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Abstract

Potato (Solanum tuberosum L.) is a vital food security crop in sub-Saharan Africa (SSA), yet its productivity is
significantly hindered by plant diseases and inadequate plant health systems. Despite increased potato production
in regions such as Kenya, Ethiopia, and Malawi, diseases like late blight, bacterial wilt, viral complexes, and soft
rot lead to substantial yield losses, jeopardizing sustainability. This study synthesises disease risks and management
strategies using a systematic review and quantitative analysis framework. A systematic literature review compiled
empirical data on disease prevalence and management across SSA, integrating country-level production statistics with
a vulnerability index to evaluate production scale and disease risk connections. A disease risk assessment matrix
prioritised pathogen based on prevalence and economic impact, identifying late blight and bacterial wilt as critical
threats. The meta-analysis showed that disease management interventions could enhance yields by an average of
28 % and reduce disease incidence by approximately 42 %. Cost-effectiveness analysis highlighted certified seed
systems, resistant varieties, and chemical controls as the most effective management strategies, although economic and
institutional barriers limit adoption. Additionally, a sustainability gap was noted, with highly sustainable technologies
experiencing low adoption compared to conventional methods. The findings underscore the necessity of strengthening
plant health systems, enhancing seed system capacity, and promoting integrated disease management methods to boost
potato productivity in SSA. A strategic roadmap is proposed, focusing on implementing certified seed systems, disease
surveillance networks, farmer training, and climate-smart agricultural practices. Strengthening these areas is crucial
for improving resilience and ensuring sustainable potato production, thereby enhancing the crop’s role in food security
in sub-Saharan Africa.
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1 Introduction

Potato (Solanum tuberosum L.) is one of the important
food crops globally and plays a critical role in improving
food security, nutrition, and income generation in many de-
veloping regions. The crop provides a highly productive
source of calories, carbohydrates, vitamins, and minerals for
millions of people (Devaux et al., 2021; Mickiewicz et al.,
2022). Its relatively short growth cycle, high yield potential,
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and adaptability to diverse agro-ecological conditions make
it particularly valuable for smallholder farming systems in
sub-Saharan Africa (SSA), where population growth and in-
creasing food demand require sustainable intensification of
agricultural production (De Vries et al., 2016; Muthoni &
Shimelis, 2022; Tiwari et al., 2022).

Over the past two decades, potato production in SSA has
expanded rapidly due to increasing urban demand, changing
dietary preferences, and growing recognition of potato as a
climate-resilient food crop (Devaux et al., 2021). Several
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countries in eastern and central Africa, including Kenya,
Ethiopia, Uganda, and Rwanda, have experienced substan-
tial increases in potato production and consumption (Devaux
et al., 2021; Muthoni & Shimelis, 2022). Despite this
growth, potato productivity in SSA remains considerably
lower than global averages. One of the most significant con-
straints to potato productivity in the region is the widespread
occurrence of plant diseases that cause substantial yield
losses and increase production risks for farmers (Chakrabarti
et al., 2022; Wenninger & Rashed, 2024).

Plant diseases are widely recognised as major drivers of
global crop losses. Recent estimates suggest that pests and
pathogens are responsible for yield losses of approximately
20–40 % in major food crops worldwide, posing significant
threats to global food security (Ojiambo, 2025; Wenninger &
Rashed, 2024). In potato production systems, diseases such
as late blight (Phytophthora infestans), bacterial wilt (Ral-
stonia solanacearum), viral complexes, and soft rot patho-
gens frequently cause severe production losses, particularly
in smallholder systems where access to disease management
technologies is limited (Ojiambo, 2025; Khalid et al., 2026;
Wenninger & Rashed, 2024). Late blight alone has been de-
scribed as one of the most devastating diseases in potato pro-
duction due to its rapid epidemic development and capacity
to evolve resistance to fungicides and host resistance genes
(Laizer & Mduma, 2025; Ojiambo, 2025; Phungula et al.,
2025).

In SSA, the impacts of potato diseases are exacerbated
by systemic weaknesses in plant health systems, including
limited availability of certified seed, weak disease surveil-
lance infrastructure, and inadequate access to extension ser-
vices and improved technologies (Devaux et al., 2021). The
widespread use of farm-saved seed and informal seed sys-
tems contributes to the accumulation and spread of seed-
borne pathogens across production cycles, leading to pro-
gressive yield decline and increased vulnerability to disease
outbreaks (Kiige et al., 2026). Additionally, climate vari-
ability and changing environmental conditions may further
influence disease dynamics and pathogen distribution, po-
tentially increasing disease pressure in many potato-growing
regions (Khalid et al., 2026).

Although various disease management strategies have
been developed, including resistant varieties, improved seed
systems, biological control agents, and integrated pest man-
agement approaches, the adoption of these technologies re-
mains uneven across the region (Devaux et al., 2021; Mun-
yaneza & Bizimungu, 2022). Smallholder farmers often rely
heavily on chemical fungicides or low-cost cultural practices
due to limited access to improved seed systems and diagnos-
tic services. This creates a significant gap between available

disease management innovations and their practical imple-
mentation in smallholder farming systems.

Addressing this challenge requires a comprehensive un-
derstanding of the regional disease landscape, including the
relative importance of different pathogens, the effectiveness
of available management strategies, and the institutional and
technological barriers that limit adoption. Previous studies
have examined individual diseases or management technol-
ogies in specific production contexts, but few studies have
attempted to synthesize these insights across multiple coun-
tries and production systems within SSA.

The present study therefore provides an integrated assess-
ment of potato disease risks and management strategies in
SSA. Using a systematic review and quantitative synthesis
approach, the study examines the relationship between na-
tional production scale and disease vulnerability, prioritizes
major potato diseases based on epidemiological risk, evalu-
ates the effectiveness of disease management interventions
through meta-analysis, and assesses the cost-effectiveness
and sustainability of different management strategies. In ad-
dition, the study evaluates technology adoption patterns and
proposes a strategic implementation roadmap for strength-
ening potato disease management systems in SSA. By integ-
rating epidemiological analysis with technological and in-
stitutional perspectives, this study aims to provide evidence-
based insights that can support the development of more resi-
lient and sustainable potato production systems across SSA.
The findings are intended to inform research priorities, agri-
cultural policy development, and the design of interventions
aimed at improving disease management and enhancing food
security in the region.

2 Materials and methods

2.1 Study design and analytical framework

This study adopted a systematic review and quantit-
ative synthesis approach to evaluate the epidemiological
risks posed by major potato diseases and to assess the
effectiveness and sustainability of management strategies
across SSA. The analytical framework integrated multiple
complementary components designed to capture both bio-
physical and institutional dimensions of disease manage-
ment. These included a comparative country-level vul-
nerability analysis, a disease risk prioritisation matrix, a
quantitative meta-analysis of disease management outcomes,
a cost–effectiveness assessment of disease management
strategies, and a comparative evaluation of technology ad-
option and sustainability. The integration of these analytical
components allowed for a comprehensive evaluation of the
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disease landscape in SSA potato production systems and fa-
cilitated the identification of strategic interventions for im-
proving disease management.

2.2 Literature search and study selection

A systematic literature search was conducted to identify
relevant studies reporting on potato diseases and disease
management interventions in SSA. The search was carried
out using major scientific databases including Web of Sci-
ence, Scopus, PubMed, and Google Scholar. Additional
literature was identified from institutional repositories and
reports produced by international agricultural research or-
ganisations such as the Food and Agriculture Organization
(FAO) and the International Potato Center (CIP).

Search terms included combinations of keywords related
to potato disease epidemiology and management, includ-
ing “potato diseases,” “late blight,” “bacterial wilt,” “potato
seed systems,” “integrated disease management,” and “sub-
Saharan Africa.” Boolean operators were used to refine the
search strings and ensure comprehensive coverage of the
available literature. The search focused on publications from
2000 to 2024 in order to capture both historical and recent
developments in potato disease management within the re-
gion.

2.3 PRISMA framework

The literature identification, screening, and selection pro-
cess for this systematic review followed the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines (Page et al., 2021) to ensure transpar-
ency and reproducibility in the evidence synthesis process.
The PRISMA flow diagram summarizing the study selection
procedure is presented in Fig. 1. The initial search strategy
was conducted across major academic databases and relevant
scholarly repositories to identify peer-reviewed studies on
potato diseases in SSA. The database search yielded 487 re-
cords. An additional 45 records were identified through ref-
erence lists, institutional reports, and grey literature sources
to improve coverage of relevant evidence.

After removal of duplicate records, 512 unique studies
remained and were screened based on titles and abstracts.
Screening focused on studies relevant to potato disease epi-
demiology, management, and production systems within the
SSA context. During this stage, 378 records were excluded
because they did not meet the inclusion criteria, mainly due
to lack of relevance, absence of empirical data, or focus out-
side SSA.

The remaining 134 studies underwent full-text assessment
for eligibility. Full-text evaluation considered study ob-
jectives, methodological quality, geographic relevance, and

PRISMA Flowchart
Records identified through

database searching
(n = 487)

Additional records identified
through other sources

(n = 45)

Records after duplicates removed
(n = 512)

Records screened by title/abstract
(n = 512)

Full-text articles assessed
for eligibility

(n = 134)

Studies included in
qualitative synthesis

(n = 45)

Studies included in
qualitative synthesis

(n = 45)

Studies included in
meta-analysis

(n = 32)

Records excluded
(n = 378)

Full-text articles
excluded with reasons:

- Off-topic (65)
- Poor quality (24)

- No SSA focus (20)

Fig. 1: PRISMA flow diagram illustrating the study identification,
screening, eligibility assessment, and inclusion process used in
this systematic review.

alignment with the review scope. Following eligibility as-
sessment, 89 articles were excluded for one or more rea-
sons, including off-topic focus, poor methodological qual-
ity, or lack of relevance to SSA. Some studies met multiple
exclusion criteria.

After the screening process, 45 studies met the criteria for
inclusion in the qualitative synthesis. Of these, 32 studies
contained enough quantitative data on disease impacts or
management outcomes to be included in the meta-analysis.
These studies reported comparable measures such as yield
losses, disease severity, or treatment effects, enabling quant-
itative synthesis across studies.

2.4 Country-level production and vulnerability analysis

Country-level potato production data were obtained from
FAOSTAT agricultural statistics and complemented with na-
tional agricultural reports where necessary. Major potato-
producing countries within SSA were selected based on their
relative contribution to regional production volumes. To
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evaluate systemic vulnerability to potato diseases, a compos-
ite vulnerability index was developed using information ex-
tracted from the literature. The vulnerability index incorpor-
ated three principal indicators representing different dimen-
sions of disease risk. These included the reported preval-
ence of major potato diseases, the strength of national seed
systems including the availability of certified planting ma-
terial, and the capacity of plant health management systems
such as disease diagnostics, surveillance programs, and ex-
tension services. Each indicator was standardized and ag-
gregated to produce a composite vulnerability score for each
country. The resulting index allowed countries to be classi-
fied into three vulnerability categories: critical vulnerability,
high vulnerability, and moderate vulnerability.

The vulnerability index was developed using informa-
tion synthesized from the reviewed literature and expert-
informed interpretation. Three indicators were considered:
(i) prevalence of major potato diseases, (ii) strength of seed
systems and access to certified seed, and (iii) plant health
management capacity, including diagnostics, surveillance,
and extension services. Each indicator was scored using a
simple ordinal scale and combined to generate a comparative
vulnerability score for each country. The index was inten-
ded to support regional comparison of disease vulnerability
rather than provide an absolute epidemiological measure.

The relationship between national potato production
volumes and disease vulnerability scores was visualized
using a quadrant framework that enabled the identification
of strategic intervention zones. This approach facilitated the
comparison of production scale with systemic disease risk
across countries.

2.5 Disease risk assessment

A disease risk assessment was conducted to prioritize the
major potato diseases affecting potato production systems in
SSA, including late blight, bacterial wilt, viral diseases, soft
rot/blackleg, early blight, and powdery scab. Disease priorit-
isation was based on two main criteria: reported prevalence
and economic importance. Prevalence estimates were de-
rived from the frequency of disease reports in the reviewed
studies, while economic importance was based on reported
yield losses and production impacts. These parameters were
combined within a two-dimensional risk matrix that classi-
fied diseases into four categories: high priority, emerging
threat, moderate concern, and low priority. Management
difficulty was represented by bubble size in the visualisa-
tion and was interpreted from literature describing pathogen
persistence, control complexity, and availability of effective
management options. The matrix was used as a comparative

framework for prioritizing diseases across SSA potato sys-
tems.

2.6 Meta-analysis of disease management outcomes

A quantitative meta-analysis was conducted to assess the
effectiveness of potato disease management interventions re-
ported in the selected studies. The analysis focused on
four key outcome indicators: potato yield improvement, re-
duction in disease incidence, changes in production costs,
and adoption of improved disease management technologies.
Relevant quantitative data were extracted from each study
and standardized for comparative analysis. Effect sizes were
calculated using reported percentage changes in the outcome
variables relative to control or baseline conditions. Given
the expected heterogeneity among studies arising from dif-
ferences in agroecological conditions, experimental designs,
disease management interventions, and study locations, a
random-effects model was used to estimate pooled effects.
Mean effect sizes and corresponding 95 % confidence inter-
vals were calculated to determine the overall impact of dis-
ease management interventions across studies.

Between-study heterogeneity was assessed using the I2

statistic, while variability in reported outcomes was sum-
marized using standard deviations where available. These
measures were used to evaluate the consistency and robust-
ness of intervention effects across different production en-
vironments. Potential publication bias was assessed through
visual examination of effect-size distributions and compari-
son of reported intervention outcomes among the included
studies. This analytical approach provided a quantitat-
ive synthesis of the effectiveness of disease management
strategies across potato production systems in SSA.

2.7 Cost–effectiveness analysis of management strategies

To compare the performance of alternative disease man-
agement strategies, a cost-effectiveness analysis was con-
ducted. The analysis considered five major management ap-
proaches commonly reported in the literature: cultural prac-
tices, biological control, resistant varieties, chemical control,
and certified seed systems. Each strategy was evaluated ac-
cording to its relative cost, management effectiveness, and
farmer adoption rate.

Cost and effectiveness scores were synthesized from pub-
lished studies reporting disease control performance, imple-
mentation costs, and farmer adoption patterns. Cost levels
were grouped into relative categories ranging from low to
high input requirements, while effectiveness estimates were
based on reported reductions in disease incidence and yield
losses. The analysis was intended to compare relative trends
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among management strategies rather than provide a formal
economic model.

Cost levels were classified using a standardized scale rep-
resenting increasing levels of investment required for imple-
mentation. Management effectiveness was estimated based
on reported reductions in disease incidence or yield losses.
Adoption rates were derived from surveys and case studies
describing the uptake of disease management technologies
among farmers. These parameters were combined within
a cost-effectiveness matrix in which management strategies
were plotted according to their cost and effectiveness. An ef-
ficiency frontier was used to identify strategies that provided
the highest effectiveness relative to their cost. Technology
adoption and sustainability assessment

A comparative assessment of disease management tech-
nologies was conducted to evaluate the relationship between
current adoption levels and long-term sustainability. Tech-
nologies included in the analysis encompassed both conven-
tional and emerging approaches, including chemical fungi-
cides, resistant varieties, certified seed systems, biological
control agents, molecular diagnostics, artificial intelligence-
based disease detection systems, and gene editing technol-
ogies. Sustainability scores were assigned based on envir-
onmental impact, long-term effectiveness, and compatibil-
ity with integrated disease management approaches. Ad-
option levels were estimated from reported farmer uptake
and regional implementation trends described in the litera-
ture. These indicators were used to compare broad pat-
terns in technology adoption and sustainability across SSA
potato production systems. For each technology category,
two key indicators were evaluated: the current adoption rate
within SSA potato production systems and a sustainabil-
ity score reflecting environmental impact, long-term effect-
iveness, and compatibility with integrated disease manage-
ment approaches. Sustainability scores were assigned using
a standardized scale in which higher values indicated greater
environmental and long-term sustainability. The relationship
between adoption levels and sustainability scores was visu-
alized using comparative bubble plots.

2.8 Development of the strategic implementation roadmap

The strategic implementation roadmap was developed by
synthesizing the findings from the vulnerability assessment,
disease risk prioritisation, and technology evaluation com-
ponents of the study. The roadmap outlines a phased frame-
work for strengthening potato disease management systems
in SSA over the period 2024–2037. Interventions were
grouped according to priority level and expected imple-
mentation timeline. Early phases of the roadmap focus on
strengthening foundational plant health systems, including

certified seed systems and disease surveillance networks.
Subsequent phases emphasize capacity building, deploy-
ment of improved technologies, expansion of integrated pest
management strategies, and long-term climate-smart agri-
cultural transformation.

2.9 Data analysis and visualisation

Data synthesis and graphical visualisations were conduc-
ted using standard statistical and scientific plotting tools.
Visualisations were developed to illustrate relationships
among production scale, disease vulnerability, management
effectiveness, technology adoption, and strategic implemen-
tation timelines. These graphical analyses facilitated inter-
pretation of the synthesized data and supported the iden-
tification of key patterns in disease risk and management
strategies across SSA potato production systems. Consider
to name the software used.

3 Results

3.1 Potato production context and disease vulnerability
across SSA

Potato production and disease vulnerability vary substan-
tially across major SSA producing countries (Fig. 2). The
comparative analysis integrated national production statis-
tics with a composite vulnerability index derived from dis-
ease prevalence, seed system integrity, and management ca-
pacity indicators reported in the reviewed literature.
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Fig. 2: Relationship between potato production volume and
disease vulnerability index across major sub-Saharan African
potato-producing countries. Bubble size represents relative pro-
duction scale, while colour coding indicates vulnerability categor-
ies.

The quadrant framework identified two key strategic inter-
vention zones. The high-priority zone, characterized by both
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high production and high vulnerability, includes Kenya and
Ethiopia, indicating that disease management investments
in these systems could generate substantial regional bene-
fits. In contrast, the emerging-need zone, defined by lower
production but high vulnerability, includes Rwanda and the
Democratic Republic of Congo (DRC), where strengthening
disease management capacity may support future production
growth.

Kenya emerged as the largest producer among the ana-
lysed countries, producing approximately 3.5 million metric
tons with a vulnerability index of 7.0, placing it within the
critical vulnerability category (>6.5). Similarly, the Demo-
cratic Republic of Congo (DRC) exhibited the highest vul-
nerability score (≈7.5) despite producing approximately 1.8
million metric tons, suggesting substantial systemic weak-
nesses in plant health infrastructure and seed system ca-
pacity. Rwanda also displayed high vulnerability (≈7.0)
despite relatively smaller production volumes (≈0.9 million
metric tons).

Ethiopia and Uganda fall within the high vulnerability cat-
egory (5.5–6.5). Ethiopia produces approximately 2.8 mil-
lion metric tons with a vulnerability index of 6.5, while
Uganda produces ≈1.2 million metric tons with a vulnerab-
ility score of 6.0. In contrast, Malawi, Zambia, and Ghana
exhibit comparatively lower vulnerability levels (<5.5), al-
though disease risks remain present across all systems.

3.2 Risk prioritisation of major potato diseases

The risk assessment matrix revealed clear differences in
the epidemiological importance of major potato diseases in
SSA (Fig. 3). Diseases were classified according to their
prevalence and economic importance, enabling prioritisation
for management interventions. Late blight emerged as the
most critical disease, occupying the high-priority quadrant
with both high prevalence (≈85 %) and high economic im-
portance (≈95). The large bubble size indicates substan-
tial management difficulty, reflecting rapid pathogen evol-
ution, favourable climatic conditions, and dependence on re-
peated fungicide applications. Bacterial wilt also fell within
the high-priority category, with prevalence around 75 % and
economic importance near 80, highlighting its importance
as a major constraint due to its soil-borne persistence and
limited management options. Viral diseases were positioned
within the moderate concern quadrant, characterised by high
prevalence (≈70 %) but lower economic impact (≈60). Soft
rot/blackleg appeared near the threshold between moderate
and high economic importance, with prevalence around 60 %
and an importance score of ≈65. In contrast, early blight and
powdery scab were located within the low-priority quadrant,
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Fig. 3: Risk assessment matrix of major potato diseases in sub-
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with lower prevalence and economic impact relative to the
most damaging diseases.

3.3 Meta-Analysis of disease management outcomes

The meta-analysis revealed consistent positive impacts of
disease management interventions across SSA production
systems (Fig. 4). Across the analysed studies, interventions
produced a mean yield increase of 28.0 % (±18.0), reflecting
the aggregated benefits of improved seed systems, resistant
varieties, and integrated disease management strategies. The
strongest effect was observed for disease reduction, with a
pooled reduction of 42.0 % (±32.0). However, the wide con-
fidence interval indicates substantial variation across agro-
ecological conditions and management systems. Economic
benefits were also substantial. Disease management inter-
ventions resulted in a mean cost reduction of 35.0 % (±25.0),
reflecting reduced yield losses and lower input expenditures.
Technology adoption increased by an average of 38.0 %
(±28.0) following intervention implementation. Environ-
mental improvements were smaller but measurable, with a
pooled environmental benefit score of 6.5 (±4.2), reflecting
reduced fungicide use and improved sustainability associ-
ated with integrated management systems.

3.4 Cost–effectiveness of disease management strategies

The comparative assessment of management strategies
demonstrated clear trade-offs between effectiveness, cost,
and adoption levels (Fig. 5). Cultural practices represented
the lowest-cost option and achieved moderate effectiveness
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potato disease management interventions in sub-Saharan Africa.

(≈60 %), while exhibiting the highest farmer adoption rates.
Biological control showed moderate effectiveness (≈65 %)
but limited adoption, likely due to availability constraints
and technical requirements. Resistant varieties demonstrated
high effectiveness (≈80 %) at moderate cost levels, with
moderate adoption rates influenced by seed availability and
breeding progress. Chemical control showed high effective-
ness (≈85 %) but required higher input costs. The most effec-
tive strategy was certified seed systems, achieving approxi-
mately 90 % management effectiveness. However, adoption
remains constrained by the higher costs and limited avail-
ability of certified seed. The efficiency frontier highlights
resistant varieties, chemical control, and certified seed sys-
tems as the most efficient strategies for improving disease
management outcomes.

3.5 Technology adoption and sustainability

The comparison of disease management technologies re-
vealed a clear inverse relationship between current adop-

tion levels and sustainability performance (Fig. 6). Con-
ventional technologies with lower sustainability scores show
higher adoption rates, whereas more sustainable technol-
ogies remain underutilised. Chemical fungicides exhibited
the highest adoption rate (≈70 %) but the lowest sustainabil-
ity score (2), reflecting strong dependence on chemical dis-
ease control across SSA production systems. In contrast, res-
istant varieties, certified seed systems, and biological control
technologies demonstrated high sustainability scores (8—9)
but comparatively lower adoption levels (15–35 %). These
technologies represent environmentally sustainable manage-
ment options whose uptake remains limited by seed availab-
ility, cost, and technical capacity.

Advanced technologies such as molecular diagnostics, AI-
based disease detection, and CRISPR-based gene editing
displayed very low adoption levels (2–12 %), reflecting tech-
nological, regulatory, and institutional barriers. These results
highlight a significant innovation–adoption gap between sus-
tainable technologies and current farming practices in SSA.
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4 Discussion

4.1 Systemic vulnerability of potato production systems in
sub-Saharan Africa

The comparative analysis of potato production and dis-
ease vulnerability highlighted substantial heterogeneity in
the resilience of potato production systems across SSA.
Countries such as Kenya and Ethiopia fall within the high-
priority quadrant where both production scale and vulner-
ability are high, indicating that disease outbreaks in these
systems could have major implications for regional food se-
curity. Similar patterns have been reported in global assess-
ments of crop health systems, where productivity gains are

often not accompanied by parallel improvements in plant
health infrastructure, including surveillance systems, diag-
nostic capacity, and certified seed availability (Munkvold et
al., 2025; Yeboah et al., 2025). The results further showed
that disease vulnerability is not strictly correlated with pro-
duction scale. Countries such as the Democratic Republic of
Congo and Rwanda exhibit high vulnerability indices des-
pite comparatively smaller production volumes. This finding
suggests that structural weaknesses in seed systems, diag-
nostic capacity, and extension services can expose produc-
tion systems to high disease risks even at relatively small
scales. Institutional and infrastructural constraints have been
widely recognized as major drivers of disease vulnerability
in African agricultural systems (Devaux et al., 2021) From
a regional perspective, these findings imply that strengthen-
ing plant health systems is essential for improving resilience
in potato production. Investments in certified seed systems,
disease surveillance networks, and diagnostic infrastructure
can significantly reduce disease spread and improve produc-
tion stability. Such institutional improvements are increas-
ingly recognized as critical components of agricultural trans-
formation strategies in developing regions (Beatrice et al.,
2023; Sharma et al., 2025).

4.2 Epidemiological prioritisation of major potato dis-
eases

The risk assessment matrix clearly identified late blight
and bacterial wilt as the most critical diseases affecting
potato production systems in SSA. Late blight, caused by
Phytophthora infestans, remains one of the most destruct-
ive diseases of potato worldwide due to its rapid epidemic
development, high dispersal capacity, and ability to evolve
resistance to control measures (Hari et al., 2025).

The placement of late blight in the high-priority quadrant
is therefore consistent with its epidemiological characteris-
tics. In many potato-growing environments, favourable cli-
matic conditions combined with limited access to resistant
varieties or fungicides allow epidemics to spread rapidly,
leading to severe yield losses (Khalid et al., 2026; Wen-
ninger & Rashed, 2024)

Bacterial wilt represents another major constraint due to
its soil-borne persistence and its ability to survive in infected
soils for extended periods. Once established, the pathogen
can cause significant yield losses and is difficult to eradic-
ate without integrated management approaches that include
resistant varieties, crop rotation, and clean planting material
(van der Waals & Krüger, 2020).

In contrast, viral diseases and soft rot/blackleg appear to
represent intermediate threats within the regional disease
landscape. Their widespread occurrence suggests that they
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contribute to gradual yield reductions rather than acute epi-
demic outbreaks (Wenninger & Rashed, 2024). Early blight
and powdery scab were positioned within the low-priority
quadrant, although localized impacts may still occur under
favourable environmental conditions (Wenninger & Rashed,
2024).

The prioritisation of diseases based on prevalence and
economic impact aligns with broader plant pathology re-
search emphasizing the importance of targeted disease man-
agement strategies in optimizing resource allocation for
plant health interventions (Munyaneza & Bizimungu, 2022;
Ojiambo, 2025).

4.3 Effectiveness of disease management interventions

The meta-analysis demonstrates that disease management
interventions can significantly improve potato production
outcomes across SSA. The observed average yield increase
of approximately 28 % highlights the substantial productiv-
ity gains that can be achieved through improved disease con-
trol strategies. These findings are consistent with global
analyses showing that plant pathogens remain among the
most important constraints to crop productivity. Recent es-
timates suggest that pests and diseases cause yield losses
ranging from 13 % to 22 % in major food crops globally
(Chakrabarti et al., 2022; Wenninger & Rashed, 2024). The
pooled disease reduction effect of approximately 42 % fur-
ther confirms the effectiveness of integrated disease man-
agement strategies. However, the variability observed across
studies suggests that intervention outcomes depend strongly
on agro-ecological conditions, pathogen pressure, and man-
agement practices across different production systems (Mun-
yaneza & Bizimungu, 2022; Ojiambo, 2025).

Economic benefits were also substantial, with disease
management interventions reducing production costs by ap-
proximately 35 %. These findings suggest that improved dis-
ease management not only enhances productivity but also
improves economic efficiency by reducing crop losses and
minimizing input expenditures (Devaux et al., 2021).

Environmental benefits were smaller but still measurable,
reflecting reduced reliance on chemical pesticides and im-
proved sustainability associated with integrated disease man-
agement strategies (Khalid et al., 2026)

4.4 Trade-offs between effectiveness, cost, and adoption

The cost–effectiveness analysis highlights important
trade-offs between the performance of disease management
technologies and their accessibility to farmers. Low-cost
strategies such as cultural practices (for example; crop ro-
tation, use of clean seed, sanitation of tools, and proper field

management) exhibit the highest adoption levels despite rel-
atively modest effectiveness. This pattern reflects the finan-
cial constraints faced by many smallholder farmers, who of-
ten prioritize affordability and ease of implementation when
selecting management strategies (Chaurasiya et al., 2025).
More effective interventions such as resistant varieties and
certified seed systems require greater institutional support
and investment. Although these technologies offer higher
disease control potential, adoption remains constrained by
the availability and affordability of improved seed systems
(Devaux et al., 2021).

Chemical control strategies represent an intermediate po-
sition within this trade-off structure. While fungicides can
provide effective disease suppression, their costs and envir-
onmental impacts raise concerns regarding long-term sus-
tainability and pathogen resistance development (Phungula
et al., 2025) . These findings emphasize the need for inte-
grated disease management strategies that combine multiple
approaches to balance effectiveness, affordability, and sus-
tainability.

4.5 Technology adoption and the sustainability gap

One of the most notable findings of this study is the in-
verse relationship between technology adoption and sus-
tainability performance. Conventional chemical control
strategies exhibit the highest adoption levels despite having
the lowest sustainability scores. This pattern reflects the im-
mediate effectiveness and widespread availability of chem-
ical disease control options (Phungula et al., 2025).

In contrast, technologies with high sustainability poten-
tial, including resistant varieties, biological control agents,
and certified seed systems, show comparatively lower adop-
tion levels. This disparity indicates the presence of a signifi-
cant innovation–adoption gap within SSA potato production
systems (Devaux et al., 2021). Limited seed multiplication
capacity, weak extension services, and financial constraints
are major barriers limiting the adoption of improved tech-
nologies in many smallholder farming systems (Munkvold et
al., 2025). Additionally, advanced technologies such as mo-
lecular diagnostics, artificial intelligence-based disease de-
tection, and gene editing remain largely confined to research
institutions due to infrastructure and regulatory limitations
(Öztekin & Almas, 2025; Kempenaar et al., 2026;). Ad-
dressing this innovation–adoption gap will require coordin-
ated investments in seed system development, extension ser-
vices, and farmer training programs to improve access to
sustainable disease management technologies (Chaurasiya et
al., 2025; Hua et al., 2026). Strategic implications for dis-
ease management in SSA
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2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037
Timeline (years)

Strengthen certified seed systems

Regional disease surveillance networks

Promote resistant-variety deployment

Farmer training programmes

Molecular diagnostics investment

Support IPM programmes

Biological-control research

Climate-smart agriculture promotion

CRITICAL 3 yr

CRITICAL 2 yr

HIGH 4 yr

HIGH 2 yr

HIGH 3 yr

MEDIUM 5 yr

MEDIUM 5 yr

MEDIUM 10 yr

Strategic implementation roadmap for potato-disease management in SSA (2026–2037)

Critical priority High priority Medium priority

Fig. 7: Strategic implementation roadmap for potato disease management in sub-Saharan Africa (2026–2037).

The strategic implementation roadmap proposed in this
study highlights the importance of a phased approach to
strengthening potato disease management systems in SSA.
The prioritisation of certified seed systems and disease sur-
veillance networks reflects the foundational role of these
components in effective plant health systems (Munkvold et
al., 2025).

Clean seed systems are widely recognized as one of the
most effective strategies for reducing the spread of seed-
borne pathogens, while surveillance systems enable early
detection and rapid response to emerging disease outbreaks
(Sharma et al., 2018; Andrade-Piedra et al., 2025). Sub-
sequent phases of the roadmap emphasize farmer training,
deployment of resistant varieties, and strengthening diagnos-
tic infrastructure. These interventions are essential for trans-
lating research advances into practical management solu-
tions that can be implemented at the farm level (Devaux et
al., 2021; Munyaneza & Bizimungu, 2022).

The final phase focuses on climate-smart agriculture, re-
cognizing that climate change is expected to influence the
distribution and severity of plant diseases worldwide. Ad-
aptive disease management strategies will therefore be es-
sential for maintaining production stability under changing
environmental conditions (Munyaneza & Bizimungu, 2022;
Khalid et al., 2026).

4.6 A conceptual framework for phased disease manage-
ment in SSA

This study proposes a strategic implementation frame-
work for potato disease management in SSA from 2026 to
2037 (Fig. 7). In the immediate phase (2026–2028), pri-

ority should be given to urgent plant health interventions,
particularly strengthening certified seed systems, estab-
lishing regional disease surveillance networks, and rolling
out farmer training programmes. The short- to medium-
term phase (2026–2030) focuses on technology deployment
and capacity enhancement through investment in molecu-
lar diagnostics and the promotion of resistant potato var-
ieties. Strengthening diagnostic infrastructure will improve
the rapid detection and monitoring of emerging pathogens,
while the deployment of resistant cultivars will provide a
sustainable means of reducing disease pressure and improv-
ing productivity. Together, these interventions will enhance
farmer-level disease management capacity and strengthen
overall plant health systems.

The medium-term phase (2026–2031) emphasizes the ex-
pansion of integrated pest management (IPM) programmes
and biological control research. These interventions aim
to reduce dependence on chemical pesticides by promot-
ing environmentally sustainable and economically viable
disease management approaches. The integration of IPM
strategies with biological control technologies is expected to
improve long-term system resilience while minimizing en-
vironmental and public health risks associated with excess-
ive pesticide use.

The long-term phase (2027–2037) focuses on the promo-
tion of climate-smart agricultural practices to enhance the
resilience of potato production systems to climate variabil-
ity, emerging disease threats, and changing environmental
conditions. This phase supports the adoption of sustainable
production practices that improve resource-use efficiency,
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maintain soil health, and strengthen adaptive capacity across
farming communities in SSA.

The roadmap underscores the importance of a phased and
integrated approach to potato disease management, begin-
ning with the establishment of robust surveillance systems,
strengthened certified seed systems, and farmer capacity de-
velopment from 2026. These foundational investments are
followed by the deployment of advanced diagnostic technol-
ogies, resistant varieties, IPM programmes, and biological
control interventions, culminating in the long-term adoption
of climate-smart agricultural practices. Such a sequential
strategy provides a practical pathway for improving potato
productivity, reducing disease-related losses, and enhancing
the sustainability of potato production systems across SSA.

The findings of this study further demonstrate that effec-
tive disease management strategies have substantial poten-
tial to increase potato productivity, reduce production risks,
and improve farm profitability. Consequently, strengthening
plant health systems through improved seed systems, dis-
ease surveillance networks, diagnostic capacity, and sustain-
able disease management technologies will be essential for
unlocking the full food security and economic potential of
potato production in SSA (Ojiambo, 2025).

5 Conclusions

This systematic review and meta-analysis demonstrated
that potato diseases remain a major constraint to productiv-
ity, profitability, and food security across SSA. The findings
identified late blight and bacterial wilt as the most critical
threats, while revealing substantial variation in disease vul-
nerability among major potato-producing countries. Des-
pite these challenges, disease management interventions can
significantly improve production outcomes, with evidence
showing notable gains in yield, disease suppression, and eco-
nomic returns.

The study further highlighted a persistent gap between the
availability of sustainable disease management technologies
and their adoption by farmers. While certified seed systems,
resistant varieties, and integrated disease management ap-
proaches offer the greatest long-term benefits, their uptake
remains constrained by weaknesses in seed systems, diag-
nostic capacity, extension services, and institutional support.

Strengthening plant health systems through investment in
certified seed production, disease surveillance, diagnostic in-
frastructure, farmer capacity building, and climate-smart dis-
ease management will be essential for enhancing resilience
and productivity in potato production systems. A coordin-
ated regional approach involving researchers, policymakers,
private sector actors, and farming communities is therefore

critical to reducing disease-related losses and unlocking the
full potential of potato as a strategic food security and liveli-
hood crop in SSA.

6 Recommendations

From this systematic review, the following recommenda-
tions are suggested:

Strengthen seed systems and access to clean planting
material

• Expand access to certified, disease-free seed through de-
centralized seed multiplication systems, community seed
hubs, and public–private partnerships.
• Promote regional harmonisation of seed certification

standards to facilitate cross-border movement of quality
seed and improved germplasm.
• Increase investment in early-generation seed production

technologies, including aeroponics, screenhouses, and
cold storage facilities.

Accelerate development and deployment of resistant
varieties

• Strengthen national and regional potato breeding pro-
grammes to enhance resistance against major diseases,
particularly late blight and bacterial wilt.
• Streamline variety testing and release procedures to facil-

itate timely dissemination of improved cultivars.

Scale integrated disease management approaches

• Enhance farmer capacity through strengthened extension
services and training on integrated disease management
practices.
• Promote sustainable disease control by combining crop

rotation, field sanitation, resistant varieties, biological
control, and responsible fungicide use.
• Support community-based disease management and scale

up validation and commercialisation of biological control
technologies for smallholder farmers.

Invest in surveillance, diagnostics, and digital agriculture

• Strengthen disease surveillance and preparedness by ex-
panding diagnostic infrastructure, laboratory capacity,
and regional monitoring and information-sharing sys-
tems.
• Leverage digital innovation through AI-based disease de-

tection, climate-informed forecasting, mobile advisory
tools, and digital extension services to provide timely,
localized disease management information to farmers.
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Strengthen policy and institutional support
• Strengthen plant health systems through increased invest-

ment in phytosanitary services, diagnostic laboratories,
quality assurance mechanisms, and regional disease sur-
veillance and response networks.
• Promote sustainable disease management by supporting

certified seed systems and institutionalizing continuous
farmer training on disease identification, seed quality, and
integrated disease management practices.
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