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Breeding for late blight disease resistance varieties in
Potato: A strategic approach for food security and
sustainability.

ABSTRACT

Potato (Solanum tuberosum L.) is one the most important stable foods that helps to resolve the global food crisis.
However, its production has been limited due to various biotic and abiotic factors. Late blight disease caused
by Phytophthora infestans is one of the destructive pathogenic diseases that not only results in potato yield losses
but also increase the cost of production due to huge monetary expenses the growers inquire for disease control and
preventive measures. The pathogen could result in a 20-100% yield reduction depending on the susceptibility of the
variety, prevailing climatic variables, preventive and control measures taken, and the pathogen load in the area. The
losses in the yield resulted in hunger and starvation. Annually, the losses due to Phytophthora infestans have been
estimated to be $ 12 billion globally. The use of chemicals to control the disease seems to be the most effective
measure, the method is no more economically and environmentally sustainable. The development and deployment
of resistant varieties remain the most sustainable approach to managing and controlling diseases to ensure food
security. This review examines the significance of the late blight disease of potatoes, its control measure, and the

need for disease-resistant varieties.
KEYWORDS: Chemical control, Food security, Late blight, Phytophthora infestan, Potato, Resistant.

Introduction

Food insecurity and sustainability is a global issue that needs urgent intervention. The world population
was estimated by the United Nations [1] to reach 9.4 billion by 2050. Presently, there is a wide gap in
global food supply and demand. Feeding the continuously growing population has been one of the
greatest challenges encountered by international organizations, government bodies, and individuals. The
level of food security in a geographical or political region is estimated by the quantity of food available,
accessible, and affordable by the people. Unfortunately, a greater percentage of the human population
doesn’t have access to sufficient, safe, and quality daily dietary needs [2]. In Africa, the number of hungry

and undernourished people are increasing rapidly in the past 10 years [3].

Overcoming the problem of food insecurity and malnutrition in the growing population requires active food
production to bridge the gap between the global food supply and demand [4]. Active food production

involves the use of good farm inputs, increasing the area of farmland to be cultivated, involvement of
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more people in farming activities, and adoption of new farming techniques. While adopting these

strategies, biotic and abiotic factors limiting crop production should also be guided against.

Potato (Solanium tuberosum L) is an annual herbaceous crop that produces edible tubers. After rice,
wheat, and maize, potato is the fourth most consumed crop globally [5]. The average yield of potato tuber
in Nigeria is about 4.3 t/ha compared to the global tuber yield average of about 21.4 t/ha [6]. Potato is rich
in carbohydrates, protein, vitamins, minerals, and fibres [7]. Potato production, processing, and marketing
have contributed significantly to the livelihoods of those who are involved and enhanced food availability
and sustainability. Despite the economic and nutritional importance of the crop, it is still challenged by
different biotic and abiotic adversities. Among the various biotic factors affecting the crop, late blight
disease is the most devastating one causing the greatest economic losses [8].The disease could cause
more than 50% of tuber losses in potatoes [9]. 100 % tuber yield loss was reported by Ahmed et al. [10]
under epidemic conditions. However, the extent of losses recorded in the disease-infected farms varied
as per their plant protection measures taken and the degree of susceptibility of the cultivar grown, and the
prevailing environmental conditions in the area. Global potato losses due to late blight disease were
estimated to exceed US $12 hillion yearly [11], thus the pathogen responsible for the manifestation of the

disease is a great threat to food security and sustainability [12].

Late blight disease of potatoes is caused by Phytophthora infestans (Mont.) de Bary. It is a fungal disease
caused by Phytophthora infestans (P. infestans) in class Oomycetes. The pathogen Phytophthora
infestans is the most popular and most researched species of Phytophthora. However, it is the most
destructive of all potato diseases [13]. Managing the disease has been a major farmer’s challenge.
Management of the disease using different approaches has increased the cost of crop production,
thereby reducing the grower’s income. The use of chemicals seems to be the most effective control
measure, however, agrochemicals lead to environmental problems [14]. The objectives of this review
were to (i) know more about the pathogen “Phytophthora infestans (Mont.) de Bary” causing potato late
blight; (ii) understand various management approaches for potato blast disease and (iii) have reasons for

developing late blight disease tolerant varieties.

Epidemiology

The major source of infection in potato late blight is through infected tubers. The pathogen, Phytophthora
infestans can survive on numerous solanaceous plants, weeds, and in the soil which serve as a source of
infection in the next growing season [15-16]. The fungus can also survive on the living tissue of
unharvested or volunteer potatoes abandoned on the field or elsewhere'®. Wind, splashed rain, materials
transportation, humans, and animals are responsible for the spread of the pathogen from one location to
another™®. Within a short time of infection, new sporangiophores will emerge from the leaves' stomata and

thereby multiply depending on the prevailing environmental variables in the area. Bhattacharyya et al. [17]
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reported that 0.01 % to 3.0 % of the infected tuber is sufficient to initiate a late blight epidemic in the

subsequent growing seasons.

Symptomatology

The late blight disease affects all the underground and aboveground parts of the plant. The first
symptoms of late blight disease in the field appear on the lower leaves with a small, light-to-dark green,
and circular-to irregularly-shaped. The lower leaves show water-soaked lesions which may not be easily
noticed™. It is sometimes surrounded by a pale yellowish border. When the variety grown are susceptible
and the environmental variables are favourable for the pathogen, the symptoms spread to the upper
leaves rapidly [18]. The light to dark green water-soaked lesions turn brown to black spots, destroying the
whole leaf. A white fluffy fungal appears at the underside part of the infected leaves. The visible white
fluffy fungal is the distinguishing feature of leaf blight'®. On the stem and the petioles, light brown lesions
are developed in an elongated or encircled manner that weakens and breaks them, thus killing the plant
[19]. Rusty brown discoloration, and dry, hard, and granular lesions on the potato tuber flesh is a typical
symptoms of the disease [20]. A severely infected potato late blight field looks like a field burnt partially by

fire [21] and emits a rotten odour.

Management Approaches of Late Blight Management Potato

An integrated disease management approach is an effective method of controlling late-blast disease. This
involves the use of biological, cultural, and chemical measures and resistant varieties [22]. In developing
and under-developed nations, the use of resistant crop varieties is considered the best option for farmers

in managing this problem [23].

Cultural method

The first line of action to ensure a late blight-free potato field and tubers is cultural practices. This method
reduces the pathogen load by reducing their survivability, inhibiting their reproduction, and reducing the
rate of their dispersal and the pathogen penetration. The initiation of the disease can be reduced through
avoidance by planting disease-free tubers and eliminating all potato plants and tubers abandoned on the
field in the previous year. The low dosage of nitrogenous fertilizer usage is often recommended as a
cultural practice to inhibit the growth and development of late blight [24] while the high dosage of
phosphorus and potassium fertilizer is recommended [25]. The selection of well-aerated fields and early

planting and early weeding should be adopted as a preventive measure'®,

Biological control
Biological control is an eco-friendly disease management approach. This approach is a difficult task
especially when the extent of the disease pressure is high and the prevailing environmental conditions

are favourable to the pathogen'®. The use of botanicals and microorganisms has been used in the
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management of late blight of potatoes. The leaf extracts from onions and garlic inhibit the mycelial growth
of P. infestans. The effectiveness of some antifungal properties was reported to inhibit late blight from
botanicals [26]. Some microorganisms have been used to inhibit the mycelial growth of late
blight. Bacillus subtilis and Purpureocillium lilacinum was found to be good antagonist of P. infestans [28].
O' Herlihy et al., [29] reported the use of some endophytic organisms in controlling the late blight of

potatoes.

Chemical Control

The use of fungicides has been the major approach adopted to prevent late blight disease of potatoes.
However, the use of fungicides is temporary as they are subject to breakdown over time [30]. Thus,
multiple application of fungicide at certain intervals is required [31]. The fungicides can stop or slow down
the development of new symptoms if applied at a specific interval, however, the use of fungicides will not

cure potato plants with existing late blight symptoms [32].

Forecasting Systems
The use of computer programming models to forecast disease outbreaks helps to estimate the likelihood

and severity of the outbreak and this will help to prepare for the approaches to be adoptedzs.

Integrated Management of Blight Disease

Integrated management involves the use of various disease control methods for efficient management.
This method should be adopted by both commercial and small-scale farmers. An Integrated Management
approach saves the environment from degradation and increases grower profit margin. Chemical control
seems to be the most effective measure against late blight disease of potatoes but it should be the last

option to be adopted by the grower.

The need for genetic improvement for resistant varieties

The use of improved varieties that are resistant to blast disease offers an excellent control strategy
without any negative effects on the ecosystem. The method is less expensive, eco-friendly, and not
laborious, unlike other control measures. Thereby reducing the farmer's cost of production and increasing
their livelihood.

Developing disease-resistant varieties involves a proper understanding of the disease and the plant
biology by the plant breeder. Although, this may be tasking because the pathogen can evolve or mutate
to overcome resistance genes [33]. Screening of potato accessions and wild-related species for genes
that are resistant to late blight is the first step in identifying the genes that are resistant to P. infestans.
The potato accessions and wild species that are resistant to blight pathogen are introgression sources of

new resistance genes to be introduced into some elite potato varieties using different plant breeding or
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biotechnology tools. The availability of the potato plant and blight disease genome sequences serves as a

building block for further research in developing potato cultivars that are tolerant to the disease.

Conclusion

Potato blight has been one of the major biotic factors limiting potato production which results in food
insecurity. The use of several disease management approaches has been adopted by farmers. Most of
these methods are not effective because most growers don't have the proper knowledge of the
approaches. The chemical method seems to be the most effective but the cost is high and the negative
effects on the ecosystem are alarming. The development and release of tolerant varieties against P.
infestans is a promising approach that will not only enhance potato production for food security and
sustainability but also save the environment. Breeding for blight resistance and availability will be a

success story for the grower, the consumers, and the ecosystem at large.
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