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The Vulnerable Wonder Crop

Cassava is an important and versatile staple tropical root crop that feeds around 800 million people
worldwide (Fig. 1). In Africa an estimated 500 million people consume cassava daily and for half of
these people cassava is their main source of calories. Cassava plants are drought tolerant, need little
input and can grow in marginal land where other crops do not thrive. In times of drought and social
unrest the roots can be left in the ground for up to three years, an important insurance against food

insecurity.

The starchy roots are cooked and eaten as a vegetable and cassava is used in both small-scale enterprises
and in large scale industrial plants to make a wide range of culinary, industrial, and pharmaceutical
products. Cassava can withstand tough conditions, yet it is also vulnerable to pests and diseases. The
two most serious threats are cassava mosaic disease (CMD) and cassava brown streak disease (CBSD).

Both are caused by distinct groups of viruses.

This report focuses on CBSD, beginning
with the first report in 1935 in coastal
Tanzania, to hugely damaging outbreaks in
eastern and central Africa around the
beginning of the 21 century. CBSD has
caused major production losses and
jeopardised food security in countries in the

region already under great stress.

The report summarises key events and

important steps in understanding the cause

of CBSD and how it is spread. It outlines

Figure 1: Healthy cassava plants with abundant edible
efforts to manage CBSD and hlghhghts sforage roofs [Image used under licence from Shutterstock.com]

efforts to reduce the risk from the disease.
There is no fool proof method for controlling CBSD, but losses can and are being minimized. This
requires combined efforts, from planting virus-free cuttings to improving the availability of disease

tolerant cassava varieties.

The report is aimed at a broad audience and technical details have been kept to a minimum. A short
reading list points to further sources of more detailed information. There are many publications on
CBSD and CMD and we hope that this short report helps people grasp the major challenges in
managing these diseases - they are in many ways inseparable — while also recognizing the significant

progress that has been made in overcoming barriers to safe and secure cassava production.
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A Short History of Cassava Brown Streak Disease

A trio of calamities

In the mid-1990s, cassava farmers in Nampula Province, Northern Mozambique saw their cassava crops
rapidly succumb to an unidentified dry root rot (Fig 2). By 1998, vast areas of coastal Nampula and
Zambézia provinces, where millions of people were dependent on cassava as a subsistence crop, had
suffered major crop losses. Cassava mosaic disease (CMD) was already a familiar disease in the region,
known to cause huge damage to the crop, and endemic in all cassava growing areas. The new problem

did not, at least in the early years of its discovery, seem to warrant further investigation.

Mozambique lies in the direct path of intense
tropical cyclones that form in the warm waters of
the south-west Indian Ocean. In March 1994,
Cyclone Nadia made landfall in northern
Mozambique, just before the annual harvest,
causing widespread flooding and extensive crop
damage. Nampula Province bore the brunt of the
storm leaving an estimated 1.5 million people

homeless and 75% of the crops wiped out.

Paradoxically, Mozambique is also prone to severe

droughts and devastating floods. From the late Figure 2 Cassava attacked by CBSD in Nacala-

Velha, Northern Mozambique. [SMcS, Save the

1970s, south and central Mozambique suffered
Children NGO, Nampula]

repeated droughts leading to widespread famine in
the early 1980s that was exacerbated by sixteen years of civil war. Extreme weather conditions and
conflict were well established calamities. They were now compounded by the arrival of a major new crop

disease.

“Bombs and bullets haven’t killed us, but hunger has”
Mozambican refugee in Zimbabwe, mid-1980s

Following the 1994 cyclone, aid agencies mobilised to provide a major relief effort in Nampula
Province. This included the distribution of new cassava planting material to farmers. One cassava
variety stood out, “Calamidade”, so named because it was distributed in the wake of a “calamity”. This
high yielding variety was popular with farmers and soon became the main variety grown in parts of
Nampula. Little thought was given to disease susceptibility; the priority of relief agencies was to rapidly

deliver large quantities of urgently needed cassava planting material to as many families as possible.

In 2004 a photo of the root rot was sent to the Global Plant Clinic of the Centre for Agriculture and
Bioscience International (CABI) and identified as Cassava Brown Streak Disease (CBSD). Calamidade
was extremely susceptible to the disease, a fact not known, or simply overlooked, by those distributing
planting material. The disease may have been present but undetected in coastal Mozambique since the
1930s. In the years following cyclone Nadia’s clean-up effort, farmers were finding rotting tissue instead

of precious edible storage roots. Calamidade had created its own calamity.
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In the beginning

The earliest report of CBSD in 1935 was from northern coastal areas in the foothills of the Usambara
mountains, in what is now Tanzania (Fig 3). Cassava mosaic disease was already endemic in this region
and well known. Surveys by scientists at the Amani Research Institute (Fig 4), located high up in the
Usambara Mountains, had identified a second and distinct disease, with different foliar and stem
symptoms, occurring in the same areas as CMD. Grafting experiments suggested that CBSD might be a
virus; attempts to transmit the disease by whitefly were inconclusive. Once it was clear that CBSD was a
new disease, researchers began a cassava breeding programme to develop varieties resistant to both

diseases.

In 1945, an outbreak of CBSD was reported in Uganda. N et
The disease may have been introduced earlier via infected
cuttings sent from the Amani Research Institute in 1934
(Fig 4), before CBSD was recognised. An eradication
programme was implemented. Strict rogueing included:
identification of diseased plants, removal and destruction.
They were replaced with clean material and quarantine
measures taken to prevent further introductions of
infected materials. It appeared to work, and the disease

was thought to have been eliminated.

By 1950, detailed reports of symptoms showed the disease
to be endemic across coastal areas of East Africa, from
northeast Kenya to Tanzania, the island of Zanzibar and
as far as the shores of Lake Malawi, at altitudes up to 1000

metres above sea level (masl). This was thought to

represent the altitude limit of CBSD. But during the
1950s, CBSD symptoms were discovered on cassava Figure 3 Approximate region where CBSD
cultivated up to 1500 masl, on plants originally was endemic in the 1930s. [Legg et al 2011

introduced from lowland sites. CBSD infected plants Nps//doiorg/10.1016/¥irusres 201104018
typically had severe die-back symptoms at the cooler, dryer high elevations, but, significantly, there was

no evidence of plant-to-plant insect vector transmission.

In the 1980s, plant virologist Mike Thresh travelled to
Uganda to investigate a severe epidemic of CMD and its
threat to food security in the region. He noticed symptoms
of CBSD in coastal Tanzania and around the lake zone of
Malawi. In 1994, on another visit to Uganda, he saw the
same symptoms near Entebbe, and realised that the disease

was not being monitored or managed. Mike Thresh

commissioned a survey of CBSD in Tanzania in 1993-94,

the first ever country-wide assessment. Figure 4 Amani Research Institute

[Wikipedia]
This renewed interest led Mike’s colleague, Rory Hillocks, at

the Natural Resources Institute UK, to suggest surveying CBSD in northern Mozambique. The 1999
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survey revealed the full extent of devastating crop losses throughout the 1990s in the wake of cyclone

Nadia and the introduction of Calamidade.

With the exception of breeding work carried out by Edward Kanju at the Mikocheni Agricultural
Research Institute in Tanzania, CBSD had largely been ignored for almost four decades. Unlike CMD
and other pests and diseases, including bacterial blight, CBSD has indistinct foliar symptoms (Fig. 5).
Below ground, root damage is frequently severe but is easily missed. The disease was also - or at least
appeared to be - mainly restricted to low-altitude coastal areas in East Africa, at a time when CMD was
grabbing all the attention across cassava-growing areas in Sub-Saharan Africa. The clear economic losses

due to CMD, and its adverse effects on food security, meant that CMD was a more pressing priority.

Figure 5 CMD leaf symptoms (left) are more obvious than the milder CBSD leaf symptoms (right)

At the end of the 20" century, several African countries had made determined and successful efforts to
move away from over-reliance on maize in favour of the more robust cassava. Good progress was being
made in combatting CMD. CBSD, however, was barely recognized as a serious threat. But things were
about to change. The 1993-94 surveys revealed the high incidence of CBSD in coastal regions of
Tanzania, while the “re-discovery” of the disease in Uganda around the same time, heightened
concerns. The first alarming reports of total crop failures in Mozambique highlighted the urgent need
to take CBSD more seriously. A coordinated response was needed, one which brought together a wide

range of people with a shared interest in risks posed to cassava production.

The Mombasa workshop - a watershed moment

In October 2002, delegates from across Sub-Saharan Africa and the UK gathered at an international
workshop in Mombasa, on the Kenyan coast. This was one of the main CBSD-affected areas of Sub-
Saharan Africa. A diverse group of scientists, plant quarantine experts and development specialists from
international research institutions, national agricultural programmes and NGOs had two main aims: to

review current research into CBSD and to develop a programme to assist development initiatives.

Funded by the UK Department for International Development’s Crop Protection Programme and
organised by the International Institute of Tropical Agriculture (IITA) and regional research networks,
delegates began by considering the results of CBSD surveys in the worst affected countries: Malawi,
Tanzania, Kenya and Mozambique. These results confirmed what was known in the 1950s: CBSD was
only found in cassava grown at altitudes below 1000 masl. The reason for this restricted disease
distribution was unknown, but was tentatively linked to the absence of whitefly, a CBSD vector (rarely

seen in high altitude areas until the early 1990s) and lack of alternate host plants. This led to an early
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suggestion that geographical boundaries, including mountain ranges across Tanzania, were limiting the

spread of the disease inland.

The workshop encouraged people from different
countries to work together. It raised the profile
of virus diseases generally and emphasised the
need for better diagnostic tools. Some delegates
shared their previous experiences in managing
CMD, for example the success in using resistant
varieties, restricting the movement of plant
material and other control methods. An advisory
committee was established and a plan for future
CBSD research proposed. One delegate has
since said that learning from past experiences
helped shape future work and was a significant
step forward in tackling CBSD. Little did the
delegates know, however, that CBSD

management was about to get much harder.

Into the hills

Figure 6 Countries where CBSD has been confirmed.
CABI map updated in 2022. CBSD is also confirmed

from South Sudan, but not shown on this map.

Soon after the Mombasa workshop, reports emerged of super-abundant whitefly populations at higher

altitudes. Uganda is a big producer of cassava, which is grown at altitudes above 1000 masl. Whitefly

transmission of CBSD was becoming increasingly likely (though subsequent evidence also pointed to

human movement of infected material; see Fig 7). CBSD was on the move, away from coastal regions
and into the hills. In 2004, rapid spread of CBSD was observed in Uganda. The source of the epidemic

was probably infected cuttings, though it is likely that CBSD was still present at low levels, though

largely undetected, following its first discovery in the 1940s and later detection in 1994.

Figure 7 Cassava cuttings on the move in North Kivu, DRC. There is a consistent high demand for planting material.

During the mid-2000s the incidence of CBSD in Uganda more than doubled; similar increases were

recorded in Tanzania and Kenya. Since then, CBSD has been reported at mid-altitude levels (1200 -

1500 masl.) in the Democratic Republic of Congo (DRC) and around the Tanzanian lake zones. It has
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also spread to Burundi, Rwanda, South Sudan, Zambia and the Comoros Archipelago (Fig 6). Recent
surveys in Northern Angola, approximately 60 km from DRC border, have found cassava with CBSD-

like symptoms, suggesting the disease is present there although confirmation of the virus has yet to be

published.

CBSV has been detected in eastern DRC. There is significant and regular movement of people and
goods across a long stretch of the border with Uganda. In 2022 the disease was reported around
Yangambi, in the central province of Tshopo, DRC, and confirmed by Clerisse Casinga from IITA,
Tanzania. Yangambi is around 1000 km from the DRC/Ugandan border. His team surveyed CBSD in
Maniema Province, central DRC, writing on Twitter in June 2022 that ‘the situation on the ground

here is catastrophic, all of the local and improved varieties are infected.’
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Why Cassava Matters To So Many

Cassava (Manihot esculenta) is a member of the
Euphorbiaceae or spurge family. Also known as manioc,
mandioca, tapioca and yuca, some of the many common
names used, it is a perennial woody shrub with edible,
starchy tuberous roots native to South America. It is often
portrayed in pre-Columbian indigenous art and ceramics
(Fig 8). The first mention of cassava cultivation in Africa
dates from 1558, when it was used to provision slave ships
travelling to Europe and the Americas. Over the next 300
years cassava cultivation spread throughout tropical regions

of Africa, as a valuable addition and frequent replacement

for traditional staple crops such as millet, sorghum, maize,

yam and plantain.
Figure 8 Pre-Columbian sfirrup vessel of

“Cassava is now intimately bound up in the complex the ancient Moche civilisation, north Peru

human and environmental systems of tropical Africa” poriraying cassava roofs. AD 450
Introduction and diffusion of cassava in Africa, IITA 1993 [De Smet, 1998) hitps://doi.org/
10.1016,/50378-8741(98)00031-2. Courtesy
Uses Museum voor Volkenkunde, Rotterdam.

Cassava roots have a high carbohydrate content, ranging from 80-90% of dry weight, and yielding more
energy per hectare than other major crops. The roots can be cooked as a vegetable, processed into flour
for baking or grated to produce the basic ingredient for numerous regional savoury and sweet dishes

(Fig 9). Cassava leaves are also consumed as a green vegetable, especially in Africa, and are a rich source

of protein, minerals and vitamins.

In addition to being an important food staple, the
whole cassava plant - leaves, stems, roots and root
peelings - can be processed into a huge number of
different products (Figs 9 and 10). These include
starches, animal feed, firewood, alcohol, sweeteners,

plastic substitutes, pharmaceutical ingredients,

adhesives, packaging and building materials. A wide

range of food and non-food industrial processes rely Figure 9 Food products containing cassava
on cassava starch, including processed food, brewing, gfm‘oﬂc?/\w\]'ECTED animation by Eve Bonnister and
arlotte May.

paper and textile making, mining and drilling and
biofuel production. During the Covid-19 pandemic, the demand for cassava flour escalated as

companies started to increase the production of alcohol-based hand sanitizer.

Growing cassava

Cassava, known as the “Rambo root” of food crops, is a hardy and reliable plant that is affordable and
easy to grow (Fig. 10a). It is also robust, withstanding extremes of heat and extended periods of drought

and can be productive in marginal soils where other crops do not prosper (Fig 10b). It tolerates a range
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of different pHs and has a remarkable ability to endure and recover from biotic and abiotic stresses.
Cassava is vegetatively propagated by stem cuttings that are known as ‘seed’ cuttings (Fig 7) so farmers
can eat the root crop and still have seed cuttings for the following year and not incur any additional
costs. The mature roots maintain their nutritional value for a long time without water and they can be

left in the ground for up to three years thereby serving as a reserve food when other crops fail.

Figure 10 a: Harvest time [htips://witter.com/ Figure 10 b Cassava grown in poor soil /drought [Image used
AfricanGrowers/ status/ 1459220301292589056] under licence from Shutterstock.com]

l/ /7 / -;' / i : ot
Figure 10 e: Cassava as a leafy vegetable (with CMD) Figure 10 f: Dried cassava for sale in Angola
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Global cassava production

Cassava is now the third largest source of carbohydrates in the tropics after rice and maize and is
regularly consumed by approximately 800 million people worldwide. It is mainly grown by smallholder
farmers (with less than 2 hectares of land) in over 100 tropical and subtropical countries of Africa, Asia,
Latin America and Oceania (Fig 11). The number of larger commercial cassava farms is growing,

particularly in Nigeria and Ghana. In 2019 the global cassava market was estimated to be worth $164
billion.

Nodata Ot 500,000 t 1 million t 5 million t 10 million t
I ] I J

Source: UN Food and Agriculture Organization (FAQO) OurWorldIinData.org/agricultural-production « CC |

Figure 11 Cassava production 2018, in fonnes

Cassava and food security

Cassava has untapped potential to improve food security in a time of climate change and increasing
pressures on natural resources. Efficient water use and tolerance of low fertility soils avoids the need for
large amounts of agricultural inputs. More farmers across Sub-Saharan Africa are switching to water-
saving crops like cassava as they struggle with more intense and frequent droughts. Nigeria, the most
populous country in Africa, is one of many bracing themselves for surging wheat prices. A key change in
legislation in 2002 allowed more cassava flour to be used in bread, reducing reliance on imported wheat

(which Nigeria also produces).

Cassava and climate change - bring it on

Of the major staple crops in Africa, cassava is expected to be the least affected by the climatic conditions
predicted for 2030. Furthermore, it is the only staple crop that may actually benefit from the effects of
climate change. When grown in conditions with artificially enriched CO, the increase in
photosynthesis was accompanied by an increase in root biomass; excess carbohydrate produced was

directed into the roots. In other staple crops, surplus carbohydrate accumulates in leaves and suppresses
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photosynthesis, leading to yield loss. Water use efficiency of cassava plants also improved under elevated

CQO2; leaf protein content was not affected.

“The “food of the poor” has become a multipurpose crop that
responds to the priorities of developing countries, to trends in the
global economy and to the challenge of climate change.”

Save and Grow: Cassava. FAO 2013

Pests and diseases of cassava

In addition to CMD and CBSD, cassava is vulnerable, like other major crops, to other damaging pests
and diseases (Fig 12). It is thought that around a third of global cassava production, equivalent to

several billion US dollars, is lost annually through disease, with the greatest impact in Sub-Saharan

Africa.

=5
~
> 8
.
.
CcGM
originated in
the Americas Al

CBB was first
recorded in
Brazil 1912 0

CGM introduced into CBSD first identified 5

Uganda in 1971 and had inSTanzzrg;;Qt1:36.
spread throughout the mced t a;
Cassava belt by 1985 SPread westwaras

By 1970 CBB was found in most cassava growing areas in
Central and South America, the Caribbean, Africa and Asia

Figure 12 First records of major cassava (C) pests and diseases: CGM (green mite); CMD (mosaic disease);

CBB (bacterial blight); CBSD (brown streak disease); CFSD (frog skin disease); CM (mealybug)
[Chavez et al. 2022 https://doi.org/10.1007 /s11103-021-01170-8

Pests: The most economically important pests in in Africa are two sap suckers: cassava mealybug
(Phenacoccus manihoti), and cassava green mite (Mononychellus tanajoa). Both were accidentally introduced
from the Americas in the 1970s. Around 12 whitefly species have been reported on cassava, including
Bemisia tabaci, a global species. High populations of B. tabaci cause chlorotic mottling and distortion of
young leaves, and reduce plant vigour and root production. But it is its role as a virus vector of CMD

and CBSD that makes B. tabaci a deadly pest of cassava.

Bacteria: the most widespread and serious example is bacterial blight caused by Xanthomonas axonopodis
pv. manihotis. The disease attacks leaves and spreads systemically to the rest of the plant. Phytoplasmas

are specialised bacteria and obligate parasites of plants which are often difficult to diagnose and detect.
Two important examples on cassava are cassava frog skin disease and cassava witches’ broom, found in

central America and Asia, respectively. No phytoplasma diseases have yet been confirmed from Africa.
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Fungi: Root rots are common in poorly drained areas and where crops are left too long in the ground.
They are associated with a complex mix of pathogens, including Armillaria (honey fungus) and species of

Phytophthora and Fusarium.

Viruses: East Africa is a hot spot for biodiversity of cassava viruses. CMD has spread to the Indian
subcontinent and is now found in Southeast Asia and remains a serious global threat to cassava

production. Successful breeding programs and dissemination of resistant varieties has greatly reduced

the risk of CMD in Africa.
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Understanding the virus

When CBSD was first observed in 1935, the study of viruses was in its infancy. Edward Jenner’s work
on smallpox in the late 18th century resulted in a successful vaccine, but it was not confirmed as a viral
disease until much later. In 1898 the microbiologist Martinus Beijerinck coined the term “Contagium
vivum fluidum” (contagious living fluid”) to describe the infectious properties of a filtered extract of plant
material taken from a plant with symptoms of tobacco mosaic disease. In the 1930s, soon after the
invention of the electron microscope, the cause of the disease was shown to be a particle (tobacco

mosaic virus).

By the mid-1930s, many plant diseases were thought to
be caused by viruses, including CBSD and CMD and
other mosaic and leaf curl diseases in potatoes, tobacco,
legumes, cucurbits and sugar beet. But it was not until
much later, in 1964, that electron microscopy studies of
cassava plants with CBSD revealed filamentous virus
particles of around 650-690 nm (Fig 13). They resembled
carlaviruses. Two decades later, virus particles with

pinwheel inclusions, typical of potyviruses were detected

\ and it was proposed that two virus types were associated
Figure 13 Potyvirus particles with CBSD.

[ Dussel et al, 2002. https://doi.org/10.1007 /s00122- ) )
002-0964-7] To summarise: cassava brown streak virus (CBSV) was

the first virus to be associated with CBSD. It is an RNA
virus. The full genome sequence was published in 2001. CBSV is an I[pomovirus, which are transmitted
on tools and by people in contact with infected plants. I[pomoviruses are also transmitted by whiteflies,
although rates observed in laboratory trials are low, variable and results are hard to replicate. Ugandan
brown streak virus (UCBSV) was identified more recently and is also an Ipomovirus, as determined by

Gary Foster’s group at the University of Bristol in the early 21st Century.

CBSD is caused by at least two species of [pomovirus, known collectively U/CBSVs. As new molecular
tools are developed so further insights have been obtained about the diversity of virus species involved
in the disease. Current research findings indicate that there are at least four or five distinct UCBSV
species and two distinct CBSV species. It appears that CBSVs are evolving faster than UCBSVs and

may be more effectively evading the host plant’s defence mechanisms.
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Symptoms and Spread

Cassava brown streak disease gets its name from the brown lesions that appear on young stems (Fig
14d). These lesions start as isolated spots which elongate and join together into characteristic streaks. In
severe infections these stem lesions may result in die-back and death of the shoot. The characteristic
streaks are sometimes absent or difficult to find. Leaf symptoms are a more reliable indicator of the
disease, most noticeably on the mature lower leaves. These display two main types of symptoms; a
feathery yellow chlorosis, usually starting at the minor veins, which merge into blotches that affect the

entire leaf, and chlorotic mottling with no association with veins (Figl4e, f).

Figure 14 a Cassava root necrosis (KT) Figure 14 b Radial constrictions (KT)

Figure 14 d Brown streak lesions (FR)

Figure 14 e Leaf symptoms of CBSV showing the Figure 14 f Mixed infection of CBSV and UCBSV
feathery chlorosis associated with secondary veins (KT)  showing the blotchy chlorotic mottling typical of
UCBSV (KT)
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The most damaging symptom, however, is a brown-black dry corky necrosis within the roots. Small
lesions spread throughout the entire root rendering them inedible and worthless. Severe infections
greatly reduce the size of roots and cause sequential radial constrictions (Fig 14a, b, c). There are
differences in the symptoms associated with CBSV and UCBSV, with CBSV causing much more severe
root necrosis. Mixed infections are common, with up to 50% of all tested plants in some regions having

both viruses present.

Not all plants display characteristic symptoms at the same time. Variation in symptom development can
be related to rainfall, altitude, plant age, cassava variety and virus species. Field diagnosis of CBSD can
be challenging, with early leaf symptoms mistaken for mite damage and later symptoms for natural leaf
senescence (Fig 15). If symptoms are missed or the above ground plant lacks symptoms, farmers may not
be aware that their crop is infected until they discover necrotic roots when harvesting. The opportunity

to remove a potential source of infection for other plants is missed.

Even when infections are confirmed by diagnostic testing, it may be hard to convince farmers to remove
plants that appear healthy (Fig 15). Farmers may also be reluctant to inform local authorities of disease

if this results in orders to destroy crops and no compensation for crop losses is available.

The viruses responsible for both CMD and CBSD are
spread via two main routes: the movement of infected
planting material and insect transmission. Bemisia tabaci
(African whitefly) is the main vector. Human movement
of planting material is responsible for long-distance
spread of CBSD. Whiteflies are only able to disperse and
amplify CBSD locally. Other plant species can act as virus
reservoirs. Perennial non-cassava hosts of CBSV have

been found in Mozambique.

Susceptible varieties and spread

The incidence of both CMD and CBSD escalates locally
when cuttings taken from cassava plants grown in the

previous planting season are replanted. Sharing planting

material is a common practice. Cuttings are traded

informally and at markets and the chance of inadvertent Figure 15 Farmer in Rwanda who knew about
CBSD but was unfamiliar with the leaf

spread is high; awareness of symptoms is often low,
symptoms.

particularly in places where extension and advisory

services are limited.

There is a multitude of farmer-preferred cassava varieties selected for different reasons, including:
suitability for local growing conditions, food and culinary attributes, storability in the ground, early
maturing, root production and marketability. It is not clear to what extent selection is driven by
resistance to pests and diseases. Some traditional varieties are less sensitive to CBSD, but eventually all
succumb. Namikonga, an early cassava variety developed by the Amani Research Institute in Tanzania
in the mid-20th Century, and widely used in current African breeding programs, is susceptible to CMD,

less so to CBSD. Root necrosis is greatly reduced in Namikonga and it is an attractive variety for
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farmers to grow. Even mildly susceptible to CBSD like Namikonga still accumulate viruses and become

a potential source of new infection.

A handful of reports that suggest CBSD can be transmitted via contaminated knives used to take
cuttings for planting, but other studies found no evidence to support this. The role of mechanical

transmission in the field needs further study.

Insect transmission

Bemisia tabaci is widespread in Africa and occurs on
many crops (Fig 16). Those that feed on cassava
comprise at least six major genetically distinct groups.
Powerful DNA sequencing techniques continue to
elucidate the complex diversity of this economically

important whitefly.

B. tabaci is highly adaptable and vectors more than

400 plant pathogenic viruses. Its ability to transmit

Figure 16 Cassava whitefly (Bemisia tabaci)
(Source: Wikipedia)

CMV was confirmed in 1932, in what is now the
DRC. B. tabaci was also thought to be a vector of
CBSD in the 1930s but this was not confirmed until 2005. The circumstantial evidence at the time was

compelling: CBSD outbreaks tended to coincide with increases in whitefly populations. However, initial
laboratory attempts to transmit CBSV with whitefly or peach aphid (Myzus persicae), another widespread

vector of viruses, were unsuccessful.

There is a crucial difference in how CMV and CBSV are transmitted by whitefly. Cassava mosaic
viruses are transmitted in a persistent manner; once the virus is acquired during feeding it can remain
in the insect for life. Cassava brown streak viruses are transmitted semi-persistently, as are other

Ipomoviruses, and are not retained for more than 24 hours.

Adult whiteflies and their nymphs use sucking mouthparts to pierce the leaf tissue and consume
phloem sap and any viruses present. An adult female can lay 100’s of eggs throughout her life with up
to 11-12 generations of B. tabaci per year. Generation times decrease in the constant high temperatures
experienced in parts of Sub-Saharan Africa. Shorter generation times increases the likelihood of virus
transmission, as does mixed planting and uneven-aged cassava plantings. Farmers take advantage of
small spaces to plant cassava throughout the year and to intercrop with maize and banana, for example.
The constant presence of cassava plants helps maintain populations of B. tabaci, as do non-cassava hosts,

including other crops, where life cycles are often shorter.

Super-abundant whitefly

In the early part of the 21st Century, the “ceiling” thought to restrict CBSD to regions <1,000 masl was
broken. The sudden upsurge in CBSD in the Great Lakes region, a large area demarcated by the Rift
Valley and including Lake Victoria and Lake Malawi, was associated with explosions in B. tabaci (Fig 17)
which had become better adapted to mid-altitudes (800 to 1500 masl) and major zones of cassava-
growing. The dispersal of infected cuttings also contributed to the increase in CBSD (see box p18).
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Since the early 1990s there has been a dramatic increase,
up to 100-fold, in so-called “super-abundant” whitefly
populations at these altitudes, which preceded major
outbreaks of both CBSD and CMD in East and Central
Africa, including Uganda (Fig 18), the Lake Victoria zone
of Tanzania, western Kenya, Rwanda, Burundi and eastern

DRC. Direct feeding damage alone can cause up to 50%

crop losses; when combined with CBSD this leads to total
Figure 17 Super abundant whitefly on

crop loss. The explosion in whitely populations may be
cassava (KT)

related to growing of new ‘improved’ varieties of cassava.
Worryingly, east African whitefly strains are now found in Nigeria. Populations of whitefly are

increasing, and with it the risk of CBSD epidemics.

Effect of climate change on whitefly

Whitefly numbers have increased on all crops and weeds in East Africa since the late 1980s. The two
main drivers appear to be higher average temperatures and reduced rainfall, consequences of historical
climate change. This is the first reported case where climate change has been shown to contribute to
increased risk of plant disease transmission by a key vector. The projected increases in global
temperatures are likely to further exacerbate the whitefly driven CBSD and CMD pandemics, although

extreme temperatures above 36 °C are lethal to eggs and larvae.

Figure 18: Sironko. One of
many cassava growing areas
south of Kabale, in the southwest
of Uganda, near the border with
Rwanda, and part of the Great
Lakes Cassava Initiative target
area (see box p18)

Alternative hosts

CBSVs are found only in Africa and it is possible that these viruses evolved in East Africa. CBSV has
been detected in the wild perennial species Manihot carthaginensis subsp. glaziovii, native to the Americas.
It was introduced to East Africa in the 19™ century as a potential plantation crop for rubber production,
and later used in breeding programs for CBSD resistance. CBSVs have also been detected in two wild
plant species near to cassava fields in Mozambique: Zanha africana, a large woody shrub in the

Sapindaceae family, and Trichodesma zeylanicum, a perennial subshrub in the Boraginaceae family.

The importance of these findings to CBSD epidemiology is not clear. Nicotiana benthamiana, N. debneyi
and other experimental hosts from diverse plant families are useful test plants for CBSV infection
studies in the lab. It is clear that CBSVs can successfully infect non-cassava hosts and that Bemisia tabaci

has a wide host range. Movement of CBSVs between wild plants and cassava is entirely possible.
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Did good intentions make CBSD matters worse?

In the late 1980s, an unusually severe form of CMD spread rapidly throughout Uganda and to the
neighbouring countries in the Great Lakes region. Farmers abandoned their cassava crops as vulnerable
varieties succumbed to the disease, leading to food shortages and contributing to famine-related deaths.
Concerted efforts were made to combat the CMD pandemic. There was a rapid and large-scale
multiplication and distribution of CMD-resistant germplasm developed at the International Institute of
Tropical Agriculture (IITA) in Nigeria, with new varieties being widely adopted by farmers. In 2004, new
disease symptoms in CMD-resistant varieties growing in Uganda were confirmed as CBSD. Worst affected
were varieties of the TME group (Tropical Manihot Esculenta), which have since been classified as CBSD-
susceptible. By the time the extent of the CBSD was fully appreciated, the disease had spread over too great
an area for a zero-tolerance eradication program to be even remotely feasible.

Shortly after, in 2006, the Catholic Relief Services (CRS), an NGO working with IITA and other regional
organisations, launched the short-term Crop Crisis Control Project (C3P) to address the ongoing CMD
crisis in the Great Lakes region. The CMD-resistant varieties developed by IITA were still popular with
farmers because of their improved yields and suitability to local climates. But concern was growing about
the parallel rise in CBSD. Scientists made recommendations to test the C3P cassava multiplication plots,
used to bulk up CMD-resistant varieties, for CBSD. The aim was to phase out the most susceptible
varieties and promote the use of varieties with some tolerance to CBSD.

Cassava breeding and multiplication programs are a huge undertaking, and changing course takes time.
C3P was still distributing the improved CMD-resistant (but CBSD-susceptible) varieties as the CBSD
outbreaks exploded. The outbreaks have been linked to super-abundant whiteflies, but this may only be
relevant to local spread. Variety after improved variety resistant to CMD succumbed to CBSD. These
events unfolded as another major initiative, the Great Lakes Cassava Initiative (GLCI), funded by the Bill
and Melinda Gates Foundation (BMGF), began in 2008. One of its major aims was to expand the
multiplication and dissemination program established by CP3.

The new program was delayed by a year after the necessary destruction of vast areas of CBSD-infected
multiplication plots. GLCI introduced screening of future source material for CBSD and focused on
multiplying the limited number of CBSD-tolerant varieties available. The program met its original targets
of distribution of planting material to beneficiaries, a testament to good organisation and dedication of
individuals involved.

Perhaps the key message is that development projects require multiple inputs and expertise. A stronger
involvement of agricultural scientists in choosing varieties for multiplication would have helped and
diagnostic backup for CBSD. BMGF and CRS responded smartly. It is to the credit of the GLCI that new
partners were brought into the project, including Fera Science Ltd, CABI and the National Plant
Protection Organisations (NPPOs), greatly strengthening the response to the threat of CBSD.
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Impact

CBSD has diverse and complex impacts on plant physiology, crop production and on the people who

grow, process and consume cassava.

Crop production: The cassava varieties most susceptible to CBSD become stunted and defoliated. Seed
cuttings from infected plants have reduced viability and decreased shelf-life; production is decreased,
and farmers have to find replacement planting material. The most damaging impact of CBSD, however,
is the internal root necrosis, with yield losses up to 70%. Roots are unmarketable and inedible in the
most susceptible varieties. Yields are further reduced when farmers harvest early, in attempt to avoid
increasing root spoilage as plants age. CBSD can make the necrotic roots more susceptible to other

pathogens.

Food security: Cassava is grown for home consumption and sale and yield losses threaten food security
for millions of households. CBSD has been identified by scientists as one of the seven most serious
disease threats to global food security. Smallholder farmers in areas where cassava is grown face multiple
challenges in earning a living and feeding their families. The CBSD pandemic means that more have

less to eat and nothing to sell.

Loss of crop diversity: Many farmer-preferred varieties of cassava have been wiped out by CBSD. The
number of local domesticated varieties (known as landraces) grown has declined and potentially useful
sources of germplasm may have been lost. Farmers are left relying on fewer varieties tolerant to CBSD,

creating new risks from other pests and diseases, and the possibility that tolerance may break down.

Market and processing: The manual processing of CBSD-affected roots is time and labour-intensive, as
farmers attempt to excise necrotic areas before eating or converting into flour or other products.
Diseased roots are unfit for commercial processing pipeline and have a reduced storage life. Farmers
need to act swiftly; they cannot wait for a convenient time to get roots to market. Roots that are
“moderately infected" (10-30% of the root is necrotic) have a much lower market value, around 10%
that of healthy material. There is a thriving market demand for high quality cassava flour (HQCF), used
as a substitute for wheat flour in bread. HQCF cannot be made from cassava scoring 3 or more on the
CBSD “necrosis severity scale”. Necrotic areas lower the pH and starch content of roots and discolours

flour. Farmers lose important income.

Economic losses: Declining cassava production due to CBSD is affecting trade within and between
countries. In Rwanda, export earnings from roots declined by 40% from US$7.9 million in 2016 to
US$4.7 million in 2017. This decline has been largely blamed on a particularly severe outbreak of
CBSD which has destroyed plantings since 2014.

The huge impact of CBSD is not in doubt, but it is also difficult to obtain accurate economic losses.
One estimation for Kenya, Tanzania, Uganda and Malawi gave an overall loss of US$750 million for
2015. Taking CMD and CBSD together, the annual economic loss of the two diseases is likely to exceed
several US$ billion across Sub-Saharan Africa.
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Disease Management

There are currently no effective treatments for plants infected with a virus. Prevention and mitigation
are key. Different approaches have been tried for management of CBSD, from improved agronomic
practices, development of resistant varieties, making certified virus-clean cassava planting material
available, improved disease surveillance, better diagnostics, and controlled movement of planting

material, particularly between countries.

Roguing: Removing and destroying diseased plants (roguing) is a drastic strategy that has been
recommended repeatedly for both CBSD and CMD. It reduces reservoirs of virus but it is also labour-
intensive and requires careful coordination of efforts over large areas if it is to be effective. When CBSD
was discovered in Uganda in 1945 a strict regime of roguing and burning plants was implemented. A
pilot study in Tanzania considered the value of community participation in CBSD management. The
approach reduced CBSD incidence and provided farmers with two to four-fold yield increases

compared to previous years.

Insecticides: Regular steps are taken to control the whitefly vectors of CBSD. Pesticides such as the
systemic neonicotinoid Imidacloprid are used to treat seed cuttings for distribution to farmers. The
cuttings are dipped in the pesticide before planting and the leaves of the young developing plants
sprayed, usually in the first four months of establishment. Field application of insecticides are, however,
largely ineffective. They can also kill non-target species, including potential whitefly predators, and lead
to pesticide resistance in whitefly. Cassava is grown throughout the year and it is impractical for most
farmers to maintain spraying. A survey in Uganda found that only 2% of farmers used insecticides

against whiteflies.

Intercropping: Two separate intercropping trials (Fig 19), A Qﬂ Ay , k
one in Cameroon, the other in Colombia, found that w‘ ”IA 3 el
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yields.

Border planting: Planting physical borders between fields
and farms can limit movement of whiteflies. Surrounding

Figure 19 Field trials begin the long process

cassava fields with Napier (“Elephant”) grass, a valuable o
O{ Seelng |{ a new Techmo‘ogy Works ](Or formers

fodder crop, attracts whiteflies away from adjacent cassava (g blog: Building a climate-smart value chain: The role

plants. of research, development and technology 2017]

Other steps that that might form part of an integrated pest
management strategy include adding inorganic nutrients and organic matter to soils in order to bolster
plant health, using mulches and planting cover crops as hosts for natural predators of the whitefly

vector.
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Biocontrol of whiteflies: There have been some successes in introducing parasitic wasps and other
predators to manage Aleuyrodicus dispersus, the spiralling whitefly, and Aleurothrixus floccosus, the citrus
woolly whitefly. Bemisia tabaci, however, has a vastly more complex genetic diversity and a wider host

range, creating major challenges in attempting similar approaches to control populations.

Breeding for resistance

There are two main hurdles to overcome: only moderate tolerance to CBSD exists within the cultivated

gene pool, and breeders need to consider CMD resistance at the same time. A lot of cassava germplasm

is highly susceptible to both CMV and CBSV.
Breeding for CBSD and CMD resistance started in the

1930s in Tanzania. The main result was a M. esculenta-
M. glaziovii hybrid, known as ‘Namikonga’ in Tanzania
and ‘Kaleso’ in Kenya. It initially offered relatively high
levels of tolerance to CBSD, but over the years showed
increased susceptibility to CMD. Cassava breeding is a
difficult and complex endeavour. It can take up to four
to six years to generate enough planting material for field

trials (Fig. 20). Recent work by Stephan Winter’s group

has used a ‘fast-forward’ virus screening workflow that
enabled material to be tested in the field after 90 days. Figure 20 Hardening off cassava plants grown
Modern techniques and technologies are speeding up the " fissue culture (KT)

process of producing and testing new cassava lines.

Varieties that display strong foliar symptoms in response to CBSD infections are easier to detect during
roguing. This appears to be a counter-intuitive trait to promote, yet clear symptom expression above
ground can be helpful in identifying suitable planting material for farmers. Recent efforts in East Africa

have produced varieties with strong foliar symptoms when infected but with low levels of root necrosis.

CBSD resistance is only one trait to consider in a breeding programme. Other desirable characteristics
include broad pest and disease resistance and good yield potential. Improved varieties should also have
quality traits valued by different groups of end users. Recent cassava varieties submitted to the National
Variety Release Committee in Uganda displayed resistance to CBSD and CMD, good cooking
attributes, whitefly and drought resilience. Other desirable traits include increased nutrient content (e.g.

zinc biofortification), which may become easier to incorporate with new breeding techniques.

New cassava lines have to be tested in national performance trials and assessed by farmers as well as
researchers. If approved, new lines need to be registered as a new variety before they can be released. It

can take at least 4 years for a new variety released in one country to be introduced in another country.

Recent breeding initiatives

NextGen Cassava is a longstanding cassava breeding programme funded by Cornell University USA,
the UK government and the BMGF, a long-term supporter of cassava research. BMGF has been funding
research on CBSD since 2008. NextGen Cassava brings together experts from eight countries to

develop improved cassava varieties, including those with tolerance to CBSD. NARO-CASS2 and
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NARO-CASS]I, released in 2015 and 2016, were the first CBSD tolerant varieties to be released that
were designed for mid-altitude areas. Further work by Stephan Winter’s lab at IITA, based on these
varieties, has identified cassava lines with good resistance to both CBSD and CMD. Three lines have

performed well in on-farm trials in Tanzania and could, subject to performance, be available for release
as early as 2024.

VIRCA Plus, a partnership between the

Donald Danforth Plant Science Center P AT A
(USA), the Kenya Agricultural and Livestock yf &35, \f e
Research Organisation and the Uganda : NaCRRI / NARO

# CROSSING BLOCK FOR DEVELOPING VIRUS
RESISTANT PROVITAMIN A CASSAVA

National Agricultural Research Organization
(NARO) which began in 2016, is developing

virus resistant and nutritionally improved

Pa

cassava varieties (Fig 21). Current and past
donors include BMGF, the Howard Buffet
Foundation and USAID. VIRCA Plus faced

initial problems in developing dual resistance

Figure 21 Biofortification of cassava variefies (which also

to CMD and CBSD. At one stage they need to be virus resistant/tolerant)

successfully created stable CBSD resistance [From official twitter account of the National Agricultural Research
Y Organisation Uganda]
only to lose the CMD resistance they had
started out with. The solution was to enter the CBSD resistant cassava into a breeding programme to re-
g prog
acquire CMD resistance. Dual resistance lines have been evaluated at three locations each in Kenya and
q Y

Uganda. These lines are highly CBSV resistant; in most lines the virus is not detectable.

Genetically modified cassava

In 2021 the Kenya National Biosafety Authority (NBA) approved the release of genetically modified
cassava; GM cassava lines are now included in national trials. Growing conditions for cassava differ
from coastal regions to western Kenya and the eight varieties being tested may not be suited to both.

The successful varieties will need NBA approval for commercial release and variety registration.

Trials with GM cassava are also being carried out in Rwanda. Initial results are encouraging, but there
are still regulatory hurdles to overcome. Nigeria has approved the use of GM cowpea for farmers but

does not currently have GM cassava.
Cassava germplasm collections

Other exploratory work has looked for sources of virus resistance in cassava germplasm held in a
collection at the International Centre for Tropical Agriculture (CIAT) in Colombia. Seven cassava
accessions have been defined as immune to CBSD, and one, COL40, has been worked on extensively
in recent years. Although there is much richer genetic diversity found in the CIAT collection, compared
to the limited material grown in Africa, it is surprising to find immunity in cassava that has not been
exposed to CBSV. Although COLA40 is susceptible to CMD and does not grow well in Africa, it may yet

provide suitable genetic material for further breeding work.
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CBSD developments in Uganda: a case study

In the 2004 outbreak, CBSD was found in three districts in central Uganda. In the most recent survey,
undertaken in 2019 and supported by the CONNECTED project, CBSD was found in 50 districts and in
57% of farmer fields visited. CBSD is most common in central and eastern Uganda and less in the north
and northwest. Although the disease is now widespread in Uganda, the incidence (proportion of plants
affected) is falling; the peak was around 2010 to 2012 at 27% compared to 20% in 2019.

CBSD management relies on dissemination of clean planting material. At first this meant using varieties
that were susceptible to CBSD. In recent years NAROCASS-1, which is CBSD tolerant and CMD
resistant, has become available. Efforts continue to identify new lines with resistance to both diseases.
Other control measures, such as roguing, have been used in the past but were ineffective for CBSD.

At the start of the CBSD pandemic in Uganda, multiplication and dissemination of clean planting
material was led by the National Crops Resources Research Institute (NaCRRI). Improved varieties were
planted in isolated fields in areas with a low incidence of CBSD then passed to selected organisations for
bulking up; this included schools, churches, government facilities and farmer groups.

Uganda is developing a more formal seed system, one which encourages local enterprises, for example
farmers who produce and sell planting material. They are given training on production of high quality,
disease-free cuttings. Farmers obtain certified stock from a research institute, which they bulk up and sell
to other farmers, NGOs and government organisations. There is still work to do on traceability, quality
assurance and inspection of these new commercial cassava businesses.

There is currently one seed farm in central Uganda where all cassava multiplication is done. It produces
certified seed material which is then sent to farmer sellers able to bulk up the material; they must have
available land and access to finance. Farmers do not carry out diagnostic testing; an agricultural inspector
visits 2 -3 times a year and visually inspects fields for disease. A clean seed certificate is only granted if
there is less than a 5% incidence of disease.

The seed certification system aims to build confidence in the product farmers are buying. There are still
challenges in ensuring that source material is free from virus. Diagnostics testing facilities for CBSV are
aimed at researchers and not yet available for seed certification. There are also few private tissue culture
labs and therefore supply of disease free material is limited. Propagation by tissue culture enables
improved varieties to be virus ‘indexed’ (free of or below a threshold of detection), before they are
multiplied and send to commercial seed distributors. It would be better if a tissue culture company also
did the initial multiplication and supplied the commercial distributors.

Improvements in how material is propagated include encouraging the use of shorter stem pieces (10-12
cm ) instead of the standard length (20-25 cm), thus generating more planting material per stem; and the
use of 1-2 node cuttings in screenhouses, which are then grown on in areas of low disease risk. Protective
treatments against fungal pathogens and termites have improved the success rate for germinating cuttings
and plant vigour.

GM research is permitted in Uganda and researchers can carry out field trials. However, the regulatory
framework to allow the release of GM cassava is still being developed. Around twenty GM cassava lines
have been tested in field trials and have exhibited high CBSD resistance.
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Clean seed systems

The rewards from cassava breeding programmes are potentially huge but the resources required to
develop and maintain resistant material are considerable; and there are other steps that can be taken to
reduce the impact of CBSD and CMD. The provision of clean seed planting material is particularly

important, although propagating enough material to meet demand is challenging.

Cassava seed systems have historically lacked public sector support for the
production, supply and quality control of planting material. The outbreak of
CBSD in East Africa demonstrated that a formal mechanism is required,
one where the identity and quality of plant material is regulated and
certified. A better integration of national breeding programmes, farmer-

managed seed systems and commercial enterprises is essential.

The production of vegetatively propagated planting material is limited by

how many cuttings can be taken from each cassava stem. Tissue culture
Figure 22 Cassava

propagation (Fig 22) is an alternative method and has been successfully
tissue culture [KT)

adopted in Kenya for producing banana plants. Tissue culture for cassava
has yet to be established commercially. Production is constrained by low multiplication rates. Businesses
may also be reluctant to invest in facilities, staff training and purchase of expensive consumables

without clear evidence of profitability.

Another potential alternative for bulk production of planting material is semi-autonomous hydroponics
(SAH: Fig 23), originally developed for potato and adapted for cassava. It is a relatively recent technique
and has shown to be successful in generating disease-free material. SAH has lower infrastructure costs
and higher multiplication rates than tissue culture. It is used as an intermediate “hardening-off” stage to
move fragile tissue-culture grown seedlings from lab to greenhouse. The plants have well developed

roots and shoots and thrive well once planted in the field.

Recent initiatives have attempted to develop commercial
clean seed systems. The BASICS project in Nigeria, (Fig
24) supplied improved cassava varieties for local (farmers,
communities, consumers) and national needs (industrial
scale processors). BASICS has helped research
organisations set up spin-out companies, for example
GoSeed and Umidike Seeds, and facilitated direct links

to commercial producers. The Seed Tracker platform

(https://seedtracker.org), developed under BASICS, Figure 23 Sfreomlined producﬂon of cassava
allows real-time tracking of seed production across the planting material using a hydroponic system

[hitps:/ /thenationonlineng.net/building-sustainable-

multiplication and dissemination system, and provides 4 0
cassava-seed-system-fo-boost-productivity]

information on variety characteristics and performance.

The BEST (Building an Economically Sustainable Seed System for Cassava) project, was active in
Tanzania from 2017-2021. It was also funded by BMGF and had national and international partners

active in agricultural research and crop development. BEST focused on providing smallholder farmers
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with quality assured, disease resistant cassava seed. It created over 430 cassava seed entrepreneur

businesses who produced and sold certified stems of cassava varieties to local communities.

Seed certification & Quality control: NASC and TOSCI

® ‘e Industries with
@ @ Out-growers
* q Early generation q schemes
h seed Companies h Cassava Commercial
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Cassava Farmers

Catalyzing Scaling & Replication (AGRA, TAAT, HarvestPlus, Government and other projects)
Diagrammatic representation of the BASICS model (Godwin Atser, Alfred Dixon, and Lateef Sanni, 2021)

Figure 24 How the BASICS (Building an Economically Sustainable and Integrated Cassava
Seed System) worked

The BASICS and BEST projects have now been brought together as BASICS II (Building an
Economically Sustainable and Integrated Cassava Seed System). This second phase is funded by BMGF,
and continues to promote the dissemination of improved varieties . BASIC 11 is creating a network of

seed entrepreneurs within Nigeria and Tanzania to support further expansion.

The early success of work in Nigeria and

Tanzania has led to expansion in 2021 to

Burundi, DRC, Rwanda and Uganda.

Currently less than 1% of cassava seed
planted by smallholder farmers in Sub-
Saharan Africa comes from formal seed
systems (Fig 25). BASICS and BEST have
shown that sustainable seed systems can be
created with the continuing commitment of

governments.

Figure 25 Customers are unlikely to know if the cuttings

have come from healthy or diseased plants. Market in
Butembo, DRC
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Surveillance

Detecting the presence of CBSD is key to managing outbreaks and general spread, yet there is a lack of
regular and routine crop surveillance. The Plantwise programme led by CABI has made significant gains
over the last decade in boosting resilient networks of plant clinics in countries such as Kenya, Uganda,
Rwanda, Burundi and Ghana. Farmers bring along plants of concern, problems are diagnosed and
advice given. Plant clinics provide valuable insights into which pests and diseases are prevalent. Effective
surveillance relies on accurate disease identification. This is usually based on visual examination of
symptoms (field diagnosis) and can be tricky for CBSD. Sending samples to diagnostic labs for testing is

preferable but rarely feasible; and there is always the question of who pays for testing.

Surveillance of CBSV from around 2005 - 2015 worked well because of a steady stream of donor-
funded projects. In 2020 the Community Network for Vector-borne Plant Viruses (CONNECTED), a
UK government funded project, supported surveys of CBSD in Tanzania, DRC and Zambia, providing
a welcome update of disease distribution and incidence. The Central and West African Virus
Epidemiology program (WAVE), funded initially by BMGF and the UK Government, provides ongoing

surveillance across large areas of Africa.

Remote sensing by drones and satellites can provide an efficient
way to monitor crop health on a large scale. In the short term,
smartphones are a versatile tool for keeping track of diseases
such as CBSD. Connectivity is continuously improving and a
majority of farmers own smartphones, even in the poorest
countries. The use of smartphones by extension officers is likely
to lead the way in reporting new outbreaks of crop pests and

diseases.

In Uganda, farmers use local social network groups to share

Figure 26 Using photos to diagnose
CBSD on cassava [Plant Village] photos and contact other farmers and extension officers. Apps

are also available to diagnose and give advice (Fig 26). Nuru
(Swahili for light), developed by Plant Village (https://plantvillage.psu.edu/) is one example and is free
to use. Farmers upload photos and details of variety, location and planting date, for example. Nuru can
diagnose multiple diseases in cassava and has been shown to recognize characteristic CBSD feathery

chlorosis more consistently than the human eye.

Sharing data

Surveillance projects and other initiatives have gathered a huge amount of data on pest and disease
distribution. Effective analyses of these data requires better integration of surveillance tools, with the
ultimate goal of providing targeted advice for farmers. The CGIAR Platform for Big Data in
Agriculture’ is working with non-profit organisations to create AgDx* and develop Application Program

Interfaces (API's) that permit sharing of data between different platforms.

! https://bigdata.cgiar.org/. CGIAR
2 https://hdl.handle.net/20.500.11766,/66931
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Tackling CBSD in East and West Africa

The Great Lakes Cassava Initiative (2008-2012)

The GLCI was one of the first projects to undertake large scale provision of clean seed. It was funded by
the BMGF and managed by the Catholic Relief Services (Fig 27). The main goal was to provide cleaned
and disease-free cassava varieties to over a million households in Burundi, DRC, Kenya, Rwanda,
Tanzania and Uganda. The GLCI became a model for clean seed systems for other vegetatively
propagated crops, such as sweet potato, banana and yam. The approach included decentralised seed
production, quality management protocols, targeted dissemination and traceability, and disease
surveillance. The full significance of CBSD only became apparent when the project was underway and

reports from the field began to document the extent of the disease.
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major undertaking at the best of times. The inclusion and

need to consider CBSD added further layers of complexity

to an already challenging project remit.

GLCI brought researchers, agricultural advisors and Y- 4
Figure 27 Great Lakes Cassava Initiative poster

National Plant Protection Organisations (NPPO) closer
together. NPPOs regulate plant health through monitoring,
surveillance and inspection, all critical components of managing CBSD. They do not have responsibility
for everyday management of diseases. GLCI also fostered private-public partnerships. KEPHIS, the
NPPO for Kenya maintained 20 lines believed to be CBSD-tolerant, of which eight were found to be
CBSV-tree. A private company was brought in and used tissue culture to multiply clean material. A total

of 40,000 plants were then distributed across the six GLCI countries for evaluation.

The addition of Fera Science Ltd, UK to the GLCI helped to build a ‘community of practice’ for
tackling CMD and CBSD. Protocols for testing and distributing of cassava planting material were
established, with clear roles for NPPOs; KEPHIS (Kenya), TOSCI (Tanzania) and MAIFF (Uganda)
certified planting material. NPPOs are not always seen as natural partners for research for development

(R4D) projects. Their involvement in GLCI helped change this perception.

GLCI led a Pest Risk Assessment (PRA) for CBSVs. A PRA summarises existing knowledge on
pathways for disease introduction and how to minimize them. The CBSV PRA was the first to be
completed for a major staple crop at a regional level. It marked a shift in emphasis away from PRAs
targeting plant exports to those that considered within-country and between-country movement for a
defined area. The CBSV PRA enabled areas to be declared disease free, and for cassava seed production

in those areas to be exempted from mandatory disease testing.

PLANT PANDEMIC STUDY @: Cassava Brown Streak 27



As part of the GLCI adaptive response to CBSD, CABI was
asked to assist with surveillance and detection of the disease
in DRC. Two approaches were initially proposed: plant
health clinics for gathering general information on plant
diseases of concern to farmers, and Plant Health Rallies for
targeting a particular disease - and better suited to

surveillance.

CABI staff trained GLCI partners on running Plant Health
Rallies, as part of a Plant Pest Recognition Campaign
(PPRC) across 20 districts in North and South Kivu, DRC
(Figs 28, 29). Eight partner organisations (mostly NGOs)
organised events in 30 markets, spread across 20 districts in
North and South Kivu over three months. Follow-on visits
to farmers fields visually confirmed CBSD at 24 of 27 sites.
Over 270 leaf and root samples sent to the UK, where
testing provided the first molecular confirmation that

CBSD was present in DRC.

A key GLCI output was the publication of the first whole
genome sequence of the Ugandan strain of CBSV, named
UCBSV, and the realisation that this represented a distinct
species. This led to the development of new generation
diagnostics to allow nucleic acid-based rapid testing for

both viruses in the field and laboratory.
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Figure 28 Sampling sites for CBSD, North
and South Kivu, identified through a Plant
Pest Recognition Campaign in DRC

Real-time PCR (RT-PCR) diagnostics were
developed by Fera Science and their first

no disease
application was to test for the presence of >0-10%
® 10-20%
CBSV. The GLCI project also saw the first use /

of loop-mediated isothermal amplification
(LAMP) assays, which could be used in the field
or a lab with limited access to resources,
benefiting researchers and, crucially, intensive
testing of plant material for multiplication and
bulking up. Protein-based lateral flow devices
(LFD) were also developed to test for the

presence of CBSD protein in plant material.

The new diagnostic tests enabled the successful
undertaking of a community surveillance pilot
exercise for early detection of new disease

outbreaks.
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WAVE: The central and west African virus epidemiology program

The existence of CBSD in DRC - and possibly Angola - highlights the growing possibility of CBSD
spreading to the main cassava-growing regions of West Africa, where the disease is still absent. Cassava
grown in West Africa has not undergone selective breeding for CBSD resistance. The risk of CBSD to

West Africa is underlined by the fact that Nigeria is currently the world’s largest producer of cassava.

The WAVE Regional Center of Excellence was launched in 2015 with funding from BMGF and the
Foreign, Commonwealth & Development Office, UK. WAVE fosters partnerships between universities
and researchers across 10 countries: Benin, Burkina Faso, Cameroon, Cote d’'Ivoire, Gabon, Ghana,
Nigeria, Togo and Sierra Leone, as well as DRC. A key goal is to improve the surveillance, prevention
and management of transboundary plant pests and pathogens, including B. tabaci and CBSV (Fig. 30).
The use of standardised diagnostic protocols across the partner countries has resulted in improved early

detection and diagnosis.

Figure 30 Farmers’ field day, DRC, organized by INERA
(Insfitut National pour I'Etude et la Recherche

Agronomique) as part of the WAVE project.
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Reasons to be cheerful

CMD attracted the early attention of governments and international organisations. It was for a long
time the most prominent disease risk in eastern and central Africa, spreading rapidly, causing major
damage. CBSD was largely ignored, even though its existence had been known for many years.
Fortunately, things have changed, and CBSD is a priority for action, with an impressive body of
knowledge on the pathogen and disease and excellent progress on understanding how it is spread.
There is a recognition that innovative approaches are needed to ensure the sustainable provision and

distribution of disease-free and disease resistant or tolerant planting material.

Improved sequencing and bioinformatics: Lab and field-based high throughput sequencing techniques
and equipment continue to improve, providing data on individual sequences but also on the complexity
and diversity of virus populations within plants and vectors. Sequence analysis has shown that a short
section of the CBSV genome contains a motif associated with aphid virus transmission, suggesting that
aphids could be a potential vector, as observed for Ipomoviruses on other crops. This may help to

resolve the uncertainty around the role of whitefly in spread of CBSD.

Breeding for whitefly resistance: This could offer a long-term solution to whitefly transmission of
CBSV. Resistant genotypes have been identified but have only recently been included in breeding
programs. Unfortunately, whitefly resistance found in South America occurs in germplasm that is
highly susceptible to CBSD and CMD. Whitefly control is favoured by some researchers as the best way
to prevent the wave of superabundant whitefly spreading to West Africa. One possibility is to use RNA

interference technology to disrupt metabolic genes in cassava that are critical to feeding whitefly.

Improved diagnostics: The development of protein-based and DNA-based tests for identifying CBSVs
signifies further progress in monitoring and tracking disease spread; new diagnostic technologies are

also crucial in guaranteeing disease-free material for bulking up.

Biological pest control: The use of natural predators of insect pests, endosymbionts, parasitic wasps and
entomopathogenic fungi (EPFs) may offer new opportunities for management of CBSD. All whiteflies
contain essential endosymbiotic bacteria; they affect physiology and reproduction, thermotolerance and
virus transmission. Recent work with B. tabaci and diseased cassava demonstrated that bacterial
symbionts negatively impact whitefly biology, suggesting their use in pest management. Parasitic wasps
are natural enemies of B. tabaci and there are at least 115 species of B. tabaci parasitoids worldwide.
High levels of parasitism have been observed in Ugandan cassava fields, suggesting that wasps could be
used as biological control agents. EPFs cause natural mortality of B. tabaci populations; more than 20
species have been identified. EPFs are currently used against many whitefly species. In the UK,
Lecanicillium is used commercially in glasshouse crops. EPFs are not currently used in Sub-Saharan
Africa, but there is clear scope for research using commercially available products and looking for other

EPF species endemic to cassava growing areas.

Resources for farmers: Disease management is heavily dependent on farmer engagement and awareness
of disease risks. A huge range of education and training resources are now available for farmers and
extension officers, including fact sheets, advisory materials and diagnostic guides. Smartphones open up
a world of online training resources, including YouTube videos and disease identification apps helping

farmers recognize CBSD symptoms and understand control strategies. Access Agriculture
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(www.accessagriculture.org) work with farmers to create high quality training videos, audio content
(used by local radio stations) and fact sheets on good farming practices, disease control and rural

entrepreneurship.

Figure 31 lllustration of cassava brown streak symptoms [Helen Pennington]

Smartphones also provide access to increasingly accurate weather forecasting; for example satellites now
provide weather data for Africa with 4 km rather than the previous 100 km resolution. Improved
weather data and climate smart agriculture services enable farmers to have more information and target
resources more accurately. This is better for the farmer in terms of reduced costs, and better for the

environment.

CBSD is now spreading inexorably westward to West Africa, the largest cassava growing area in the
world. The cumulative knowledge gained from studying the disease over the last 15 or so years in
eastern Africa means that governments, researchers, farmers, farm organisations and others in countries
currently free of CBSD are better aware of the need to be on the alert and have robust surveillance
systems in place. There is a lot we still do not know or understand about the virus, including the role of
whitefly in disease transmission, or how climate change will affect disease development. Progress will
depend on the combined efforts of researchers, plant health regulatory bodies, private companies,

farmer groups, NGOs and many others.

We need to work collaboratively to create the best solutions for cassava farmers and their families. To

quote an African proverb:

If you want to go fast, go alone. If you want to go far, go together.
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Further Reading

The management of CBSD is a huge subject and there have been many publications. A selection of key
references and relevant websites is shown below.

Publications

Save and Grow - Cassava - A guide to sustainable production intensification (2013).
https://www.fao.org/3/i3278¢/i3278e.pdf

Cassava brown streak disease: historical timeline, current knowledge and future prospects (2018).
Tomlinson et al. Molecular Plant Pathology, 19: 1282-1294.
https://doi.org/10.1111/mpp.12613

Commercially Sustainable Cassava Seed Systems in Africa. Legg JP et al. (2022). In: Thiele G,
Friedmann M, Campos H, Polar V, Bentley JW (eds): Root, Tuber and Banana Food System
Innovations. Springer, Cham.

https://doi.org/10.1007/978-3-030-92022-7_15

Cassava Brown Streak Virus Disease: Past, Present and Future. Legg JP, Hillocks R] (eds). Proceedings
of an international workshop Mombasa, Kenya, 27 - 30 October 2002
https://assets.publishing.service.gov.uk/media/57208cfded915d3cfd001752/R7563CBSDproceedings.pdf

Websites (all accessed 16 Feb 2023)

Access Agriculture
https://www.accessagriculture.org/

BASICS 11
https://cassavamatters.org/basics-ii/

CABI compendium
https://www.cabidigitallibrary.org/journal/cabicompendium

CABI Plantwise
https://www.cabi.org/projects/plantwise/

CONNECTED

https://www.connectedvirus.net/

NextGen Cassava
https://www.nextgencassava.org/

PlantVillage:
https://plantvillage.psu.edu/

VIRCA PLUS
https://cassavaplus.org/

WAVE
https://wave-center.org/

Animation

How plant diseases devastate food crops in African countries. https://vimeo.com/349434012
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Abbreviations and Acronyms

API
BASICS

BEST

BMGF

C3Pp

CABI

CBB

CBSD

CBSV

CFSD

CGIAR

CGM

CIAT

CM

CMD

CMV

CO;
CONNECTED
CRISPR/Cas9

CRS
DNA
DRC
EDFs
FAO
GLCI
GM
HQCF
IITA
INERA
KALRO

KEPHIS
LAMP
LFD

Application Programming Interface

Building an Economically Sustainable and Integrated
Cassava Seed System

Building an Economically Sustainable Seed System for
Cassava in Tanzania

Bill and Melinda Gates Foundation

Crop Crisis Control Project

Centre for Agriculture and Bioscience International
Cassava bacterial blight

Cassava brown streak disease

Cassava brown streak virus

Cassava frog skin disease

Consortium of International Agricultural Research Centres
Cassava green mite

International Centre for Tropical Agriculture
Cassava mealybug

Cassava mosaic disease

Cassava mosaic virus

Carbon dioxide

Community Network for Vector-borne Plant Viruses

Clustered Regularly Interspaced Short Palindromic
Repeats/CRISPR Associated Protein 9

Catholic Relief Services

Deoxyribonucleic acid

Democratic Republic of Congo

Entomopathogenic fungi

Food and Agriculture Organisation of the UN

Great Lakes Cassava Initiative

Genetically modified

High quality cassava flour

International Institute of Tropical Agriculture

Institut National pour I'Etude et la Recherche Agronomique

Kenya Agricultural and Livestock Research Organisation
(previously KARI - Kenya Agricultural Research Institute)

Kenya Plant Health Inspectorate Service
Loop-mediated isothermal amplification

Lateral flow device
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MAIFF

masl
NaCRRI
NARO-CASS
NASC
NBA
NGO
nm
NPPO
PCR
PPRC
PRA
R4D
RNA
RNAI
RT-PCR

SAH
TOSCI
U/CBSV

USAID
VIRCA
WAVE

Ministry of Agriculture, Animal Industry and Fisheries,
Uganda

metres above sea level

National Crops Resources Research Institute
National Agricultural Research Organisation - cassava
National Agricultural Seed Council of Nigeria
National Biosafety Authority
Non-Governmental Organisation
Nanometres

National Plant Protection Organisation
polymerase chain reaction

Plant Pest Recognition Campaign

Pest Risk Analysis

Research for Development

Ribonucleic acid

RNA interference

Real Time - Polymerase Chain Reaction (sometimes Reverse

Transcription -Polymerase Chain Reaction)
Semi-autotrophic hydroponics
Tanzania Official Seed Certification

Cassava brown streak virus and Ugandan cassava brown
streak virus

United States Agency for International Development
Virus Resistant Cassava for Africa

Central and West African Virus Epidemiology
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