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ABSTRACT

Cassava (Manihot esculenta) is an important food crop across sub-
Saharan Africa, where production is severely inhibited by two viral dis-
eases, cassava mosaic disease (CMD) and cassava brown streak disease
(CBSD), both propagated by a whitefly vector and via human-mediated
movement of infected cassava stems. There is limited information on
growers’ behavior related to movement of planting material, as well as
growers’ perception and awareness of cassava diseases, despite the impor-
tance of these factors for disease control. This study surveyed a total of 96
cassava subsistence growers and their fields across five provinces in Zam-
bia between 2015 and 2017 to address these knowledge gaps. CMD symp-
toms were observed in 81.6% of the fields, with an average incidence of
52% across the infected fields. No CBSD symptoms were observed.
Most growers used planting materials from their own (94%) or nearby
(<10 km) fields of family and friends, although several large transactions

over longer distances (10 to 350 km) occurred with friends (15 transac-
tions), markets (1), middlemen (5), and nongovernmental organizations
(6). Information related to cassava diseases and certified clean (disease-
free) seed reached only 48% of growers. The most frequent sources of
information related to cassava diseases included nearby friends, family,
and neighbors, while extension workers were the most highly preferred
source of information. These data provide a benchmark on which to plan
management approaches to controlling CMD and CBSD, which should
include clean propagation material, increasing growers’ awareness of the
diseases, and increasing information provided to farmers (specifically dis-
ease symptom recognition and disease management options).

Keywords: cassava, cassava mosaic disease, clean seed system, farmer
behavior, planting material movement, Zambia

Cassava (Manihot esculenta Crantz) is a perennial shrub of the
Euphorbiaceae (spurge) family, native to South America (Allem
2002; Olsen and Schaal 2001) and cultivated as a tuberous crop
in tropical and subtropical regions worldwide. It can be propagated
by either stem cuttings or seed, where the former is by far the most
common (Alves 2002). In Zambia, cassava is one of the most impor-
tant food crops after maize, and the primary staple in northern parts
of the country (Chitundu et al. 2009; Szyniszewska 2019). It is
the mainstay for an estimated 30% of the country’s population
(Simwambana 2005), consumed throughout the year in the Western,
Northwestern, Luapula, and Northern provinces.

Cassava use in Zambia ranges from subsistence production, mar-
keted fresh or processed for human consumption, to livestock feed
and industrial use (Cadoni 2010). Demand is increasing for both
human and industrial consumption in urban and industrial centers
because of a surge in industrial applications including bio-ethanol,
starch, stock feed, and brewing (Breuninger et al. 2009; Nuwamanya
et al. 2011; Taiwo 2006; Tonukari 2004). Notably, production and
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consumption of cassava is expanding to southern parts of the country,
where the Zambian Government and nongovernmental organizations
(NGOs) have been promoting cassava in response to an increasing
occurrence of drought and heat stresses that have led to the failure
of maize crops (Phiri 2011). The production of cassava has also
expanded in the Eastern Province (Alene et al. 2013; Barratt et al.
2006). Cassava is propagated using cuttings, i.e., pieces of harvested
cassava stem. Upon harvest, these stems can be stored for up to 3 to 4
weeks in a cool, dry space before replanting. Cassava planting in
Zambia is typically between November and January, while harvesting
is highly flexible and relatively late compared with other countries.
Harvesting takes place any time between 16 months and 3 years after
planting. Later harvesting is more common among growers planting
landraces, while those that use improved varieties typically harvest
sooner. Smallholder growers typically have more than one field as
a safeguard, and their planting will take place in areas with previously
harvested crops.

According to the Food and Agriculture Organization of the United
Nations (FAOSTAT) data, despite the importance of cassava, Zambia
suffers from low average yields of 5.8 tons per hectare (t/ha) (Chikoti
et al. 2019; FAOSTAT 2018). This is considerably lower than the
reported average yield of neighboring countries, including Malawi
(22 t/ha), Angola (10.9 t/ha), and the Democratic Republic of Congo
(8.1 t/ha) (FAOSTAT 2018). The low yield in Zambia is because of
several biotic and abiotic constraints such as cold and drought.
Among the biotic factors, one of the most important is the high prev-
alence in most cassava-growing areas of cassava mosaic disease
(CMD), caused by cassava mosaic geminiviruses (CMGs, family
Geminiviridae, genus Begomovirus; Chikoti et al. 2013). Two var-
iants of CMGs were confirmed to be present in Zambia: African


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

cassava mosaic virus (ACMYV) and East ACMV (Chikoti et al. 2013).
Strains of the CMGs in Zambia (Chikoti et al. 2013; Mulenga et al.
2016), a reliance on cassava landraces (Alene et al. 2013; Rey and
Vanderschuren 2017), and the lack of robust extension services mag-
nify the impact of disease on crop yield. CMD was first reported in
Africa in Tanzania, in 1894, and by the 1940s, it had spread to all
cassava-growing regions of the African continent (Fargette et al.
2006). CMD was confirmed in Zambia in 1995, but it is likely that
it had been present there for much longer (Mkuyamba 1995). CMD
symptoms include characteristic patches of yellow and green mosaic,
leaf curling and deformation, leaf narrowing, and reduced plant height
and tuber root size.

In 2017, cassava brown streak disease (CBSD, caused by potyvi-
ruses, family Potyviridae, genus Ipomovirus), was also confirmed
in both Northern and Luapula provinces (Mulenga et al. 2018).
CBSD was first documented in 1936 in northeast Tanzania, where
in the early 1990s it was reported to be restricted to low-altitude areas
below 1,000 meters above sea level along coastal East Africa and
lakeshore districts of Malawi (Legg et al. 2011). Since the mid-
1990s there has been a reemergence of CBSD around Lake Victoria
and across other East and Central African countries (Alicai et al.
2019; Legg et al. 2011). CBSD is caused by two variants of single-
stranded RNA viruses: cassava brown streak virus (CBSV) and Ugan-
dan brown streak virus (UCBSV) belonging to the genus Ipomovirus,
family Potyviridae (Mbanzibwa et al. 2009; Winter et al. 2010).
CBSD symptoms include root necrosis, radial root constrictions,
feathery foliar chlorosis along secondary vein margins that eventu-
ally coalesce to form blotches, chlorotic mottling with no veinal
association and, infrequently, brown streaks or lesions on stems
(Nichols 1950).

These two viral diseases cause considerable losses, estimated at $1
billion per annum across sub-Saharan Africa (Tomlinson et al. 2017).
CMD and CBSD have been estimated to cause yield loses of 15 to
249 (Thresh et al. 1997) and 18 to 25% (Gondwe et al. 2003), respec-
tively, and consequently lead to the deterioration of the livelihoods of
millions of growers (Abaca et al. 2012; Alvarez et al. 2012; Legg and
Thresh 2003; Mbanzibwa et al. 2011; Patil et al. 2015; Winter et al.
2010). Viruses responsible for CMD and CBSD are both transmitted
by an insect vector, Bemisia tabaci (whitefly), and by human-
mediated propagation of infected planting stems (Maruthi et al.
2017). Spread of CBSVs by B. tabaci is reported to occur semipersis-
tently and over relatively short distances, usually of the order of tens
of meters (Katono et al. 2015; Maruthi et al. 2017). CBSV has a faster
acquisition rate in the vector (<1 h) compared with CMV (up to 8 h)
but lower persistence (up to 48 h) in the insect vector compared with
CMV, which can be retained in the vector for up to 9 days (Maruthi
et al. 2017; Thresh and Cooter 2005). Longer virus retention rates for
CMYV imply that spread is likely to be more efficient and over longer
distances (Jacobson et al. 2018). Under experimental conditions,
acquisition and transmission of CMV by viruliferous B. tabaci on
exposed healthy cassava plants occurs primarily within the first 6 h
(44 £ 16% disease incidence), whereas for CBSV it was at 22 =+
16% in the same time interval (Njoroge et al. 2017). Maruthi et al.
(2017) reported the highest CBSV transmission rate achieved in their
experiments at 60% over a period of 24 h. Reported virus transmis-
sion rates differ between studies, likely because of different method-
ologies, laboratory conditions, cassava cultivars, and viral strains. It is
difficult to conclude how the rates of spread observed in laboratory
conditions compare with the rates of virus spread in the field. The
regional epidemiology of cassava virus spread, and existing evidence
related to virus retention times, suggest that CMD in the field is spread
by B. tabaci more efficiently than CBSD (Legg et al. 2011).

Strategies for disease management include the removal of infected
plants (“roguing”), the adoption of resistant cultivars, and the use of
certified disease-free planting material (known as “certified clean
seed” [CCS]; Hillocks and Jennings 2003; Kanju et al. 2003; Legg
1999). Each method faces particular challenges that include difficul-
ties in identifying infected plants, a paucity of resistant varieties (in

particular those resistant to both viruses), and unacceptable increases
in costs (Legg et al. 2011; Patil et al. 2015; Rwegasira and Rey 2012).

A number of surveys have assessed the impact and extent of CMD
and CBSD in sub-Saharan Africa. Many of these have focused on dis-
ease incidence at the field scale or disease severity at the regional
scale (Alicai et al. 2007; Chikoti et al. 2013; Gondwe et al. 2003;
Hillocks et al. 2002, 1999; Mbewe et al. 2015; Mulenga et al.
2018; Rwegasira and Rey 2012). However, surveys are primarily
based solely on field observations of disease, without consideration
of the growers’ ability to identify CMD and CBSD, their practices
related to sourcing and exchange of cassava planting material, or
cassava disease control strategies implemented by growers. To under-
stand which method of disease control is most likely to be successful,
it is important to understand the decision-making processes of
growers; what risks and costs they find acceptable and under what
circumstances. Work on CBSD, European corn borer, and Western
corn rootworm has shown that grower knowledge and management
practices can have significant impacts on the long-term success of dis-
ease control, and may represent the difference between success and
failure of control (Carrasco et al. 2012; Legg et al. 2017; McQuaid
et al. 2017a; Milne et al. 2015).

Effective control of many diseases is based on a knowledge and
understanding of how the pathogen spreads between fields as a func-
tion of distance. It is widely acknowledged that the incidence of CMD
and CBSD can be amplified within an individual field by replanting
infected material, i.e., cuttings left from the previous planting seasons
(Samura et al. 2017), and on a larger scale by sharing planting mate-
rial between fields (McQuaid et al. 2017a, b; Patil et al. 2015). How-
ever, more work is required to investigate and quantify the physical
properties of human-mediated transmission, specifically the volume
of (potentially infected) planting material that is exchanged and the
distances over which this material is moved. Effective disease man-
agement is achieved based on an understanding of these dispersal
characteristics.

The primary objective of this study was to quantify and describe
the movement of cassava planting material into and out of growers’
fields (specifically the volume of cuttings moved over specified dis-
tances), and to identify the sources and recipients of that material.
The secondary objective was to ascertain growers’ knowledge (often
referred to as “awareness”) of CMD and CBSD, including the symp-
toms associated with each disease and prevalence in the study area.
Lastly, sources and preferences that growers had for obtaining infor-
mation related to cassava pathogens, planting practices, CCS, and dis-
ease management were explored. This information was obtained by a
survey of 96 growers in five provinces of Zambia.

MATERIALS AND METHODS

Agro-ecological context of the study area. The study was con-
ducted in five provinces of Zambia: Western, Luapula, Central,
Northern, and Eastern (Fig. 1), which are among the major cassava-
growing areas and at the time of the survey were known to have
CMD infections present, with CBSD infections confirmed in neigh-
boring Tanzania, Malawi, Mozambique, and the Democratic Repub-
lic of Congo (Gondwe et al. 2003; Hillocks et al. 2001; Mangana
2003; Mulimbi et al. 2012).

These provinces encompass different agro-environmental condi-
tions. Northern and Luapula provinces are located in Agro-
Ecological Zone (AEZ) III, comprising part of the Central African
plateau and possessing a monomodal rainfall pattern (Saasa 2003;
The World Bank 2006). The rainy season occurs between November
and April, and is followed by a dry spell lasting from May to October.
Western, Central, and Eastern provinces are located in slightly drier
AEZ 1I (Jain 2007; The World Bank 2006). The rainy season occurs
between December and April, followed by a similar dry spell to
AEZ 1L
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Sample selection. Because of poor road infrastructure in Zambia,
only fields located along the main motorable roads were selected for
the study. A total of 96 smallholder cassava growers were selected in
10- to 15-km intervals along major motorable roads in the regions
described above. We maximized the number of interviewees by
restricting the survey to roadside fields, as reaching off-road fields
was not feasible within the budgetary and time constraints for the sur-
vey. The survey was spread over a 2-year period to accommodate
staff constraints, while enabling us to maximize the number of
respondents and obtain information from across five provinces of
Zambia. Growers who were the field owners, or their family mem-
bers, were informed of the scope and purpose of the survey and asked
for permission and a signature confirming their consent to participate
in the study, before the questionnaire and field sampling was con-
ducted. A total of 24 growers were interviewed in 2015 in Eastern
(9), Luapula (4), and Northern (11) provinces, and 72 growers were
interviewed in 2017 in Central (15), Eastern (15), Luapula (15),
Northern (14), and Western (13) provinces (Fig. 1; Table 1). The
research team comprised a senior scientist and two research assistants,
all conversant with the local languages and with experience in cassava
production. The study was conducted between January and May in
both years, alongside a survey to assess the prevalence of CMD
and CBSD, following the protocol outlined by Sseruwagi et al.
(2004). During the survey period most plants were assumed to be
between 3 and 9 months old, at which age cassava plants are regarded
as ideal for the assessment of foliar and root symptoms, before the
shedding of their leaves.

Questionnaires. Structured interviews with a mix of closed- and
open-ended questions were conducted with cassava growers who vol-
untarily agreed to participate. Local agriculture extension officers and,
where available, village leaders, were informed and asked for consent
for the interviews to take place. A copy of the questionnaire template

and results are available in an online repository (https://figshare.com/
$/9¢3331b503cc1c7401de; Szyniszewska et al. 2019). The names of
the surveyed farmers and geographic coordinates of the locations
were removed to ensure anonymity of respondents. The questionnaire
was pretested on a small group of growers before the survey and
adjustments were made to ensure that the questions were phrased
clearly and understood correctly by the growers. To mitigate the
risk of bias because of respondents’ recollection of events over a lon-
ger period of time, the majority of critical questions were related to
events that happened in the most recent year or harvest preceding
the questionnaire. To encourage wider participation, the interviews
and discussions were conducted in the local languages familiar to
most growers: Bemba in Northern, Luapula, and Central provinces;
Lozi in Western Province; and Nyanja in Eastern Province. Some
of the questions were repeated and rephrased to enable growers to
understand and respond fully, without changing the original meaning
of the question.

In the first section of the questionnaire, general information on
growers’ field location, altitude, and field size were recorded. Sur-
veyors inspected the field for visual symptoms of CMD and CBSD,
and visually assessed the number of varieties grown. Growers were
asked open questions about planting and harvesting frequencies,
and varietal preferences including the number of varieties in their
fields. They were presented with a selection of reasons for choice
of planting material and asked to order them according to their impor-
tance to the grower.

The second section of the questionnaire comprised questions
related to the trade of planting material. Growers were asked how
many bags (one bag of cuttings was defined as a bundle of 100 cut-
tings, each of 1-meter length) went to, or were obtained from, the fol-
lowing resources: their own fields; their own stored-away planting
material; friends or family; markets; middlemen; NGOs; or research
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Fig. 1. Locations of interviewed growers in five provinces of Zambia, showing field size and cassava mosaic disease incidence (proportion of infected plants within

the field).

TABLE 1. Summary of the number and per-province distribution of interviewed growers, average field size, number of varieties planted in the field, and planting

frequency

Number of growers Field size (ha) . Planting frequency, with number of respondents

Median number of

Province 2015 2017 Mean SE* in-field varieties Biennial Yearly 2% year
Central - 15 0.26 0.06 2 0 2 2
Eastern 9 15 0.82 0.43 1 0 22 2
Luapula 4 15 0.29 0.06 3 1 18 0
Northern 11 14 0.45 0.09 2 0 23 0
Western - 13 1.25 0.29 3 0 12 1

#SE = standard error.
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stations. Growers were also asked how far away the sources or recip-
ients were located. Growers were presented with a selection of plant-
ing material sources and asked to order them according to their
importance to the grower, as well as to identify how frequently
they used each source (i.e., number of individual transactions).

The third section of the questionnaire comprised a set of open-
ended questions to assess growers’ awareness of CMD and CBSD
in terms of symptom recognition, presence of the diseases in their
fields and surrounding areas, and the mechanism of disease spread.
After growers’ knowledge related to CMD and CBSD was assessed,
they all surmised it was a disease. Subsequently, they were asked
whether they controlled for disease and, if yes, how they did so;
whether they were aware of CCS and, if so, where they would access
it; and finally, what their sources of information were for advice on
cassava planting material and methods.

The fourth and final section of the questionnaire was related to the
sources and frequencies of obtaining information related to cassava
diseases and CCS, and the ranking of predefined sources of informa-
tion according to preference. These questions did not specify a time-
frame, and the events could occur at any time in the past. Questions on
the frequency of obtaining information were open-ended, and were
classified by the researchers into five categories: often, sometimes,
rarely, once, and never. Unless explicitly stated by the grower, we
classified “often” as once a month or more frequently; “sometimes”
as quarterly or several times a year; and “rarely” as once a year.

Growers were also asked open-ended questions about the factors
that influenced their decisions related to disease control, including dis-
ease pressure, their concern about the disease, and market prices that
they would be willing to pay for CCS at the time of the survey.

Disease incidence and severity. Plants at the fields visited were
assessed for the presence and severity of CMD and CBSD foliar
symptoms as part of a larger nation-wide survey monitoring cassava
disease presence in Zambia. In each field, a total of 30 plants were
inspected, with15 plants on each diagonal line across the field, follow-
ing methodology outlined by Sseruwagi et al. (2004). The per-field
disease incidence was calculated using the number of plants with
visual foliar symptoms present in the field divided by the total number
of sampled plants. Foliar symptom severity for CMD was recorded on
each plant using a 5-point ordinal rating scale outlined fully in Hahn
et al. (1980), where 1 = no disease symptoms; 2 = mild disease symp-
toms, with a mild chlorotic pattern; 3 = moderate mosaic pattern
throughout the leaf; 4 = severe mosaic pattern, with distortion of
the leaflets and general reduction in size; and 5 = severe mosaic pat-
tern, and/or distortion of the entire leaf and plant stunting. Similarly,
the presence or absence of CBSD symptoms on the leaves and stems
was recorded for each plant using an ordinal scale of 1 to 5, fully
described by Gondwe et al. (2003) where 1 = no apparent symptoms;
2 = mild disease symptoms, displaying slight leaf feathery chlorosis
with no stem lesions; 3 = pronounced leaf feathery chlorosis with
mild stem lesions; 4 = severe leaf feathery chlorosis with severe
stem lesions; and 5 = defoliation with severe stem lesions
and dieback.

Collection and extraction of virus isolates. For CMD, a total of
208 leaf samples with CMD symptoms were collected from 96 fields

during the survey. In each field, three to four leaf samples were col-
lected, some with mild and others with severe mosaic symptoms
wherever they occurred, using brown envelopes to avoid contamina-
tion. The samples were transported to the Plant Virology Laboratory
at the Zambia Agriculture Research Institute’s Mt. Makulu Central
Research Station in Chilanga. The leaf samples were stored at —20°C
until use. Total nucleic acid (TNA) was extracted from 50 mg of
each cassava leaf sample using the cetyltrimethylammonium-
bromide protocol (Lodhi et al. 1994). The extraction buffer contained
2% cetyltrimethylammonium bromide, 1.4 M of NaCl, 100 mM of
Tris-HCI, 25 mM of EDTA, 2% polyvinylpyrrolidone, and 2 M of
NaCl; 2% mercaptoethanol was added to the extraction buffer just
before use. The leaf samples were individually ground in 1,000 pl of
extraction buffer using a mortar and pestle. Extracts of 800 pl were
transferred into 2-ml microcentrifuge tubes and incubated at 65°C
for 15 min with regular shaking at intervals of 5 min and then cooled
at room temperature. An equal volume of chloroform/isoamyl
alcohol (24:1) was added to the cooled extract, vortexed for 1 min,
and centrifuged at 12,000 rpm for 15 min. The supernatant (500 pl)
was transferred into new microcentrifuge tubes to which an equal
volume (500 pl) of cold isopropanol was added, followed by incubation
at —20°C for 30 min. The contents were centrifuged at 13,000 rpm
for 25 min and the supernatant discarded. The TNNA pellet was
washed once in 1,000 pl of 70% ethanol and air-dried at room
temperature. The dried TNA pellet was resuspended in 50 pl of
nuclease-free water. Partial fragments of 774 bp (DNA-A AV1/CP)
and 556 bp (DNA-B) were amplified for both 2015 and 2017 CMD-
symptomatic leaf samples using the specific primers JSP0O01/2 and
EABS5S55F/R (Fondong et al. 1998) for the detection of ACMV and
East ACMV, respectively (Table 2; Supplementary Fig. S1). PCR
was performed using a model no. 500 Techne thermal cycler
(Cole-Parmer, Vernon Hills, IL) following the conditions published
in Chikoti et al. (2013).

To detect CBSD virus, a two-step reverse-transcription PCR proto-
col was used for virus detection. Complementary DNA was synthe-
sized from 3 pg of total RNA in a 20-pl reaction mixture using
M-MuLV reverse transcription primed with random hexamers
according to the manufacturer’s protocol and then for PCR with pri-
mers CBSDDF2 and CBSDDR (Table 2; Mbanzibwa et al. 2011).
PCR reaction and cycling conditions followed were as published in
Munganyinka et al. (2018).

Electrophoresis was performed to detect the PCR products in a 1%
agarose gel, stained in phenol blue, at 100 V for 60 min in gels buff-
ered with 1x Tris-acetate-EDTA using a gel apparatus. The gels were
visualized using a gel documentation system (Gel Doc XR; Bio-Rad,
Hercules, CA).

Data analysis. Descriptive statistics including means, standard
errors, and cross tabulations were calculated to summarize the
growers’ responses and disease incidence. Results were expressed
as percentages or absolute frequencies of responses obtained from
growers, excluding records where data were not available (therefore
the total may differ in each question). The answers were analyzed
using the R Language for Statistical Computing (R Core Team
2016) and plotted with the ggplor2 package (Wickham 2016). The

TABLE 2. Primers used to detect variants of cassava mosaic viruses using PCR in cassava leaf samples collected; cassava mosaic disease was diagnosed using
primers for African cassava mosaic virus (ACMV) and East African cassava mosaic virus (EACMYV), and cassava brown streak disease (CBSD) was diagnosed
using primers for cassava brown streak viruses (CBSV) and Ugandan cassava brown streak virus (UCBSV)

Primer Sequences (5'-3") Specificity Product size
JSP0O1* ATGTCGAAGCGACCAGGAGAT ACMV 774
JSP00O2* TGTTTATTAATTGCCAATACT ACMV

EAB555/F* TACATCGGCCTTTGAGTCGCATGG EACMV 556
EAB555/R? CTTATTAACGCCTATATAAACACC EACMV

CBSDDF2° GCTMGAAATGCYGGRTAYACAA CBSV, UCBSV 344, 440
CBSDDR® GGATATGGAGAAAGRKCTCC

# Cassava mosaic begomovirus-specific primers used for the study as described by Fondong et al. (1998).

bCBSV—speciﬁc primers described by Mbanzibwa et al. (2011).
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relationship between growers’ disease awareness as an independent
binary response and disease incidence as a dependent variable was
investigated with a logistic regression using the “glm” function in
the /me4 package and a ‘“‘chisq.test” function (Bates et al. 2015).
Growers were classified as being “aware” or “not aware” of CMD
based on their responses to the question “what do you know about
CMD?” We compared responses of two groups of growers (ones
informed about cassava diseases in the past, and those who never
had information about cassava diseases) regarding their concern about
cassava diseases on a 10-point scale to see if there were significant
differences in the responses of two groups using a nonparametric
Mann—Whitney U test in the “wilcox.test” function of R.

RESULTS

Field properties, disease status, and varieties preferences.
Most growers’ fields were small (mean = 0.59 ha; standard error
[SE] = 0.12) and planted annually (92.9% of participants) (Table 1).
Harvesting was based on need for own daily consumption or for
sale (40% of participants). All survey sites in the Western Province
were infected with CMD, based on visual symptoms assessment,
with mean conditional incidence of 65.9%, where conditional inci-
dence refers to mean incidence across infected fields only (Table 2).
Approximately 90% of survey sites in Central, Luapula, and Northern
provinces had plants with CMD foliar symptoms apparent, with mean
conditional incidence of 39.5 to 53.5%. Less than half (47.8%) of
survey sites in Eastern Province were infected with CMD, with
mean conditional incidence of 54.5%. In the infected fields, the highest
ratio of plants with high severity scores (4 and 5) were observed in
Eastern and Western provinces of the country, with the percent of
plants having severity score 4 being ~38% and those with severity
score 5 being ~5%. In contrast, plants with severity score of 4 ranged
from 4.5 to 6.15%, and plants having severity score 5 ranged from O to
0.30%, in Central, Luapula, and Northern provinces. No CBSD was
observed in any of the study fields. Growers typically planted more
than one variety of cassava in their fields (66.5% of growers) with a
range of one to seven varieties. Good taste and associated sweetness
(31 growers), for a grower’s own consumption and food security
(22 growers), and with a high yield and large tubers (21 growers)
were the most commonly cited traits determining varietal choice
(Fig. 2). Early maturing and bulking (19 growers), and the availability
of planting material (15 growers) were also cited as a priority determin-
ing choice. Among six preference criteria influencing choice of plant-
ing material presented to the respondents, varietal preference was the
highest ranked, while availability-related answers were ranked second
and third (Fig. 3).

Planting material movement and trade. Most planting material
was recycled from the previous crop (83 growers) or stores (planting
material stored previously, as opposed to material cut and immedi-
ately replanted, at 11 growers), while a large proportion of growers
(52:96) reported that they discarded some planting material. While

sharing did occur with family and friends (55 and 39 growers, respec-
tively), this was generally within the same or nearby villages, with
94% of recipients located within a radius of 1 to 10 km (Fig. 4). How-
ever, some movement of planting material did occur over a greater
distance, including a small number of large transactions with markets
(100 bags over an average of 7.43 km), middlemen (9.5 bags over an
average of 55 km), or NGOs (15 bags over an average of 28.5 km).
Given the paucity of data on movement of cassava planting material,
we provide some additional detail on selected individual transactions
to illustrate the range of behaviors evident in a relatively small cohort.
One transaction involved moving a large amount of planting material
(100 bags) from a single grower with a large field of 4 ha to a market
40 km away. Three further transactions with markets occurred,
including 10 bags sold at a market a reported 0.05 km from the
1.5-ha field, and two smaller transactions of seven and one bags
over longer distances (3 and 8 km, respectively) from very small
fields (field size up to 0.25 ha). Growers who obtained their planting
material from middlemen (intermediate suppliers) indicated material
was moved over distances of 50 to 60 km, while six growers
exchanged their planting material with an NGO or another organiza-
tion over distances between 0 and 350 km.

CMD and CBSD awareness. Most of the growers surveyed
(81%) responded that they did not know what CMD was when explic-
itly asked “what do you know about cassava mosaic disease?” After
growers surmised it was a disease, most (60.5%) were unable to rec-
ognize it by its symptoms, or specify its mechanism of dispersal
(75.6%), or likely effect on yield (39%). In a logistic regression model
(Table 4), higher CMD incidence in a field was a significant predictor
of growers’ CMD knowledge. Nearly half of growers (44%) did not
know whether the disease had an impact in their area, while 44% had
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For processing
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Can be stored
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Fig. 2. Different cassava traits dictating varietal choice cited by growers,
where multiple answers were permitted. “Resistant” refers to resistance to dis-
ease. Number of respondents = 96.

TABLE 3. Summary of cassava mosaic disease (CMD) per-province presence in the fields of interviewed growers

Absolute Conditional Mean per-field percent of
) incidence (%)° incidence (%) plants classified in each disease severity category (%)*
Prevalence®
Province (%) Mean SE Mean SE 1 2 3 4 5
Central 92.9 36.7 74 39.5 7.7 60.5 12.1 2.1 6.1 0.3
Eastern 47.8 26.1 7.2 54.5 9.6 41.5 5.1 10.0 38.5 49
Luapula 89.5 479 6.0 53.5 5.1 46.5 10.4 38.6 4.5 0.0
Northern 91.7 43.8 6.3 47.7 6.4 54.1 3.0 33.8 8.9 0.2
Western 100.0 65.9 6.3 65.9 6.3 34.1 1.3 20.8 38.2 5.6

# Prevalence, the proportion of fields with any disease symptoms observed.

" Absolute incidence, the incidence among all fields (both infected and where disease was not reported). SE = standard error.

¢ Conditional incidence, the incidence among infected fields only.

4 Mean per-field incidence was calculated based on visual foliar symptoms across 30 surveyed plants, where disease symptoms severity score 1 = no observed
CMD symptoms; 2 = mild disease symptoms with mild chlorotic pattern; 3 = moderate mosaic pattern throughout the leaf; 4 = severe mosaic pattern with
distortion of the leaflets and general reduction in size; and 5 = severe mosaic pattern and/or distortion of the entire leaf and plant stunting (Hahn et al. 1980).
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observed an impact on the crop. Of those that had observed an impact
of the disease, 25.9% identified yield losses.

Overall, when asked how concerned they were about CMD on a
scale from 1 (not worried) to 10 (very worried), 53% of growers
responded they were not at all or only slightly worried (1 to 3),
17% of growers were moderately worried (4 to 6), and 28% were
very worried (7 to 10). When the respondents were grouped by whether
they had heard about CMD at some point in the past (“informed”
growers), or never heard about the disease (“not informed”), growers
who had heard about CMD were more concerned compared with those
who had not (Mann-Whitney U test P = 0.0002, W = 1,235) (Fig. 5).

None of the growers had an awareness of CBSD, and no disease
symptoms were detected in the surveyed fields.

Disease control and management. Disease management for
CMD was rare among growers. Three-quarters of growers (74.7%)
declared that they did not practice any control measures (n = 8§3).
In contrast, of the few growers that applied control measures, five
used clean planting material while two, who were seeking help
from agricultural extension workers, rogued the diseased plants and
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Variety preference
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Other

Easy to get

Come from people | trust

Cheap

Planting material choice reason

Appear to have no disease
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Mean ranking
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sprayed for insects. The majority of growers who used control meas-
ures were in Eastern Province (eight out of 12), which had the lowest
mean disease prevalence and absolute incidence among surveyed
farms. Most growers who implemented disease management cited
their own experience as a source of disease control knowledge (seven)
while two cited agricultural extension workers, one cited a parent, and
one a cooperative group.

CCS sourcing and awareness. Nearly half of the growers were
aware of CCS (47.7%, n = 88), where 33.3% would seek it from agri-
cultural extension workers if there was a need for it and 10.8% had
used it in the past. At the same time, of those who were unaware
of CCS (48.9%), after an explanation the majority (58%) responded
that they would be happy to use it if it were available, while no
growers indicated that they would not be happy to use CCS if it
were provided to them. The remaining 3.4% of respondents stated
that they were either aware of CCS for other crops or that CCS
was not relevant to them. Northern and Western provinces had the
highest awareness of CCS with 20 out of 24 and 9 out of 13 respond-
ents declaring they knew about CCS, respectively. In Central
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Fig. 3. Planting material A, reason for choice and B, preferred source. Ranking 1 indicates most preferred, while A, rankings 6 and B, 4 indicate least preferred

(number of respondents = 96).
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Fig. 4. Total number of A, bags of planting material moved (received or given away/sold) and B, individual transactions over a given distance. One bag of cuttings
is defined as a bundle of 100 cuttings, each of 1 meter length. An organization was defined as a nonprofit entity involved in the movement of cuttings, such as a

nongovernmental organization or research station (number of respondents = 96).
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Province, only 1 out of 12 respondents knew about CCS, and in Lua-
pula, only 4 out of 19. In Eastern Province, about half of the respond-
ents (9 out of 17) declared they were aware of CCS.

Information sources. Among the surveyed growers, 30% relied
on information passed on from their parents or grandparents as their
source of cassava planting knowledge; slightly over one-quarter
(27.4%) relied on their own experience; and 21.4% relied on informa-
tion obtained from agriculture extension workers (n = 84). Other sour-
ces included friends (11.9%), other relatives (3.6%), other growers
(1.2%), the radio (9.5%), researchers (3.6%), neighbors (2.4%), or
NGOs (2.4%).

Information on cassava diseases and CCS had reached half of
growers on at least one occasion in the past (50.6 and 51.8%, respec-
tively), although no single source of information reached the majority
of individuals. The most frequent sources of information included
nearby friends, family and neighbors, and the radio (Fig. 6A).

In terms of preferences for information, growers preferred to hear
from extension workers, TV and radio, and people within the village
(Fig. 6B), while village leaders and friends or relatives located in a
different village were less preferred. Nearly 90% of growers who
were aware of CMD had access to frequent information about it,
while the majority of growers who were unaware of the disease
had no access to information (Fig. 7). The most informed growers
were located within Northern and Eastern provinces, where over
half of growers had often heard about CMD from various sources.
The least informed growers were located in Luapula and Western
provinces, where over two-thirds of growers reported never receiving
information about CMD.

Making decisions. High yield, low cost, and absence of disease
were the most frequently reported factors (27.4, 25, and 22.6%,
respectively) influencing growers’ decisions on whether or not to
use CCS. The majority of growers indicated they would consider
adoption of CCS to control for CMD if two to four neighbors were

TABLE 4. Logistic regression model of in-field cassava mosaic disease
(CMD) incidence to predict growers’ answer to the question “do you know
what CMD is?,” where cases are represented by “no” answers and controls
by “yes” answers (number of respondents = 84)

Model B-estimate SE* Z value P (>lzl)
Intercept 2.1223 0.1042 20.36 <0.001
CMD incidence —1.8838 0.1674 -11.26 <0.001
#SE = standard error.
0.6
0.4
Informed

. Not informed

Ratio of growers
in each category
o

)

00 II- 1
1.2 3

4 5 6 7 8 9 10
How worried are you about CMD?
(1 least, 10 most)

Fig. 5. Growers’ response to the question: “How worried are you about cas-
sava mosaic disease, on a scale of 1 to 10, where 1 is the least worried and
10 is the most worried?” Growers are categorized based on whether they
reported hearing about cassava mosaic disease in the past on at least one occa-
sion (defined as “informed”) or never (“not informed”). Number of respond-
ents = 87.
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affected by the disease. Similarly, they would consider using CCS
if two to four neighbors were using it too (Supplementary Fig. S2).

Growers were classified according to their answer to the question
on CMD knowledge. Depending on their response, they were classi-
fied as “having knowledge,” “‘some knowledge,” and “did not know.”
Into those three categories fell 40, 18, and 8% of growers, respec-
tively. However, differences between these groups were not statisti-
cally significant (3 test P = 0.19, df = 2). When growers were
classified into two groups (with or without knowledge), the differ-
ences were still not significant (% test P=0.16, df = 1). The intention
to buy CCS decreased with increasing price (Supplementary Fig. S3),
where 20 KWZ per bag of 100 cuttings represented a key decision-
point for many growers (prices as presented to respondents and not
inflation-adjusted for publication).

DISCUSSION

Cassava virus diseases constitute a major constraint to the produc-
tion of cassava in sub-Saharan Africa, yet there have been few studies
looking into some of the key aspects of human-mediated disease
spread and control. These include awareness of the diseases, and
the practices and decision making of cassava growers themselves
(Delaquis et al. 2018). Our study provides a valuable insight into
the movement of planting material in Zambia, where we show that
the cassava planting material trade is largely informal, with a limited
number of commercial growers involved in the production and sale of
planting materials. We found that growers mostly recycled materials
from their own fields, attributing this to varietal preference as well as
the fact that the material was readily available. This tendency to recy-
cle material is consistent with previous studies, which have shown
that a majority of planting material is recycled within the same field,
while a considerable portion is also exchanged with close friends or
family (Chikoti et al. 2016; Gnonlonfin et al. 2011; Houngue et al.
2018; Ntawuruhunga et al. 2007; Teeken et al. 2018). Although mar-
kets, NGOs, or research organizations and intermediate suppliers (i.e.,
middlemen) were rarely involved in the movement of planting mate-
rial for respondents in this study, the large scale of the distances and
quantities of material moved in those transactions does indicate that
these agents could transmit pathogens across large distances. This
could lead to the establishment of new disease foci, which previous
work has demonstrated could be severely detrimental to disease con-
trol (Delaquis et al. 2018; Legg et al. 2014; McQuaid et al. 2017a, b).
Increasing the distance and quantity of movement of infected planting
material increases the importance of the material over the whitefly
vector in the dispersal of pathogens (McQuaid et al. 2017b).

In general, most growers in our study indicated that markets
were >7 km from their homesteads. It has been shown in a previous
study that the closer a household is to a market, the higher the prob-
ability it will adopt improved varieties because of greater market
accessibility (Salasya et al. 2007). Growers further away from mar-
kets are at a disadvantage, because of an increased difficulty in selling
their own planting material and a reduced opportunity for information
exchange, and are thus more inclined to subsistence production.
Growers are also sensitive to the price of planting material, and an
increase in the price of CCS relative to the local variety reduces adop-
tion rates (Langyintuo and Mekuria 2008). However, while it seems
likely that a lack of awareness of cassava diseases and control meth-
ods will affect cropping practices, our findings regarding this did not
prove to be statistically significant.

There are inevitably sources of error and bias in the conduct of sur-
veys that need to be borne in mind. Our survey was conducted over
2 years, but in each case critical questions were related to experience
from the previous (i.e., most recent) year or harvest, in an effort to
enhance comparability. Because of the poor road infrastructure in
Zambia, participating growers were also located along the main
motorable roads. Our inferences about movement distances therefore
relate strictly to growers based along motorable routes. The



Agricultural Extension System under the Ministry of Agriculture in
Zambia spearheads activities that facilitate access of grower, their
groups, organizations, and other market actors to information and
technologies. It groups all growers into camps that are irrespective
of their proximity to either motorable or nonmotorable locations.
All the camps and growers therein are therefore provided with the
same agricultural amenities, technical information, and services,
ensuring that all growers are at a par. Our inferences about access
to information are therefore likely to hold for growers in motorable
or nonmotorable locations because both classes are targeted by com-
munication from the Agricultural Extension Service in Zambia. The
implications of small sample size and bias in the location of partici-
pating growers mean that additional work is required to confirm

our findings. Particularly, it may be that the participants in our survey
were more likely to have access to information than growers located
further from motorable roads. It is important when considering issues
of equity that these growers are not neglected, and future studies
should attempt to identify whether our findings are consistent for
these growers. Additionally, the sample size of our survey makes it
more susceptible to stochastic differences among growers, so our
findings should be viewed as exploratory, requiring further collection
of evidence to support them. Sampling over multiple years may also
have affected both the disease incidence and awareness we might
expect to see, with both presumed to increase over time. Participant
gender was not recorded, which raises a further limitation to the
results. While the majority of smallholder growers are expected to
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be female, we might expect to see important behavioral and aware-
ness differences between growers of different gender, as well as dif-
ferences in obtaining access to information.

Our work supports previous studies that have shown that culinary
properties and varietal taste are key factors in planting material selec-
tion, followed by economic traits such as yield, while the presence of
disease makes little to no difference on choice (Houngue et al. 2018;
Kombo et al. 2012; Njukwe et al. 2013; Ntawuruhunga et al. 2007).
With this in mind, efforts to use CCS to control disease epidemics
need to address growers’ varietal preferences and needs (Evenson
and Gollin 2003; Kiros-Meles and Abang 2008), something that
also applies to the use of disease-resistant or -tolerant varieties. If
new varieties are not suited to local tastes the level of adoption is
likely to be low, a factor to be considered by both cassava breeders
and CCS producers alike. At the same time, the importance of yield
to varietal choice presents an opportunity to educate and reassure
growers about the economic advantages of CCS and the adoption
of improved varieties.

Our study findings show a striking lack of awareness of cassava
diseases among growers. While this is unsurprising for CBSD, the
result for CMD was unexpected. CMD was widespread in growers’
fields as evidenced from detected cassava mosaic virus variants in
this study, and has been present across the country for more than
two decades, with estimated yield losses of 50 to 70% (Muimba-
Kankolongo et al. 1997). This lack of disease awareness is likely to
be a reflection of the scarcity of information about diseases available
to growers; only half of growers received any information on disease
or its control at some point, and few received information frequently
or on a regular basis. Access to information is critical to decision mak-
ing, and this lack of information increases concerns about the disease.
Our results indicate that a reduced awareness as well as reduced
receipt of information about disease can significantly affect growers’
concerns and perceptions of the diseases, as well as their willingness
to apply control measures.

In particular, a lack of awareness of the risk and impact of disease
on yield could lead to the failure of disease control measures imple-
mented at a wider level, where it is necessary for a large proportion of
growers to engage in disease management for effective, sustainable
control to work (McQuaid et al. 2017a). It is certainly highly likely
that the lack of awareness, combined with high incidence, contributes
significantly to the spread of the disease. The high rate of reuse of
planting materials by growers within the same field, due often to a
lack of alternative sources, could also result in a low genetic potential
with an increase in susceptibility of the material to pests and diseases,
as observed in Malawi (Chipeta et al. 2016). Although replanting
material resistant to disease could potentially protect growers from
the arrival of infected cuttings from their own or other fields, no cas-
sava variety has been found that is fully resistant to both CMD and
CBSD (Kawuki et al. 2016; Mukiibi et al. 2019; Tomlinson et al.
2017). Ultimately, therefore, uninformed growers who do not practice
management strategies will still be vulnerable to disease acquired
from whitefly infections and, as a consequence of high rates of recy-
cling of material, a rapid buildup of disease over seasons. Nonethe-
less, although there are improved cassava varieties bred by the
Zambia Agriculture Research Institute that are tolerant to CMD, early
bulking, and high yielding, most of the farmers grow local varieties
that are susceptible to CMD in Zambia (Alene et al. 2013; Chikoti
et al. 2013). Persuading farmers to use CMD-resistant varieties is a
challenge because of farmers’ preferences for particular cassava traits
other than disease resistance.

Lastly, our results underscore the important role of two key
sources in providing information to growers: radio (as well as
the less widely available TV) and extension workers. While our
study demonstrated that extension workers were a highly trusted
source of information, only a small proportion of growers were
reached by these workers. Growers were more likely to share infor-
mation within their network of neighbors, friends, and relatives.
This does suggest, however, that information received by a grower
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from an extension worker or the media could percolate (albeit with
reduced trust in the source) through the grower’s networks to reach
a larger number of growers.

The combination of low levels of knowledge and information seen
in our results suggests that there is a need for grower education,
through extension workers and media, to improve awareness that is
vital to controlling cassava disease. Reducing the presence of cassava
virus diseases, and increasing the yields of small-holder growers
across Zambia and cassava-growing regions in Africa as a whole,
will not happen without well-informed growers acting at an individual
level to implement disease control.

ACKNOWLEDGMENTS

We thank the participating growers for providing responses and allow-
ing surveyors to access their cassava fields.

LITERATURE CITED

Abaca, A., Kawuki, R., Tukamuhabwa, P., Baguma, Y., Pariyo, A., Alicai, T.,
Omongo, C. A., and Bua, A. 2012. Evaluation of local and elite cassava gen-
otypes for resistance to cassava brown streak disease in Uganda. J. Agron.
11:65-72.

Alene, A., Khataza, R., Chibwana, C., Ntawuruhunga, P., and Moyo, C. 2013.
Economic impacts of cassava research and extension in Malawi and Zambia.
J. Dev. Agric. Econ. https://cgspace.cgiar.org/handle/10568/76400

Alicai, T., Omongo, C. A., Maruthi, M. N., Hillocks, R. J., Baguma, Y.,
Kawuki, R., Bua, A., Otim-Nape, G. W., and Colvin, J. 2007. Re-emergence
of cassava brown streak disease in Uganda. Plant Dis. 91:24-29.

Alicai, T., Szyniszewska, A. M., Omongo, C. A., Abidrabo, P., Okao-Okuja,
G., Baguma, Y., Ogwok, E., Kawuki, R., Esuma, W., Tairo, F., Bua, A.,
Legg, J. P., Stutt, R. O. J. H., Godding, D., Sseruwagi, P., Ndunguru, J.,
and Gilligan, C. A. 2019. Expansion of the cassava brown streak pandemic
in Uganda revealed by annual field survey data for 2004 to 2017. Sci. Data
6:327.

Allem, A. C. 2002. The origins and taxonomy of cassava. Cassava Biol. Prod.
util. 1:1-16.

Alvarez, E., Llano, G. A., and Meija, J. F. 2012. Cassava diseases in Latin
America, Africa, and Asia. In: The Cassava Handbook: A Reference Manual
Based on the Asian Regional Cassava Training Course, held in Thailand.
Centro Internacional de Agricultura Tropical, Cali, Colombia.

Alves, A. A. C. 2002. Cassava botany and physiology. Cassava Biol. Prod. Util.
1:67-89.

Barratt, N., Chitundu, D., Dover, O., Elsinga, J., Eriksson, S., Guma, L.,
Haggblade, M., Haggblade, S., Henn, T. O., Locke, F. R., O’Donnell, C.,
Smith, C., and Stevens, T. 2006. Cassava as drought insurance: food security
implications of cassava trials in Central Zambia. Agrekon 45:106-123.

Bates, D., Machler, M., Bolker, B., and Walker, S. 2015. Fitting linear mixed-
effects models using Ime4. J. Stat. Softw. 67:1-48.

Breuninger, W. F., Piyachomkwan, K., and Sriroth, K. 2009. Chapter 12. Tap-
ioca/cassava starch: production and use. Pages 541-568 in: Starch. 3rd ed. J.
Bemiller and R. Whistler, eds. Food Science and Technology Series. Aca-
demic Press, San Diego, CA.

Cadoni, P. 2010. Value chain mapping and cost structure analysis for cassava in
Zambia. EU-AAACP Paper Series — No. 14. Food and Agriculture Organi-
zation of the United Nations, Quebec City, Quebec, Canada. https://www.
yumpu.com/en/document/read/46614841/value-chain-mapping-and-cost-
structure-analysis-for-aaacp

Carrasco, L. R., Cook, D., Baker, R., MacLeod, A., Knight, J. D., and Mum-
ford, J. D. 2012. Towards the integration of spread and economic impacts
of biological invasions in a landscape of learning and imitating agents.
Ecol. Econ. 76:95-103.

Chikoti, P. C., Melis, R., and Shanahan, P. 2016. Farmer’s perception of cas-
sava mosaic disease, preferences and constraints in Luapula province of
Zambia. Am. J. Plant Sci. 07:1129-1138.

Chikoti, P. C., Mulenga, R. M., Tembo, M., and Sseruwagi, P. 2019. Cassava
mosaic disease: A review of a threat to cassava production in Zambia. J.
Plant Pathol. 101:467-477.

Chikoti, P. C., Ndunguru, J., Melis, R., Tairo, F., Shanahan, P., and Sseruwagi,
P. 2013. Cassava mosaic disease and associated viruses in Zambia: Occur-
rence and distribution. Int. J. Pest Manage. 59:63-72.

Chipeta, M. M., Shanahan, P., Melis, R., Sibiya, J., and Benesi, I. R. M. 2016.
Farmers’ knowledge of cassava brown streak disease and its management in
Malawi. Int. J. Pest Manage. 62:175-184.


https://cgspace.cgiar.org/handle/10568/76400
https://www.yumpu.com/en/document/read/46614841/value-chain-mapping-and-cost-structure-analysis-for-aaacp
https://www.yumpu.com/en/document/read/46614841/value-chain-mapping-and-cost-structure-analysis-for-aaacp
https://www.yumpu.com/en/document/read/46614841/value-chain-mapping-and-cost-structure-analysis-for-aaacp

Chitundu, M., Droppelmann, K., and Haggblade, S. 2009. Intervening in value
chains: Lessons from Zambia’s task force on acceleration of cassava utilisa-
tion. J. Dev. Stud. 45:593-620.

Delaquis, E., Andersen, K. F., Minato, N., Cu, T. T. L., Karssenberg, M. E.,
Sok, S., Wyckhuys, K. A. G., Newby, J. C., Burra, D. D., Srean, P., Phirun,
I, Le, N. D., Pham, N. T., Garrett, K. A., Almekinders, C. J. M., Struik,
P. C., and de Haan, S. 2018. Raising the stakes: Cassava seed networks at
multiple scales in Cambodia and Vietnam. Front. Sustain. Food Syst. 2:73
https://www frontiersin.org/articles/10.3389/fsufs.2018.00073/full

Evenson, R. E., and Gollin, D. 2003. Assessing the impact of the green revolu-
tion, 1960 to 2000. Science 300:758-762.

FAOSTAT. 2018. Statistical data. Food Agric. Organ. U. N. Rome. www.fao.
org/faostat/

Fargette, D., Konaté, G., Fauquet, C., Muller, E., Peterschmitt, M., and Thresh,
J. M. 2006. Molecular ecology and emergence of tropical plant viruses.
Annu. Rev. Phytopathol. 44:235-260.

Fondong, V. N, Pita, J. S., Rey, C., Beachy, R. N., and Fauquet, C. M. 1998.
First report of the presence of East African cassava mosaic virus in Camer-
oon. Plant Dis. 82:1172.

Gnonlonfin, G. J. B., Koudande, D. O., Sanni, A., and Brimer, L. 2011. Farm-
ers’ perceptions on characteristics of cassava (Manihot esculenta Crantz)
varieties used for chips production in rural areas in Benin, West Africa.
Int. J. Biol. Chem. Sci. 5: https://www.ajol.info/index.php/ijbcs/article/
view/72166

Gondwe, F. M. T., Mahungu, N. M., Hillocks, R. J., Raya, M. D., Moyo, C. C.,
Soko, M. M., Chipungu, F. P., and Benesi, I. R. M. 2003. Economic losses
experienced by small-scale farmers in Malawi due to cassava brown streak
virus disease. Pages 28-38 in: Cassava Brown Streak Virus Disease: Past,
Present, and Future; Proceedings of an International Workshop, Mombasa,
Kenya. J. P. Legg and R. J. Hillocks, eds. Natural Resources International
Ltd., Aylesford, U.K.

Hahn, S. K., Terry, E. R., and Leuschner, K. 1980. Breeding cassava for resis-
tance to cassava mosaic disease. Euphytica 29:673-683.

Hillocks, R., and Jennings, D. 2003. Cassava brown streak disease: A review of
present knowledge and research needs. Int. J. Pest Manage. 49:225-234.
Hillocks, R. J., Raya, M. D., Mtunda, K., and Kiozia, H. 2001. Effects of brown
streak virus disease on yield and quality of cassava in Tanzania. J. Phytopa-

thol. 149:389-394.

Hillocks, R. J., Raya, M. D., and Thresh, J. M. 1999. Factors affecting the dis-
tribution, spread and symptom expression of cassava brown streak disease in
Tanzania. Afr. J. Root Tuber Crops 3:57-61.

Hillocks, R. J., Thresh, J. M., Tomas, J., Botao, M., Macia, R., and Zavier, R.
2002. Cassava brown streak disease in northern Mozambique. Int. J. Pest
Manage. 48:178-181.

Houngue, J. A, Pita, J. S., Cacai, G. H. T., Zandjanakou-Tachin, M., Abidjo,
E. A.E., and Ahanhanzo, C. 2018. Survey of farmers’ knowledge of cassava
mosaic disease and their preferences for cassava cultivars in three agro-
ecological zones in Benin. J. Ethnobiol. Ethnomed. 14:29.

Jacobson, A. L., Duffy, S., and Sseruwagi, P. 2018. Whitefly-transmitted
viruses threatening cassava production in Africa. Curr. Opin. Virol. 33:
167-176.

Jain, S. 2007. An Empirical Economic Assessment of Impacts of Climate
Change on Agriculture in Zambia. The World Bank, Washington, DC.

Kanju, E. E., Mtunda, K. J., Muhanna, M., Raya, M. D., and Mahungu, N. M.
2003. Management of cassava brown streak virus disease in Tanzania. Pages
66-69 in: Proceedings of an International Workshop.

Katono, K., Alicai, T., Baguma, Y., Edema, R., Bua, A., and Omongo, C. A.
2015. Influence of host plant resistance and disease pressure on spread of
cassava brown streak disease in Uganda. J. Exp. Agric. Int. 19:284-293.

Kawuki, R. S., Kaweesi, T., Esuma, W., Pariyo, A., Kayondo, I. S., Ozimati,
A., Kyaligonza, V., Abaca, A., Orone, J., Tumuhimbise, R., Nuwamanya,
E., Abidrabo, P., Amuge, T., Ogwok, E., Okao, G., Wagaba, H., Adiga,
G., Alicai, T., Omongo, C., Bua, A., Ferguson, M., Kanju, E., and Baguma,
Y. 2016. Eleven years of breeding efforts to combat cassava brown streak
disease. Breed. Sci. 66:560-571.

Kiros-Meles, A., and Abang, M. M. 2008. Farmers’ knowledge of crop diseases
and control strategies in the Regional State of Tigrai, northern Ethiopia:
implications for farmer—researcher collaboration in disease management.
Agric. Human Values 25:433-452.

Kombo, G. R., Dansi, A., Loko, L. Y., Orkwor, G. C., Vodouhe, R., Assogba,
P., and Magema, J. M. 2012. Diversity of cassava (Manihot esculenta
Crantz) cultivars and its management in the department of Bouenza in the
Republic of Congo. Genet. Resour. Crop Evol. 59:1789-1803.

Langyintuo, A. S., and Mekuria, M. 2008. Assessing the influence of neighbor-
hood effects on the adoption of improved agricultural technologies in
developing agriculture. ResearchGate. https://www.researchgate.net/
publication/46534636_Assessing_the_influence_of_neighborhood_effects_
on_the_adoption_of_improved_agricultural_technologies_in_developing_
agriculture

Legg, J. P. 1999. Emergence, spread and strategies for controlling the
pandemic of cassava mosaic virus disease in east and central Africa. Crop
Prot. 18:627-637.

Legg, J. P., Jeremiah, S. C., Obiero, H. M., Maruthi, M. N., Ndyetabula, I.,
Okao-Okuja, G., Bouwmeester, H., Bigirimana, S., Tata-Hangy, W.,
Gashaka, G., Mkamilo, G., Alicai, T., and Lava Kumar, P. 2011. Comparing
the regional epidemiology of the cassava mosaic and cassava brown streak
virus pandemics in Africa. Virus Res. 159:161-170.

Legg, J. P., Ndalahwa, M., Yabeja, J., Ndyetabula, I., Bouwmeester, H., Shir-
ima, R., and Mtunda, K. 2017. Community phytosanitation to manage cas-
sava brown streak disease. Virus Res. 241:236-253.

Legg,J. P., Somado, E. A., Barker, 1., Beach, L., Ceballos, H., Cuellar, W., Ekl-
houry, W., Gerling, D., Helsen, J., Hershey, C., Jarvis, A., Kulakow, P.,
Kumar, L., Lorenzen, J., Lynam, J., McMahon, M., Gowda, M., Miano,
D., Mtunda, K., Natwuruhunga, P., Okogbenin, E., Pezo, P., Terry, E.,
Thiele, G., Thresh, M., Wadsworth, J., Walsh, S., Winter, S., Tohme, J.,
and Fauquet, C. 2014. A global alliance declaring war on cassava viruses
in Africa. Food Secur. 6:231-248.

Legg, J. P., and Thresh, J. M. 2003. Cassava virus diseases in Africa. Pages
517-522 in: Proceedings of the First International Conference on Plant
Virology in Sub-Saharan Africa. Ibadan, Nigeria.

Lodhi, M. A,, Ye, G.-N., Weeden, N. F., and Reisch, B. I. 1994. A simple and
efficient method for DNA extraction from grapevine cultivars and Vitis spe-
cies. Plant Mol. Biol. Report. 12:6-13.

Mangana, S. 2003. Cassava brown streak virus disease research in Northern
Mozambique. Pages 14-17 in: Proceedings of an International Workshop.

Maruthi, M. N., Jeremiah, S. C., Mohammed, I. U., and Legg, J. P. 2017. The
role of the whitefly, Bemisia tabaci (Gennadius), and farmer practices in the
spread of cassava brown streak ipomoviruses. J. Phytopathol. 165:707-717.

Mbanzibwa, D. R., Tian, Y. P., Tugume, A. K., Mukasa, S. B., Tairo, F.,
Kyamanywa, S., Kullaya, A., and Valkonen, J. P. T. 2009. Genetically dis-
tinct strains of Cassava brown streak virus in the Lake Victoria basin and the
Indian Ocean coastal area of East Africa. Arch. Virol. 154:353-359.

Mbanzibwa, D. R., Tian, Y. P., Tugume, A. K., Mukasa, S. B., Tairo, F.,
Kyamanywa, S., Kullaya, A., and Valkonen, J. P. T. 2011. Simultaneous
virus-specific detection of the two cassava brown streak-associated viruses
by RT-PCR reveals wide distribution in East Africa, mixed infections, and
infections in Manihot glaziovii. J. Virol. Methods 171:394-400.

Mbewe, W., Kumar, P. L., Changadeya, W., Ntawuruhunga, P., and Legg, J.
2015. Diversity, distribution and effects on cassava cultivars of cassava
brown streak viruses in Malawi. J. Phytopathol. 163:433-443.

McQuaid, C. F., Gilligan, C. A., and van den Bosch, F. 2017a. Considering
behaviour to ensure the success of a disease control strategy. R. Soc.
Open Sci. 4:170721.

McQuaid, C. F., van den Bosch, F., Szyniszewska, A., Alicai, T., Pariyo, A.,
Chikoti, P. C., and Gilligan, C. A. 2017b. Spatial dynamics and control of
a crop pathogen with mixed-mode transmission. PLOS Comput. Biol. 13:
e1005654.

Milne, A. E., Bell, J. R., Hutchison, W. D., van den Bosch, F., Mitchell, P. D.,
Crowder, D., Parnell, S., and Whitmore, A. P. 2015. The effect of farmers’
decisions on pest control with Bt crops: a billion dollar game of strategy.
PLOS Comput. Biol. 11:¢1004483.

Mkuyamba, V. 1995. Virus identification and elimination by meristem tip cul-
ture in Zambian cassava (Manihot esculenta Crantz) landraces. UNZA
Repository. Crop Science—Cassava. MkuyambaV0001.PDF

Muimba-Kankolongo, A., Chalwe, A., Sisupo, P., and Kang, M. S. 1997. Dis-
tribution, prevalence and outlook for control of cassava mosaic disease in
Zambia. Roots. 4:2-7.

Mukiibi, D. R., Alicai, T., Kawuki, R., Okao-Okuja, G., Tairo, F., Sseruwagi,
P., Ndunguru, J., and Ateka, M. A. 2019. Resistance of advanced cassava
breeding clones to infection by major viruses in Uganda. Crop Prot. 115:
104-112.

Mulenga, R. M., Boykin, L. M., Chikoti, P. C., Sichilima, S., Ng’uni, D., and
Alabi, O.J. 2018. Cassava brown streak disease and Ugandan cassava brown
streak virus reported for the first time in Zambia. Plant Dis. 102:1410-1418.

Mulenga, R. M., Legg, J. P., Ndunguru, J., Miano, D. W., Mutitu, E. W.,
Chikoti, P. C., and Alabi, O. J. 2016. Survey, molecular detection, and char-
acterization of geminiviruses associated with cassava mosaic disease in
Zambia. Plant Dis. 100:1379-1387.

Mulimbi, W., Phemba, X., Assumani, B., Kasereka, P., Muyisa, S., Ugentho,
H., Reeder, R., Legg, J. P., Laurenson, L., Weekes, R., and Thom,
F. E. F. 2012. First report of Ugandan cassava brown streak virus on cassava
in Democratic Republic of Congo. New Dis. Rep. 26:11.

Munganyinka, E., Ateka, E. M., Kihurani, A. W., Kanyange, M. C., Tairo, F.,
Sseruwagi, P., and Ndunguru, J. 2018. Cassava brown streak disease in
Rwanda, the associated viruses and disease phenotypes. Plant Pathol. 67:
377-387.

Nichols, R. F. W. 1950. The brown streak disease of cassava. East Afr. Agric. J.
15:154-160.

Vol. 111, No. 11, 2021 1961


https://www.frontiersin.org/articles/10.3389/fsufs.2018.00073/full
http://www.fao.org/faostat/
http://www.fao.org/faostat/
https://www.ajol.info/index.php/ijbcs/article/view/72166
https://www.ajol.info/index.php/ijbcs/article/view/72166
https://www.researchgate.net/publication/46534636_Assessing_the_influence_of_neighborhood_effects_on_the_adoption_of_improved_agricultural_technologies_in_developing_agriculture
https://www.researchgate.net/publication/46534636_Assessing_the_influence_of_neighborhood_effects_on_the_adoption_of_improved_agricultural_technologies_in_developing_agriculture
https://www.researchgate.net/publication/46534636_Assessing_the_influence_of_neighborhood_effects_on_the_adoption_of_improved_agricultural_technologies_in_developing_agriculture
https://www.researchgate.net/publication/46534636_Assessing_the_influence_of_neighborhood_effects_on_the_adoption_of_improved_agricultural_technologies_in_developing_agriculture
http://MkuyambaV0001.PDF

Njoroge, M. K., Mutisya, D. L., Miano, D. W, and Kilalo, D. C. 2017. Whitefly
species efficiency in transmitting cassava mosaic and brown streak virus dis-
eases. Cogent Biol. 3:1311499.

Njukwe, E., Hanna, R., Kirscht, H., and Araki, S. 2013. Farmers perception and
criteria for cassava variety preference in Cameroon. Afr. Study Monogr. 34:
221-234. https://repository.kulib.kyoto-u.ac.jp/dspace/handle/2433/185091

Ntawuruhunga, P., Legg, J., Okidi, J., Okao-Okuja, G., Tadu, G., and Remington,
T. 2007. Southern Sudan, Equatoria region, cassava baseline survey technical
report. International Institute of Tropical Agriculture (IITA), 2007 Ibadan,
Nigeria.

Nuwamanya, E., Chiwona-Karltun, L., Kawuki, R. S., and Baguma, Y. 2011.
Bio-ethanol production from non-food parts of cassava (Manihot esculenta
Crantz). AMBIO 41:262-270.

Olsen, K. M., and Schaal, B. A. 2001. Microsatellite variation in cassava (Man-
ihot esculenta, Euphorbiaceae) and its wild relatives: further evidence for a
southern Amazonian origin of domestication. Am. J. Bot. 88:131-142.

Patil, B. L., Legg, J. P., Kanju, E., and Fauquet, C. M. 2015. Cassava brown
streak disease: a threat to food security in Africa. J. Gen. Virol. 96:956-968.

Phiri, T. 2011. Factors affecting cassava adoption in Southern province of Zam-
bia: A case study of Mazabuka District. Master’s thesis for Applied Science
in Agri-Commerce. Massey University, Palmerston North, New Zealand.
http://hdl.handle.net/10179/2916

R Core Team. 2016. R: A Language and Environment for Statistical Comput-
ing. R Foundation for Statistical Computing, Vienna, Austria. https://www.
r-project.org/

Rey, C., and Vanderschuren, H. 2017. Cassava mosaic and brown streak dis-
eases: Current perspectives and beyond. Annu. Rev. Virol. 4:429-452.

Rwegasira, G. M., and Rey, C. M. 2012. Relationship between symptoms
expression and virus detection in cassava brown virus streak-infected plants.
J. Agric. Sci. 4:246.

Saasa, O. 2003. Agricultural Intensification in Zambia: the role of policies and
policy processes. Institute of Economic and Social Research, University of
Zambia, Lusaka, Zambia. https://www .keg.lu.se/en/sites/keg.lu.se.en/files/
a9.pdf

Salasya, B., Mwangi, W. M., Mwabu, D., and Diallo, A. 2007. Factors
influencing adoption of stress-tolerant maize hybrid (WH 502) in western
Kenya. Afr. J. Agric. Res. 2:544-551.

Samura, A. E., Lakoh, K. A., Nabay, O., Fomba, S. N., and Koroma, J. P. 2017.
Effect of cassava mosaic disease (CMD) on yield and profitability of cassava
and gari production enterprises in Sierra Leone. J. Agric. Sci. 9:205.

1962 PHYTOPATHOLOGY®

Simwambana, M. 2005. A study on cassava promotion in Zambia. Study pre-
pared for the Task Force on Accelerated Cassava Utilisation. Agricultural
Consultative Forum and Agricultural Support Project, Lusaka, Zambia.
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.480.3604 &rep=
repl &type=pdf

Sseruwagi, P., Sserubombwe, W. S., Legg, J. P., Ndunguru, J., and Thresh,
J. M. 2004. Methods of surveying the incidence and severity of cassava
mosaic disease and whitefly vector populations on cassava in Africa: A
review. Virus Res. 100:129-142.

Szyniszewska, A. M. 2020. CassavaMap, a fine-resolution disaggregation of
cassava production and harvested area in Africa in 2014. Sci. Data 7:159.

Szyniszewska, A. M., Chikoti, P. C., Tembo, M., and Mulenga, R. 2019.
Cassava growers behaviour and planting material movement questionnaire
data from Zambia 2015 and 2017. figshare. figshare.com/s/9c3331b503cc
1c7401de.

Taiwo, K. A. 2006. Utilization potentials of cassava in Nigeria: The domestic
and industrial products. Food Rev. Int. 22:29-42.

Teeken, B., Olaosebikan, O., Haleegoah, J., Oladejo, E., Madu, T., Bello, A.,
Parkes, E., Egesi, C., Kulakow, P., Kirscht, H., and Tufan, H. A. 2018. Cas-
sava trait preferences of men and women farmers in Nigeria: Implications
for breeding. Econ. Bot. 72:263-277

The World Bank. 2006. Climate Change and Agriculture in Africa, Policy Note
No. 27. Centre for Environmental Policy in Africa, World Bank, Washing-
ton, DC.

Thresh, J. M., and Cooter, R. J. 2005. Strategies for controlling cassava mosaic
virus disease in Africa. Plant Pathol. 54:587-614.

Thresh, J. M., Otim-Nape, G. W., Legg, J. P., and Fargette, D. 1997. African
cassava mosaic virus disease: the magnitude of the problem. Afr. J. Root
Tuber Crops 2:13-19.

Tomlinson, K. R., Bailey, A. M., Alicai, T., Seal, S., and Foster, G. D. 2017.
Cassava brown streak disease: Historical timeline, current knowledge and
future prospects. Mol. Plant Pathol. 19:1282-1294.

Tonukari, N. J. 2004. Cassava and the future of starch. Electron. J. Biotechnol.
7:5-8.

Wickham, H. 2016. ggplot2: Elegant Graphics for Data Analysis. Springer,
New York.

Winter, S., Koerbler, M., Stein, B., Pietruszka, A., Paape, M., and Butgereitt, A.
2010. Analysis of cassava brown streak viruses reveals the presence of dis-
tinct virus species causing cassava brown streak disease in East Africa.
J. Gen. Virol. 91:1365-1372.


https://repository.kulib.kyoto-u.ac.jp/dspace/handle/2433/185091
http://hdl.handle.net/10179/2916
https://www.r-project.org/
https://www.r-project.org/
https://www.keg.lu.se/en/sites/keg.lu.se.en/files/a9.pdf
https://www.keg.lu.se/en/sites/keg.lu.se.en/files/a9.pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi&hx003D;10.1.1.480.3604&hx0026;rep&hx003D;rep1&hx0026;type&hx003D;pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi&hx003D;10.1.1.480.3604&hx0026;rep&hx003D;rep1&hx0026;type&hx003D;pdf

