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Abstract

Cassava (Manihot esculenta Crantz) is a foundational staple for millions of people in sub-Saharan Africa. Cassava is

valued for its caloric density, drought tolerance, and flexibility across marginal environments. African production of
cassava has expanded markedly since the year 2000. Nigeria, the Democratic Republic of Congo (DRC), Ghana, and
Tanzania have been among leading producers. However, the production of cassava is heavily affected by various diseases

such as cassava mosaic disease (CMD) and cassava brown streak disease (CBSD), and by structural challenges in seed
systems, markets, and processing. This review focuses on current knowledge on the origin of cassava and domestication,

ecophysiology and agronomy, climatic tolerances, the epidemiology and management of diseases, progress in genetic
improvement, food safety, issues around cyanogenic glycosides, and priorities for the next decade. We highlight advances

from IITA/CGIAR breeding programs, expanding surveillance including the use of Al-enabled tools, and integrated seed
systems. We conclude with a forward-looking agenda spanning durable resistance pyramids, whitefly-vector ecology,

climate-smart agronomy, and consumer-preferred quality traits.
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1. Introduction

1.1. Cassava Domestication and Growth

Cassava is the third largest source of dietary carbohydrates in the
tropics and a daily staple for >500 million people. Africa accounts
for roughly half of global output, with Nigeria consistently the top
producer of cassava, ~60—63 Mt, followed by DRC and Tanzania
among others [1-3]. Cassava was first domesticated in lowland
South America from Manihot esculenta ssp. flabellifolia, likely in
south-western Amazonia, within the last 10,000 years, placing it
among the younger Neotropical domesticates [4-6]. Domestication
of cassava involved careful selection for enlarged starchy storage
roots with reduced cyanogenic toxicity that are palatable and
suitable for human consumption [7]. Following domestication,

cassava spread throughout the American continent, with evidence
of cultivation in the Caribbean and central America, prior to
European continent. In the 16th century, Portuguese traders
introduced cassava to Africa, where it rapidly became integrated
into local food systems, particularly along the West African coast
[4,8].

Cassava exhibits optimal growth and photosynthesis at 25-35 °C,
with mean temperatures of 25-29 °C being most favourable, while
physiological activity declines below this range [9]. Growth
becomes inhibited at temperatures lower than 17 °C, primarily
due to reduced photosynthetic efficiency and metabolic processes.
Conversely, exposure to high temperatures above 37-40 °C leads
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to heat stress, causing impaired enzymatic activity, accelerated
respiration, and potential leaf damage, which together reduce
biomass accumulation and tuber formation [9,10]. Cassava is often
cultivated in marginal environments, but the best performance
of the crop is observed in well-drained, light-textured soils of
moderate fertility [11-12]. Its root system is highly sensitive
to waterlogging, making drainage essential for optimal root
development. Furthermore, cassava demonstrates considerable
tolerance to acidity, thriving across a pH spectrum of approximately
5.5-7.5[11-13]. Growth is possible even at pH values as low as 4.5,
although nutrient availability and uptake efficiency are enhanced
within the slightly acidic to neutral range [11].

Cassava is generally drought tolerance, and this characteristic
allows it to persist in environments receiving as little as 500 mm
of annual rainfall. Cassava can also perform well under higher
rainfall regions of up to 1500 mm per year, provided drainage is
adequate [13-15]. Drought tolerance in cassava is due to its unique
physiological mechanism traits, which is one of the primary
reasons it has become a food security crop across much of sub-
Saharan Africa [16,17]. These traits include rapid stomatal closure
under both atmospheric and edaphic stress , maintenance of leaf
water potential through osmotic adjustment, and slow depletion of
soil moisture via an extensive but conservative root system [18-
21].

Atthe physiological level, cassava exhibits delayed leaf senescence
during drought, followed by rapid recovery once rains resume,
which helps sustain photosynthetic capacity over long growing
cycles [22,23]. Proteomic and transcriptomic studies under long-
term water stress have revealed shifts in osmoprotective proteins
such as dehydrins and Late Embryogenesis Abundant (LEA)
proteins, enhanced reactive oxygen species (ROS) scavenging
mechanisms, and reprogramming of carbohydrate metabolism,
including increased mobilisation of stored starch to sustain root
bulking [24-27]. These characteristics combine to confer high
water-use efficiency and yield stability even in environments
where annual rainfall falls below expected or where prolonged
mid-season dry spells are common.

2. The Strategic Role of Cassava in Food Security

Global cassava production was reported at approximately 315-330
Mt in 2021-2022, with Africa’s share increasing in response to
growing demand for fresh roots, gari, fufu, flours, and industrial
starch [28]. Cassava’s importance in sub-Saharan Africa stems from
multiple agronomic and socioeconomic advantages. It produces
reliable yields on marginal, low-fertility, and acidic soils where
other cereals often fail, making it a dependable crop for smallholder
farmers [29,30]. A study by which aimed to assess how climate
change will affect cassava compared to other staple crops in Africa
showed that cassava can experience neutral to positive changes
in climate suitability across much of Africa (-3.7% to +17.5%),
whereas other staples like beans, potato, banana, and sorghum can
face significant declines [31]. Its flexible harvest window, ranging
from 6 to 24 months, allows farmers to stagger harvests according
to food needs, market demand, or labour availability, effectively

acting as a food security buffer for many Africans [32].

In addition, cassava exhibits notable tolerance to drought
and suboptimal rainfall, maintaining photosynthetic activity
under water stress and recovering quickly after dry periods. In
Thailand, a 60-day dry spell imposed early in the season reduced
photosynthesis and starch accumulation, yet plants resumed growth
and achieved substantial yields once rains returned, highlighting
strong recovery capacity [33]. Similarly, multi-year trials in
Kenya with 37 genotypes found that although drought reduced
yields by up to 59% overall, certain lines maintained relatively
high productivity (7.1 t/ha under drought) compared to susceptible
ones (3.3 t/ha), confirming genetic variability in resilience and the
cassava’s notable tolerance to water stress [21]. Together, these
findings reinforce cassava’s potential as a drought-resilient crop
capable of recovering quickly after dry periods.

Additionally, cassava’s versatility extends across both food
and industrial value chains. Cassava roots are consumed fresh,
processed into traditional staples such as gari and fufu, or
transformed into flours and starch [29,34]. Cassava leaves are
rich in protein, vitamins, and minerals contributing to household
nutrition and providing a valuable feed source for livestock
[35,36]. On a dry matter basis, cassava leaves typically contain
about 20-30% crude protein, with concentrates reaching nearly
49% [37,38]. Mineral analyses across hundreds of genotypes
report calcium levels of 3,600-17,600 mg/kg, potassium 3,100-
27,000 mg/kg, and iron 43-660 mg/kg [39]. These attributes make
cassava a valuable supplement for household nutrition and protein
source for livestock. In Industry, cassava starch can be processed
into ethanol, providing a renewable biofuel alternative to fossil
fuels [40,41]. Thailand operates 47 licensed bioethanol plants
with a combined capacity of approximately 12.3 million litres
per day, totalling about 3.7 billion litre per year. Cassava-based
ethanol accounts for roughly one-third of this output, amounting
to approximately 435 million litres annually [42]. Cassava starch
is also increasingly used in the manufacture of biodegradable
plastics, adhesives, paper, and packaging materials [44-46]. This
offers environmentally friendly alternatives to petroleum-based
products. These multifaceted uses enhance cassava’s economic
and nutritional value, making it an attractive crop.

3. Cyanogenic Glycosides in Cassava: Challenges and Solutions
for Safe Consumption

Cassava tissues contain the cyanogenic glycosides (CGs) linamarin
and lotaustralin, which, upon tissue disruption, undergo enzymatic
hydrolysis by linamarase to release acetone cyanohydrin and
ultimately hydrogen cyanide (HCN) [47,48]. Bitter varieties
generally accumulate much higher levels of CGs than sweet
types, with reported fresh root concentrations ranging from <20
mg CN~ kg™ FW in sweet cassava to >300 mg CN~ kg™ FW in
bitter landraces [49]. Regulatory authorities, including Codex
Alimentarius and FAO/WHO, recommend a maximum limit of 10
mg CN~ kg in edible cassava flour, while the acute reference dose
is approximately 0.09 mg kg™ body weight (cyanide equivalents)
[50]. Exceeding these thresholds can pose serious health risks.
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Acute cyanide intoxication manifests as dizziness, vomiting,
and, in severe cases, respiratory failure, while chronic low-level
exposure has been linked to an irreversible spastic paraparesis in
eastern and central Africa [51,52].

Traditional African processing methods such as peeling, grating,
pressing, fermenting, drying, and roasting are highly effective at
reducing cyanogens by 80-95%, with some well-optimized systems
achieving near-complete detoxification [53,54]. For example, gari

production in Nigeria and Ghana involves fermentation and roasting
that significantly lower residual HCN, while fufu production relies
on wet fermentation that further enhances detoxification [55,56].
However, poorly executed or shortened processing steps such as
inadequate fermentation time or insufficient drying can leave high
cyanide residues, particularly in food sold in informal markets,
and this will cause health implications to the consumers and may
result in death [50,55,57]. Various concentrations of CN have
been observed in processed cassava and are presented in Table 1.

Product Residual HCN (mg/kg) % reduction vs fresh root Reference

Fresh root (bitter) 100-400 - (JECFA, 2021.)

Gari 2-20 90-98% (Padmaja & Steinkraus, 1995)
Fufu 5-25 85-95% (Njankouo Ndam et al., 2019b)
Attiéké 3-10 90-97% (Bouatenin et al., 2021)

Flour (well-processed) <10 >95% (Zhong et al., 2021)

Table 1: Cyanogenic Glycoside Content in Cassava Products Compared with Fresh Roots

It is important to note that routine monitoring of cyanide levels
in cassava products is uncommon in most cassava producing
countries because laboratory capacity is often limited, and
smallholder farmers typically lack awareness of the health risks
associated with inadequate processing [58-63]. Breeding programs
aimed at developing low-cyanide cassava varieties have made
significant progress in enhancing food safety [64,65]. However,
these efforts often encounter trade-offs, particularly concerning
root bitterness and agronomic performance. Studies have shown
that while low-cyanide cassava cultivars are essential for reducing
health risks associated with cyanide toxicity, they may result in
higher susceptibility to diseases, or reduced drought tolerance,
further complicating breeding strategies. Therefore, breeding
programs must carefully consider these trade-offs to develop

cassava varieties that are both safe for consumption and acceptable
to consumers [51,66,67].

4. Cassava Diseases: Mechanisms, Transmission, and Conse-
quences

Cassava production in Africa is constrained by both viral and
non-viral diseases. The diseases reduce yields, compromise root
quality, and the generational ailments limit the availability of
healthy planting materials like seeds and stalks for vegetative
propagation [68]. The prevalence and severity of the diseases
vary across regions, and their impact consistently affects yield
potential, farmer income, and food security. The major diseases
affecting cassava in Africa are summarized in Table ii and their
effects are shown in Figure 1.

Disease Pathogen Vecto Epidemiology Yield Loss Reference

Cassava mosaic Begomoviruses Bemisia tabaci West, East, Central 70-100% in severe (J. P. Legg et al.,

disease (CMD) (e.g.,ACMYV, Africa epidemics 2011) Combala et al.
EACMV) (2024)

Cassava brown streak | I[pomoviruses Bemisia tabaci East & Southern 30-100% (root (Tomlinson et al.,

disease (CBSD) (CBSV, UCBSV) Africa necrosis) 2018)

Bacterial blight Xanthomonas Rain splash, Central & West Africa | 10-30% (Fanou et al., 2018)
axonopodis pv. contaminated cuttings
manihotis

Anthracnose Colletotrichum Wind, rain splash Humid tropics <20% (Wydra & Verdier,
gloeosporioides 2002))

Table 2: Major Cassava Diseases in Africa
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Figure 1: Symptoms of Major Cassava Diseases. (A) Cassava Mosaic Disease Symptoms [73]. (B) Cassava Anthracnose Disease
Symptoms (C) Cassava Bacterial Blight Symptoms [74,75]. (D) Cassava Brown Streak Disease Symptoms [69-72,76]

5. Cassava Mosaic Disease

Cassava mosaic disease (CMD) is one of the most important viral
diseases affecting cassava production in sub-Saharan Africa [68].
CMD is caused by several species of Begomoviruses of the family
Geminiviridae, including African cassava mosaic virus (ACMV)
and East African cassava mosaic virus (EACMYV) [77]. The disease
is primarily transmitted by the whitefly vector, Bemisia tabaci in
a persistent, circulative manner. In addition, it can also spread
efficiently through infected stem cuttings used for vegetative
propagation [78].

The symptoms of CMV infection includes a mosaic or mottled
yellow-green discoloration of leaves, leaf distortion, and overall
stunted growth of the plant [79]. In susceptible cultivars, yield
losses can range between 50% and 90% under conditions of
high disease pressure. In Nigeria, yield loss assessments have
shown that infection by CMV can cause reductions of up to 70
%, depending on cultivar susceptibility, infection timing, and
viral strain [80,81]. In extreme cases, especially when infection
occurs early in plant growth or when mixed infections of ACMV
and EACMV are present, losses may approach 100% [69,82].
Similar trends have been reported across other cassava-producing
countries in sub-Saharan Africa. In Uganda, severe CMD outbreaks
involving mixed infections of ACMV and EACMV-UG have led
to root yield losses of up to 82%, whereas single infections caused
smaller but still substantial reductions (42—68 %) [83,84]. In
Tanzania, field evaluations reported yield losses ranging between
72% and 100% for susceptible landraces under heavy disease
pressure [85]. Furthermore, surveys in Kenya and Benin revealed
that CMD, often in combination with cassava brown streak disease
(CBSD), reduced yields by 25-95 %, depending on cultivar and
agroecological zone [83,86]. More recently, coinfection of various
CMYV strains such as ACMYV, SACMYV, and EACMV have been
observed in cassava plants in Zimbabwe [87].

The magnitude of yield loss due to CMV infection depends on
multiple factors, including the strain involved, the host cultivar’s
genetic resistance, the time of infection, vector population
dynamics, and environmental conditions. Early infections, mixed
infections, and the cultivation of susceptible varieties exacerbate
losses, whereas the use of resistant cultivars and virus-free planting
materials remain the most effective management strategies
[81,85]. The loss of yield due to CMV pose a serious threat to
food security and livelihoods of smallholder farmers who rely
heavily on cassava as a staple crop, and continuous monitoring and
deployment of CMD-resistant genotypes are essential to sustain
cassava productivity in sub-Saharan regions.

Management of CMD involves an integrated approach that includes
the use of resistant or tolerant cassava varieties, phytosanitation
practices such as removing and destroying diseased plants, and
vector management [90,91]. Regional efforts, including breeding
programs and community-based clean seed systems, are critical in
reducing the impact of CMD in countries such as Kenya, Malawi,
Mozambique, Tanzania and Uganda.

6. Cassava Brown Streak Disease

Cassava brown streak disease (CBSD) is caused by two closely
related Ipomovirus species Cassava brown streak virus (CBSV)
and Ugandan cassava brown streak virus (UCBSV) within the
family Potyviridae. Both viruses are transmitted semi-persistently
by the whitefly vector B. tabaci [72,92]. In addition, cuttings can
accelerate the spreading of the disease by planting diseased stalks,
allowing CBSD to persist and expand rapidly through vegetative
planting materials [93].

Historically, CBSD was first reported in Tanzania in the 1930s
along the coastal belt near the Indian Ocean [94]. For several
decades, it was largely confined to low-altitude coastal regions
of Tanzania, Kenya, and Mozambique. However, since the early
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2000s, the disease has undergone a major geographical expansion
into inland East Africa, including the Lake Zone of Tanzania,
Uganda, Rwanda, Burundi, Malawi, and parts of Democratic
Republic of Congo [95,96,71]. This expansion coincided with the
spread of B. tabaci super-abundant whitefly populations and the
widespread exchange of infected cassava planting materials.

In Uganda, CBSD was first detected around 2004 in coastal
districts bordering Lake Victoria, but by 2010 it had spread to
nearly all major cassava-growing regions [7,79]. Similarly, in
Tanzania, severe epidemics have been recorded across the Lake
Victoria basin, where the disease co-occurs with CMD, leading to
devastating yield losses [98]. In Kenya, CBSD spread from coastal
areas to the central and western highlands during the 2000s, with
incidences exceeding 60% in some districts [99]. The disease has
also been confirmed in Rwanda, Burundi, and Malawi, where
surveys reported incidences between 20% and 70% in newly
affected zones [100,101]. More recently, CBSD has been reported
in Mozambique and Zambia, marking its southernmost distribution
[98,102-104].

While foliar symptoms of CBSD are often variable and may
include chlorotic mottling, vein yellowing, and leaf distortion,
the most economically devastating symptom occurs in the storage
roots. Infected roots develop necrotic, corky brown lesions that
render them unmarketable and unsuitable for consumption or
industrial use [93,72]. This root necrosis often occurs even in
plants showing mild or no leaf symptoms, making the disease
particularly insidious. Yield loss estimates vary depending on
cultivar susceptibility, viral strain, and infection timing but can be
extremely high up to 100% [95,98].

Both CBSV and UCBSV contribute to the disease, although
CBSV is typically associated with more severe symptoms and
greater yield losses [95]. Mixed infections of CBSV and UCBSV
are frequently observed, compounding disease severity. Genetic
diversity studies have shown that CBSV tends to dominate in
lowland and coastal regions, while UCBSV is more prevalent
in higher-altitude inland areas [105]. Management of CBSD
remains a major challenge because resistant varieties are limited
and the disease can be transmitted through symptomless cuttings.
The International Institute of Tropical Agriculture (IITA) and
national breeding programs in Tanzania, Uganda, and Kenya have
developed moderately resistant cultivars (e.g., NAROCASS 1-4
and Kiroba), but resistance is often incomplete and can break
down under high inoculum pressure [91]. Integrated disease
management strategies emphasizing clean seed systems, vector
control, and community phytosanitation are therefore critical to
curbing CBSD spread [71,98].

CBSD now poses a continental threat, with its expansion into
southern and central Africa raising major concerns for regional
food security. Unless effective management and resistant cultivars
are widely deployed, the combined effects of CBSD and CMD
could severely undermine cassava production across sub-Saharan
Africa in the coming decades [85].

7. Cassava Bacterial Blight

Cassava bacterial blight (CBB) is caused primarily by the bacterium
Xanthomonas axonopodis pv. manihotis (Xam), a gram-negative,
rod-shaped pathogen that infects the vascular tissues of cassava.
CBB has been reported throughout cassava-growing regions of
Africa, South America, and parts of Asia, with some of the most
severe epidemics recorded in West and Central Africa. The disease
can cause catastrophic yield losses, reaching up to total crop
failure under conducive environmental conditions, particularly in
areas with high humidity and rainfall [73,106].

The disease typically begins with angular, water-soaked lesions
on young cassava leaves. These lesions are restricted by the
veins and gradually enlarge, becoming necrotic and dark brown,
usually bordered by yellow or chlorotic halos [106]. As infection
progresses, the lesions coalesce, forming large, blighted areas that
lead to premature leaf drop. A characteristic feature of the disease
is the exudation of a sticky, amber or creamy-white bacterial gum
from infected leaf veins, petioles, and stems, especially during
humid weather [73]. In later stages, the infection spreads through
the petioles and into the stem, causing vascular browning, wilting,
and dieback. In advanced cases, systemic infection reaches the
vascular tissues of roots and cuttings, leading to complete wilting
and plant death. When infected cuttings are used for propagation,
the disease spreads rapidly within and between fields [73,107].

In Nigeria, CBB has long been recognized as a major constraint
to cassava production, particularly in humid agroecological
zones of the southwest and southeast. Historical reports indicate
that epidemics in the 1970s and 1980s led to yield losses of 75-
100% in susceptible cultivars, wiping out entire fields in wet
years [74,108]. More recent field surveys have shown that disease
incidence remains high, ranging from 35-70% in states such as
Oyo, Ondo, and Enugu, with severity influenced by variety,
environmental conditions, and poor planting material hygiene
[109]. The continued reliance on infected cuttings and the lack of
widespread adoption of resistant varieties have contributed to the
persistence of CBB in Nigeria.

Similarly, in Uganda and Rwanda, epidemics have caused
significant yield losses exceeding 70% in traditional landraces. The
disease tends to intensify during rainy seasons when high humidity
promotes bacterial multiplication and spread [110]. In the DRC,
CBB is also widespread, particularly in regions such as Kisangani
and Bas-Congo, where conditions favour disease development.
Reports from these regions have documented yield losses of 60-
100%, with severe epidemics causing total field destruction [106].

The epidemiology of CBB is closely linked to environmental and
agronomic factors. The bacterium spreads mainly through rain
splash, insects, wind-driven rain, and most importantly, through
the use of infected stem cuttings as planting material. Warm
and humid conditions, dense crop canopies, and poor drainage
significantly enhance disease development. Once introduced into
a field, the pathogen can survive for extended periods in plant
debris and on alternative host species, serving as reservoirs for
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subsequent infections [74,106]

Management of CBB relies primarily on integrated control
strategies rather than chemical treatments, which are largely
ineffective against systemic bacterial infections in cassava.
The use of resistant varieties is considered the most sustainable
approach. In Nigeria, improved cultivars such as TMS 30572, TMS
92/0326, and NR 8082 have shown moderate resistance to CBB
[111,112]. Other critical practices include phytosanitation, where
farmers are encouraged to rogue infected plants and use certified
disease-free planting materials. Crop rotation and fallowing are
also recommended to reduce inoculum levels in the soil. Recent
advances in molecular genetics and pathogenomics have enhanced
understanding of the pathogen’s virulence mechanisms and have
facilitated the breeding of cassava varieties with broad-spectrum
and durable resistance [82,113].

Despite ongoing research and management efforts, cassava
bacterial blight continues to pose a serious threat to cassava
production, particularly in Nigeria, Uganda, and the DRC, where
cassava is a key food and industrial crop. The disease’s ability
to spread through vegetative propagation, its wide host range,
and the emergence of new virulent strains complicate control
efforts. Strengthening farmer awareness, implementing clean
seed systems, and expanding resistant breeding programs remain
essential strategies for mitigating the impact of CBB on cassava
production and food security across Africa and beyond.

8. Cassava Anthracnose Disease (CAD)

Cassava anthracnose disease (CAD) is caused primarily by
Colletotrichum gloeosporioides (Penz.) Penz. & Sacc., although
other Colletotrichum species such as C. truncatum and C. dematium
have occasionally been reported in association with the disease
in some regions [114,115]. The disease affects all above-ground
parts of the cassava plant, including stems, petioles, and leaves,
and is recognized as one of the most important fungal diseases
limiting cassava production in tropical Africa. The disease reduces
both root yield and starch content, directly impacting food and
industrial starch supply chains. CAD is favoured by warm and
humid conditions, making it particularly destructive in areas of
high rainfall and dense canopy cover, such as those found in West
and Central Africa [116].

Symptoms of anthracnose usually begin as small, dark-brown
necrotic lesions on tender stems, petioles, and young leaves, often
developing after mechanical injury or insect damage. As infection
progresses, the lesions expand and may girdle the stem, leading
to dieback, shoot wilting, and defoliation. In severe cases, the
affected stems break at the lesion site resulting in the death of
the entire shoot. Under moist conditions, pink to orange masses
of fungal spores appear on the lesion surfaces, which serve as
inoculum for further disease spread [117,118]. The pathogen can
also survive on infected planting material, crop residues, and wild
cassava relatives, serving as sources of secondary infection.

In Nigeria, studies in southwestern and southeastern Nigeria have
shown disease incidences ranging from 25% to 70%, depending
on environmental conditions and cultivar susceptibility [117,119].
Yield reductions of at least 30% have been reported in highly
susceptible varieties such as TMS 30572 under severe outbreaks
[120].In Ghana, cassava anthracnose is also widespread, especially
in humid regions such as the Ashanti and Eastern Regions, where
rainfall exceeds 1,500 mm annually. Yield losses in these regions
range between 20% and 50%, depending on the severity of infection
[121,122]. In Benin and Cameroon, anthracnose epidemics have
been reported during periods of heavy rainfall, where poor field
sanitation and the use of infected cuttings exacerbate disease
spread [73,121]. Similarly, outbreaks in Sierra Leone and Cote
d’Ivoire have been linked to the introduction of highly susceptible
cassava varieties and the lack of awareness among smallholder
farmers about the disease’s management [123].

The impact of cassava anthracnose extends beyond yield reduction
to the quality and availability of planting material. Since the
disease primarily attacks stems and petioles, it compromises the
health and viability of stem cuttings used for propagation. This
results in a shortage of clean planting materials, slowing down
the re-establishment of crops after harvest. In areas where cassava
leaves are consumed as leafy vegetables or used as livestock
feed, anthracnose infection also reduces the nutritional value and
palatability of foliage, indirectly affecting household nutrition
and animal production [124,125]. Repeated severe epidemics can
thus lead to food shortages and income decline, especially among
subsistence farmers who rely on cassava as their main staple and
source of livelihood.

The economic and social consequences of anthracnose are
especially severe in smallholder systems where cassava serves
multiple purposes. In regions where cassava is central to rural
economies, recurring anthracnose outbreaks have contributed to
economic vulnerability and household poverty. Losses in root
yield and quality translate into reduced marketable output, while
damaged stems limit access to quality planting material for the
next production cycle. Consequently, the disease undermines food
security and agricultural resilience across cassava-growing regions
of Africa [111].

The persistence of anthracnose in Africa is largely due to poor
management practices, limited farmer awareness, and inadequate
adoption of resistant varieties. Most smallholder farmers continue
to plant infected cuttings and lack access to extension services
that promote integrated pest and disease management. Effective
control strategies include the use of resistant or tolerant varieties,
such as TMS 92/0326 and TMS 92/0057 in Nigeria, combined
with field sanitation, crop rotation, and timely removal of infected
debris to minimize inoculum build-up [111,112]. Research has
also shown that fungal antagonists such as Trichoderma harzianum
and biological control agents can help suppress Colletotrichum
populations in the soil and on plant surfaces [126,127]. However,
large-scale adoption of these practices remains limited, highlighting
the need for increased farmer training, improved access to resistant

J Agri Horti Res, 2025

Volume 8 | Issue 2 | 6



planting materials, and regional surveillance programs.

9. Integrated Disease Management

Integrated Disecase Management (IDM) represents the most
sustainable framework for controlling cassava diseases because
it reduces reliance on any single method and targets multiple
mechanisms involved in cassava infection [128]. Effective IDM
for cassava combines the use of genetically resistant or tolerant
varieties, pathogen-free seeds, agronomic and phytosanitary
practices, targeted vector management, and community-level
coordination to achieve area-wide suppression of disease [129-
131]. By integrating these complementary strategies, IDM
improves efficacy, delays resistance breakdown, and enhances
resilience of smallholder production systems.

10. Host Resistance and Varietal Improvement

Conventional breeding has delivered cultivars with partial to
strong resistance to a range of cassava diseases, while genomic
tools such as MAS, genomic prediction, and gene editing are
accelerating trait discovery and trait deployment, including
editing susceptibility genes and stacking resistance loci to broaden
durability [132,133]. Introgression of resistance genes from
Manihot glaziovii into African germplasm led to the release of
CMD-resistant cultivars widely adopted in Nigeria, Uganda, and
Tanzania [134]. These gene-editing advances offer opportunities
to reduce viral replication, lower vector acquisition, and improve
tolerance to bacterial pathogens. However, MAS is most effective
for traits controlled by one or a few genes with a major effect, like
resistance to certain cassava mosaic disease (CMD) strains. For
complex, quantitative traits like yield and drought tolerance, MAS
is less effective because these traits are governed by many genes
with small, cumulative effects [133,135,136].

11. Clean Seed Systems

Clean seed systems for cassava involve producing and distributing
disease-free, high-quality planting material, often using improved
varieties and structured methods like rapid multiplication techniques
and isolation fields to control pests and diseases [137,138].
However, because cassava is clonally propagated, dissemination
of disecase-free planting material is critical. Vegetative cuttings
can easily harbour latent infections of CMD, CBSD, and bacterial
blight, facilitating long-distance spread [139-140]. Clean seed
initiatives, such as the IITA’s community phytosanitation program
and national clean seed systems in Uganda and Nigeria, combine
tissue culture, rapid multiplication, and farmer training to ensure
access to certified disease-free planting material. However,
scaling remains limited by infrastructure and farmer awareness,
highlighting the need for public-private partnerships [182,138].

12. Cultural Practices and Crop Management

Cultural practices are the activities involved in the cultivation
of cassava from the decision to plant it, site selection, and right
up to the harvesting and post harvesting operations. Traditional
agronomic practices, when integrated with modern innovations,
can significantly reduce disease pressure [142,143]. Timely
rouging of infected plants , rotation with non-host crops , optimal

planting densities , and synchronization of planting dates reduce
inoculum build-up and vector colonization. Intercropping cassava
with legumes has been shown to decrease whitefly abundance,
while improving soil fertility and yields . Nonetheless, these
strategies require collective adoption at the community level to be
effective, as isolated implementation at single farms offers limited
protection [128,142-146].

13. Vector Management.

The whitefly vector poses a persistent challenge, not only
transmitting CMD and CBSD but also damaging crops directly
through sap feeding and honeydew deposition [147]. Chemical
insecticides have limited utility due to environmental and cost
constraints, coupled with the rapid increase in resistance that
has been observed recently [148]. Integrated vector management
emphasizes the deployment of biological control agents (e.g.,
parasitoid wasps), resistant crop varieties, and ecological
approaches such as habitat diversification that reduce vector
colonization [149]. Advances in whitefly population genomics are
also informing targeted strategies for managing superabundant
haplotypes associated with disease outbreaks [150]. A combination
of tissue culture, chemotherapy, and thermotherapy can be used to
clean cassava plants from viral infections that cause mosaic and
brown streak disease [151].

14. Community-Based Surveillance and Digital Tools

Early detection of disease symptoms, coupled with information
sharing across farmer networks, allows for coordinated responses
and reduces the risk of epidemic spread. There are different
types of digital tools for cassava surveillance which include Al
powered mobile apps, satellite and drone imagery, Geospatial data
platform, Web-based and SMS services, and molecular diagnostics
and sequencing [152-154]. These will assist in early detection
of diseases, and reduce cost and time, improve response and
coordination, enhanced data collection, and empowering farmers
in disease detection.

15. Policy and Institutional Support

Technical interventions alone cannot achieve sustainable disease
management without an enabling policy and institutional
environment. Effective implementation of IDM strategies requires
coherent national policies, strong institutional coordination, and
long-term investment. National cassava development programs
should prioritise disease surveillance, variety dissemination,
and capacity building through well-structured extension systems
[155]. Regional initiatives such as the West African Virus
Epidemiology (WAVE) project demonstrate the importance of
coordinated disease monitoring, early-warning systems, and data
sharing across borders. Likewise, international collaborations
involving organizations such as the International Institute of
Tropical Agriculture (IITA), CGIAR, and the Food and Agriculture
Organization (FAO) play a pivotal role in integrating research
outputs, harmonizing phytosanitary standards, and supporting
the development of resilient seed systems [155,156]. Sustained
policy commitment, adequate funding, and inclusive stakeholder
engagement from researchers and extension agents to farmers
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and policymakers are essential for scaling IDM innovations and
ensuring long-term resilience of cassava production, particularly
within resource-constrained smallholder systems [157,158].

16. Critical Reflections

While IDM has proven conceptually effective, practical
implementation remains uneven. Many smallholders lack
consistent access to clean seed, improved varieties, or extension
services. Reliance on community compliance for practices like
rouging or synchronized planting can falter in heterogeneous
farming landscapes [159]. Furthermore, emerging threats such
as climate change, new virus strains, and insecticide-resistant
whiteflies threaten to undermine progress. Future IDM strategies
must therefore integrate biotechnological innovations including
CRISPR-based virus resistance, RNA interference for vector
suppression, and genomic prediction with strong social and
institutional frameworks [160]. Without simultaneous attention
to both biological and socioeconomic dimensions, IDM risks
becoming a fragmented rather than transformative approach.

17. Breeding Programs in Africa

The International Institute of Tropical Agriculture (IITA) and national
partners working within the Consultative Group on International
Agricultural Research (CGIAR) Roots, Tubers and Bananas (RTB)
program have delivered large numbers of improved cassava clones
such as TME419 which is widely adopted for its CMD resistance,
high dry-matter content, and good pounding quality, and TMS-
30572 and TMS-980505 that are used extensively as sources of
CMD resistance and high yield (Table iii) [136,161].

Modern cassava breeding technologies in Africa have evolved into
highly integrated systems that combine several complementary
approaches to accelerate genetic gain and deliver improved varieties
to farmers. Marker-assisted selection is widely used to introgress
major disease resistance loci, particularly those conferring durable
resistance to CMD and CBSD, ensuring that new varieties retain
robust protection against viral threats [162,163]. Genomic selection
technology predicts the breeding value of cassava varieties based
on genome-wide marker data and this information will be used to
improve complex quantitative traits such as fresh root yield, dry-
matter content, and provitamin A carotenoids [164-166]. This
allows cassava breeders to make informed decisions earlier, based
on genomic estimated breeding values rather than waiting for full
field evaluations [165,166]. Additionally, to ensure that selected
clones perform reliably across diverse agroecological zones,
breeders implement multi-environment trials and apply genotype-
by-environment analyses to identify varieties that combine high
productivity with tolerance to diseases or abiotic stresses [167,168].
The efficiency of varietal delivery is enhanced through tissue culture
approaches, enabling large-scale production of improved clones to
supply to the farmers [127,169]. Together, these strategies represent
a modernized cassava breeding framework that balances molecular
tools, field-based evaluation, and seed system innovations to shorten
breeding cycles and ensure that improved varieties reach smallholder
farmers more rapidly.

CRISPR/Cas approaches are being actively developed in cassava
to broaden disease resistance and to improve key quality traits
that impact both food safety and industrial utility [168]. With
regard to viral infections, several research groups have applied
CRISPR/Cas-based strategies aimed at either knocking out
host susceptibility genes, directly disrupting viral genomes, or
engineering immune signaling pathways. In CMD, CRISPR-
mediated targeting of ACMV has demonstrated a reduction in
viral accumulation, highlighting the potential of direct antiviral
editing [170-172]. However, challenges remain, including the risk
of viral escape mutations, which necessitate multiplexed targeting
strategies and careful evaluation of field-level durability. In
CBSD, recent genome-wide association and molecular studies are
beginning to identify host loci associated with root necrosis and
viral load. These discoveries are now informing candidate targets
for editing, although the development of stable, broad-spectrum
resistance to CBSD continues to be complicated by viral diversity
and the complexity of host—pathogen interactions [173,174]

A major constraint to cassava utilisation is its accumulation of
cyanogenic glycosides, which must be carefully removed during
processing to prevent cyanide poisoning. CRISPR/Cas knockouts
of the CYP79D1 and CYP79D2 genes, which catalyse the first
step in linamarin biosynthesis, have been shown to significantly
reduce cyanide content in both leaves and storage roots [175,176].
Multiple independent studies confirm that disruption of these
paralogs attenuates cyanogen production, providing a clear and
practical path toward developing low-cyanide cassava varieties.
These innovations could directly enhance food safety, particularly
in regions where cassava is a dietary staple.

The composition and structural properties of starch is essential
in cassava. Traits such as the amylose-to-amylopectin ratio and
chain-length distribution strongly influence its performance
in food, feed, and industrial applications [177,178]. Genome
editing has successfully targeted key starch biosynthetic genes,
including GBSS (Waxy), PTST1, and soluble starch synthases, to
produce amylose-free or modified starch types [179-181]. Such
modifications have the potential to improve food texture, expand
industrial processing options, and enhance cassava’s role as a
biofuel feedstock. By tailoring starch properties, genome editing
is opening new opportunities for both nutritional improvement and
commercial diversification of cassava products.

Overall, the application of CRISPR/Cas technologies in cassava
demonstrates remarkable progress in disease resistance, food
safety, and starch quality. While technical challenges such as
transformation efficiency and field-level validation remain, the
advances made to date shows the transformative potential of
genome editing for cassava improvement. By integrating these
approaches with conventional breeding and ensuring robust
biosafety evaluation, genome editing can play a pivotal role in
delivering cassava varieties that are more resilient, safer, and
better suited for diverse uses, ultimately benefiting both farmers
and consumers worldwide.
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Variety Country CMD Resistance | CBSD Tolerance | Dry Matter (%) | Carotenoid content | Reference

TMS 30572 Nigeria Resistant Susceptible 34 White (Ossai et al., 2025)
Narocass 1 Uganda Resistant Moderate tolerance | 33 White (Mukiibi et al., 2019)
Kiroba Tanzania Resistant Tolerant 32 White (Shirima et al., 2019)
TMS 01/1368 Nigeria Resistant Susceptible 35 Yellow (provit. A) (Ossai et al., 2025)

Table 3: CMD- and CBSD-Resistant Cassava Varieties Released in Africa

18. Future Research and Development in Cassava

Research should focus on integrating durable disease resistance,
climate resilience, and improved quality traits into farmer-
preferred varieties [182-184]. Achieving durable resistance will
require pyramiding CMD genes with multi-locus CBSD resistance
or tolerance, alongside whitefly-resilient plant architecture to
minimize resistance erosion under climate extremes. Understanding
whitefly ecology and deploying landscape-level integrated pest
management, including host mosaics, synchronized planting,
and biological control can reduce dependence on insecticides.
Scaling genomic selection across African breeding programs
will accelerate progress on key traits such as cooking quality, dry
matter content, cyanogenic potential, and virus resistance while
shortening breeding cycles. Overcoming transformation and
gene-editing delivery bottlenecks in elite cultivars, coupled with
evaluation of field durability and regulatory pathways, will expand
the practical impact of precision breeding.

Climate-smart agronomic practices, including optimized planting
windows, soil cover, nutrient management, and crop model-
informed advisories, will help farmers adapt to drier conditions.
Food safety can be mainstreamed by embedding Codex HCN
limits, using simple test kits in small-scale processing, and
standardizing fermentation and pressing protocols with appropriate
training. Digital surveillance and extension, leveraging Al-enabled
diagnostics and participatory monitoring, can shorten response
times to CMD and CBSD outbreaks. Finally, aligning breeding
programs with gendered preferences and urban market traits such
as peelability, colour, and texture while linking production to
starch and ethanol industries, will ensure inclusive markets and
stable demand for improved cassava varieties.

19. Conclusions

Cassava’s centrality to African food systems is critical, and its
productivity, quality and safety must improve in tandem. The
past two decades have shown an improvement in CMD-resistant
varieties, SOPs for clean seed, and a maturing genomics toolkit.
The next decade will be defined by whether Africa can (i) deploy
disease-resilient, high-quality varieties at scale; (ii) manage whitefly
and viral pressures amid climate volatility; (iii) mainstream safe,
standardized processing; and (iv) connect producers to higher-
value markets. Strategic investment in breeding (including GS
and gene editing), seed enterprises, climate-smart agronomy, and
digital surveillance offer a credible pathway to durable impact.
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