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Abstract: Cassava mosaic Begomoviruses (CMBs) and 

cassava brown streak viruses (CBSVs) respectively cause 

cassava mosaic disease (CMD) and cassava brown streak 

disease (CBSD). Transmitted by whitefly vector (Bemisia 

tabaci), both diseases significantly inhibit cassava 

production in Kenya. This study examined the prevalence 

and distribution of CMD and CBSD in different agro-

ecological zones (AEZ) of lower Eastern Kenya through a 

multi-stage sampling survey. Sampling involved stopping 

at regular pre-determined intervals of about 15 to 20km 

between farmers’ fields along transect in each zone. Thirty 

plants were randomly sampled along diagonals of each 

field to determine both disease incidences. General results 

revealed 73% CMD and 53% CBSD prevalence in lower 

Eastern Kenya. Specifically, both disease incidences were 

high in LM4 (68% CMD and 26% CBSD), followed by 

UM4 (55% CMD and 19% CBSD) and least in LM5 (30% 

CMD and 8% CBSD). Whitefly (Bemisia tabaci) 

infestation significantly and positively correlated with 

CMD and CBSD incidences further indicating 

considerable contribution of the vector in spreading both 

diseases. Molecular diagnostics performed on leaves of 

randomly selected plants detected ACMV that cause CMD 

and CBSV that causes CBSD. High distribution of CBSD 

and CMD in lower Eastern Kenya as assessed in this study 

could potentially be integrated in future CMD and CBSD 

resistance breeding or virus management programs within 

the region.  
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I. INTRODUCTION  

 

The food crop cassava (Manihot esculenta Crantz) provides a 

cheap source of carbohydrates for over 700 million people 

worldwide particularly in the tropics [1]. The crop is rated 

fourth in importance after rice, maize and wheat in developing 

countries [2]. Annual cassava production is estimated at 

662,405 MT fresh roots against an estimated annual demand 

of 301,200MT dry cassava in Kenya [3]. Cassava production 

is affected by many biotic constrains of which cassava mosaic 

disease (CMD) and cassava brown streak disease (CBSD) are 

of major threats each causing up to 100% economic damage 

on local susceptible cultivars [4].   

  

Cassava mosaic disease is caused by cassava mosaic 

Begomoviruses (CMBs) of family Geminiviridae. Among the 

nine CMB species, African cassava mosaic virus (ACMV), 

East African cassava mosaic virus (EACMV) and East African 

cassava mosaic virus – Uganda variant (EACMV-Ug) are the 

most prevalent in East Africa [5]. Across the tropics, CMD 

cause an estimated loss of over US $ 2.4 billion per annum 

[4]. These losses result from damage to the above ground parts 

characterized by yellow to pale green chlorotic mosaic of 

leaves, commonly accompanied by distortion and cramping. In 

several cases, the CMD infected plant becomes stunted and 

the petioles immediately below the shoot tip may be angled 

downwards and occasionally may become necrotic, shrived 

and abscised [6].   

 

Cassava brown streak disease (CBSD) is caused by two 

distinct virus species; cassava brown streak virus (CBSV) and 

Uganda cassava brown streak virus (UCBSV) belong to genus 

Ipomovirus and family Potyviridae [7-9]. Both viruses are 

commonly referred to as CBSVs [10]. CBSD can cause 

between 70 - 100% yield loss in cassava, attributed to damage 

on above ground parts characterized by leaf chlorosis, and 

stem lesions with complete dieback as well as spoilage of 

roots due to dry corky necrotic rot on the starchy tissues, 

reducing the root size and causing spitting and constriction on 

roots [11-12]. The severity of both diseases depends on the 

host genotypes and is usually more severe on susceptible than 

tolerant or resistant genotypes [13].   

 

According to reference [12], CBSD reduces yields of the most 

sensitive cassava cultivars by 70% as well as induce necrosis 

of roots which render them unpalatable and unmarketable 

while tolerant cultivars are less severely affected with no or 

little effect on the root yield or quality. CMD reduced the 

number of tuberous roots and the root yield by 68% and with 

50% respectively in local Ugandan cultivar, Ebwanateraka, 
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with infected plants giving no root yield in severe infections 

[14]. CBSVs and CMBs interact synergistically in dual 

infection causing severe disease symptoms in local landraces 

[6]. Since the first report [15] CMD and CBSD was known to 

be most prevalent in coastal East Africa below 500m above 

sea level [16]. It was rarely observed above 1000m above sea 

level [17]. Recent reports indicates a wide spread occurrence 

of the two diseases in all cassava growing areas of countries 

including Kenya, Malawi, Mozambique, Tanzania and Uganda 

[18]. Other countries known to occur include Burundi, 

Democratic Republic of Congo, Rwanda and Zambia [19].  

 

Transmission of CMBs and CBSVs from one plant to another 

is reported to occur through propagation of infected cuttings, 

grafting CMBs and or CBSV-free with infected cuttings and 

natural spread [20]. Both CMBs and CBSVs are transmitted 

by the whitefly vector, Bemisia tabaci [21] with other 

arthropods such as Bemisia afer and Aleurodicus dispersus 

also transmitting the viruses in low rates [22]. Transmission 

and distribution of CBSD and CMD in Kenya has been 

reported [22], however, distribution of the two viral diseases 

specifically in agro ecological zones within lower Eastern 

Kenya is unknown. The present survey was thus designed to 

determine prevalence and distribution of CBSD and CMD in 

relation to Bemisia tabaci population in different agro-

ecological zones (AEZs) of lower Eastern Kenya. The AEZs 

were lower midlands 4 (LM4), lower midlands 5 (LM5) and 

upper midlands 4 (UM4).    

II. MATERIALS AND METHODS  

 

A.  Survey Areas  

 

The survey areas where sampling was done were 

systematically sampled according to the available data of 

cassava production, where the disease under study has caused 

serious problems and diversity in terms of AEZs. Multi-stage 

sampling survey was conducted between April and May 2017 

in LM4, UM4 and LM5 to determine the CMD and CBSD 

incidence and prevalence as well as associated whitefly (B. 

tabaci) counts.     

 

B.  Sampling Procedure and Molecular Diagnostics   

 

Sampling was done using procedures described by reference 

[22], following the existing AEZ boundaries that were chosen 

randomly. Farmers in each AEZ were identified using 

systematic sampling. This involved stopping at regular pre-

determined intervals of about 15 to 20 km (to allow for wide 

coverage of the survey area) between farmers’ fields in each 

sampling location. Data was collected on cassava fields or 

farms with 6 to 9 months old plants. This is the preferred 

feeding stage by B. tabaci and when both CBSD and CMD 

symptoms are clearly visible [22]. Plants were selected along 

representative transects of the field at the opposite ends and 

the center of the diagonals of the cassava fields [6]. Sampling 

was conducted by visually inspecting cassava plants for 

presence of typical virus disease symptoms.  

 

The CMD and CBSD incidences were calculated as a 

percentage of symptomatic plants to the total number of plants 

assessed in a field [23]. Qualitative description of both disease 

symptoms were used to score CMD severity [24] and CBSD 

severity [17]. Prevalence was determined as the proportion in 

percentage of production unit (farmer field) in which the 

disease symptoms were observed [22]. A total of 30 plants 

were randomly chosen along the diagonals of each field to 

determine both CMD and CBSD incidence. Leaf and shoot 

severity for both diseases were visually scored based on a 

scale of 1 to 5 where 1 signified no symptoms and 5 indicated 

most severe symptoms including severe mosaic, distortion of 

three-thirds of leaflets, twisted and misshapen leaves for CMD 

[24] and defoliation with pronounced stem lesions and dieback 

for CBSD [17; 25]. Adult whitefly population were manually 

counted and averaged from the top five fully expanded leaves 

of a representative shoot on each of the 30 cassava plants [22; 

23; 26].  

 

Polymerase chain reaction (PCR) and Reverse transcriptase 

PCR (RT-PCR) were respectively applied for detection of 

CMBs and CBSVs. For PCR, genomic DNA was extracted as 

described by reference [27], while for RT-PCR, total RNA 

was first isolated using the modified pine tree method [28-29] 

and then cDNA synthesized from the RNA using Bio-Rad’s 

iScript cDNA Synthesis Kit. Prior to diagnosis, concentration 

and integrity of each DNA and RNA sample was respectively 

confirmed on NanoDrop ND-1000 and 1% agarose 

electrophoresis. Primers for diagnosing CMBs (ACMV & 

EACMV) and CBSVs (CBSV and UCBSV) were sourced 

from literature [30].  

 

C.  Data Analysis    

 

Data on incidences, severity and B. tabaci population were 

subjected to analysis of variance and means between 

populations separated by least significant difference (Lsd) at 

P≤0.05 using SAS software version 9.0. Pearson correlation 

coefficients were also computed using the same software. The 

PCR and RT-PCR conditions were adopted from reference 

[30] and amplicons separated on 1.5% agarose gel 

electrophoresis.   

III. RESULTS  

 

A.  Foliar Symptoms for Cmd and CBSD  

 

Symptoms typical of CBSD were observed on cassava leaves 

including yellow vein banding, expressed mainly on the lower, 

older leaves and chlorosis which occurred along the secondary 

and tertiary veins, giving a feathery appearance (Fig. 1a & b) 
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while CMD symptoms comprised of yellow to pale green 

chlorotic mosaic, stunting growth on the severely affected 

plants and leaf curling (Fig. 1c & d).  Generally, in all cassava 

fields, CMD symptoms were distinct from CBSD symptoms, 

as leaves from CBSD infected plants had little or no distortion. 

Occurrence of spiraling white fly (Aleurodicus dispersus) was 

recorded during the survey (Fig. 1e & f).  

 

B.  Prevalence of CBSD and CMD  

 

The foliar symptoms comprised CMD and CBSD indicating 

the presence of the diseases in different AEZs of lower 

Eastern Kenya. Varied prevalence per agro-ecological zone 

LM4, UM4 and LM5 was observed where LM4 had 73%, 

followed by UM4 at 59% and LM5 37% for CMD, while 

CBSD prevalence of 28%, 22% and 10% was respectively 

recorded in LM4, UM4 and LM5 (Table 1). Analysis indicated 

significant difference (P≤0.05) in CMD prevalence between 

LM4 and LM5 and between UM4 and LM5. Although CMD 

prevalence between LM4 and UM4 did not significantly vary, 

LM4 exhibited relatively higher prevalence at 73% compared 

to 59% of UM4 (Table 1). CBSD prevalence was significantly 

different (P≤0.05) between LM4 (28%) and LM5 (10%) and 

between UM4 (22%) and LM5 (10%) (Table 1).There was no 

significant difference in CBSD prevalence between LM4 

(28%) and UM4 (22%). Generally CMD exhibited higher 

prevalence (~56%) compared to lower (20%) CBSD 

prevalence (Table 1).  

 

C.  Incidence, Severity & Occurrence of B. tabaci in AEZs 

  
CMD and CBSD incidences and severity varied significantly 

(P≤0.05) across AEZs surveyed (Table 2). Generally, CMD, 

CBSD and whitefly population were found to be significantly 

higher (P≤0.05) in LM4, followed UM4 and least in LM5 

(Table 2). Specifically, significant variation (P≤0.05) in CMD 

incidence was noted between LM4 and LM5. For instance, the 

mean CMD incidence recorded in LM4 was 68% with most of 

the farms surveyed recording incidences more than 60% and a 

severity of between 3 and 5 while, LM5 recorded mean CMD 

incidence of 30% with most of the farms recording CMD 

incidence less than 50% and severity of between 2.0 and 3.0 

(Table 2).  

 

 

Fig. 1: Plants showing CBSD and CMD symptoms in the farmers’ field:  Fig. 1a & b: chlorotic spots along the secondary and tertiary 

vein of the leaves of a plant attacked by CBSD. Fig. 1c & d: pale green to yellow mosaic on the leaves of plants infected by CMD. 

Fig. 1e: Spiraling whitefly (Aleurodicus dispersus) underside the leaf of a cassava plant and Fig. 1f: white spiral mark showing 

evidence of presence of the spiral whitefly. 
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Table 1: Cassava Mosaic and Cassava Brown Streak Disease 

Prevalence (P) in Different Agro-Ecological Zones (Aezs) of 

Lower Eastern Kenya. 

 

Significant variations between UM4 and LM5 was also 

observed with UM4 showing on average 55% CMD incidence 

with most farms showing more than 80% CMD and severity 

of between 3.0 and 5.0 while LM5 had CMD incidence of 

30% and only one farm (#24) recording 100% with severity of 

5.0 (Table 2). The 68% CMD incidence in LM4 was relatively 

higher than 55% of UM4, although the two AEZs did not 

substantially vary.   

 

The CBSD incidence was not significantly different between 

LM4 (26%) and UM4 (19%). Most areas surveyed in both 

zones recorded CBSD incidence ranging 20% to 60% (Table 

2). Significant CBSD incidence difference (P≤0.05) between 

LM4 and LM5 and UM4 and LM5 was analyzed. Most farms 

in both UM4 and LM4 showed 20% to 60% CBSD incidence 

while 80% (8) farms under LM5 were CBSD-free i.e. showed 

0% incidence and mean severity of 1.2 (Table 2). Mean CMD 

severity was significantly different (P≤0.001) between LM5 

(2.4) and LM4 (3.4). No significant difference was noted 

between LM4 (3.4) and UM4 (2.8). Also, a significant 

difference (P≤0.05) in mean CBSD severity was recorded 

between LM5 with mean CBSD severity score of 1.2 and 

UM4 with mean CBSD severity score of 1.9  and, between 

LM4 (1.8) and LM5 with mean severity score of 1.2 (Table 2).  

 

Three species of whitefly vectors were identified in most 

fields. These were Bemisia tabaci, Bemisia afer and 

Aleurodicus dispersus (Fig. 1e & f). Of the three, B. tabaci 

was the most abundant vector in all fields. The mean total 

adult B. tabaci per plant differed significantly (P≤ 0.01) across 

the agro-ecological zones with the vector being more abundant 

in LM4 and Um4 (2- 3 per plant), wider variations (0-3) were 

counted in LM5 (Table 2).  

 

D.  Correlations Among  Parameters. 

 

There was a significant (P≤ 0.05 or P≤ 0.01) and positive 

correlations between disease incidence, severity and whitefly 

population (Table 3). For example, the number of B. tabaci 

positively correlated with CMD incidence (r꞊ 0.672), CMD 

severity (r꞊ 0.684), CBSD incidence (r꞊ 0.713) and CBSD 

severity (r꞊ 0.664) (Table 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

AEZs 

Farm 

# 

No. of 

plants 

CMD-P 

(%) 

CBSD-P 

(%) 

LM4 1 30 100 80 

 2 30 100 0 

 3 30 80 30 

 4 30 100 10 

 5 30 100 50 

 6 30 100 50 

 7 30 100 40 

 8 30 0 0 

 9 30 50 20 

 10 30 0 0 

  Mean-

LM4 

  

73.0 28.0 

UM4 11 30 100 20 

 12 30 50 50 

 13 30 80 40 

 14 30 100 50 

 15 30 100 0 

 16 30 40 0 

 17 30 20 20 

 18 30 0 0 

 19 30 0 0 

 20 30 100 40 

Mean-

UM4 

  

59.0 22.0 

LM5 21 30 50 0 

 22 30 0 0 

 23 30 50 0 

 24 30 100 20 

 25 30 10 0 

 26 30 100 80 

 27 30 20 0 

 28 30 20 0 

 29 30 20 0 

 30 30 0 0 

Mean- 

LM5 

  

37.0 10.0 

Grand Mean 

 

56.33 20 

(Lsd) at P≤0.05 

 

15.63 9.35 
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AE

Zs 

Pla

nt # 

CMD-I 

(%) 

CMD 

- S 

CBSD-I 

(%) 

CBS

- S 

B. 

tabaci 

LM

4 

30 100 4 60 3 2 

 30 100 4 0 1 1 

 30 60 5 30 2 2 

 30 60 4 20 2 2 

 30 100 4 30 2 3 

 30 100 4 50 2 2 

 30 100 4 40 2 3 

 30 0 1 0 1 1 

 30 60 3 30 2 3 

 30 0 1 0 1 1 

Means – 

LM4 

68.0 3.4 26.0 1.8 2.0 

UM

4 

30 100 5 20 2 3 

 30 50 2 60 3 2 

 30 80 3 30 3 2 

 30 100 5 40 3 3 

 30 100 4 0 1 1 

 30 20 2 0 1 0 

 30 0 1 20 2 1 

 30 0 1 0 1 0 

 30 0 1 0 1 0 

 30 100 4 20 2 3 

Means - 

UM4 

55.0 2.8 19.0 1.9 1.5 

LM

5 

30 50 3 0 1 3 

 30 0 1 0 1 0 

 30 50 3 0 1 1 

 30 100 5 20 2 3 

 30 10 2 0 1 0 

 30 20 2 60 2 3 

 30 10 2 0 1 0 

 30 30 3 0 1 1 

 30 0 1 0 1 0 

 30 30 2 0 1 0 

 Means - 

UM5 

30.0 2.4 8.0 1.2 1.1 

 

Table 2: Disease (CMD & CBSD) Incidence (I) and Severity 

(S) and mean B. tabaci count in different agro-ecological 

zones of lower Eastern Kenya. 

 

 

 

 

 

 

  CMD-

I 

CMD-

S 

CBSD-

I 

CBSD-

S 

B. tabaci 

CMDI 1         

CMDS .931** 1       

CBSDI .380* .370* 1     

CBSDS .311 .372* .831** 1   

B. 

tabaci 

.672** .684** .713** .664** 1 

*Significant at P≤0.05 level; **Significant at P≤0.01 level 

 

Table 3: Correlation Analyses Among CBSD and CMD 

Incidence, Severity and the Number of Adult Whitefly  

(B. Tabaci) 

 

PCR for CMBs and RT-PCR for CBSVs carried out on ten 

randomly selected plants from each AEZ, produced varied 

results. For instance of the two CMBs screened, ACMV was 

amplified only on two plants (20%) in UM4 with no detection 

under LM4 and LM5 while EACMV was not amplified in all 

AEZs (Table 4; Fig. 2 and 3.0). Of the two positive control 

plants, one exhibited multiple EACMV PCR bands (Fig. 3).  

For CBSD, UCBSV was not detected in all AEZs while CBSV 

was detected in 60% of plants under LM4, 70% plants in UM4 

and 40% plants under LM5 (Table 4; Fig. 4).   

 

 

 

Plants 

tested 
Positive for CMBs Positive for CBSVs 

AEZs ACMV  EACMV  CBSV  UCBSV  

LM4 10 0 0 6 (60%) 0 

UM4 10 2 (20%) 0 7 (70%) 0 

LM5 
10 

0 0 4 (40%) 0 

 

Table 4: Molecular detection of CMBs and CBSVs in 

randomly selected plants across agro-ecological zones 

 

IV. DISCUSSION 

 

Foliar symptoms observed during the survey in the present 

study were characteristic of CMD and CBSD, an indication of      

the presence of the two diseases in lower Eastern Kenya. The 

CBSD symptoms Recorded were yellow veins banding 

expressed mainly on the lower, older leaves and chlorotic 

spots which occurred along the lamina similar to those 

reported by reference [31], while CMD included yellow to 

pale green chlorotic mosaic, stunting of severely affected 

plants, leaf curling and distortion similar to those reported by 

reference [32]. Cassava mosaic disease prevalence ranged 

20% to 100%, while CBSD was 10 to 80% (Table 1) at mean 

altitude of 1175.78m above sea level. The results showed that 

CBSD which was previously endemic in the coastal region of 

Kenya has spread to higher altitudes confirming reports by 

reference [22]. This is contrary to previous report by reference 

[33] which restricted high CBSD prevalence to altitude below 

Grand Mean 51 2.87 1.767 1.63 1.53 

(Lsd) at P≤0.05 

15.67 0.52 7.86 0.37 0.37 
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300m above sea level and less common between 300 to 700m. 

The high variations and extensive spread of CMD and CBSD 

could probably be due to high rate of evolution among viral 

populations. For instance, cassava mosaic disease has been 

reported to be caused by nine viruses of the genus 

Begomoviruses [34] while cassava brown streak disease is 

caused by two (CBSV and UCBSV) viruses [7].   

 

The role of whitefly vectors in propagation of CMBs and 

CBSVs was corroborated through identification of the three 

species (Bemisia tabaci, Bemisia afer, and the Aleurodicus 

dispersus) in the surveyed zones. The pre-dominant vector, 

Bemisia tabaci, exhibited wider distributions with an average 

of two flies per plant in both LM4 and UM4 and one fly per 

plant in LM5. This could perhaps explain the high CMD and 

CBSD incidences and severity observed in LM4 and UM4 

compared to LM5. Similar findings have been reported in 

previous work in which super abundant Bemisia tabaci 

population led to increased incidence of both CMD and CBSD 

[19; 35]. Significantly positive correlations between CBSD 

and CMD incidence and whitefly count (Table 3) suggested 

possible contribution of whitefly to the spread of CBSVs and 

CMBs in surveyed region. Indeed high abundance or 

significant increase in whitefly number seemed to enhance 

spread of CBSD and CMD [19; 22].  

 

The ACMV, EACMV and EACMV-Ug are the most prevalent 

CMBs in East Africa [5]. Amongst these, only two plants 

(20%) tested positive for ACMV under AEZ-UM4 and non in 

LM4 and LM5 (Table 4; Fig. 2) while EACMV was not 

diagnosed in all AEZs (Fig. 3). The low or no molecular 

diagnosis of the two CMBs (ACMV & EACMV), despite 

higher CMD field incidences recorded, could be attributed to a 

number of factors. First, plants were randomly sampled from 

the fields during the surveys. The non-preferential sampling 

could have resulted in selection of more asymptomatic plants. 

Secondly, other CMBs such as EACMV-Ug, EACMKV, 

EACMZV, EACMCV and EACMMV [36] among others 

could have been responsible the high CMD incidence 

observed. These viruses were however not subjected to 

molecular diagnosis in the present study due to lack of 

positive controls.  

 

 
ACMV amplicon = 650 bp (Maruthi et al., 2014); M4, U4 & M5 respectively represent plants sampled from AEZ LM4, UM4 and LM5; L = DNA 

Ladder; +C = Positive control 

 

Fig. 2: PCR Diagnosis for ACMV in Randomly Selected Cassava Plants Across Agro-Ecological Zones 
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EACMV amplicon = 1.0 kb (Maruthi et al., 2014); M4, U4 & M5 respectively represent plants sampled from AEZ LM4, UM4 and LM5; L = DNA 

Ladder; +C = Positive control 

 

Fig. 3: PCR Diagnosis for EACMV in Randomly Selected Cassava Plants Across Agro-Ecological Zones 

 

 
UCBSV amplicon = 441 bp & CBSV amplicon = 345 bp (Maruthi et al., 2014); M4, U4 & M5 respectively represent plants sampled from AEZ LM4, 

UM4 and LM5; L = DNA Ladder; W = water (-ve) control; +C = Positive control 

 

Fig. 4: RT-PCR Diagnosis for CBSV and UCBSV in Randomly Selected Cassava Plants Across Agro-Ecological Zones 
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previously reported differential interaction between the two 

viruses where CBSV was considered a more aggressive virus 

inducing more rapid and severe CBSD symptoms compared to 

UCBSV [37]. CBSD symptoms recorded in the present study 

could therefore majorly be attributed to CBSV. One plant that 

was positive for ACMV under UM4 (Fig. 2) was also positive 

for CBSV (Fig. 4) indicating a possible dual infection of 

CMBs and CBSVs in a cassava plant as previously reported 

[38; 6]. Although 80% of farms in AEZ-LM5 showed no (0%) 

CBSD incidence and 1.0 severity (Table 2), nonetheless 40% 

of plants sampled from these farms tested positive for CBSV 

under RT-PCR. This potentially indicated CBSV latency (at 

the time of sampling) where some infected plants could 

remain symptomless and some varieties express the symptoms 

in roots and not in leaves [11; 19].    

 

V. CONCLUSIONS & RECOMMENDATIONS 

 

Findings from this study have shown low cassava viral disease 

(CBSD and CMD) prevalence and Bemisia tabaci whitefly 

species in lower midlands 5 and a moderate to high prevalence 

of both diseases in lower midlands zones 4 and upper 

midlands zones 4 of Lower eastern Kenya. For an exhaustive 

molecular diagnosis, both symptomatic and asymptomatic 

cassava plants should be sampled during surveys and where 

possible all virus variants especially CMBs should be tested. 

Further cassava breeding programs should include different 

agro- ecological zones in cassava viral disease management 

strategies.  
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