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Emerging potato pathogens affecting food security
in southern Africa: Recent research

Potato is a staple crop that contributes to food security and poverty alleviation in developing nations.
Despite this, yields in developing nations are often unsustainably low, due to various biotic and abiotic
factors that negatively affect production. Some of the most important biotic constraints are pathogens,
many of which are disseminated by seed tubers. The lack of functional or formal seed certification systems
in many southern African countries results in a continual increase in pathogen pressure. Short rotation
cycles, poor plant nutrition and inefficient control measures exacerbate the crop production challenges
faced by resource poor growers. In this review, we discuss five of the most important diseases on
potatoes in southern Africa, namely late blight, bacterial wilt, soft rot / blackleg, powdery scab and zebra
chip. Management options for small-scale growers are provided.

Significance:
. Potato production in southern Africa is threatened by tuber-borne pathogens.

. Establishment and implementation of seed certification systems in southern African countries will
increase potato yields and subsequently contribute to food security.

. Late blight, bacterial wilt, soft rot / blackleg and powdery scab are important emerging diseases on
potatoes in southern Africa.

. Improved understanding of the biology of pathogens and the epidemiology of diseases will contribute
to the management thereof.

Introduction

Potato is regarded as one of the most important crops in addressing the challenge of food security, particularly
among smallholder farmers.'? Potato production has drastically increased since the 1960s in the developing
world, in comparison to that in the developed world.> However, the sustainability of potato production globally, and
particularly in developing countries, is threatened by adverse abiotic conditions, pests and pathogens. Pest and
pathogen control is difficult for subsistence potato growers in southern Africa — a region fraught with challenges,
not least of which is the need to increase agricultural productivity in the face of climate change and a rapidly
growing population.

Many of the important diseases affecting potato can be defined as emerging infectious diseases.* Emerging
infectious diseases are caused by pathogens that have ‘(i) increased in incidence, geographical or host range;
(i) have changed pathogenesis; (iii) have newly evolved or (iv) have been discovered or newly described.
Similarly, Secor and Rivera-Varas® classified important potato diseases as caused by emerging, changing or
surviving pathogens. The primary reasons for the occurrence of emerging infectious diseases in potatoes and
other crops are related to increased trade and travel, intensified and expanded land use, changes in agricultural
practices, planting of new varieties, and extreme weather events linked to climate change.*”

Using the classification proposed by Secor and Rivera-Varas®, important diseases on potatoes in the last decade
(2010-2020) in southern Africa include late blight, bacterial wilt, soft rot and blackleg, and powdery scab. Zebra
chip disease, although not recorded in southern Africa, has been included as a threat because of its severe impact
on potato production. In this review, we investigate the drivers behind the increase in these diseases, mitigation
measures and routes to prevent additional emerging infectious diseases from appearing in the southern African
potato industry.

Late blight

Late blight, caused by the oomycete Phytophthora infestans (Mont.) de Bary, is considered the most devastating
potato disease globally, and causes severe yield losses when uncontrolled.*” The disease begins as small, light
to dark green, circular to irregular-shaped water-soaked lesions on leaves. In cool, moist conditions the lesions
expand to form dark brown to black lesions (Figure 1a), often surrounded by chlorotic halos. As the disease
progresses, symptoms extend to petioles and haulms, eventually killing the plant (Figure 1b).®

In some countries in sub-Saharan Africa, including southern Africa, where the majority of potato crops are
produced by small-scale or subsistence growers, losses due to late blight are estimated to be as high as 40-70%
in susceptible varieties.*'® In the South African commercial potato production industry, however, late blight is not
considered the most important yield limiting disease. Climatic conditions during potato growing seasons in most
of the 16 growing regions in South Africa are sub-optimal for the development of late blight."" Given the climate
change forecast for the next few decades, it is also unlikely that late blight will increase in severity — in fact, the
contrary has been predicted.” However, the SimCastMeta model simulation by Sparks et al.'? for five different
potato growing regions globally, has indicated that blight units in some other southern African countries may
increase slightly in the period 1975-2050. These possible increases in disease could, however, be mitigated by
shifting planting dates to avoid conditions favourable for the development of late blight."?
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(a) Initial late blight symptoms on potato foliage. (b) Destruction
of a susceptible potato cultivar (foreground) in a field.

Figure 1:

A study by Pule et al.™ showed that the US-1 clonal lineage predominates
in potato production areas of southern Africa. However, the recent first
report of the EU_33_A2 clonal lineage of P infestans causing late blight
in Nigeria is concerning, as this lineage is suspected to be more widely
spread than previously thought.™ The introduction of a new pathogen
population into an area is often followed by an increase in disease severity
and subsequent negative socio-economic impacts.' This might be the
case in southern Africa should EU_33_A2 spread south on the continent.

Late blight control in developed nations is achieved through seed
certification, integrated management, intensive fungicide spray
programmes, early planting dates, elimination of inoculum and planting
resistant cultivars.’®'® However, in developing nations, where systemic
fungicides are not easily accessible or are unaffordable, growers often
use large amounts of low-cost dithiocarbamate-type contact fungicides,
in particular mancozeb, which presents significant health hazards to
farmworkers and their families.' It has been suggested that late blight in
developed countries can be managed by phosphonate applications, as a
safer alternative to the hazardous dithiocarbamate derivatives currently
used.' Additional research is, however, needed to determine optimal
timing, application rates, specific host reactions, environmental effects
and interactions of phosphonates with other chemical compounds.™® The
same level of control of the pathogen as that achieved by intensive spray
programmes that incorporate both contact and systemic fungicides will
not be attained by phosphonate application alone.

Host resistance may be the most effective way for resource poor
growers to manage late blight.'®'” However, the adoption of resistant
cultivars in developing countries is often slow, because of the scarcity of
functional seed certification systems™ and because P infestans rapidly
overcomes cultivar resistance, and there is therefore a lack of truly
resistant varieties®.

Bacterial wilt

Bacterial wilt (or brown rot) is another serious disease of potatoes
that can result in substantial yield losses. It is caused by members
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of the Ralstonia solanacearum species complex (RSSC). The first
symptoms of the disease are wilting of the young leaves of plants,
which is most commonly observed at the hottest time of day. As the
disease progresses, plants become stunted, display general wilting
and chlorosis, and will eventually die.?® The most obvious symptoms
are noted in tubers, as an initial brown discolouration of the vascular
tissue, followed by rotting thereof (Figure 2a and 2b). Members of
the RSSC globally were previously assigned to four phylotypes, with
phylotype classification based on phylogenetic analysis of the 16S-23S
ITS region.?' However, Safni et al.?? elevated these phylotypes to species
level. The phylotypes generally correlate with the geographical origin of
the strains: phylotype Il originating from the Americas was assigned to
R. solanacearum, strains in phylotype IV from Indonesia were assigned
to R. syzygii, and strains in phylotype | and Ill originating from Asia and
Africa were assigned to R. pseudosolanacearum.? The most threatening
potato pathogens, causing bacterial wilt and brown rot globally, fall into
phylotype 1IB sequevar 1 (IIB1), historically known as race 3, biovar 2,
i.e. R. solanacearum.?'? Strains of both R. pseudosolanacearum and
R. solanacearum can cause wilt in potato, but 1IB1 strains are most
persistent, can cause latent infections in tubers, are highly destructive
and are cold tolerant.?"

Figure 2:

(a) Initial and (b) advanced symptoms of brown rot in potato
tubers (images: Fienie Niederwieser).

RSSC is considered to be one of the most important phytopathogenic
bacteria globally, because of the destruction it can cause, its wide
geographical distribution and host range, and its ability to survive for
extended periods in soil, water, on plant debris and in asymptomatic
hosts.? In southern Africa, bacterial wilt has been reported in Angola,
Malawi, Mozambique, South Africa, Swaziland, Zambia and Zimbabwe.?-%"
A report by Nortje?® indicated that, historically, the most important
phylotypes in Africa are | and II, including the virulent IIB1 strains. There
is, however, a dearth of recent documentation on the species causing
bacterial wilt of potatoes in southern African countries, but it is assumed
that both R. pseudosolanacearum and R. solanacearum are present.

Management strategies for bacterial wilt include planting pathogen-
free seed tubers, avoiding cutting or dipping seed tubers, good
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management of root-knot nematodes, planting of resistant varieties, soil
fumigation, crop rotation with non-hosts, treatment of irrigation water,
and disinfection of implements, machines and equipment.?® Messiha et
al.30 demonstrated the potential of biological soil disinfestation to reduce
soil populations of R. solanacearum through the incorporation of fresh
organic matter into soil and then preventing the re-supply of oxygen
into soils by covering with plastic. This practice results in shifts in the
composition of bacterial communities, allowing biocontrol organisms to
establish themselves in the soil.3° This practice may be a practical and
affordable way for subsistence farmers in southern Africa to manage
this devastating disease.

With the exception of South Africa, most southern African countries
do not have formal or functional seed potato certification schemes.
Growers thus rely on seed that is visually selected and saved from
harvested tubers for the following seasons’ planting.? This practice has
resulted in the spread of R. solanacearum, as growers usually select
smaller tubers for seed, which are often latently contaminated with
the pathogen.”® Numerous studies have shown that latently infected
farm-saved seed is the primary source of inoculum and the pathway
of dissemination of Ralstonia solanacearum IB1 in many countries
in sub-Saharan and southern Africa, thus contributing substantially to
the severity of bacterial wilt in these countries.?63" The importance
of seed inoculum is emphasised by the success of the South African
Potato Certification Service in drastically reducing the incidence of
bacterial wilt in both registered seed potato and table potato plantings
since the inception of the scheme.? This decrease in the disease in the
commercial potato production sector of South Africa can be ascribed to
strict implementation of a formal seed certification scheme, and good
disease management practices.

Despite the many methods by which bacterial wilt can be managed,
it still remains a yield-limiting disease in many countries in southern
Africa®2%, particularly for small-scale or subsistence growers. The wide

N\ D

Figure 3:
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host range and ability of the pathogen to survive for extended periods
in soil and irrigation water renders many of the current potato practices
useless in terms of reducing R. solanacearum soil inoculum. The wide
genetic diversity of R. solanacearum hampers the success of cultivars
bred for resistance against the pathogen, and makes detection and
correct identification of the pathogen difficult, which in turn affects
management decisions.?8%3 An integrated pest management strategy
— which combines numerous cultural, biological and chemical control
measures — remains the most effective approach to reduce losses
caused by R. solanacearum. It is vital that potato growers in southern
Africa implement as many of these practices as possible to avoid
serious economic losses.

Soft rot / blackleg disease complex

The soft rot / blackleg disease complex caused by Pecfobacterium and
Dickeya species is a potential threat to potato production worldwide.3-%
The soft rotting Pectobacteriacea (SRP) cause systemic and vascular
infections in potatoes, which result in the development of various
symptoms on the stem and tubers.®*% SRP, like R. solanacearum,
are considered to be among the top 10 most important bacterial
phytopathogens globally, and cause significant losses in crop yield and
quality.2* SRP are primarily tuber-borne, but environmental sources and
contamination through wind currents, insects and irrigation water are
established secondary routes.®*-43

Soft rot (Figure 3a) can occur in tubers at any stage (in the field, during
harvest, post-harvest or in-store) and the disease will spread if a
source of contamination is present and conditions are favourable for
the development of the disease. The disease is most likely to occur in
wet conditions with high temperatures.® Blackleg (Figure 3b) develops
when the bacteria in contaminated seed potatoes spread upwards in the
stems.®3" Aerial stem rot is a secondary soft rot of stems and leaves
that develops after plants are wounded and subsequently infected by
SRR35,37

(a) Soft rot of potato tuber. (b) Blackleg of potato plant in field. (c) Early symptoms of aerial stem rot on a potato plant.
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The disease complex is a major concern to the potato industry worldwide
and a significant contributing factor to yield losses in southern Africa.*4
This disease has increased in both severity and distribution, likely due to
an increase in planting of susceptible varieties, and the effect of climate
change on the composition of the pathogen population causing soft rot
and blackleg in southern Africa." The majority of research on the SRP in
southern Africa has been done in South Africa, and to a lesser extent in
Zimbabwe.*-*6 The most prevalent pathogen causing soft rot and blackleg
in these countries is Pectobacterium brasiliense.*** Pectobacterium
brasiliense has been shown to grow at temperatures between 20 °C and
38 °C¥, which are the prevailing temperatures during the main potato
growing seasons in southern Africa.

The primary means of management of SRP is planting disease-free
seed potatoes®” and implementation of various cultural management
practices, such as roguing of infected plants, increasing calcium
fertilisation, avoidance of wounding at harvest and during grading,
and storage in well-ventilated, low-temperature conditions. These
practices have variable success rates due to latent infections of tubers,
rapid reproduction of bacteria and subsequent disease development
under favourable environmental conditions.®” Nevertheless, as with
R. solanacearum, an effective seed certification system can help to
reduce disease incidence.%":%

Powdery scab

Spongospora subterranea f. sp. subterranea (Sss), the causal agent of
root galls (Figure 4a) and powdery scab (Figure 4b) on potatoes, has
been described as an emerging pathogen on potatoes.® For many years,
powdery scab was considered a minor disease on potatoes; however, it
is rapidly becoming an increasing threat to potato production globally.*-%!
The global increase in powdery scab intensity can be attributed to
increased potato production, planting of susceptible cultivars, more
frequent use of irrigation, and discontinuation of mercury-based soil
and seed treatments.“® Only a few published records on the distribution
of Sss in southern Africa are available. According to Manditsvara®,
powdery scab is a significant disease of potatoes in Zimbabwe. Likewise,
research on powdery scab in South Africa has shown that this disease
causes major economic losses to the potato industry in the country.5®%

Control of Sss is difficult, but a reduction in disease incidence and
severity can be achieved through integration of a number of management
measures. These measures include informed selection of pathogen-free
fields, cultivar choice, seed and soil treatment, optimal plant nutrition,
crop rotation with non-hosts or trapping crops, planting of disease- and
pathogen-free tubers, and post-harvest hygiene.*® As with bacterial
wilt and late blight, the implementation of many of these control
methods by smallholder or subsistence growers in southern Africa is,
however, often problematic or impractical. A compounding factor in the
management of powdery scab is the correct identification of symptoms.
The symptoms of common scab of potatoes, caused by Streptomyces
spp., and powdery scab, are difficult to distinguish; although favourable
conditions for disease development and control measures for the two
diseases are different.® Accurate identification of symptoms is thus
critically important for the management and containment of the disease.
Many African countries, however, do not have active and accurate
pest and pathogen diagnostic services for low-value staple crops, in
particular, due to lack of expertise and the costs involved in establishing
such services.””

Most of the research on Sss in southern Africa has focused on management
of powdery scab. Wright et al.5® demonstrated the importance of good
hygiene and regular testing of growing media in the production of Sss-free
mini-tubers in tunnels. Manditsvara®® and Simango and van der Waals*
established the potential of biofumigation and various soil treatments in
suppressing root galling and powdery scab. These results may provide
small-scale, subsistence and commercial growers with sustainable
options for suppression of the pathogen in the soil.

The choice of crops in a rotation programme with potatoes is important.
Growers should familiarise themselves with the host range of the
pathogen®-%, and plant non-hosts or trapping crops in rotation with
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potatoes to prevent increase of the soil inoculum. No single management
measure will control powdery scab; therefore, growers should use as
many of the available options as possible to manage the disease.

Figure 4:

(a) Root galls on potato roots. (b) Powdery scab on a potato tuber.

Zebra chip disease

Zebra chip is an emerging potato disease that poses a serious threat to
potato production worldwide, including in southern Africa. Symptoms in
potato include leaf curling, yellowing or purpling of leaves or shoots, leaf
chlorosis, shortened internodes with aerial tubers, and early necrosis.5'
Potato tubers have necrotic flecking of the vascular tissue and streaks
along the medullary rays.' The name of the disease originates from
potato slices that have brown blotches, stripes and streaks when
fried. The disease is associated with the phloem-limited bacterium
‘Candidatus Liberibacter solanacearum’. The pathogen is transmitted
in the field by the potato psyllid Bactericera cockerelli (Hemiptera,
Triozidae), to potato and other solanaceous crops. Other psyllid species
have been identified as vectors of ‘Ca. L. solanacearum’ to plants within
the Apiaceae. Another route of infection is planting of infected plant
material.®> The insect vector is native to North and Central America.5?
The disease has been introduced into Europe and New Zealand, with
the cause of spread not yet cleart® Pathways of introduction of the
pathogen into southern Africa include importation of infected plant
material or the infected insect vector.%® An integrated pest management
approach is recommended, which includes the planting of certified
disease-free material, conservation of natural enemies of the psyllid
vector, application of insecticides and use of barriers for smaller areas to
prevent the insect vector from reaching plants.® The latter two strategies
could be practically applied in southern Africa.

Discussion

Due to the vegetative propagation of potatoes by seed tubers, most
of the important yield limiting pathogens are seed-borne and thus
result in seed degeneration. Thomas-Sharma et al.** define seed tuber
degeneration as ‘an increase in pest and/or pathogen incidence or
severity, associated with reduction in yield or quality of seed tubers over
successive cycles of vegetative propagation’ and thus an indication
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of decreasing seed health. Most farmers in developing nations, such
as the majority of those in southern Africa, use farm-saved or poor-
quality seed, which is often infected with various pathogens, or is
physiologically inferior.2%8-67 This, along with the use of low-yielding
varieties with little or no resistance to important diseases, poor disease
management, and nutritionally depleted soils, results in low yields in
these countries. The Agricultural Research Council of South Africa
has a dedicated potato breeding programme, the aim of which is to
release varieties that are adapted to local growing conditions in Africa.68
If sufficiently supported, the varieties developed through this breeding
programme could contribute positively to sustainable potato production
in other southern African countries.

The introduction of specialised seed production systems, implementation
of seed certification schemes®, reduction in the cost of good-quality
seeds, and alleviation of the bottleneck in the seed supply in developing
African countries will improve potato production and sustainability®*-°,
The production of seed tubers through a combination of tissue culture
and aeroponics may also provide a viable alternative to conventional
production of tubers for growers in developing countries.®70-72
Aeroponics systems reduce the time and cost of production of seed,
improve the growth and survival rate of plantlets, and are environmentally
friendly. This approach will ensure the production of vast quantities of
pathogen-free seed tubers for growers, and subsequently improve
profitability of the farming operations.5470-72

As the demand for potatoes in southern Africa increases, growers
often repeatedly crop potatoes in succession on the same fields, which
leads to increases in pathogen inoculum in the soil and subsequent
yield losses.®%5 Numerous studies have shown the importance of
crop diversification and rotation in the suppression of pathogens, the
optimisation of nutrient use efficiency, crop productivity and, when
legumes are included in the cycle, minimisation of the dependence on
external nitrogen applications.”"

Grower training plays a critical role in improving crop production.”
Demonstration plots and workshops run by regional extension officers
should explain the importance of clean seed, crop rotation, hygiene,
plant nutrition, and pest and pathogen management in potato production
to growers. The success of such training efforts has been shown in
Kenya and Swaziland inter alia.*>™

One of the challenges encountered in gathering the information for
this review was the lack of published data on disease occurrence
and epidemiology, type of pathogen strains present, prevalence of
pathogens or effect of diseases on potato production in southern
Africa. Smith et al.’” made similar observations on the reporting of
plant pests and pathogens in Africa, with the number of reports of
new pest introductions in Africa having dropped over the last century
compared to Europe. These discrepancies could be attributed to either
the actual rate of introductions or the lack of plant protection expertise
and capacity to report introductions in many African countries.5 Potato
yield losses due to major pathogens in (central) Africa may be more
than 50%, compared with 24% in northern Europe, indicating clear
differences in crop protection intensity between these two regions.”
These observations imply that Africa is ill-prepared for pest or pathogen
introductions, which could threaten production of staple crops, such
as potatoes.® Improved border control, plant quarantine or monitoring
of the movement of pathogens is imperative to prevent incursions of
pathogens into new areas. Border porosity and lack of enforcement of
plant quarantine of monitoring services in Africa results in unhindered
movement of pests and pathogens across both regional and national
borders on the continent?”, and should receive urgent attention to ensure
food security in southern Africa.
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