAP 0.82*** 0.87*** 0.94*** 0.98*** 1  
 

AUDPC 0.86*** 0.94*** 0.98*** 0.99*** 0.97*** 1 
 

YTPH -0.59*** -0.58*** -0.64*** -0.67*** -0.67*** -0.66*** 1 

 DAP= days After planting, YTPH= Yield ton per hectare, ns= non-significant, ***= very highly 

significant, **= highly significant, *= significant 
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At Tengego research field, disease severity (%) at 56 DAP showed significantly strong 

correlation (r=0.72) with disease severity recorded at 77DAP, (r=0.75) with AUDPC (Table 10). 

Disease severity (%) at 63 DAP showed significantly strong correlation (r=0.71) with disease 

severity recorded at 77 DAP each, (r=0.87) with AUDPC. The disease severity (%) at 70 DAP 

showed significantly strong correlation (r=0.79) with disease severity recorded at 77 DAP, 

(r=0.91) with AUDPC (Table 10). The disease severity (%) at 77 DAP showed significantly 

strong correlation (r=0.87) with disease severity recorded at 84 DAP, (r=0.94) with AUDPC. The 

disease severity (%) at 84 DAP showed significantly strong correlation (r=0.87) with disease 

severity recorded at 77 DAP, (r=0.88) with AUDPC. The area under disease progress curve 

(AUDPC) showed significantly strong correlation (r=0.94, r=0.91 and r=0.88) with disease 

severity recorded at 77, 70 and 84 DAP respectively. Yield (tha-1) showed significantly strong 

negative correlation with disease severities at each disease recording dates and with AUDPC. 

The yield was weakly negatively correlated (r=-0.28) with disease severity recorded at 77 DAP 

followed (r=-0.26) with disease severity at 56 DAP and weakly negatively correlated (r=-0.22) 

with AUDPC (Table 10).  

Table 10. Mean values of spearman Correlation Coefficients (N = 72)  of disease severities at 56, 

63, 70, 77 and 84 days after planting (DAP), area under disease progress curve (AUDPC) and 

Yield ton per hectare (YTPH or  tha-1) at Tengego research field during 2018 and 2019 cropping 

seasons 

  56DAP 63DAP 70DAP 77DAP 84 DAP AUDPC YTPH 

56DAP 1       

63DAP 0.64*** 1      

70DAP 0.64*** 0.75*** 1     

77DAP 0.72*** 0.71*** 0.78*** 1    

84 DAP 0.57*** 0.68*** 0.72*** 0.87*** 1   

AUDPC 0.75*** 0.87*** 0.91*** 0.94*** 0.88*** 1  

YTPH -0.26*** -0.05*** -0.20*** -0.28*** -0.19*** -0.22*** 1 

DAP= days After planting, YTPH= Yield ton per hectare, ns= non-significant, ***= very highly significant, **= 

highly significant, *= significant  

At Megezez research field, disease severity (%) at 60 DAP showed significantly strong 

correlation (r=0.69) with disease severity recorded at 67 and 81 DAP each, (r=0.77) with 

AUDPC. Disease severity (%) at 67 DAP showed significantly strong correlation (r=0.88) with 
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disease severity recorded at 74 DAP, (r=0.90) with AUDPC (Table 11). The disease severity (%) 

at 74 DAP showed significantly strong correlation (r=0.93) with disease severity recorded at 81 

DAP, (r=0.98) with AUDPC. The disease severity (%) at 81 DAP showed significantly strong 

correlation (r=0.97) with disease severity recorded at 88 DAP, (r=0.97) with AUDPC. The 

disease severity (%) at 88 DAP showed significantly strong correlation (r=0.97) with disease 

severity recorded at 81 DAP, (r=0.95) with AUDPC (Table 11). The area under disease progress 

curve (AUDPC) showed significantly strong correlation (r=0.98, r=0.97 and r=0.95) with disease 

severity recorded at 74, 81 and 88 DAP respectively. Yield (tha-1) showed significantly strong 

negative correlation with disease severities at each disease recording dates and with AUDPC. 

The yield was weakly negatively correlated (r=-0.46) with disease severity recorded at 88 DAP 

followed (r=-0.45) with disease severity at 81 DAP and weakly negatively correlated (r=-0.34) 

with AUDPC (Table 11).  

Table 11. Mean values of spearman Correlation Coefficients (N = 72)  of disease severities at 60, 

67, 74, 81 and 88 days after planting (DAP), area under disease progress curve (AUDPC) and 

Yield ton per hectare (YTPH or  tha-1) at Megezez research field during 2018 and 2019 cropping 

seasons 

  60DAP 67DAP 74DAP 81DAP 88 DAP AUDPC YTPH 

60DAP 1       

67DAP 0.69*** 1      

74DAP 0.63*** 0.88*** 1     

81DAP 0.69*** 0.77*** 0.93*** 1    

88 DAP 0.64*** 0.77*** 0.90*** 0.97*** 1   

AUDPC 0.72*** 0.90*** 0.98*** 0.97*** 0.95*** 1  

YTPH 0.04ns -0.11ns -0.32ns -0.45*** -0.46*** -0.34*** 1 

 DAP= days after planting, YTPH= Yield ton per hectare, ns= non-significant, ***= very highly significant, **= 

highly significant, *= significant 
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5. DISCUSSION 

The main objectives of this study were to evaluate the most late blight disease resistant varieties 

of potato at different locations and cropping seasons that might be used as the major component 

of disease management strategy in future.  The disease severity at the initial and final dates of 

disease recording as well as the trend of disease progress, showed significant difference among 

varieties, between locations, cropping seasons. Although the differences in disease parameters 

were significant, their effect on yield and yield components were not significant except disease 

severities at some disease recording dates. The disease severities were similar in both cropping 

seasons since the field experiments were conducted during the most conducive environmental 

conditions for the proliferation of the pathogen and disease development. There was no potato 

variety found completely resistant to the pathogen in all field experiments of this study. 

The result of this study was in line with findings of Mulugeta and Dessalegn ( 2014), that 

revealed  host resistance to late blight is of significance in integrated late blight management due 

to its long-term economic benefits for farmers .since it minimizes changes in the population 

structure of Phytophtora  infestans, decreasing the likelihood of fungicide resistance (Mukalazi 

et al. 2001). The use of resistant varieties is among the most effective and environmentally safe 

means of managing the disease. Potato varieties with high blight resistance can be destroyed by 

new strains of the fungus since the resistance is controlled by single gene. Some varieties have a 

low level of resistance which can give some protection in drier seasons with little advantage. The 

higher levels of disease severities and area under progress curve were evident even in moderately 

resistant varieties. This finding is in agreement with the thought of Anonymous (2007) that 

revealed blight can be controlled in partially resistant varieties governed by minor genes 

combined with reduced dose of fungicide. Early-maturing varieties are usually susceptible to the 

disease with exception of some varieties. In this study, the trends of disease progress was similar 

for all varieties however, in moderately resistant varieties, the disease onset was delayed for 

about 15 days when comparing to highly susceptible varieties. Binyam et al. (2014) also 

approved that the moderately resistant varieties delayed onset of the potato late blight disease by 

20 days on as compared to the susceptible varieties. 

Most of the varieties considered as moderately resistant in this research were with durable 

resistance. In line with this finding of Jones (1998) proved that durable resistance has proved to 



38 
 

be helpful in reducing the amount of fungicides. Fry (1977) also proved that varieties with 

durable resistance have significantly reduced disease severity and area under disease progress 

curve (AUDPC) values compared with susceptible ones because of use of resistant varieties can 

slow down the pathogen growth rates. Varieties with higher level of resistance require less 

fungicide spray than cultivars with lower levels of resistance (Fry, 1978). Use of resistant potato 

varieties is one of the main components of late blight management and is especially effective 

under tropical conditions (Shtienberg et al., 1994). However, the race-specific oligogenic 

resistance (CIP, 1989) in the existing released potato varieties can be rapidly broken down by 

compatible races of P. infestans rendering the varieties to be susceptible to the disease within a 

short period (Shtienberg et al. ,1994). Generally resistant potato varieties and improved cultural 

practices can reduce late blight (FAO, 2008). It is not sufficient to rely on varietal resistance to 

control late blight, as, in favorable weather, late blight can severely affect these varieties unless 

they are sprayed with a good protective fungicide. Even resistant varieties should be sprayed 

regularly with fungicides to eliminate the possibility of becoming suddenly attacked by races of 

the pathogen to which they are not resistant. However, it is always advisable to use resistant 

varieties, even when sprays with fungicides are considered the main control strategy, because 

resistant varieties delay the onset of the disease or reduce its rate of development so that fewer 

sprays on a resistant variety may be needed to obtain a satisfactory level of control of the disease 

(Wassu, 2017). 

Most of the resistant varieties at different locations and during different cropping seasons were 

high yielders. Most resistant varieties had higher yield and yield components as compared to 

susceptible varieties except Menagesha at Megezez during both cropping seasons. Farmers at 

Megezez can use Menagesha by spraying higher protective type fungicides and cultivating at 

seasons not favorable for Phytophtora infestans.  

Disease parameters like disease severity, disease progress rate and area under disease progress 

curve had strongly positive correlation among themselves and strongly negative correlation with 

yield parameters. At Debre Berhan, yield was strongly negatively correlated (r=-0.67) with 

disease severity recorded at 79 and 86 DAP each and strongly negatively correlated (r=-0.66) 

with AUDPC. At Tengego, yield was weakly negatively correlated (r=-0.28) with disease 

severity recorded at 77 DAP followed (r=-0.26) with disease severity at 56 DAP and weakly 
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negatively correlated (r=-0.22) with AUDPC during both cropping seasons. At Megezez, yield 

was weakly negatively correlated (r=-0.46) with disease severity recorded at 88 DAP followed 

(r=-0.45) with disease severity at 81 DAP and weakly negatively correlated (r=-0.34) with 

AUDPC. 
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6. SUMMARY, CONCLUSION AND RECOMMENDATION 

The current study identified Gudenie, Belete, Gera and Netib5 as high yielders and moderately 

resistant varieties while Menagesha as the most susceptible variety at Debre Berhan. At 

Tengego; Gudenie, Belete, Chekole and Jalenie were high yielders and moderately resistant 

varieties whereas Menagesha, Chala, Ararsa and Wechecha were highly susceptible varieties. 

Gera, Netib5, Belete and Chekole were high yielders and moderately resistant at Megezez while 

Menagesha, Chala and Wechecha were highly susceptible varieties. Since the field experiments 

were conducted during main cropping season, which is more favorable for the pathogen, it 

became difficult to maintain resistant varieties. In Addition, the field experiments were 

conducted without application of less concentration of fungicides, which is part of integrated 

disease management and helps the resistance level of potato varieties. 

 Farmers at Debre Berhan are recommended to use Gudenie, Belete, Gera and Netib5 varieties 

while at Tengego, Gudenie, Belete, Chekole and Jalenie are recommendable. At Megezez the 

varieties Gera, Netib5, Belete and Chekole are recommended. Since Belete is more perishable, in 

all the three locations, further chemical analysis and physical characteristics research need to be 

conducted to lengthen the shelf life. Farmers at Megezez might be used Menagesha variety with 

appropriate concentration of fungicides to maintain higher amount of marketable tuber yield. The 

bimodal rainfall at Megezez creates suitable conditions that favor plant growth and disfavor the 

pathogen when planted during short rainy season. Short rainy season potato cultivation also 

possibly appropriate planting time with minimized late blight severity and hence, producers 

should have to practice those identified variety with both planting dates to have minimized 

disease reaction and high tuber yield.  
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APPENDIX TABLES 
 

Table I. Mean squares analysis value of effect of potato varieties  on the severity of late blight of 

potato caused by Phythoftora infestans   at Debre Berhan research site during 2018 and 2019 

main cropping  seasons (n=72) at different days after planting(DAP). 

Source DF 58 DAP 65 DAP 72 DAP 79 DAP 86 DAP AUDPC 

Year 1 0.18ns 15.99ns 44.91* 99.01** 88.57* 32041.76** 

Variety 11 126.77*** 377.67*** 641.31*** 749.03*** 718.19*** 390806.33*** 

rep 2 1.43ns 7.49ns 1.49ns 9.28ns 23.65ns 1584.53ns 

YearXVariety 11 16.423*** 22.64** 41.14*** 58.25*** 63.78*** 22268.26*** 

CV (%)   8.67162 11.187 8.73004 7.95272 8.64068 7.242958 
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AUDPC= area under disease progress curve, DAP= Days after planting, DF= degree of freedom,  

CV= Coefficient of Variation; *, **, ***, are significant at p ≤ 0.05, P<0.01and p ≤ 0.001 

probability levels, respectively, ns is non-significant, X= interaction, rep= replication. 

 

Table II. . Mean squares analysis value of effect of potato varieties on the yield and yield 

components at Debre Berhan research site during 2018 and 2019 main cropping  seasons (n=72) 

 

Source DF DAF DM PH SNs YTPH NSPP 

Year 1 128.0*** 29.4** 31.5ns 3.125ns 184.6* 45.1* 

Variety 11 62.2*** 122.1*** 703.0*** 11.71*** 779.5*** 27.3** 

rep 2 1.5ns 1.4ns 1.1ns 1.264ns 27.7ns 107.9* 

Year*Variety 11 0.3ns 0.4ns 6.3ns 0.67ns 24.2ns 8.98ns 

CV (%)   1.32 1.63 5.73 16.07 13.64 14.89 

 

DAF= Dates of 50% flowering, DF= degree of freedom, CV= Coefficient of Variation; *, **, 

***, are significant at p ≤ 0.05, P<0.01and p ≤ 0.001 probability levels, respectively, ns is non-

significant, PH= plant height, NSPP= number of tuber seeds per plant,  SNs= stem numbers, 

YTPH= Tuber yield ton per hectare, X= interaction, rep= replication. 

 

Table III. Mean squares analysis value of effect of potato varieties the severity of late blight of 

potato caused by Phythoftora infestans   at Tengego farmers field during 2018 and 2019 main 

cropping  seasons (n=72) at different days after planting(DAP). 

Source DF 56DAP 63 DAP 70 DAP 77 DAP 84 DAP AUDPC 

Year 1 24.2** 101.6** 253.4*** 301.0*** 207.5*** 137683.9*** 

Variety 11 14.9*** 50.8*** 94.5*** 121.7*** 68.26*** 50848.8*** 

rep 2 1.48ns 23.4* 19.6ns 10.08ns 1.28ns 8641.4ns 

YearXVariety 11 3.67ns 23.9** 26.2** 48.9*** 43.5*** 16831.9*** 

CV (%)   9.840 10.776 8.508 7.581 5.445 6.352 

AUDPC= area under disease progress curve, DAP= Days after planting, DF= degree of freedom,  

CV= Coefficient of Variation; *, **, ***, are significant at p ≤ 0.05, P<0.01and p ≤ 0.001 

probability levels, respectively, ns is non-significant, X= interaction, rep= replication 
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Table IV. Mean squares analysis value of effect of potato varieties on the yield and yield 

components at Tengego farmers field during 2018 and 2019 main cropping  seasons (n=72) 

Source DF DF DM PH SNs YTPH NSPP 

Year 1 0.68ns 2.72ns 191.8** 5.56** 171.1* 4.12ns 

Variety 11 34.9*** 121.89*** 327.5*** 7.318*** 421.6*** 148.8*** 

rep 2 0.5ns 1.76ns 0.5ns 0.792ns 2.38ns 3.01ns 

Year*Variety 11 14.7*** 18.63*** 57.7** 0.3737ns 14.95ns 4.62ns 

CV (%)   2.03 1.44 6.86 18.81 13.23 10.15 

DAF= Dates of 50% flowering, DF= degree of freedom, CV= Coefficient of Variation; *, **, 

***, are significant at p ≤ 0.05, P<0.01and p ≤ 0.001 probability levels, respectively, ns is non-

significant, PH= plant height, NSPP= number of tuber seeds per plant, SNs= number of stems, 

YTPH= Tuber yield ton per hectare, X= interaction, rep= replication 

 

 Table V. Mean squares analysis value of effect of potato varieties on the severity of late blight of 

potato caused by Phythoftora infestans   at Megezez farmers field during 2018 and 2019 main 

cropping  seasons (n=72) at different days after planting(DAP). 

Source DF 60 DAP 67 DAP 74 DAP 81 DAP 88 DAP AUDPC 

Year 1 80.9*** 34.0* 0.04ns 17.9ns 10.98ns 12592.2ns 

Variety 11 16.9*** 88.1*** 196.0*** 270.8*** 263.28*** 113720.6*** 

rep 2 4.4ns 14.8ns 23.6ns 13.0ns 17.0ns 7468.4ns 

YearXVariety 11 5.7* 33.3** 56.5*** 45.9*** 51.3*** 28067.5*** 

CV (%)   9.327 2.825 9.396 7.928 7.703 7.998 

AUDPC= area under disease progress curve, DAP= Days after planting, DF= degree of freedom,  

CV= Coefficient of Variation; *, **, ***, are significant at p ≤ 0.05, P<0.01and p ≤ 0.001 

probability levels, respectively, ns is non-significant, X= interaction, rep= replication. 
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Table VI. Mean squares analysis value of effect of potato varieties on the yield and yield 

components at Megezez farmers field  during 2018 and 2019 main cropping  seasons (n=72) 

Source DF DF DM PH SNs YTPH NSPP 

Year 1 45.1*** 84.5** 315.0*** 4.0139* 3791.6*** 72.0*** 

Variety 11 89.98*** 238.4*** 657.3*** 1.580* 714.3*** 47.3*** 

rep 2 1.72ns 6.17ns 61.4* 0.542ns 160.99* 3.9ns 

Year*Variety 11 0.4ns 1.59ns 26.1* 0.347ns 343.5*** 0.0ns 

CV (%)   1.34 1.87 5.12 13.09 17.20 9.20 

 

DAF= Dates of 50% flowering, DF= degree of freedom, CV= Coefficient of Variation; *, **, 

***, are significant at p ≤ 0.05, P<0.01and p ≤ 0.001 probability levels, respectively, ns is non-

significant, PH= plant height, NSPP= number of tuber seeds per plant, SNs= number of stems, 

YTPH= Tuber yield ton per hectare, X= interaction, rep= replication 
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Table VII.   The disease progress rate of late blight of potato caused by Phytophtora infestans at 

Debre Berhan, Tengego and Megezez research sites during 2018 and 2019 main cropping 

seasons  

Year Variety 
Debre Berhan Tengego Megezez 

Rate  (r) R2 Rate  (r) R2 Rate  (r) R2 

2018 

Menagesha 0.0143 91.6 0.0104 97.1 0.0103 91.2 

Ararsa 0.0112 92.6 0.0103 97.7 0.0116 95.0 

Chala 0.0107 92.9 0.0105 92.5 0.0107 95.7 

Wechecha 0.0112 94.8 0.0116 97.7 0.0118 95.8 

Jalenie 0.0102 84.9 0.0109 95.6 0.0102 95.6 

Guasa 0.0111 91.3 0.0114 94.9 0.0111 93.9 

Hunde 0.0108 92.2 0.0099 95.5 0.0100 93.3 

Netib5 0.0055 76.7 0.0088 83.0 0.0085 92.4 

Chekole 0.0049 83.9 0.0111 94.3 0.0108 93.0 

Belete 0.0065 80.0 0.0085 94.8 0.0062 87.1 

Gudenie 0.0046 80.8 0.0091 86.2 0.0094 81.8 

Gera 0.0036 72.5 0.0073 84.7 0.0068 91.3 

2019 

Menagesha 0.0143 91.6 0.0137 94.0 0.0116 98.1 

Ararsa 0.0113 92.6 0.0109 91.5 0.0109 97.4 

Chala 0.0107 92.9 0.0095 95.8 0.0116 95.6 

Wechecha 0.0122 94.8 0.0111 93.9 0.0111 98.0 

Jalenie 0.0102 84.9 0.0114 94.5 0.0117 96.4 

Guasa 0.0111 91.3 0.0109 90.8 0.0111 93.9 

Hunde 0.0108 92.2 0.0109 96.2 0.0108 93.0 

Netib5 0.0055 76.7 0.0093 94.0 0.0070 91.8 

Chekole 0.0049 83.4 0.0109 94.3 0.0060 83.8 

Belete 0.0065 80.0 0.0100 93.2 0.0060 75.7 

Gudenie 0.0046 80.8 0.0115 92.6 0.0075 64.7 

Gera 0.0036 72.5 0.0104 90.7 0.0059 81.8 
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Appendix Figure I. The potato variety evaluation trial at Megezez during 2018 (a) and 2019 (b) 

 

Appendix Figure II. The potato variety evaluation trial at Debre Berhan University during 2018 (a) and 

2019 (b) 
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Appendix Figure III. The potato variety evaluation trial at Tengego during 2018 (a) and 2019 (b) 

a b 


