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Cassava productivity is threatened by viral diseases which have become the main

phytosanitary problems in cassava farmers. Cassava brown streak disease (CBSD) is

a devastating viral disease caused by Cassava brown streak virus (CBSV) and Ugandan

cassava brown streak virus (UCBSV) which are transmitted by whitefly vectors and

mainly disseminated through the use of infected stem cuttings as planting materials.

The aim of the current study was to: (1) assess farmers’ knowledge, perceptions on

spread, causes and current management practices of CBSD; (2) determine the factors

associated with farmers’ satisfaction with cassava planting material; and (3) determine

the distribution, incidence, and severity of CBSD and association of factors influencing

the disease epidemics in smallholder cassava cropping systems in coastal Kenya.

Information was collected using semi-structured questionnaire administered to 250

smallholder farmers through face-to-face interviews coupledwith field visits to assess

the incidence, severity and distribution of CBSD. Symptomatic and asymptomatic

cassava leaf samples were collected for reverse transcription-polymerase chain

reaction (RT-PCR) analysis of the causal viruses of CBSD. The results revealed that

majority of the farmers (96.6%) could recognize CBSD symptoms on the roots,

and only 11.5% could recognize the foliar symptoms of the disease. The cause of

the disease was unknown to the farmers, with no e�ective management methods

available to them. Majority of farmers (82.5%) recycled own cassava cuttings from

previous season’s crop as planting material followed by exchanging/borrowing from

neighbors (67.5%). The field incidence of CBSD was highest in Kilifi (27.9%) followed

by Kwale (24.7%) and Taita Taveta (10.8%), with severities ranging from 2 to 3 in

the three Counties. RT-PCR analysis indicated that 91% of the symptomatic samples

tested positive for either of the two viruses occurring either singly or as dual infection.

Approximately 3.2% of the asymptomatic samples tested positive for only CBSV.

Findings from this study demonstrates the need for awareness creation of farmers on

the causes, spread and management practices to control CBSD and the importance

of strengthening certified cassava seed systems to reduce the impact of the disease.

The study provides base-line information imperative for development ofmanagement

strategies of CBSD.
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Introduction

Cassava (Manihot esculanta Crantz), is an important food

security crop for close to one billion people in the tropical and sub-

tropical countries especially sub-Saharan Africa where it is grown

mostly by smallholder farmers [Food and Agricultural Organization

of the United Nations (FAOSTAT), 2018]. Africa produces more than

60% of global cassava production (http://faostat3.fao.org/). In Kenya,

cassava is the second most important crop after maize especially

in western and coastal regions of Kenya where it accounts for 63

and 30% of the total production, respectively (Mwango’mbe et al.,

2013; Were et al., 2016). Cassava farming in Kenya is practiced

on ∼90,394 hectares of land throughout the country producing

on average about 1,112 000 MT per year [Food and Agricultural

Organization of the United Nations (FAOSTAT), 2018]. Cassava has

high productivity per unit land area than other staple food crops

such as maize and wheat and can stay in soil during adverse climatic

conditions (Jarvis et al., 2012; Tumuhimbise et al., 2014). This makes

it a food security crop and provides income for many smallholder

farmers. The current cassava yield in Kenya stands at 12.3 metric tons

per hectare compared to the potential yield estimates of 40 metric

tons per hectare [Food and Agricultural Organization of the United

Nations (FAOSTAT), 2020]. This yield gap is due to an array of biotic

and abiotic constraints (Ntawuruhunga et al., 2013).

Cassava production is constrained by viral diseases, the main one

and economically important is cassava brown streak diseases (CBSD)

(Legg et al., 2015; Neuenschwander and Tamò, 2019). Cassava brown

streak disease (CBSD) has been so far reported in sub-Saharan Africa,

with recent studies indicating a widespread of the disease in Uganda,

Kenya, Malawi, Burundi, Rwanda, and some parts of Democratic

Republic of Congo (Hillocks and Maruthi, 2015; Chipeta et al., 2016;

Koima and Orek, 2018; Munganyinka et al., 2018). The disease

is caused by two genetically distinct virus species namely Cassava

brown streak virus (CBSV) and Ugandan cassava brown streak virus

(UCBSV) belonging to Genus Ipomovirus of the family Potyviridae

(Monger et al., 2010; Winter et al., 2010; Mbanzibwa et al., 2011).

The viruses are transmitted by whitefly (Bemisia tabaci) and spiraling

whitefly in a semi-persistent manner (Maruthi et al., 2005; Mware

et al., 2009; Wosula et al., 2017; Chen et al., 2019). The disease is

majorly disseminated through movement and exchange of infected

cassava planting material over long distances and by the whitefly

vectors over short distances (Maruthi et al., 2005, 2017; Wosula et al.,

2017; Chen et al., 2019).

Cassava production and productivity in Kenya is adversely

impacted by cassava brown streak disease (Masinde et al., 2016).

The disease causes economic losses resulting from damage to the

aboveground parts of the plant characterized by leaf chlorosis and

elongated necrotic lesions on stems (Winter et al., 2010). The major

economic damage arises from the necrotic rotting of cassava roots,

which reduces nutritional and industrial quality and renders the

roots unpalatable and unmarketable (Hillocks and Jennings, 2003;

Winter et al., 2010). Yield losses associated with CBSD infection was

previously estimated at 70% per plant (Hillocks et al., 2001), but

recent records indicated yield losses of up to 100% in susceptible

cultivars (Rwegasira and Rey, 2009; Mbanzibwa et al., 2011). The

disease has been reported to affect all the cassava mosaic disease

(CMD)-resistant varieties that have been widely adopted for the

management of the CMD epidemics in Kenya (Masinde et al., 2016).

The effectiveness of any disease management strategy depends

on adequate information on the occurrence, distribution, patterns of

spread, impact and awareness of the disease amongst the farmers in a

particular region. Previous surveys on occurrence and distribution of

viral diseases of cassava in Kenya have reported limited information

on the distribution of the two Ipomoviruses occurring either singly

or as a co-infection (Mware et al., 2009). In addition, these surveys

did not incorporate farmers’ awareness and perceptions on CBSD

and other factors that could be associated with the disease spread.

A survey conducted by Kathurima et al. (2016) in the major cassava

growing regions in Kenya revealed the occurrence of dual infection

of CBSV and UCBSV although the study was based on relatively few

samples and did not cover Taita Taveta County in the Coastal region.

With the changes in farming practices, recent reports on dymamics

of the spread of the viruses especially UCBSV from highlands to

low altitude areas (Mbanzibwa et al., 2011), as well as increased

cases of co-infection of the two viruses, there is need for frequent

surveys to establish the status of the distribution of the viruses in

order to inform control and management strategies to curb the

disease. This study was therefore conducted to: (1) assess farmers’

knowledge, perception and current management practices of CBSD,

and (2) determine the distribution, incidence, severity of CBSD and

association of factors influencing disease epidemics in smallholder

cassava cropping systems of coastal Kenya.

Materials and methods

Study sites

The survey was conducted between May and July 2018 in three

counties (Kilifi, Taita-Taveta, and Kwale) in coastal region of Kenya.

These three counties are among the 29 Arid and Semi-Arid Land

(ASAL) counties in Kenya. In general, the coastal region of Kenya

has rainfall ranging from 500 to 100mm annually, temperature

ranges between 22.4 and 30.3◦C, altitude of 900–1,800m and savanna

grassland (https://infonet-biovision.org/agro_ecologic_zones). Taita-

Taveta County is among the Kenya’s ASAL regions with 89% of

the area characterized by semi-arid and arid conditions. The county

altitude ranges from 500 to 2,228m above sea level and receives

bimodal rainfall ranging between 440mmper annum in lowlands and

over 1,900mm per annum in highland areas.

Kilifi County covers a geographical area of 12,539.7 km2 and has

a temperature range of 21◦C during the coldest months (June—July)

and 32◦C during the hottest months (January–February). It has two

rainy seasons, April–June (long rains) and October–December (short

rains) with annual rainfall ranging between 900mm and 1,000mm

per annum. The attitude of Kilifi County ranges from 0 to 450m

above sea level. Kwale County is divided into different agro-ecological

zones and has moderately hot and dry climate throughout the year.

The average temperature is >23◦C throughout the county with

areas along the coast generally above 25◦C annually. There has been

significant changes and variations in climatic conditions over the past

years in the county, affecting agricultural production and livelihoods

in most Counties in the coastal region of Kenya.

Sampling procedure and farmer interviews

The baseline survey to assess farmers’ awareness, perceptions

and management of cassava brown steak disease was conducted
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in Kilifi and Taita Taveta counties between the months of May–

July in 2018. The study employed three stage sampling design

targeting Kilifi and Taita Taveta due to their different agroecological

zones as well as different farming patterns with the sub-counties as

the administrative units. The interviewed farmers were purposively

sampled focusing on those who cultivated cassava. The sample size

was calculated following a formula adapted from Krejcie and Daryle

(1970). The sample size used in this study was also based on other

related studies (Tirra et al., 2019). Smallholder farmers were selected

for each county through a stratified random sampling whereby a

stratum was cassava farmers with at least cassava crop at the time of

the survey.

A semi-structured questionnaire was administered to the

respondents through face-to face interviews. The information

captured included socioeconomic characteristics such as age, gender,

level of education as well as household size. Data was also collected on

the cassava varieties grown in the area in the order of preference, the

acreage, the sources of cassava planting materials, general challenges

faced by the farmers, whether the farmer had received information

on cassava and the sources of the information. A total of 250

cassava farmers were chosen at random, 125 from each of the two

counties (Kilifi and Taita-Taveta). Colored photographs showing

CBSD symptoms on leaves, roots and stem as well as on different

pests and symptoms of pest infestation were shown to the farmers

to determine their ability to recognize the disease symptoms and

the farmers’ knowledge and perceptions on the cause of the disease,

spread and management.

County Agricultural extension officers who had clear information

about the study sites identified the farmers or farmer groups

interviewed. Prior to the baseline survey, the questionnaire had

been pre-tested on a small group of farmers during Focus Group

Discussions and adjustments were made to ensure the content

was clear and valid. Data was captured in the questionnaires and

recorded for analysis using SPSS and Microsoft Excel. Field visits

were undertaken for incidence and severity assessment and sample

collection for laboratory confirmation of its causal viruses. A total

of 250 respondents were interviewed in the two counties of Kilifi

and Taita-Taveta.

Surveys of CBSD disease incidence severity
and distribution

During the survey, semi-structured interviews were followed by

fields’ visits to assess the disease incidence, severity and distribution.

The sampled farmswere selected at regular intervals of 5–10 km along

motorable roads. Once in the field, the farm was assessed in an “X”-

shaped transect sampling pattern for assessment of foliar symptoms

for incidence and severity of cassava brown streak disease. Thirty

cassava plants per farm along the diagonals of the “X” transect were

selected for assessment of presence or absence of CBSD symptoms.

The targeted symptoms ranged from slight leaf feathery chlorotic

blotches along the margins of veins to severe chlorosis on leaves and

stem lesions.Where possible, cassava plants showing foliar symptoms

were uprooted for assessment of any root necrosis. Disease severity

was recorded using a scale of 1–5 according to Gondwe et al. (2003),

where; 1 = no apparent symptoms; 2 = slight leaf feathery chlorosis

with no stem lesions; 3 = pronounced leaf feathery chlorosis, mild

stem lesions and no dieback; 4= severe leaf feathery chlorosis, severe

stem lesions and no dieback; and 5= defoliation, severe stem lesions

and dieback.

Incidence of the CBSD was recorded as the percentage of plants

showing CBSD symptoms to the total number of plants inspected

in the field using a scoring scale adopted from Nono-Womdim

et al. (1996) where; 1%−20% was rated as low incidence, 21%−49%

as moderate incidence and 50%−100% as high incidence. The

information on incidence, severity scores, the name of the cultivars,

size of the farm, the crop intercropped where necessary as well as any

insect vectors observed was captured using Online Data Kit (ODK)

software on a smart phone as per a preset questionnaire already

input in the Application software. Photographs of samples showing

symptoms as well as asymptomatic samples were taken in the farms

visited. GPS coordinates for the farms were also recorded as part of

the data filled in the ODK online Collect application.

Sample collection for molecular diagnosis of
CBSD

In every cassava farm visited, leaf samples with viral symptoms

where possible were collected for laboratory analysis to confirm the

presence of CBSD infection. Sampling for the cassava leaf materials

for disease diagnosis in the fields incorporated Kwale County due

to its significance in cassava production in coastal region of Kenya.

Leaf samples with feathery chlorosis, typical of cassava brown streak

disease viral symptoms were collected. Where possible, the roots

were harvested to check for any necrotic lesions. Clear labeling

of the sample details was indicated per each sample collected. A

total of 256 leaf samples (100 symptomatic and 156 asymptomatic)

were collected in the three counties (Kwale, Kilifi, and Taita-Taveta).

The leaf samples were pressed in between sheets of newsprint (in

herbarium press) and shipped to the laboratory for analysis.

Total RNA extraction from cassava leaves

Cassava leaf samples previously collected in herbarium press were

kept at room temperature until sufficiently dry for RNA extraction.

Cetyltrimethyl ammonium bromide (CTAB)method for total nucleic

acid extraction as described by Xu et al. (2010) and modified from

Lodhi et al. (1994) was used for RNA extraction from the dried

leaf samples. One hundred milligram of each of the cassava leaf

samples were ground in 2ml of CTAB extraction buffer (pre-heated

at 65◦C). Eight hundred microliter of the liquid sap was transferred

into a micro tube and incubated for 30min at 65◦C with mixing by

inversion after every 10min. The tubes were left to stand at room

temperature for 10min. Eight hundred microliter chloroform was

added to each tube followed by gentle voltexing.

The samples were centrifuged for 10min at 13,000 rpm at 4
◦C. The upper aqueous phase was transferred into a clean 1.5ml

microfuge-tube placed on ice. Chloroform: isoamyl-alcohol (24:1;

650 µl) was added vortexed and centrifuged at 13,000 rpm at 4◦C for

10min. Five hundred microliters of the supernatant was transferred

to another clean tube and 0.7 volume of cold isopropanol (pre-

stored at −20◦C) added and inverted gently for 1min. The RNA

was precipitated at −20◦C for 15min. Centrifuging at 13,000 r.p.m

Frontiers in Sustainable FoodSystems 03 frontiersin.org

https://doi.org/10.3389/fsufs.2022.1015315
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Munguti et al. 10.3389/fsufs.2022.1015315

for 10min, 4◦C followed and the isopropanol was decanted. Five

hundred microliters of 70% ethanol was added and washed by

tapping the tubes. This was followed by centrifuging at 16,000 r.p.m

for 1min at 4◦C. Excess ethanol was decanted and the pellet dried for

15min under a clean fume hood.

The pellet was re-suspended in 50 µl RNAse-free water.

Genomic DNA contamination was removed by digestion with

DNAse 1 from Quick-RNA Plant Miniprep Kit (Catalog No.

R2024) following the manufacturer’s instructions. The quantity

and concentration of the RNA extracted from the cassava leave

samples was estimated using NanodropONE (Thermo Scientific,

Wilmington, DE, USA). These measurements were based on the

optical density (OD) readings ratio at 260 and 280 nm. Samples

with the ration of 2 and above were selected. The integrity

of RNA was also assessed using 1% denaturing agarose gel

electrophoresis. The gels were visualized under UV-transiluminator

(Azure biosystems (C200). The RNA was stored at −80◦C awaiting

further downstream analysis.

Synthesis of cDNA and RT-PCR

Complementary DNA synthesis was carried out using CBSV and

UCBSV-specific primers. Briefly, Complementary DNA synthesis was

carried out in 20 µl reactions containing 2 µl total RNA, 1×M-MLV

reaction buffer (Promega, WI, USA), 0.5mM each dNTP, 0.5µM

oligo (dT) primer, 0.5µM random N primer and 200 units M-MLV

reverse transcriptase (Promega). A mixture of RNA and primer was

heated to 70◦C for 5min then placed on ice, after which the remaining

components were added and the reactions incubated at 25◦C for

5Min, 42◦C for 60min and finally at 80◦C for 3 min.

Reverse transcription polymerase chain reaction (RT-PCR)

was carried out using the protocol described by Winter et al.

(2010). This was done to detect the viruses in the samples

using the specific primers to distinguish the two strains namely

(CBSV; Forward primer; 5
′

GTACGTGCCTCCATCACAT3
′

,

Reverse primer 5
′

CTCAACAGCTCTCCACGATTT3
′

amplifying

a 493 base pair region and for (UCBSV; Forward primer

5
′

AACAGACATACGTGTGCAT3
′

with Reverse primer

5
′

ATTTCCAGGTTCCTTTGTCACT3
′

with expected band

size of 176 base pair targeting the coat protein region.

The cycling conditions were initial denaturation at 95◦C for

3min followed by 35 cycles of 30 s at 95◦C, 60 s at 53◦C and

60 s at 72◦C and a final extension step of 72◦C for 10min. The

PCR amplifications were done in an Applied Biosystems 9700

thermocycler (Applied Biosystems, Foster City, CA, USA). The PCR

products were electrophoresed in 1.5% agarose gel pre-stained with

Gel red (Biotium Hayward, CA, and USA) in a 1× TAE buffer. A

DNA ladder (ThermoFisher Scientific) was added to estimate the

expected amplicon size. Positive and negative controls were included

in every assay. Visualization of electrophoresed products was done

under C280 gel doc (Azure Biosytems).

Data analysis

Data on baseline survey collected from the farmer interviews

were encoded and analyzed using Statistical Package for Social

Sciences version 20.0 statistical software (SPSS, Inc. 2011). Statistics

(frequencies, percentages and means) were used to generate

summaries and tables per the counties. The significance level was

set at p = 0.05 and means separated using least significant difference

(LSD). The data was summarized using cross tabulations. The

bivariate Pearson correlation was done to show the strength and

direction (i.e., positive/negative) of linear relationship between

the socio-economic factors (i.e., age, farm size education and

sex) and CBSD awareness in the different counties surveyed.

The information was analyzed using descriptive statistics and

presented in tables and bar graphs. Disease severity data was

analyzed by computing the percentages of samples testing

positive to CBSV, UCBSV (%) and a combination of both CBSV

and UCBSV.

Results

Socio-demographic and farm characteristics
of the surveyed farmers (respondents)

Of the 250 cassava farmers surveyed, 133 (53.4%) were females

and 117 (46.6%) were males (Table 1). The gender of the farmers

surveyed varied significantly (p < 0.001) between females and

males. Kilifi County recorded significantly (p < 0.001) higher female

(66.9%) respondents compared to male (33.1%), whereas in Taita-

Taveta County, the female respondents (60%) were significantly

higher than male respondents (40%). Majority (43%) of the farmers

were between 36 and 50 years of age. About one out of five

(20.8%) of the farmers had no formal education. Among the

respondents with formal schooling were at various education levels:

53.6, 20.4, and 5.2% at the primary, secondary and college levels,

respectively. Majority of the respondents were small-scale farmers as

evidenced with farm size ranging from 2 to 5 ha as per information

received from 48% of respondents. On average, the size of the farm

under cassava production ranged from 0.5 to 1 ha as per 39.2%

of respondents.

Constraints to cassava production in
surveyed sites of coastal Kenya

Farmers gave their opinion on constraints affecting cassava

production including inadequate clean planting material, pests and

diseases, drought, low market price among others (Table 2). The

opinions significantly varied across the two Counties. The highest

ranked constraint to cassava production as reported in the two

counties was pests and diseases, followed by drought and inadequate

planting material. Overall, pests and diseases were reported by 67.2%

of the farmers in both counties with Taita Taveta County having

77.6 % of respondents and Kilifi 56.7% of the respondents. Drought

was a significant constraint in Kilifi County (51%) than in Taita-

Taveta County (44%). The third ranked constraint to cassava was

inadequate planting material reported by 49.4% of respondents in

the two Counties. Other challenges reported by smallholder farmers

in order of importance were low market price, wild animals, theft,

perishability of cassava and floods (Table 2).
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TABLE 1 Characteristics of the respondents (farmers surveyed; n = 250) in Kilifi and Taita Taveta counties.

County Mean
(n = 250)

Chi-square (p-value)

Kilifi
(n = 125)

Taita Taveta
(n = 125)

χ
2

Gender (%) Female 66.9 40.0 53.4 18.15 (0.001)∗∗∗

Male 33.1 60.0 46.6

Age of the farmers (%) <35 24.0 14.4 19.2 5.593 (0.133)ns

36–50 39.2 48.0 43.6

51–60 11.2 16.0 13.2

>60 25.6 21.6 23.6

Gender of the head of the household (%) Female 20.0 16.0 18.0 0.678 (0.410)ns

Male 80.0 84.0 82.0

Level of education (%) None 32.8 8.8 20.8 29.053 (0.001)∗∗∗

Primary 46.4 60.8 53.6

Secondary 20.0 20.8 20.4

Tertiary 0.8 9.6 5.2

Occupation Formal employment 0.0 0.0 0.0 8.988 (0.061)ns

Casual employment 2.4 0.8 1.6

Business person 16.1 8.0 12.0

Student 0.8 0.0 0.4

Full farmer 97.6 100.0 98.8

Farm size (%) <2 ha 36.3 37.1 36.7 0.165 (0.983)ns

2–5 ha 48.4 47.6 48.0

6–15 ha 12.1 11.3 11.7

>15 ha 3.2 4.0 3.6

Area of farm land under cassava <0.5 ha 8.0 8.8 8.4 0.252 (0.969)ns

>0.5–1 ha 39.2 39.2 39.2

>1–2 ha 25.6 23.2 24.4

>2 ha 27.2 28.8 28.0

Statistically significant at ∗∗∗P < 0.001.

ns, not significant.

Sources of information on cassava

The major sources of information mentioned by farmers during

the interview were from extension staff, research organizations and

from fellow farmers (Table 3). The information on cassava obtained

from these sources include planting material, new cassava varieties,

general crop husbandry issues, pest and disease management,

marketing and cassava utilization and processing. On average, the

major sources of information were obtained from extension officers

followed by research organizations. The information on cassava

pests and diseases management obtained from extension staff was

significantly (p < 0.001) higher than from other farmers and

research organizations. The information mostly sought by farmers

in the two Counties was on crop husbandry as reported by 82.8%

of the respondents, followed by information on new varieties,

marketing, pests and disease management, planting material and

cassava utilization as reported by 70.6, 70.4, 59.5, 56.8, and 42.6%,

respectively (Table 3).

Farmers’ knowledge, perceptions of spread,
causes and management practices of CBSD

Majority of the of the surveyed farmers (86.8%; Table 4) in

both Counties were able to recognize cassava brown streak disease

based on observation of CBSD symptoms on colored photographs

presented to them. However, significantly higher farmers (96.6%)

could recognize CBSD symptoms on the roots (root necrotic lesions),

only 11.5% of them were able to recognize the foliar symptoms of

CBSD (Table 4). Farmers had various perceptions about the possible

causes of CBSD on cassava. Approximately 29 and 27% of the

respondents reported poor soils and heavy rains, respectively, to

be associated with the disease. About one out of five (20%) of

the interviewed smallholder farmers did not know the cause of

CBSD. Farmers also perceived and associated other factors including

poor weather, insect vectors and over maturity at 14, 14, and 12%,

respectively, to be responsible for CBSD (Table 4). Only 7.5% of the

farmers associated the disease with planting material.
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TABLE 2 Challenges facing cassava production in Kilifi and Taita Taveta

Counties.

Challenges County Mean Chi-square
(p-value)

Kilifi Taita
Taveta

χ
2

Drought challenge 76.8 44.0 61.0 73.202 (0.001)∗∗∗

Floods 10.4 6.9 8.7

Inadequate planting

materials

63.2 34.5 49.4

Pest and diseases 57.6 77.6 67.2

Low market prices 24.0 12.1 18.3

No standardized measure

of produce when selling

2.4 1.7 2.1

Perishability 11.2 5.2 8.3

Wild animals destruction 8.8 15.5 12.0

High cyanide levels 0.8 0.0 0.4

Theft 8.8 14.7 11.6

Statistically significant at ∗∗∗P < 0.001.

Farmers reported to apply different management options for

the control of cassava brown streak disease in the two Counties.

Rogueing and destroying of the infected plants was reported by the

respondents as the most commonly applied management practice

(77.8%), with Kilifi and Taita Taveta Counties having 74.4 and 90.9%,

respectively. Use of clean planting material was reported by 22.2% of

the respondents as a management option for CBSD. A minority of

farmers reported vector management and early planting as a method

used for management of CBSD with 9.3 and 3.7% of respondents,

respectively (Table 4). Use of resistant varieties as a management

option for CBSD was reported by 16.7% of the respondents. Most

of the farmers (55.4%) associated long rain season with high CBSD

incidences, followed by short rain season (42.6%). Dry season was

least associated with CBSD as reported by 22.1% of the respondents

on from the two Counties. Farmers reported to have had experienced

CBSD symptoms in their farms earlier than 2016 and reported to have

experienced the disease in all the subsequent years (Table 4).

The bivariate Pearson correlation was done to show the strength

and direction (i.e., positive/negative) of linear relationship between

the socio-economic factors (i.e., age, farm size education and sex) and

CBSD awareness in the different counties surveyed. Results indicated

a positive correlation between the CBSD awareness and the farm size

(0.018), whereas there was a negative correlation between awareness

of CBSD with other factors including gender (−0.029) and the level

of education (−0.083; Table 5).

Sources of cassava planting material in Kilifi
and Taita Taveta counties

On average 82.5% of farmers in the two Counties reported to

recycle their own cassava cuttings from previous crop as the source

of planting material. This was as reported by 88.6 and 76.4% of

the respondents from Taita-Taveta and Kilifi Counties, respectively

(Figure 1A). Borrowing or exchanging cassava planting material

with neighbors or from one farmer to another or from one region

to another was reported to be practiced by 67.5% of farmers on

average in both Counties. On average, 11 and 5.3% of interviewed

farmers in both Counties reported to source planting material from

research centers (KALRO) and purchase of cuttings from the market,

respectively. On the frequency of sourcing for planting material,

majority of respondent farmers (61.1%), followed by 36.5% who

sourced after more than one season and by 2.45% of respondents who

reported to source for planting material every season (Figure 1B).

Farmers reported experience of pests on planting materials based

on the colored pest cards that were presented to them. Majority of

farmers (85.5%) reported whiteflies as the major pests observed on

cassava planting materials with 94.2% in Kilifi County and 77.5%

in Taita-Taveta County (Figure 1C). Mealybugs were reported as

the second most abundant pest observed on cassava by 78.8% of

respondents withmajority of the farmers (82.5%) observing the insect

pest on plantingmaterial in Kilifi County than in Taita-Taveta County

which had 75% of the respondents reporting the insect pest. Other

pests and diseases mentioned were scale insects as well as mites.

Use of host plant resistance to control
cassava brown streak disease

Based on the survey data, farmers in the two Counties

cultivate different cassava cultivars in the same field. These varieties

include Kibandameno, Tajirika, Kaleso, and Girikacha among others

(Supplementary Table 1). The variety Kibandameno was the most

popular as reported by 36.8 and 34.2% of the interviewed farmers

in Taita-Taveta and Kilifi Counties, respectively. On average, 69% of

farmers in the two counties believed that CBSD does not affect all

cassava cultivars while 31% of them believed that the disease affects

all the cultivars cultivated. On variety susceptibility, 84.8% of the

farmers reported Kibandameno as the most highly affected variety

by CBSD while Tajirika was stated by 64.5% as the least affected

variety by CBSD. Only 6.5% of farmers from both counties rated

Kibandameno as least affected by CBSD. Farmers in both Kilifi and

Taita Taveta Counties preferred Kibandameno variety due to its good

taste, cooking ability and availability of cuttings while Tajirika variety

was preferred due to its high yielding and disease tolerant traits

(Supplementary Table 2).

Incidence, severity of observed symptoms
and distribution of CBSD in coastal Kenya

During the survey, most commonly observed cassava brown

streak disease symptoms in the fields were severe chlorosis on

leaves (Figures 2A, B) and slight leaf feathery chlorotic blotches

along the margins of veins (Figure 2C) and stem lesions (Figure 2D).

Where possible, plants with foliar symptoms were uprooted and

necrosis manifesting as brown lesions were observed on the roots

(Figures 2E, F).

The average field incidence of CBSD ranged from low (for Taita

Taveta County, 10.8%) to moderate (for Kilifi and Kwale Counties

with 27.9 and 24.7%, respectively). The symptom severity scores

recorded in the fields were 2 (slight leaf feathery chlorosis with

no stem lesions) and 3 (pronounced leaf feathery chlorosis, mild
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TABLE 3 Sources of information on cassava production.

Source of information County Mean Chi-square

(p-value) χ
2

Kilifi Taita Taveta

Planting materials Extension staff 58.8 33.3 56.8 3.34 (0.648)ns

From other farmers 2.9 0.0 2.7

Research organizations 20.6 66.7 24.3

Extension+ other farmers+ research organizations 8.8 0.0 8.1

Extension+ research organizations 5.9 0.0 5.4

Extension+ other farmers 2.9 0.0 2.7

New varieties Extension staff 70.2 75.0 70.6 0.502 (0.973)ns

Research organizations 19.1 25.0 19.6

Extension+ other farmers+ research organizations 6.4 0.0 5.9

Extension+ research organizations 2.1 0.0 2.0

Extension+ other farmers 2.1 0.0 2.0

Crop husbandry Extension staff 84.9 60.0 82.8 7.064 (0.133)ns

Research organizations 5.7 40.0 8.6

Extension+ other farmers+ research organizations 5.7 0.0 5.2

Extension+ research organizations 1.9 0.0 1.7

Extension+ other farmers 1.9 0.0 1.7

Pests and disease management Extension staff 66.7 0.0 59.5 13.953 (0.007)∗∗

Research organizations 15.2 100.0 24.3

Extension+ other farmers+ research organizations 9.1 0.0 8.1

Extension+ research organizations 6.1 0.0 5.4

Extension+ other farmers 3.0 0.0 2.7

Marketing Extension staff 73.9 50.0 70.4 4.896 (0.429)ns

Media (radio, newspaper, TV) 4.3 0.0 3.7

Research organizations 8.7 50.0 14.8

Extension+ other farmers+ research organizations 4.3 0.0 3.7

Extension+ research organizations 4.3 0.0 3.7

Extension+ other farmers 4.3 0.0 3.7

Utilization and processing Extension staff 52.2 0.0 46.2 4.625 (0.328)ns

Research organizations 34.8 100.0 42.3

Extension+ other farmers+ research organizations 4.3 0.0 3.8

Extension+ research organizations 4.3 0.0 3.8

Extension+ other farmers 4.3 0.0 3.8

Statistically significant at ∗∗P < 0.05.

ns, not significant.

stem lesions and no dieback). Based on the cassava varietal effects,

different cassava varieties grown by farmers had significant different

levels of reaction to CBSD. For instance, the highest foliar incidence

(40%) and severity (3.13) was recorded in Kibandameno variety,

followed by landraces with incidence and severity of 16.38% and

1.97, respectively. Tajirika variety recorded the lowest CBSD foliar

incidence and severity (1.80; Table 6).

Results from RT-PCR analysis indicated that 91% of the

symptomatic samples tested positive for either of the two viruses

(UCBSV and CBSV) either occurring singly or as dual infections.

Amplicons of expected band sizes of 493 and 176 base pairs

for UCBSV and CBSV, respectively were obtained (Figure 2G).

Approximately 3.2% of the samples that were asymptomatic tested

positive for only CBSV. Themost predominant virus basedmolecular

analysis was CBSV (59%) which was detected in all the Counties

(Kilifi, Kwale and Taita Taveta) followed by UCBSV (54.2%). On

average, co-infection by both CBSV and UCBSV was low at 8.4% and

was detected in Kilifi and Kwale Counties (Table 7).

The distribution of the two viruses (UCBSV and CBSV)

causing CBSD in the surveyed Counties of coastal region is
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TABLE 4 Farmers’ knowledge of CBSD, perceptions of spread, season of

appearance, causes and management practices of CBSD.

Variable Kilifi
(n = 125)

Taita
Taveta

(n = 125)

Mean
(n = 125)

Chi-
square
(p-value)

χ
2 value

Knowledge of CBSD (%)

Farmers’ with

knowledge of

CBSD

93.6 80.0 86.8 10.089

(0.001)∗∗∗

Part of plant infected with CBSD (%)

Leaves 17.1 5.2 11.5

Roots 95.5 97.9 96.6

Years when first experienced CBSD

2018 8.3 1.0 4.9 7.542 (0.056)ns

2017 12.0 14.4 13.2

2016 9.3 5.2 7.3

Early than 2016 70.4 79.4 74.6

Perceived season when high CBSD incidence is experienced

Long rains 54.2 56.7 55.4 10.515 (0.033)∗

Short rains 41.1 44.3 42.6

Both rains 13.1 28.9 20.6

Dry season 17.8 26.8 22.1

Perceived causes of CBSD (%)

Planting

material

11.2 3.1 7.5 19.414 (0.022)∗

Soil 28.4 29.6 29.0

Poor weather 17.2 11.2 14.5

Insect vectors 16.4 11.2 14.0

Gods vengeance 0.9 0.0 0.5

Heavy rains 27.6 27.6 27.6

Over maturity

in the soil

12.9 11.2 12.1

Partial

harvesting

2.6 14.3 7.9

Cannot tell the

cause

18.1 22.4 20.1

Methods used to manage CBSD (%)

Resistant

varieties

20.9 0.0 16.7 10.132 (0.181)ns

Spraying

chemicals

14.0 36.4 18.5

Rogueing and

destroying

74.4 90.9 77.8

Clean planting

materials

23.3 18.2 22.2

Vector

management

9.3 0.0 7.4

Crop rotation 7.0 18.2 9.3

Early planting 4.7 0.0 3.7

Statistically significant at ∗P < 0.10; ∗∗∗P < 0.001.

ns, not significant.

TABLE 5 Analysis of association between farmers’ awareness on levels of

CBSD and socio-economic factors.

Aware
of

CBSD

Sex of the
head of
the

household

Age of the
respondent

Level
of the
farm
size

Sex of the head

of the

household

−0.029

0.649

250

Age of the

respondent

−0.070 −0.176∗∗

0.270 0.005

250 250

Level of the

farm size

0.018 0.070 0.129∗

0.781 0.269 0.041

250 250 250

Level of

education

attained

−0.083 0.247∗∗ 0.000 −0.007

0.189 0.000 0.995 0.912

250 250 250 250

∗p < 0.05 and ∗∗p < 0.01.

presented in Figure 3. The presence of Ugandan cassava brown streak

virus (UCBSV) in the three Counties was predominant in Kilifi

(58.8%), followed by Kwale (46.6%) and Taita-Taveta (5.26%). In

Taita Taveta County, CBSV was the most prevalent virus detected in

three of the four sub-counties and the highest number of samples

testing positive was in Taveta sub-County (40.54%) followed by

Mwatate (13.51%) and Voi (6.25%) sub-Counties. All the 31 samples

collected in Wundanyi sub-county in Taita-Taveta County tested

negative for both CBSV and UCBSV. Only one sample tested positive

for UCBSV in Taita Taveta County and this was in Taveta sub-County

near the border of Kenya and Tanzania. There was no co-infection

of CBSV and UCBSV recorded in Taita Taveta County based on

RT-PCR analysis.

The two viruses (UCBSV and CBSV) were detected and found

both as single infections and as co-infections in Kwale County

(Figure 3). CBSV was most prevalent in the County as found in

56.6% of the leaf samples while UCBSV was 46.6% and the two

viruses were present in all the four sub-counties in Kwale County.

Dual infection was found 16.6% of the samples in the County and

was detected two sub-Counties namely Matuga and Msambweni.

In terms of distribution of the disease incidence in Kwale County,

Msambweni sub-County had the highest CBSD incidence (73.68%),

followed by Matuga sub-County (64.28%), Kinango (30%) and

Lungalunga (10%) sub-Counties and this incidence was based on

RT-PCR analysis.

Kilifi County had the highest incidence of CBSD in the coastal

Kenya. In terms of the distribution of viruses causing CBSD, UCBSV

was dominant (58.8%), which was detected in all the four sub-

Counties (Kilifi North, Kilifi South, Kaloleni, andMalindi) and CBSV
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FIGURE 1

Farmers knowledge on: (A) sources of cassava planting material, (B) frequency of sourcing cassava planting material, and (C) presence of pests on

cassava planting material in Kilifi and Taita-Taveta Counties.

(32%) was detected in all the sub-Counties except Kaloleni sub-

County. Dual infection (5.8%) was only detected in Kilifi south

sub-County based on the samples analyzed.

Discussion

The current study assessed smallholder farmers’ awareness on

cassava brown streak virus disease (CBSD) and the distribution

of the disease in coastal Kenya. Findings on socio-demographic

characteristics of the 250 surveyed smallholder farmers in both Kilifi

and Taita-Taveta Counties revealed more female respondents than

male. This shows that they are significant in agricultural development

in Coastal Kenya. Many smallholder cassava farmers were organized

in groups most of which were women groups and this contributed

to the significant number of women carrying out cassava farming

activities. The findings from the current study are similar to those

reported by Mwango’mbe et al. (2013), Diiro et al. (2018), and Sell

and Minot (2018). Majority of the respondents (43%) were adults

aged between 36 and 50 years and majority of them having attained

primary school level. Educated farmers have the ability to interpret

and respond to new information on uptake of technologies and

knowledge on the management and control of CBSD by the larger

population and can play a positive role in reducing the impact of the

disease in the region. Most of the farmers in the area under study

had farm sizes of ranging from 2 to 5 ha, indicating that majority

of the respondents were small-scale farmers. The area under cassava

production on average was ranging from 0.5 to 1 ha as reported by

39.2% of respondents and this in agreement with previous reports by

Chikoti et al. (2016) and Kidasi et al. (2021). Therefore, for farmers

to realize the benefits of high cassava productivity and utilization

potential, there is need to promote large-scale cultivation of cassava

in many cassava-growing regions (Shirima et al., 2019).

The findings from this study identified the major challenges

that affect cassava production and productivity including inadequate

clean planting material, pests and diseases, drought, low market price

among other factors, similar to previous studies in major cassava-

growing regions in Kenya (Kathurima et al., 2016; Chege et al., 2017;

Tirra et al., 2019; Livoi et al., 2021; Onyango et al., 2021). Pests

and diseases especially viral diseases were mentioned as a serious

constraint whose effects led to the unavailability of clean planting

material. Majority of farmers (85.5%) mentioned whiteflies as the
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FIGURE 2

Symptoms of cassava brown streak disease (CBSD) observed in the field during the surveys in coastal region in Kenya and RT-PCR analysis from

representative samples that amplified for CBSV, UCBSV and dual infection. The observed foliar symptoms include severe chlorosis on leaves (A, B),

feathery vein chlorosis (C). A�ected plants may also show brown streaks on stems (D) and root necrosis (E, F). A gel image of PCR products (G); sample

3A, 1A, and W3A represents samples that amplified for CBSV at 176 bp of coat protein region; samples 11A and 26A represents positive samples for

UCBSV at 493 bp while samples 206 and 199 represent positive samples for both CBSV and UCBSV indicating dual infection. L; indicates 50 bp Ladder, NT

indicates no-template (negative control), +ve indicates a positive control.

TABLE 6 Incidence and severity of CBSD in Kwale, Kilifi and Taita Taveta Counties of coastal Kenya.

County Sub-county Altitude
(M asl)

No. of
fields

CBSD foliar
incidence (%)

CBSD
mean

severity

Frequency of severity score (%)

1 2 3 4 5

Kilifi Kaloleni 210.4 20 40 3.00± 0.00 87.5 0 12.5 0 0

Kilifi south 26.7 7 37.77 2.81± 0.23 35.29 23.52 39.41 11.7 0

Kilifi North 20.1 19 30.55 2.40± 0.13 65.11 20.93 13.95 0 0

Malindi 28 7 31.25 2.20± 0.25 66.66 25 8.33 0 0

Taita Taveta Wundanyi 1,146.9 17 0 1.00± 0.00 100 0 0 0 0

Taveta 726.6 21 23.57 2.00± 0.00 72.97 27.03 0 0 0

Mwatate 870.0 18 20 2.00± 0.00 86.48 13.51 0 0 0

Voi 652.6 13 0 1.00± 0.00 94.12 0 5.88 0 0

Kwale Msambweni 23.1 6 20.65 2.30± 0.15 47.36 36.84 15.78 0 0

Lunga lunga 76.7 10 25 2.00± 0.00 90 10 0 0 0

Matuga 22.4 7 38.25 2.61± 0.14 53.57 17.85 28.27 0 0

Kinango 290.2 7 15 2.33± 0.33 70 20 10 0 0
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TABLE 7 Cassava leaf samples analyzed for the presence of cassava brown streak viruses by RT-PCR.

County Sub-county Symptomatic leaves Asymptomatic leaves

No. of
samples
tested

+ve
CBSV

+ve
UCBSV

+ve BSV
and UCBSV

No. of
samples
tested

+ve
CBSV

+ve
UCBSV

+ve CBSV
and UCBSV

Kilifi Kaloleni 6 0 6 0 41 0 0 0

Kilifi South 11 7 4 2 6 0 0 0

Kilifi North 13 4 9 0 6 1 0 0

Malindi 4 3 1 0 8 0 0 0

Taita Taveta Wundanyi 0 0 0 0 31 0 0 0

Taveta 14 13 1 0 23 1 0 0

Mwatate 5 5 0 0 32 0 0 0

Voi 0 0 0 0 16 1 0 0

Kwale Msambweni 10 7 3 2 9 2 0 0

Lungalunga 3 2 1 0 27 0 0 0

Matuga 14 6 9 3 14 0 0 0

Kinango 3 2 1 0 7 0 0 0

83 49 35 7 156 5

+ve refers to samples testing positive for CBSV, UCBSV or both.

FIGURE 3

Distribution of cassava brown streak viruses mapped based on 153 cassava fields surveyed in Kilifi, Kwale and Taita Taveta counties of coastal region in

Kenya.

major pests observed on cassava farms with 94.2% and 77.5% in

Kilifi and Taita Taveta Counties, respectively, in coastal Kenya. The

whitefly (Bemisia tabaci) has been reported to transmit viruses that

cause the devastating cassava brown streak disease (Maruthi et al.,

2005; Legg et al., 2014). Munguti et al. (2021) reported increased

diversity of whitefly species from cassava farms at the coastal region

of Kenya including the Bemisia tabaci haplotypes. Future studies

need to investigate the possible link of the increasingly reported
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diverse whitefly species and the continued spread of CBSD in the

coastal region of Kenya. Mealybugs were reported as the second

most abundant pest observed on cassava farms. Similarly, papaya

mealybugs (ParacoccusmarginatusWilliams) has been reported along

the coastal belts of Kenya especially in Kwale, Kilifi, Mombasa, and

Taita-Taveta counties on papaya, cassava, chili pepper, amaranth,

coconut, and other fruits, ornamental plants and weeds (Macharia

et al., 2017).Mealy bugs have been reported as vectors ofmany species

of viruses (Selvarajan et al., 2016) including the recently identified

novel amplelovirus infecting cassava in Central Africa and South

West Indian Ocean islands (Kwibuka et al., 2021). Future studies

therefore recommend investigative studies on the possible role played

by the mealybug species observed on cassava in the coastal region of

Kenya in the spread of CBSD during their feeding patterns on cassava.

Although the findings in the current study demonstrated that

majority of the farmers (96.6%) in Kilifi and Taita Taveta Counties

could recognize CBSD symptoms on the roots (root necrotic lesions),

only 11.5%were aware and could correctly recognize foliar symptoms

of the disease. Similar findings were reported in by Legg et al. (2011)

and Chipeta et al. (2016). Farm management practices including

regouing of diseased plants is a practice by many famers. However,

the inability to recognize CBSD foliar or symptoms which are often

subtle and in some cases asymptomatic infections based on many

factors including weather conditions and genetic characteristics of

cassava varieties means that farmers continue to exchange or recycle

infected cuttings as planting material. This scenario leads to the

disease easily manifesting in the crop plants in the field until the

harvesting stage and such a time is too late to implement any

management intervention measures by the farmers (Legg et al., 2011,

2014; Tomlinson et al., 2018). The ability to recognize the root

symptoms by majority of the farmers is a demonstration that the

disease is a major problem in the region. There is need to intensify

awareness of the disease among farmers, extension workers on the

disease symptoms, causes, mode of transmission and the available

management options.

Farmers’ perception on causes and management of CBSD

demonstrated that farmers lack accurate information on the cause,

spread and management of the disease. Soils and heavy rains were

reported and perceived to be associated with the disease as reported

by 29 and 27% respondents, respectively. These findings are similar to

reports in Malawi by Chipeta et al. (2016) that indicated that farmers

attributed cassava root necrosis symptoms to poor soil fertility. This

is due to the fact that cassava root necrosis caused by CBSD is often

observed on the roots during harvesting and therefore the possible

association of the disease with poor soils. Farmers also perceived

and associated the CBSD infections with other factors including

poor weather, insect vectors and over maturity at 14, 14, and 12%,

respectively. However, only 7.5% of the farmers associated the disease

with planting material and this is a clear indication that farmers were

not aware that exchange of cassava stem cuttings contributes to the

spread of the disease. The current study therefore puts emphasize on

the need to enhance awareness creation on CBSD, its causes as well

as on control options. Previous studies also emphasized the need for

intensified farmer’s awareness on the cause, spread and management

strategies (Chipeta et al., 2016; Bentley et al., 2017; Munguti et al.,

2018; Kidasi et al., 2021). Rogueing and destroying of infected plants

was reported by the respondents as the most commonly applied

management practice in Kilifi and Taita Taveta Counties, with 74.4

and 90.9%, respectively. However, most of the rogueing was done

at harvesting stage after observing the root symptoms to due to the

challenge of identification of foliar symptoms.

The major source of cassava planting materials as reported by

respondents/farmers in both Kilifi and Taita Taveta Counties was

recycling own cassava cuttings from previous season’s crop and

exchange/borrowing from neighbors. These results demonstrate that

farmers lack knowledge of the importance of clean planting materials

as a critical factor that determines the success of cassava production.

The farmers’ inability to recognize the foliar symptoms coupled

with significant amounts of infections, results to increased risk of

transmission of the disease in their own farms and yield reduction

over time (Legg et al., 2011; Shirima et al., 2019). These practices of

recycling and exchange of cassava cuttings are common inmany parts

of sub-Saharan Africa where cassava is grown (Chipeta et al., 2016;

Munguti et al., 2018; Shirima et al., 2019; Kidasi et al., 2021). These

practices have been reported to be the main source of virus inoculum

in cassava farms within the subsequent crop cycles as per the reports

from previous studies (Mbewe et al., 2015; Maruthi et al., 2017). In

addition, since cassava is a vegetatively propagated crop the quality

of recycled planting material gradually degenerates due to pests and

disease infections, agronomic and other factors (Calvert and Thresh,

2002; Shirima et al., 2019).

The practice of recycling and exchange of cassava cuttings

with neighbors or region is a typical of informal seed system

that is marred with planting material. These planting materials

often consist of mixed cassava varieties, which are low yielding

and highly susceptible to viral diseases including CBSD. The

ideal solution in Kenya is to encourage farmers to plant certified

cassava seeds (stem cuttings). Therefore, there is need to strengthen

cassava seed certification systems using virus-indexed disease-free

starting material and establishment of a sustainable seed system

for multiplication and distribution of disease-free cassava planting

material as a method to mitigate the rapid spread of CBSD (McQuaid

et al., 2016; Maruthi et al., 2017; Munganyinka et al., 2018). Based on

our findings, minority of farmers sourced cassava stem cuttings for

planting from research institutions and purchase from markets. This

could be attributed to unaffordability of the plantingmaterial by most

farmers as well as lack of sufficient quantities of certified seedmaterial

hindering efforts to use certified cassava planting material. There

is need for the promotion and adoption of seed business models

for sustainable supply of disease-free cassava planting material for

farmers (Kilwinger et al., 2021). In addition appropriate incentives

need to be implemented to attract more private investors into cassava

seed production businesses.

The use of host resistance against CBSD might be an effective

method to control this disease. However, the use of host resistance

is also complicated by the qualities of the preferred cassava varieties.

For instance in the coastal region of Kenya, Kibandameno is a

local cassava variety preferred by farmers due high dry matter

and sweetness, however, it is highly susceptible to CBSD and

this possibly explains the high prevalence of the disease in the

region. Similar findings have been reported by Jones (2020) that

most farmer-preferred cassava varieties are highly susceptible to

viral diseases. Farmers rated Tajirika cassava variety as the least

affected by CBSD and other diseases, which explains the CBSD

foliar symptoms on Tajirika variety but the roots were not affected

(showed no root necrosis). However, this can be a source of
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inoculum for accelerated transmission of the viruses to susceptible

cassava cultivars. Therefore, this study shows that the main cassava

cultivars grown in the coastal region of Kenya were infected with

viruses causing CBSD. Use of released, improved and disease-

resistant varieties in order to reduce the losses incurred due

to CBSD is highly encouraged to farmers in the coastal region

of Kenya.

The current study reports wide spread of the two viruses that

cause CBSD in the coastal region of Kenya occurring either singly

or as a co-infection (CBSV + UCBSV). The study revealed that

cassava brown streak virus (CBSV) was the most predominant virus

at incidence of 59% and was detected in all the three Counties

(Kilifi, Kwale, and Taita-Taveta) followed by UCBSV at 54.2%. These

findings are consistent with previous studies by Kathurima and

Ateka (2019), who reported CBSV to be the predominant virus

in the coastal region of Kenya. However, the incidence of CBSV

was significantly lower compared with our study. Multiple viral

infections that result in devastating disease often occur when two

or more unrelated viruses infect a plant simultaneously (Munguti

et al., 2018). Co-infection of the two viruses was recorded in all the

surveyed areas in Kilifi and Kwale Counties except in Taita-Taveta

County. However, our findings reported a lower incidence of co-

infection than previously reported by Kathurima and Ateka (2019).

These findings are contrary to previous studies that had associated

CBSV as restricted to coastal lowlands and UCBSV regarded a

highland epidemic virus (Alicai et al., 2007; Monger et al., 2010;

Winter et al., 2010). Measures need to be put in place to manage

the increasing incidence of CBSV and UCBSV in the coastal region

of Kenya which has continued to impact negatively on cassava

production, productivity and utilization and becoming a threat to

food security. There is need for further investigative studies to

understand the synergistic interactions that occur between CBSV and

UCBSV isolates.

In this study, cassava plants with symptoms indicative of CBSD

showed negative results for the viruses analyzed by RT-PCR. These

symptoms and negative RT-PCR results could possibly be due to

presence of new variants of the virus isolates or the possible lack

of the existing diagnostic assay to accurately detect the viruses or

possible new variants. Similar findings were reported by Shirima et al.

(2022). Inversely, there were cassava plants without CBSD symptoms

which tested positive for CBSV. This implies the difficulty when

establishing control strategies for CBSVs. CBSD foliar symptoms

have been reported to be depended on weather conditions or varietal

characteristics and in many cases the disease remain undetected

on the leaves until the crop is mature and the symptoms noticed

in the roots (Alicai et al., 2007; Ntawuruhunga and Legg, 2007).

This supports the need for a rapid field-based diagnostic tool to

compliment the visual inspection of the diseased planting material

especially during the multiplication stages and seed certification

programs (Shirima et al., 2019).

In all the surveyed regions, only Wundanyi Sub-county-in Taita

Taveta County was found to be free from the viruses based on

symptomatology and negative RT-PCR results. This is an indication

that the sub-County could be a possible preferred area for setting

up multiplication sites for disease-free cassava planting materials

for supply to the rest of the other sub-Counties in the coastal

region where CBSD is endemic. Previous study by McQuaid et al.

(2016) also recommended setting up multiplication sites for cassava

planting material in areas of low disease pressure and low vector

population density.

The majority of cassava growers are small-scale farmers and

therefore effective traditional control strategies are critical for the

management and control of cassava brown streak disease. The

currently used methods for management of CBSD include use of

clean planting materials, cultural practices (rouging, eradication of

diseased plants, intercropping) and certification of seeds (Legg at

al., 2015). However, these methods only reduce the virus inoculum

in the field without completely eliminating the disease. Farmers

who reuse stem cuttings from their own fields will not reduce

the effects of the disease as this tends to maintain 30%−50%

of CBSD infection particularly in disease hotspots (Patil et al.,

2015). Limited natural resistance to CBSD has been identified in

a few cassava genotypes and demonstrated for one of the viral

species (UCBSV) causing CBSD (Winter et al., 2010). Furthermore,

continued screening and characterization of cassava germplasm for

responses to CBSD infection is important to identify more genotypes

with CBSD tolerance or resistance traits. Deploying such tolerant

or resistant cultivars can help in the effective control of the disease

spread and reduction in losses associated with it. Since, resistance to

CBSD has not been found in cassava genotypes traditionally grown

by farmers in Africa, therefore there is need for development of

transgenic and gene-editing approaches to reduce the increasing

impact of CBSD.

Conclusion

The study reveals the continued threat to cassava production and

productivity in the coastal region of Kenya due to the continued

spread of cassava brown streak disease. The increased CBSD presence

and spread could be attributed many factors including the inability

of the farmers to recognize the disease thereby contributing to

its dissemination through recycling and exchange of diseased stem

cuttings, or possible genetic variants of the CBSD virus strains among

other factors. Lack of clean cassava planting material in the surveyed

areas contributed to the recycling of cuttings, borrowing or exchange

of infected material among farmers and regions as well as use of

highly susceptible cassava varieties which play a significant role in

the spread of CBSD. The findings points to the need to strengthen

cassava seed certification systems for farmers to reap the benefits

of cassava to address the food security challenges. Our findings

demonstrate that farmers lack sufficient knowledge of the importance

of plant health as a critical factor in the success of cassava production.

There is need to sensitize farmers and enhance awareness on the

spread and management of CBSD. The study also provides a basis

for interventions to control CBSD. Opportunities for establishment

sustainable source of disease-free cassava planting materials through

formalized cassava seed systems involving use of officially released

and improved cassava varieties should be priotized. Therefore, with

the increasing spread of CBSD epidemics, there is need for further

genome characterization of the identified viruses and possible genetic

variants to inform better genome targets for development of markers

for better detection and as well as to inform breeding strategies. There

is need for successive assessments of the CBSD spread in all cassava

growing areas over time and further identify sources of resistance

to CBSD.
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