
Research in Plant Sciences, 2026, Vol. 14, No. 1, 1-8 
Available online at http://pubs.sciepub.com/plant/14/1/1 
Published by Science and Education Publishing 
DOI:10.12691/plant-14-1-1 

Epidemiology of Cassava Mosaic Disease and  
Control Methods in the Central African Republic 

Innocent Zinga1,*, Ephrem Frantial Ignaleamoko1, Régis Dimitri Longué Soupké1, Adonise F. Valam Zango1, 
Semballa Silla1, Emmanuel Kamba Mebourou1, Simplice Prosper Yandia1,3, Brice Toko Marabana1,  

Nicole Gado Yamba Kassa1, Ngurepende Odilon Simplice1, Alain Romaric Doli1,  
Kosh Komba Ephrem1, Yongo Olga Diane2 

1Laboratory of Biological and Agronomic Sciences for Development (LASBAD),  
Faculty of Sciences, University of Bangui, Central African Republic 

2Laboratory of Plant and Fungal Biology (LBVF) 
3Higher Institute of Rural Development (ISDR) 

*Corresponding author:  

Received November 25, 2025; Revised December 27, 2025; Accepted January 03, 2026  

Abstract  Cassava is the leading crop in the Central African Republic. Since 2000, severe mosaic symptoms have 
been observed on cassava in this country. Thus, surveys carried out between 2005 and 2011 showed an incidence of 
mosaic of 85% with the presence of ACMV and the severe Ugandan strain of EACMV-UG diagnosed. The surveys 
showed more than 50% of the plants were co-infected by the two species and the viral synergy increased the severity 
of the disease and made it possible to estimate 50% of harvest losses and to demonstrate that the main factor in the 
spread of the disease was the deplorable phytosanitary state of the cuttings used by farmers for replanting plots with 
79% of cuttings contaminated. Subsequently, several studies were conducted to identify disease control measures. 
This is how; A varietal selection was carried out between 2008 and 2011 and resulted in the identification of 14 
mosaic-resistant varieties with high yield potential and better meeting the population's culinary habits. Our work 
revealed through Farmer Field Schools that conventional technical itineraries double cassava production unlike 
traditional practices. In the strategy of sanitation of plant material by the therapy technique, contaminated cuttings of 
a local variety susceptible to mosaic were heat-treated in hot water baths between 41°C and 51°C for 30 minutes and 
then evaluated in the open field over a period of 12 months until harvest. Our results show that 49°C represents the 
optimal treatment temperature, without negative impact on the regeneration capacity of the cuttings, and for which 
we observed the highest tuber yield (4.7 kg / plant), equivalent to untreated cuttings from asymptomatic plants (4.6 
kg / plant). Our studies have shown that regeneration of infected cuttings in a high-temperature room (37°C to 40°C) 
for 15 days followed by meristem culture effectively disinfects the contaminated plant material. The combination of 
thermotherapy and meristem culture techniques is an effective way to disinfect infected plant material. The 
popularization of resistant varieties and the sanitation techniques tested in this study constitute an effective means of 
disease control. 

Keywords: Mosaic, epidemic, begomovirus, control, sanitation, Central African Republic 

Cite This Article: Innocent Zinga, Ephrem Frantial Ignaleamoko, Régis Dimitri Longué Soupké, Soupké, 
Adonise F. Valam Zango, Semballa Silla, Emmanuel Kamba Mebourou, Simplice Prosper Yandia, Brice Toko 
Marabana, Nicole Gado Yamba Kassa, Ngurepende Odilon Simplice, Alain Romaric Doli, Kosh Komba Ephrem, 
and Yongo Olga Diane, “Epidemiology of Cassava Mosaic Disease and Control Methods in the Central African 
Republic.” Research in Plant Sciences, vol. 14, no. 1 (2026): 1-8. doi: 10.12691/plant-14-1-1. 

1. Introduction   

Cassava Mosaic Disease ( CMD), first described in East 
Africa in 1894 [1], represents one of the first viral 
constraints of cassava in Africa [2,3,4,5]. The viruses 
responsible for this disease belong to the Geminivirus 
family and more specifically to the genus Begomovirus. 
transmitted by the whitefly Bemisia tabaci. The presence 
of mosaic has been reported in the vast majority of sub-
Saharan African countries [6,7,8,9,10] where it causes 

serious yield losses [3,10,11,12] [13,14,15,16] [17,18,19]. 
These losses are estimated at 15-24% of production, 
equivalent to 15-27 million tonnes per year in Africa [20]. 
In the 1990s, a severe epidemic of cassava mosaic disease 
occurred in Uganda. It was initially associated with the 
sole presence of a new recombinant strain (called 
Ugandan strain or Ugandan variant) resulting from genetic 
recombination between ACMV and EACMV (EACMV-
UG) [13,14,21,22,23]. Research subsequently showed that 
this severe form of CMD was mainly caused by co-
infection and viral synergy between ACMV and EACMV-
UG [16,24,25,26]. In the early 2000s, this severe CMD 
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epidemic spread rapidly across Africa [27]. The viruses 
responsible for the disease have been identified in 
Cameroon, Congo, the Democratic Republic of Congo, 
Gabon and recently in Burkina Faso [15,16,27,28,29]. 
Cassava represents a fundamental crop for African 
subsistence agriculture and particularly for the Central 
African Republic. Indeed, cassava consumption per capita 
was 115 kg in 2010 in African ACP countries compared to 
18 kg in the rest of the world. Over the last decade, human 
consumption has increased by 39% in Africa. In 6 African 
countries (Zaire, Mozambique, Congo, Angola, Ghana and 
the Central African Republic), cassava roots provide more 
than 25% of the population's energy intake and therefore 
constitute the basis of the diet [30];[20]. The annual 
production of cassava roots in the Central African 
Republic is ten times that of maize [31], which illustrates 
the importance of this foodstuff. 

In the Central African Republic, despite the description 
of CMD and its impact on cassava crops [31], the work of 
identifying pathogenic agents has never been carried out, 
although it represents an essential step in the 
implementation of integrated control strategies. The 
description of severe symptoms of CMD in the Central 
African Republic in the early 2000s raised fears of a 
severe pandemic in this country [32]. The description of 
both very severe symptoms of CMD (4 or 5 according to 
the Cours scale) and a drop in yields seemed to confirm 
this fear, despite the absence of diagnosis and molecular 
characterization of the causal agents. Faced with this 
worrying health situation, the use of improved cassava 
varieties presumed to be resistant to mosaic disease was 
urgent. These, introduced by the Central African Institute 
of Agricultural Research (ICRA) from the International 
Institute of Tropical Agriculture (IITA) in Ibadan, Nigeria 
between 1990 and 2000, have not been entirely 
satisfactory for several reasons: insufficient or varying 
levels of resistance, inadequacy with the expected 
organoleptic qualities and the culinary habits of the 
populations, distrust of the populations towards the new 
material and difficulty of access for farmers to basic plant 
material (cuttings). It is in this socio-economic context 
and agronomic and parasitic constraints that this work is 
situated. Its challenge is to contribute significantly to 
improving cassava production in the Central African 
Republic and thus preserve the food security of rural 
populations. 

The objective of this work was to achieve: 
-  an epidemiological study with emphasis on the 

identification of the pathogens responsible for 
mosaic disease 

-  a varietal screening 
-  an evaluation of the effectiveness of techniques for 

sanitizing infected plant material by thermotherapy 
and tissue culture 

2. Cassava Mosaic Epidemic Situation 

2.1. Expression and Origin of the Disease 
Faced with this worrying situation, a survey was 

conducted to identify the main biotic constraints 
responsible for cassava production losses [18]. The survey 

conducted between 2005 and 2006 in a limited number of 
localities around Bangui made it possible to assess the 
importance of cassava mosaic disease, with a high 
incidence and severity likely to halve cassava production, 
and to hypothesize that Central African cassava crops are 
affected by the severe CMD pandemic. To verify this 
hypothesis, a large-scale epidemiological survey was 
conducted between 2007 and 2008, using standardized 
protocols by IITA [33] for the assessment of the main 
cassava pests and diseases. This survey confirmed that 
CMD represents the most important constraint of cassava 
in the Central African Republic, with an average incidence 
of 85% (Figure 1). Importantly, 79% of farmers appear to 
use infected cuttings when replanting plots, highlighting 
the poor sanitary quality of the material [34]. 

 
Figure 1. Average incidence of CMD (85%) (Ecological zones, GF: 
Forest Guinea zone, SU: Sudano Oubanguienne, Sudano Guinean) 

CMD has indeed proven to be the first biotic constraint 
of cassava in Central Africa with a high incidence and 
severity, respectively 85% and 2.7 severity. Similar 
incidences, recorded during the severe CMD pandemic in 
the Democratic Republic of Congo (86%, [32]), in Uganda 
[14] and in Tanzania [8], confirmed the severe epidemic 
situation of CMD in the Central African Republic (CAR), 
even if slightly higher average severities were recorded in 
Uganda [33] and in the DRC [28]. On the other hand, our 
work has demonstrated that this epidemic situation in the 
Central African Republic was mainly due to the poor 
phytosanitary quality of the cuttings used by farmers [34]. 
Indeed, 79% of the cuttings used for replanting are 
contaminated by CMD, confirming the results of similar 
work carried out elsewhere in Africa [4,28,33]. The use of 
cuttings of poor sanitary quality is explained by the 
unavailability of healthy material and/or by ignorance of 
the disease. 

2.2. Diagnosis and Molecular Diversity of 
Begomoviruses Involved in  
Mosaicism in CAR 

PCR diagnosis and direct sequencing of amplification 
products revealed that the causative agents of CMD in 
CAR are African cassava mosaic virus (ACMV) and the 
Ugandan strain of East African cassava mosaic virus 
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(EACMV-UG). We also demonstrated that 58% of 
samples had mixed infections (ACMV and EACMV-UG) 
and that these samples had significantly more severe CMD 
symptoms than single infections. Our results confirm that 
mixed infection and synergy between CMGs could be a 
key element in reducing cassava plant yield in CAR, 
similar to other severe CMD epidemics reported in East 
Africa [34]. 

To validate the taxonomic position of CMGs involved 
in CMD in the Central African Republic and southern 
Chad, we cloned and sequenced complete DNA-A 
sequences of CMGs [35] (Figure 2). Nucleotide sequence 
analysis (pairwise nucleotide identity rate) confirmed that 
these sequences correspond to isolates of the species 
ACMV (96-97% nucleotide identity) and EACMV-UG 
(99% nucleotide identity). Phylogenetic analysis showed 
that the DNA-A and DNA-B sequences of EACMV-UG 
form very low-diversity clades, suggesting a recent and 
unique introduction of EACMV-UG into the Central 
African Republic. In contrast, the identification of three 
distinct phylogenetic groups of Central African ACMV 
isolates suggests several introduction events and a more 
ancient and complex evolutionary history [35]. While a 
first phylogenetic group of Central African ACMV 
isolates is related to isolates from Cameroon, Nigeria and 
Ghana (West Africa), a second is related to isolates from 
Kenya (East Africa). Also, using regression analyses, we 
were able to show that the spatial distance between 
isolates was a good indicator of genetic distance, which 
could indicate a generally regular and short-distance 
spread of CMGs in CAR. 

Our PCR diagnostic work with specific primers made it 
possible to detect the presence of ACMV and EACMV-
UG, in single or mixed infection, in symptomatic samples 
of Central African cassava leaves [35]. The molecular 
characterization of their bipartite genome (DNA-A and 
DNA-B) and the obtaining of complete nucleotide 
sequences made it possible to confirm their taxonomic 
status [35]. We were thus able to demonstrate the 
involvement of ACMV and EACMV-UG in the severe 
CMD epidemic in the Central African Republic, in a very 
similar way to what had been observed in Uganda in the 
1990s, and in neighboring countries affected by the 
pandemic, notably the Democratic Republic of Congo 
(DRC), Congo, Gabon and Cameroon [10,16,15,27,36,37]. 
Our results seem to confirm the hypothesis put forward by 
Legg et al. [32] that the Central African Republic was 
likely affected by the severe CMD pandemic in the early 
2000s and that it represented a pivotal area between East 
and West Africa. The higher proportion of plants co-
infected with ACMV and EACMV-UG in the forest zone 
bordering the two Congos, where the severe pandemic has 
already been described [27,28,37], suggests that this 
severe pandemic entered the CAR from the south of the 
country and progressed northward. This hypothesis is 
supported by the fact that the percentage of co-infected 
plants in the CAR decreases along a south-north gradient. 
It is also consistent with recent descriptions of EACMV-
UG in Cameroon, in a border area with the Central 
African Republic [36], and in Burkina Faso [29]. 

 
Figure 2. Phylogenic tree based on the complete DNA-A sequences of the Central African Republic (CF) and Chad (TD) isolates of African cassava 
mosaic virus and East African cassava mosaic virus - Uganda reported here (in bold), as well as other African cassava mosaic geminivirus sequences. 
The sequences were aligned using the MUSCLE alignment tool implemented in MEGA5. Phylogenetic reconstruction was performed using PHYML 
and GTR+G4 selected as the best model of sequence evolution. Numbers associated with nodes indicate the percentage of bootstrap support (1000 
repeats). EMBL- GenBank -DDJP accession numbers are indicated. The tree was rooted using Sri Lankan cassava mosaic virus-Sri Lanka [Sri Lanka: 
Colombo: 1998] (SLMCV-SL [ SL:Col:98]) 
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Phylogenetic analysis showed that EACMV-UG DNA-
A and DNA-B sequences form very low-diversity clades, 
suggesting a recent and unique introduction of EACMV-
UG into the Central African Republic. In contrast, 
phylogenetic analysis of ACMV DNA-A and DNA-B 
sequences shows the existence of three phylogenetic 
groups of Central African ACMV isolates, suggesting 
several introduction events and a more ancient and 
complex evolutionary history for this species [38]. While 
the first phylogenetic group of Central African ACMV 
isolates is related to isolates from Cameroon, Nigeria and 
Ghana (West Africa), the second phylogenetic group is 
related to isolates from Kenya (East Africa). 

3. Control Method 

3.1. Participatory Selection of Elite Varieties 
Several research programs have been developed in the 

past to (1) identify sources of CMD resistance among 
local or introduced varieties of Manihot esculenta and (2) 
increase resistance by crossbreeding with other Manihot 
species, particularly Manihot glaziovii. Thus, a major 
program was initiated by Storey and his colleagues in East 
Africa from 1937 to 1957 [39] and then continued by the 
International Institute of Tropical Agriculture (IITA) in 
Ibadan, Nigeria [32,40,41,42]. This program largely used 
germplasm from East Africa, but also incorporated 
accessions from South America and India to improve the 
level of resistance, yield, and taste and nutritional quality 
[40,41]. The resistant lines created in Nigeria by IITA 
were classified into three groups according to needs: 
industrial, human food and livestock feed [43]. They were 
distributed in 20 African countries but were not always 
satisfactory, for several reasons: circumvention of 
resistance, unsuitable organoleptic qualities, distrust of the 
population towards the new material, difficult accessibility 
[32,40,41]. These CMD-resistant lines were introduced in 
the Central African Republic between 1990 and 2000 
(Inola and Kafara, unpublished). Unfortunately, the 
distribution of this material was probably done without 
taking into account their organoleptic specificities and the 
culinary habits of the populations and resulted in the 
rejection of the lines. Today, faced with the parasitic 
constraints associated with cassava cultivation, it appears 
essential to provide farmers with improved plant material 
that meets the demands of the population. 

Our epidemiological study [34,44,45] showed that 
cassava mosaic disease is the main constraint of cassava in 
the Central African Republic with an average yield 
reduction estimated at more than 50%. In order to improve 
cassava productivity in the Central African Republic, we 
evaluated Central African cultivars in the context of a 
participatory, multi-site and multi-criteria varietal 
selection [46], based on resistance to CMD, yield, 
organoleptic qualities of tubers and their suitability with 
the culinary habits of the Central African populations. A 
participatory selection was carried out between 2010 and 
2011 on two ecologically distinct sites: Damara (savannah 
zone) and Pissa (forest zone). It was preceded by a pre-
selection of elite cultivars over a period of two years 
(2008/2009 and 2009/2010), from 163 cassava cultivars 

tested in parallel on the two sites. At the end of the pre-
selection work, 36 cassava cultivars were identified as 
resistant to CMD and the main cassava pests on the Pissa 
site and 17 in Damara where the natural pressure of the 
disease is higher. The organoleptic qualities of these pre-
selected cultivars were evaluated by the producers. 
Ultimately, eleven cultivars were selected and subjected to 
a varietal evaluation in the open field at the Damara and 
Pissa sites between 2010 and 2011. These cultivars were 
selected on the basis of the following criteria: the 
incidence and severity of CMD, the incidence of the main 
pests, yield, and organoleptic qualities. 

This study showed that CMD expression was much 
higher in Damara than in Pissa. A clear correlation 
between the evolution of whitefly populations on plants 
and the evolution of disease incidence and symptoms was 
observed, similar to other epidemic situations in Africa 
[41,42,47,48]. Of the eleven cultivars tested, eight were 
highly resistant with an average annual incidence of less 
than 10% at both sites, while three were partially resistant 
with incidences appearing to depend on the environment 
and disease intensity. Nevertheless, our study did not 
show any significant effect of the disease on yield in these 
partially resistant cultivars or on the local control, the 
latter ultimately proving highly tolerant to the disease. Our 
study shows an average yield potential of 13-14 t/ha of the 
cultivars tested in our conditions compared to the 
estimated average yield of 10 t/ha in CAR [30] and 7-8 
t/ha on the African continent [49]. As has been observed 
in other countries, the local control remains the preference 
of farmers, but does not exclude the popularization of 
more resistant clones with comparable organoleptic 
qualities and equivalent yield potential. The question that 
arises is what will be the impact of highly resistant 
varieties on the evolution of viral populations in the more 
or less long term. The distribution and popularization of 
these clones require prior sanitation work to avoid the 
spread of CMGs involved in CMD in the Central African 
Republic through infected but asymptomatic plants. The 
forest area, less affected by the disease, could be chosen 
for the installation of multiplication plots. 

3.2. Comparative Study of Traditional and 
Conventional Practice of Cassava 
Production 

The majority of Central African producers do not use 
conventional cultivation techniques for cassava production. 
The objective of our study is to conduct a comparative 
assessment in an approach between farmers' agricultural 
practices and conventional practices in order to have 
convincing arguments to raise awareness among producers 
on good cultural practices. Three adapted cassava varieties 
(Rendre, Togo blanc and Gabon) were tested on two plots 
of the same size (38 m X 26 m (988 m 2) in a peasant 
environment, one by researchers using conventional 
methods and the other by producers with traditional 
practices. 242 cuttings per variety were planted on each 
experimental plot. After twelve months of 
experimentation, the following parameters were measured 
in each plot: incidence and severity of mosaic, stem height, 
number of tubers and yield in weight of fresh tubers. This 
study shows that the incidence and severity of the disease 
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and the height of the stems in the two cultivation systems 
are almost homogeneous with a non-significant difference. 
On the other hand, the study revealed that the plot of 
conventional techniques of all varieties combined gave on 
average 46.9 t/ha of fresh tuber against 23.15 t/ha for 
traditional cultivation techniques with a very significant 
difference. Number of tuber produced by the conventional 
plot was 5.7 and on the traditional plot was 4.4 with a 
significant difference. These results show that the variety 
Rerend is very susceptible to mosaic (80% incidence) and 
is rather a tolerant variety, as its yield potential was 50t/ha 
under conventional cultivation practices. The study 
revealed that the variety Togo Blanc developed 100% 
resistance on both plots and showed a high yield of 50t/ha 
on the conventional plot [45]. 

It can be concluded that conventional cultivation 
techniques improve the double production of cassava 
compared to those practiced by farmers. The phenomenon 
is observed in all the varieties studied with a very 
significant difference. 

3.3. Sanitation by Thermotherapy 
The main control methods used to control CMD in 

Africa are the use of resistant varieties and the sanitation 
of plant material [41,50]. In the case of sanitation of plant 
material, two techniques are mainly used with the sanitary 
selection of asymptomatic cuttings and the elimination of 
symptomatic plants (viral sources) within the plot [19]. 
The use of healthy cuttings quickly reduces the impact of 
the disease on the field, improves plant recovery and 
growth, and ultimately improves yield [19,41]. Other 
sanitation techniques such as thermotherapy [51,52], 
associated or not with tissue culture [53,54], have made it 

possible to sanitize sensitive cassava cultivars [52,53,54] 
Surveys conducted in 2007 and 2008 in the Central 

African Republic showed that 79% of cuttings used for 
planting new cassava plots were contaminated by CMD 
[38]. However, there is no doubt that the sanitary quality 
of cuttings represents a key element in avoiding early 
CMD epidemics and limiting the impact on yield [41]. 
Given the population's attachment to local cassava 
varieties and the deplorable sanitary state of cuttings, we 
undertook to develop and evaluate the effectiveness of 
thermotherapy [55]. Thermotherapy has the advantage of 
being a simple and inexpensive technique. Previous work 
has demonstrated its value in the fight against CMD 
[51,52]. However, it remained to test this technique in the 
epidemiological conditions of CAR and to develop a 
method for its routine use in open fields. 

Contaminated cuttings of a CMD-susceptible local 
variety were heat-treated in hot water baths between 41°C 
and 51°C for 30 minutes and then evaluated in the field 
over a period of 12 months until harvest. Overall, although 
none of the treatment temperatures tested eliminated the 
virus and resulted in 100% CMD-free seedlings, heat-
treated cassava cuttings produced plants with significantly 
lower incidence and severity of CMD symptoms than 
untreated plants. Our results show that 49°C represents the 
optimal treatment temperature, with no negative impact on 
the regenerative capacity of the cuttings, and for which we 
observed the highest tuber yield (4.7 kg/plant), equivalent 
to untreated cuttings from asymptomatic plants (4.6 kg/ 
plant) [55] (Figure 3). Our data confirm the value of 
thermotherapy in maintaining a high level of performance 
of local cultivars under severe CMD epidemic conditions. 
The feasibility study of deploying this sanitation method 
in rural areas is currently underway. 

 
Figure 3. Yield of the variety Render having undergone the different treatments 
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3.4. Plant Sanitation by Tissue Culture and 
Explants 

A recent survey in the Central African Republic shows 
that 90% of consumers have culinary preferences for 
leaves showing mosaic symptoms [44]. This attitude is 
worrying because it could encourage the spread of the 
disease. This strongly justifies the need for work on 
cleaning up plant material. 

The study was carried out at the In Vitro Culture 
Laboratory using thermotherapy and tissue and explant 
culture techniques in a specific medium. The study was 
conducted at the Laboratory of Biological and Agronomic 
Sciences for Development of the University of Bangui, 
Central African Republic from December 2017 to June 
2018. A cassava variety named Six-Mois which is very 
susceptible to mosaic disease was used for this work. The 
cuttings used were infected with mosaic disease with high 
severity. They were transplanted into a heated room of 
37°C to 40°C for about fifteen days. Explants and 
meristems were taken from the stems and apices 
respectively. These collected materials were treated and 
inoculated on appropriate culture media. Then, the in vitro 

plants produced were acclimatized and the leaves were 
harvested to verify their phytosanitary status by the PCR 
technique. The emergence rate of acclimated seedlings 
and disease expression on microplants were evaluated. 
The results show that 75% of weaned seedlings recovered 
under acclimatization. In addition, the acclimated plants 
were left to grow in the greenhouse for four months and 
remained asymptomatic. Molecular analysis by PCR 
showed that begomoviruses were not detected in meristem 
samples unlike in stem fragment samples. The 
combination of thermotherapy and meristem culture 
techniques is an effective way to disinfect infected plant 
material [56] (Figure 4). 

These results corroborate previous studies on 
thermotherapy which showed that it had this capacity to 
inhibit the multiplication of the virus when applied in 
many plants [52,54,57,58,59,60,61]. The regeneration of 
the explants evaluated after one week of culture in the 
acclimatization room showed that 48% of the meristems 
and 50% of the stem fragments had recovered. Infections 
due to microorganisms were also noted with losses of 52% 
and 50% respectively for the meristems and stem 
fragments. 

 
A: Regeneration of cassava cuttings in a thermotherapy room. 

B: Sanitation of explants under hood. C: Production of tissue culture plants. 
D: In vitro plant multiplication. E: Development of vitroplants two weeks after weaning. F: Hardening of plants in vitro. 

Figure 4. Steps of in vitro culture and weaning 

4. Conclusion 

Our study showed that CMD is the most important 
biotic constraint of cassava in the Central African 
Republic and that producers mainly use infected cuttings. 
This could be explained by the reduced availability of 
healthy material or the inability of producers to select 
cuttings. Without symptoms due to the lack of supervision 
and certification structures. Two species of begomovirus: 
ACMV and EACMV-UG in all surveyed areas. 
Phylogenetic data showed a multiple and ancient 
introduction of ACMV vs and a single and recent 
introduction of EACMV-UG. The results show a 
predominance of ACMV with a decreasing North-South 

gradient of the presence of EACMV-UG. Co-infection in 
more than 50% of cases was revealed. Mixed infections 
are responsible for a higher severity of the disease by viral 
synergy. A greater expression of the disease is noted in the 
savannah zone. Partially resistant to very resistant 
cultivars with a yield potential >15 t/ha have been 
identified. The Togo Blanc variety (very resistant) and the 
Rendre variety (very susceptible) can reach 50 t/ha in 
optimal conditions. Considering its yield potential, the 
Rendre variety can be considered a tolerant variety. 

Thermotherapy combined with tissue culture improves 
phytosanitary status. It delays the onset of the disease and 
reduces its impact on yield. Treatment at 49°C / 30 min 
seems the most suitable. The use of technical itineraries 
doubles production compared to traditional practices. 
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Continuation of epidemiological surveys throughout the 
country is necessary. The constitution of a national 
collection of cultivars and the launch of a varietal creation 
program seem to be promoting, as well as the 
establishment of a certification system for healthy plant 
material. Raising awareness among producers about CMD 
on the choice of healthy cuttings and the large-scale 
popularization of resistant cultivars are essential. 

References 
[1] Warburg O., (1894). Die kuiturplanzen usambaras. Mitt. Deutsch. 

Schutgeb 7, 131. Annals of Applied Biology 25: 790-80. 
[2] Sserubombwe W., Thresh J., Otim‐Nape G., Osiru D. (2001). 

Progress of cassava mosaic virus disease and whitefly vector 
populations in single and mixed stands of four cassava varieties 
grown under epidemic conditions in Uganda. Annals of Applied 
Biology 138: 161-170. 

[3] Owor B., Legg J., OKAO‐OKUJA G., Obonyo R., 
OGENGA‐LATIGO M. (2004a). The effect of cassava mosaic 
geminiviruses on symptom severity, growth and root yield of a 
cassava mosaic virus disease‐susceptible cultivar in Uganda. 
Annals of Applied Biology 145: 331-337. 

[4] Legg J., Jeremiah S., Obiero H., Maruthi M., Ndyetabula I., Okao-
Okuja G., Bouwmeester H., Bigirimana S., Tata-Hangy W., 
Gashaka G. (2011). Comparing the regional epidemiology of the 
cassava mosaic and cassava brown streak virus pandemics in 
Africa. Virus research 159: 161-170. 

[5] Patil BL, Ogwok E., Wagaba H., Mohammed IU, Yadav JS, 
Bagewadi B., Taylor NJ, Kreuze JF, Maruthi M., Alicai T. (2011) 
RNAi‐mediated resistance to diverse isolates belonging to two 
virus species involved in Cassava brown streak disease. Molecular 
plant pathology 12: 31-41. 

[6] Konate G., Barro N., Fargette D., Swanson MM. & Harrison BD. 
(1995). Occurrence of whitefly-transmitted geminiviruses in crops 
in Burkina Faso, and their serological detection and differentiation. 
Annals of Applied Biology, 126: 121-129. 

[7] Fargette D., (1987). Epidemiology of African cassava mosaic in 
Ivory Coast. ORSTOM thesis. Paris. 

[8] Ndunguru J, Legg JP, Aveling TAS, Thompson G, Fauquet CM, 
(2005). Molecular biodiversity of cassava begomoviruses in 
Tanzania: evolution of cassava geminiviruses in Africa and 
evidence for East Africa being a center of diversity of cassava 
geminiviruses. Virology Journal 2, 21.  

[9] Ndunguru J., Legg JP, Fofana IBF, Aveling TAS, Thompson G., 
Fauquet CM, Calvert L. (2006). Identification of a defective 
molecule derived from DNA-A of the bipartite begomovirus of 
East African cassava mosaic virus. Plant Pathology 55, 2–10. 

[10] Patil BL, Fauquet CM (2009). Cassava mosaic geminiviruses: 
current knowledge and perspectives. Molecular plant pathology 
10: 685-701. 

[11] Fargette D., Fauquet C. & Thouvenel JC. (1985). African cassava 
mosaic virus. Annals of Applied Biology 106: 285-294. 

[12] Gibson RW, Legg JP, Otim-Nape GW (1996). Unusually severe 
symptoms are a characteristic of the current epidemic of mosaic 
virus disease of cassava in Uganda. Ann. Appl. Biol. 128, 479-490. 

[13] Otim -nape GW., Bua A., Thresh JM., Baguma Y., Ogwal S., 
Ssemakula GN., Acola G., Byabakama B., Colvin J., Cooter RJ & 
Martin A., (1997). Cassava Mosaic Virus Disease in East Africa 
and its Control. Natural Resources Institute, Chatham, UK, 100p. 

[14] Legg, JP., Ogwal, S., (1998). Changes in the incidence of African 
cassava mosaic 

[15] Legg, JP., (1999). Emergence. CropProt. 18, 627–637.  
[16] Fondong VN., et al, (2000). Field experiments in Cameroon 

phenomenon in susceptible and resistant cassava cultivars. 
International journal of pest Management 46, 211-7. 

[17] Owor B., Legg J., Okao‐Okuja G., Obonyo R., Kyamanywa S., 
Ogenga‐Latigo M. (2004b). Field studies of cross protection with 
cassava mosaic geminiviruses in Uganda. Journal of 
Phytopathology 152: 243-249. 

[18] Zinga, I.; Nguimalet, C.; Lakouetne, DP.; Konate, G.; Kosh, K. 
and Semballa, S. (2008). The effects of the African cassava 
mosaic in the Central African Republic. Geo -Eco-Trop, 32: 47-60. 

[19] Mallowa SO, Isutsa DK, Kamau AW, Legg JP (2011). 
EFFECTIVENESS OF PHYTOSANITATION IN CASSAVA 
MOSAIC DISEASE MANAGEMENT IN A POST-EPIDEMIC 
AREA OF WESTERN KENYA. ARPN Journal of Agricultural 
and Biological Science Vol. 6, NO. 7. 

[20] Thresh J., Otim-Nape G., Legg J., Fargette D., Thro A., Akoroda 
M. (1997) African cassava mosaic virus disease: the magnitude of 
the problem, Contributions of biotechnology to cassava for Africa. 
Proceedings of the Cassava Biotechnology Network Third 
International Scientific Meeting, Kampala, Uganda, 26-31 August 
1996, International Society for Tropical Root Crops-Africa Branch 
(ISTRC-AB). pp. 13-19. 

[21] Zhou Journal of General Virology 78:2101-2111. 
[22] Deng D., Otim-Nape W., Sangare A., Ogwal S., Beachy R., 

Fauquet C., Thro A., Akoroda M. (1997). Presence of a new virus 
closely related to East African cassava mosaic geminivirus, 
associated with cassava mosaic outbreak in Uganda, International 
Society for Tropical Root Crops-Africa Branch (ISTRC-AB). pp. 
23-28. 

[23] Otim-Nape GW, Bua A., Thresh JM, Baguma Y., Ogwal S., 
Ssemakula GN, Acola G., Byabakama B. (2000). The current 
pandemic of cassava mosaic virus disease in East Africa and its 
control, The current pandemic of cassava mosaic virus disease in 
East Africa and its control, Natural Resources Institute (NRI). 

[24] Pita JS., Fondong VN., Sangare A., Otim-nape GW., Ogwal S. & 
Fauquet CM. (2001). Recombination, pseudorecombination and 
synergism of geminiviruses are determining keys to the epidemic 
of severe cassava mosaic disease in Uganda. Journal of General 
Virology, 82: 655-665. 

[25] Ariyo O., Koerbler M., Dixon A., Atiri G., Winter S. (2005). 
Molecular variability and distribution of cassava mosaic 
begomoviruses in Nigeria. Journal of Phytopathology 153:226-231. 

[26] Busogoro JP, Masquellier L, Kummert J, Dutrecq O, Lepoivre P, 
Jijakli MH, (2008). Application of a simplified molecular protocol 
to reveal mixed infections with begomoviruses in cassava. Journal 
of Phytopathology 156, 452–7. 

[27] Legg JP., Fauquet CM. (2004). Cassava mosaic geminiviruses in 
Africa. Plant Molecular Biology, 56: 585-599. 

[28] Ntawuruhunga P., Legg J. (2007). New spread of cassava brown 
streak virus disease and its implications for the movement of 
cassava germplasm in the East and Central African region. USAID, 
Crop Crisis Control Project C3P. 

[29] Tiendrébéogo F., Lefeuvre P., Hoareau M., Traoré V., Barro N., 
Reynaud B., Traoré A., Konaté G., Traoré O., Lett JM (2009) 
Occurrence of East African cassava mosaic virus‐Uganda 
(EACMV‐UG) in Burkina Faso. Plant pathology 58: 783–783. 

[30] IFAD. (2008). Study on the marketing potential of cassava-
derived products on CEMAC markets. IRPCM, p. 272. 

[31] Mallouhi N., Kafara JM (2002). Cassava cultivation in the Central 
African Republic. CTP/ICRA 16p. 

[32] Legg J., Owor B., Sseruwagi P., Ndunguru J. (2006) Cassava 
mosaic virus disease in East and Central Africa: epidemiology and 
management of a regional pandemic. Advances in Virus Research 
67: 355-418. 

[33] Sseruwagi P., Sserubombwe W., Legg J., Ndunguru J., Thresh J. 
(2004). Methods of surveying the incidence and severity of 
cassava mosaic disease and whitefly vector populations on cassava 
in Africa: a review. Virus research 100: 129-142. 

[34] Zinga I, Chiroleu F, Legg J, Lefeuvre P, Kosh Komba E, Semballa 
S, Yandia PS, Mandakombo NB, Reynaud B, Lett JM. (2013). 
Epidemiological assessment of cassava mosaic disease in Central 
African Republic reveals the importance of mixed viral infection 
and poor health of plant cuttings. Crop Protection. 44: 6-12. 

[35] Zinga. (2012). Cassava mosaic epidemic and sanitation by 
thermotherapy in the Central African Republic. Single thesis, 174p. 

[36] Akinbade, SA., Hanna, R., Nguenkam, A., Njukwe, E., Fosto, A., 
Doumtsop, A., Ngeve, J., Tenku, STN., Lava Kumar, P. (2010). 
First report from the East African cassava mosaic virus-Uganda 
(EACMV-UG) infecting cassava (Manihot esculenta) in 
Cameroon. New Dis. Rep. 21, 22. 

[37] Ntawuruhunga P., Okuja O., Legg JP., Bembe A. & Obambi M., 
(2002). Situation of pandemic cassava mosaic virus disease in the 
Republic of Congo. Diagnostic report survey on diseases and 
pests of cassava cultivation 37p.  

[38] Zinga I, Harimalala M, De Bruyn A, Hoareau M, Semballa S, 
Reynaud B, Lefeuvre P, Lett JM. (2012). East African cassava 
mosaic virus-Uganda (EACMV-UG) and African cassava mosaic 

 



8 Research in Plant Sciences  

virus (ACMV) reported for the first time in Central African 
Republic and Chad. New Disease Reports, 26:2044-0588. 

[39] Beck B. (1982). Historical perspectives of cassava breeding in 
Africa, Workshop on Root Crops in Eastern Africa, Kigali 
(Rwanda), 23-27 Nov 1980, IDRC. 

[40] CTA. (1987) Controlling African Cassava Mosaic Disease. Chayce 
Publication Services. United Kingdom ISBN 92 9081 074 2. 

[41] Fauquet C., Fargette D. (1990). African cassava mosaic virus: 
etiology, epidemiology and control. Plant Disease 74:404-411. 

[42] Hahn S., Terry E., Leuschner K. (1980). Breeding cassava for 
resistance to cassava mosaic disease. Euphytica 29:673-683. 

[43] Dixon AGO, Akoroda MO, Okechukwu RU, Ogbe F., Ilona P., 
Sanni LO, Ezedinma C., Lemchi J., Ssemakula G., Yomeni MO 
(2008). Fast track participatory approach to release of elite cassava 
genotypes for various uses in Nigeria's cassava economy. 
Euphytica 160: 1-13. 

[44] Nguerepende Odilon Sylvain, Innocent Zinga, Emmanuel Kamba 
Mebourou, Gorgon Igor Touckia, Serge Florent Bolevane 
Ouantinam, Silla Sembella and Robert Djouenkeu. (2021). 
Practices using cassava leaves (Manihot esculenta Crantz) affected 
by mosaic in the Central African Republic. International Journal 
of Advanced Scientific Research and Management, Volume 6 Issue 
6, June 2021. 

[45] Valam Zango Adonise F, Innocent Zinga, Ephrem Kosh Komba, 
Igor Gorgon Toukia, Christian Armaond Simplice Ballot, Prosper 
Yandia, Semballa Silla, Joseph Mabanza. (2018). Comparative 
study between traditional cultural practices and conventional 
cultivation practices of cassava: In a Farmer Field School in Pissa, 
Central African Republic. International Society for Development 
and Sustainability (ISDS). 

[46] Zinga I., Chiroleu F., Valam Zango A., Christian Simplice Arnaud 
Ballot CSA, Harimalala M, Kosh Komba E, Yandia PS, Semballa 
S., Reynaud B, Lefeuvre P., Lett JM and Dintinger J. (2016). 
Evaluation of Cassava Cultivars for Resistance to Cassava Mosaic 
Disease and Yield Potential in Central African Republic. J 
Phytopathology. 

[47] Adriko J., Sserubombwe W., Adipala E., Bua A., Edema R. (2012). 
Response of Local Cassava Varieties in Uganda to Cassava 
Mosaic Virus Disease. American Journal of Experimental 
Agriculture 2: 111-132. 

[48] Ngeve J., Nukenine E., Dixon A. (2003) Reaction of cassava 
genotypes to the cassava mosaic disease in three distinct 
agroecologies in Nigeria. Journal of Phytopathology 151: 101-107. 

[49] IITA. (2000). Cassava Pest Control International Institute of 
Tropical Agriculture, 21p ISBN 978-131-184-3. 

[50] Thresh J., Cooter R. (2005). Strategies for controlling cassava 
mosaic virus disease in Africa. Plant pathology 54: 587-614. 

[51] Kaiser W., Louie R. (1982). Heat therapy of cassava infected with 
African cassava mosaic disease. Plant Disease: 475. 

[52] Kwabana. (2009). Use of tissue culture and thermotherapy PhD, 
64P. Lancaster P., Ingram J., Lim M., Coursey D. (1982) 
Traditional cassava-based foods: survey of processing techniques. 
Economic Botany 36: 12-45. 

[53] Adejare GO, Coutts RHA (1981). Eradication of cassava mosaic 
disease from Nigerian cassava clones by meristem-tip culture. 
Plant Cell, Tissue and Organ Culture 1: 25-32. 

[54] Kartha K., Gamborg O. (1975). Elimination of cassava mosaic 
disease by meristem culture. Phytopathology 65: 826-828. 

[55] Zinga I, Chiroleu F, Kamba E, Giraud-Carrier C, Harimalala 1 M, 
Kosh Komba E, Yandia S, Semballa S, Reynaud B, Dintinger J, 
Lefeuvre P and Lett JM. (2014). Field Evaluation of the 
Effectiveness of Thermotherapy against Cassava Mosaic Disease 
in Central African Republic. American Journal of Experimental 
Agriculture. 

[56] Valam Zango Adonise F., Innocent Zinga 1, Régis Dimitri Longué 
Soupké, Simplice Prosper Yandia1, 3, Brice Toko Marabana, 
Nicole Gado Yamba Kassa, Françoise R. Otabo, Emmanuel 
Kamba Mebourou, Kosh Komba Ephrem, Armand M'Villa, Guy 
Florent Ankogui, Semballa Silla and Joseph Mabanza. (2021) 
Comparative Elimination of Begomoviruses in Cassava Meristems 
and Axillary Bud. 43(4): 1-9, 2021; Item no.JEAI.6863. 

[57] Cooper, VC and DJA Walkey. (1978). Thermal inactivation of 
cherry leaf roll virus in tissue cultures of Nicotiana rustica raised 
from seeds and meristem tips. Ann. Appl. Biol., 88: 273-278. 

[58] Feréol L. (1978). Vegetative multiplication and elimination of 
cassava mosaic by thermotherapy on plants cultivated in vitro. In 
Diseases of tropical food crops. Proceedings of an International 
Symposium VCL Louvain-La-Neuve. Belgium, 285-295. 

[59] Manganaris GA, Economou A., Boubourakas I., Katis N. (2003) 
Elimination of PPV and PNRSV through thermotherapy and 
meristem-tip culture in nectarine. Plant Cell Reports 22:195-200. 

[60] Mink, GI, R. Wample and WE Howell, (1998). Heat treatment of 
perennial plants to eliminate phytoplasms, viruses, and viroids while 
maintaining plant survival. In: plant Virus Disease Control (Hadid, 
A., Khetarpal, RK and koganezawa, H., eds), pp: 332-345. St. Paul, 
MN: APS Press, The American Phytopathological Society. 

[61] Yandia Simplice Prosper, Wouyou D. Agapit, Silla Semballa, 
Dambier Dominique, Gandonou Christophe Bernard and 
Toukourou Fatiou. 2015. Elimination of African cassava mosaic 
virus in cassava (Manihot esculenta Crantz) using meristem 
culture associated with thermotherapy. International Journal of 
Development Research Vol. 5, Issue, 10, pp. 5655-5660. 

 

 
© The Author(s) 2026. This article is an open access article distributed under the terms and conditions of the Creative Commons 
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 

 


