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Introduction 

Problem, justification and context of the study 

Cassava is considered the fourth most important crop in 

terms of its contribution to the world's diet after rice, wheat 

and maize. It is produced and used in human food on all five 

continents, except Europe, but it is of economic as well as 

food importance. Cassava roots are mainly produced in 

Africa (47.8%), Asia (33.2%) and South America (18.2%); 

other regions of the world (Oceania, Central America) 

contribute less than 0.8% to world production 
1
. 

In the Democratic Republic of Congo, cassava is one of 

the most important crops and constitutes the staple food for at 

least 70% of the population thanks to its various parts, 

notably the leaves and tuberous roots, which ensure food 

security
2,3,4

. 

The leaves represent one of the good sources of the least 

expensive proteins, vitamins and minerals. It is noted that 

they contain about the same amount of protein as egg, which 

allows them to compete with some vegetables and staple 

foods
5,6

. 

In tropical countries, cassava, once dried, yields flours or 

starch plugs that provide more than 1 U.F. per kg. It is one of 

the roots offering energetic, palatable and refreshing foods, 

which contribute to the fattening of domestic animals
7, 8

. 

The local cassava market is one of the most important in 

North Ubangi, in the town of Gbadolite and its surroundings. 

Indeed, cassava (leaves and roots) is the main food for most 

local populations as it is consumed in several forms including 

vegetables, cooked or raw tubers (songo), fried (ngosi), 

kneaded flour (fufu), pounded compact mix (kutubon), and 

pounded with cooked plantains (lituma) and chikwangue 
9,10

. 

Despite its importance, this crop is subject to several 

production constraints including diseases and pests. Among 

the diseases, African cassava mosaic (ACM) is an important 

disease in the production area. 
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ABSTRACT 

Cassava is a staple food in the world and in the Democratic Republic of Congo. A severe 

cassava epidemic would have long-lasting consequences for the population, which would 

probably result in malnutrition, reduced work performance, and possible migration to 

unaffected areas. This situation could be considered a disaster. The purpose of this study 

was to evaluate the severity of ACM and the bimonthly harvest on the leaf yield of ten 

cassava (Manihot esculenta Crantz) cultivars in Gbadolite, North Ubangi Province, 

Democratic Republic of Congo. The experimental design used was that of randomized 

complete blocks with 3 replications and 10 treatments, or 10 clones. Leaf yields in tons per 

hectare were 5.2 for cultivar Amuma; 4.1 for cultivars Mado and Moyindo; 3.9 for cultivar 

TME 419 or Obama; 3.8 for cultivar Nganza; 3.1 for cultivar RAV; 2.9 for cultivars 

Badiya and Dabeke; 2.7 for cultivar Khadafi and 2.0 for cultivar Yasegumba. MAM 

infection levels were in the range of 1 for cultivars Amuma and Dabeke; 2 for cultivars 

Moyindo, TME 419, and RAV; 3 for cultivar Yasegumba; and 4 for cultivars Badiya, 

Khadafi, Mado or Madame, and Nganza. The one-way analysis of variance and Duncan's 

test at the 5% probability level showed a significant difference. Tukey's post hoc test 

grouped cultivars according to the level of ACM infection. These results certify the level 

of severity of this virus in this province; for this reason, it is advisable to consider the 

control of this virus by popularizing resistant varieties and adequate cultivation techniques 

related to it. 
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Elixir Applied Botany 170 (2022) 56443 - 56451 

Applied Botany 

Available online at www.elixirpublishers.com (Elixir International Journal) 

 



Ambwa, J et al./ Elixir Applied Botany 170 (2022) 56443 - 56451 56444 

This foliar virosis depresses photosynthetic efficiency, 

deforms leaves and reduces their surface area, resulting in a 

significant drop in tuber and leaf yields of up to 90% 

depending on the severity. Cassava farmers, most of whom 

are unaware of the existence of the disease, have no method 

of combating it and thus complain about the situation 
11, 12, 13, 

14
. 

This disease was first described in East Africa, 

particularly in Tanzania. The virus responsible has been 

characterized. It belongs to the group of Gemini viruses 

transmitted in the intertropical zone by the white fly (Bemisia 

tabaci). Its presence has been reported in several African 

countries. The six virus strains ACMV, EACMV, EACMCV, 

EACMZV, EACMMV and EACMZV are distinct and 

currently circulating in Africa1
5
. 

This epidemic is severe and would leave lasting socio-

economic consequences among the population, which would 

likely include malnutrition, reduced work performance and 

income, and possible migration to unaffected areas. This 

situation could be considered a disaster. 

Several control methods and techniques to mitigate the 

severity of this virus have been considered, including the use 

of resistant and healthy varieties, adherence to the agricultural 

calendar, phytosanitation, and cross protection 
16,17,18,19

. 

Although these measures, the disease continues to worsen and 

spread and there is a need for research related to this disease. 

This study is the first evaluative investigation of this viral 

epidemic in Gbadolite in the province of North Ubangi or 

Northern Democratic Republic of Congo. It joins related 

studies to assess the level of infection of African cassava 

mosaic (ACM), to study the relationship between the level of 

infection of this virus with the yield of bimonthly harvested 

leaves and to judge the behavior of cultivars vis-à-vis this 

disease under the agro-ecological conditions of this 

agricultural region. 

This research answers the main question: What is the 

level of severity of ACMV on local and improved cassava 

cultivars under the agro-ecological conditions of Gbadolite? 

Specifically, to answer the following questions: 

Can high-severity cultivars give high leaf yields? 

Can spacing of leaf harvesting be a strategy for 

mitigating the severity of AMD and consequently improving 

leaf yield in Gbadolite? 

The main hypothesis was that local cultivars would be 

more infected than improved cultivars. 

The following specific hypotheses were tested: 

Cultivars with high AMD severity would have low leaf 

yield. 

By spacing successive picks by two months, yield of 

tender shoots would be higher than with monthly picks. 

The overall objective of this study was to evaluate the 

level of ACMV and the influence of bimonthly harvesting on 

leaf yield of 10 cassava cultivars under the agro-ecological 

conditions of Gbadolite. 

The specific objectives were to evaluate the severity of 

ACM in the 10 varieties under study; to quantify production 

as a function of MAM severity and to assess the decrease in 

leaf yield resulting from different levels of infection of the 

crop by the virus. 

Materials and Methods 

Study Environment 

This study was conducted in Gbadolite, at the 50 villas, 

in the Pangoma district. The GPS coordinates were as 

follows: Latitude North 4° 15' 45' and Longitude East 20° 59' 

14', with an altitude of 392.87; accuracy: 4 m. The period of 

the experiment was from May 12 to November 12, 6 months 

of testing. 

Figure 1 shows the town of Gbadolite. The town of 

Gbadolite has an Aw2 climate according to the Köppen 

classification. The average annual temperature is 28°C and 

rainfall is relatively abundant with an annual average of over 

1600 mm. The insolation is low with 45% of total radiation
 20

. 

The soil is of the clayey-sandy type. The vegetation used 

to be an equatorial evergreen rainforest, but under 

anthropogenic action, it has been replaced by a savannah 

where we find: Imperata cylindrica, Penisetum spp, 

Chromoleana odorata, Panicum maximum 
9
. 

The biological material used for this study consisted of 

cuttings of 10 local and improved cassava cultivars obtained 

respectively from farmers' fields and from agri-propagators in 

the city.  

The experimental set-up used was that of complete 

randomized blocks with 3 replications and 10 treatments, 

including T1: Amuma (improved bitter variety); T2: Badiya 

(local sweet variety); T3: Dabeke (local bitter variety); T4: 

Kadafi (local bitter variety); T5: Mado or Madame (local 

bitter variety); T6: Moyindo (local bitter variety); T7: Nganza 

(local bitter variety); T8: TME 419 or Obama (improved 

sweet variety); T9: RAV (improved bitter variety and T10: 

Yasegumba (local sweet variety). 

A potential area of 3600 m2 or 0.36 ha was developed 

and 2100 m2 or 0.21 ha was planted. The 20 cm long cuttings 

were planted at a distance of 1 m x 1 m. A population of 50 

individuals per treatment and a sample of 20 individuals were 

retained.  

Observations were made on vegetative parameters such 

as recovery rate, crown diameter, plant height, number of 

stems per stump; while the yield parameter was leaf yield (in 

t/ha) and the pathological parameter on the severity of 

African cassava mosaic disease (AMD). The severity index 

scale or COURS symptom severity index, by macroscopic 

technique, led to an assessment of the degree of disease 

severity on the plants
21

. 

The Symptom Severity Index (SSI) scale ranges from 0 

to 5 and is presented in Table 1. 

The data collected were analyzed using IBM SPSS 

Statistics 20 software. Statistical analyses were done using 1 

SE ANOVA and Tukey's post hoc test for difference in 

significance between treatments at the threshold of p ˂ 0.05
22

. 
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Figure 1. Map of the location of the Gbadolite site. Gbadolite MAP of the Gbadolite study area. 

 

 

Table 1. The Symptom Severity Index (SSI) scale 

Levels Images Symptoms 

Level 0  

 

Healthy plants or without apparent symptoms 

Level 1 

 

Yellowish spots covering 1/5th of the leaf blade 

or a light mosaic 

Level 2 

 

The spot covers half of the blade, appearance of 

the leaf deformations or a moderate mosaic 

Level 3  

 

Affected leaves deformed, partially curled up or 

strong mosaic 

Level 4 

 

Nearly all leaves curled up, reduced vegetative 

apparatus or severe mosaic 

Level 5 

 

Leaves reduced to 1/10th of their surface, 

atrophied branches, the plant withers and dies 

within a few months or very severe mosaic 
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Results 

Recovery Rate (%) 

The recovery rate was sampled and the results are recorded in Figure 2. 

 
Figure 2. The recovery rate 

The results of this figure show that the recovery rates were 75.5%, 84.4%, 90.0%, 91.1%, 95.5%, 91.1%, 78.9%, 88.9%, 

73.3% and 77.7% for the cultivars Amuma, Badiya, Dabeke, Kadafi, Mado or Madame, Moyindo, Nganza, TME 419 or Obama, 

RAV and Yasegumba respectively, under the agro-ecological conditions of Gbadolite. 

Diameter at the collar 

Data related to crown diameter were collected and the results are presented in Figure 3. 

 
Figure 3. Diameter at the collar (in Cm). 

It follows from Figure 3 that the diameters were in the order of 3.9 cm; 3.3 cm; 3.2 cm; 2.7 cm; 3.5 cm; 3.5 cm; 3.2 cm; 3.3 

cm; 3.6 cm and 2.8 cm for the cultivars Amuma, Badiya, Dabeke, Kadafi, Mado or Madam, Moyindo, Nganza, TME 419 or 

Obama, RAV and Yasegumba respectively. 

Plant height 

The results related to the height of the plants are recorded in figure 4. 
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Figure 4. Plant height (in Cm). 

Looking at Figure 4, the average plant heights range from 160.6 to 219.9 cm. 

Number of stems per stump 

The number of stems per stump harvested is presented in Figure 5. 

 
Figure 5. Number of stems per strain. 

In the light of the results in Figure 5, averages ranked in descending order from 1 to 3. Only the variety Khadafi which gave 

more branches than the others. 

Cumulative leaf yields in tons per hectare 

The plot weight data of the leaves were extrapolated to tons per hectare and the results were recorded in Figure 6. 
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Figure 6. Cumulative leaf yields in tons/ha. 

From the results obtained during this study, it can be seen that yields in tons per hectare of leaves varied according to 

cultivars, including 5.2; 2.9; 2.6; 4.1; 4.1; 3.8; 3.9; 3.1 and 2.0 for the varieties Amuma, Badiya, Dabeke, Kadafi, Mado or 

Madame, Moyindo, Nganza, TME 419 or Obama, RAV and Yasegumba respectively. 

As for leaf yield, the single-criteria analysis of variance of classification without sampling (ANOVA 1 SE) at the 0.05 

probability level showed that there is a significant difference and Tukey's post hoc test yielded the following conclusion: T10   T4   

T2   T3   T9   T8   T7   T5   T6   T1. Thus, in terms of leaf production as a vegetable under Gbadolite conditions, the most 

productive cultivar was the improved cultivar Amuma; then the local bitter cultivar Moyindo which is not different in leaf 

production potential with the cultivars Mado or Madame, Nganza and TME 419 or Obama ; after the cultivars RAV, Dabeke, 

Badiya and Khadafi which are different with the cultivar Yasegumba which gives less leaves but a sweet tuberous root very 

appreciated by the natives. 

Level of infection 

The data related to the level of infection were observed and the results are shown in Table 8. 

 

 
Figure 7. Level of infection. 

From the results in Figure 7, it appears that the level of 

infection of ACM under Gbadolite conditions was about level 

1 for cultivars Amuma and Dabeke; level 2 for cultivars 

Moyindo, TME 419 or Obama and RAV; level 3 for cultivar 

Yasegumba and level 4 for cultivars Badiya, Khadafi, Mado 

or Madame and Nganza under agro-ecological conditions of 

Gbadolite. Based on these results, it was observed that this 

virus has not yet reached level 5. 

As for the level of ACM severity, the single-criteria 

analysis of variance classification without sampling (ANOVA 

1 SE) and Duncan's test yielded a significant difference at the 

5% probability level. Tukey's post hoc test yielded the 

following conclusion: T1   T3   T6   T9   T8   T10   T2   T4   

T5 T7. Thus, the level of infection of this virus was 

significant in the cultivar Nganza, local and bitter but this 

severity was similar to the cultivars Mado or Madame, 
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Khadafi, Badiya, Yasegumba, TME 419 or Obama, RAV and 

Moyindo but different from cultivars Dabeke and Amuma 

which presented a virus at level 1 

Discussion 
Considering the extreme high (95.5%) recovery rate, it 

can be observed that the recovery rate varied proportionally 

to the cultivars under the conditions of this study; 

nevertheless, the decrease in recovery rate for some cultivars 

is attributed to the attack of termites that constitute a scourge 

in this part of the Democratic Republic of Congo, especially 

during periods of rainfall disturbance. 

The collar diameter of cultivars ranged from 2.6 to 3 cm, 

the recommended threshold for basal size for cassava stem 

selection in the Democratic Republic of Congo
23

. 

The height of some cassava varieties used in this study 

was less than or equal to 182.83 cm and 215.39 cm, an 

elongation that was not limited by the harvesting process in 

this study. This architecture falls within the 2 to 3 m height 

range
24, 25

. This performance of the plant proves that it was 

put in the right edaphoclimatic conditions adequate for its 

physiology on the one hand; on the other hand, it certifies that 

the bimonthly harvesting does not affect growth too much 

because it offers the plant a period of resilience and 

biochemical balance.  Considering the diameter at the collar 

and the height of the plants, it appears that the cultivar 

Amuma is the most vigorous, followed by RAV and Mado or 

Madame and Moyindo among the cultivars under 

experimentation. 

The leaf yields in tons per hectare were between 2.0 and 

5.2. In view of the above, the best varieties to produce the 

leaves as vegetables were Amuma, Moyindo, Mado or 

Madam, Nganza and Obama or TME 419 under Gbadolite 

conditions. 

These yields were less than 5.58 and 9.54T/ha, the yields 

recorded when harvesting bimonthly on 7 clones (82/255; 

82/578; F150; F100; 30085/28; 02864; Mpelolongi) in Bas-

Congo17. But less than 11.5T/ha in fresh leaves when 

harvesting at two-month intervals on the TMS 30211 

variety
12

. 

This situation is justified by the differences in genetic 

potential between the varieties linked to the development of 

branches, several branches, erect stems, the ability to produce 

secondary and tertiary regrowth after harvesting the leaves, as 

well as to the growing conditions, in this case the quantity 

and distribution of rainfall, soil fertility and the level of 

secondary infection.  

The coefficients of variation were more than 30% in 

relation to this parameter, which shows that the data were 

generally heterogeneous. Thus, the distribution of this virus 

within the population was variable and according to its 

concentration on the cutting. In general, the degree of 

infection of ACM under the agro-ecological conditions of 

Gbadolite, whatever the cultivar, was limited to Level 4, 

which means a strong mosaic. 

Based on these results, the varieties experienced a level 

of mosaic from light to severe; the cultivars Amuma and 

Dabeke experienced light mosaic, the local cultivar Moyindo 

and the improved cultivars TME419 or Obama and Rav 

experienced moderate mosaic, the cultivar Yasegumba 

experienced strong mosaic, and severe mosaic collapsed the 

cultivars Badiya, Khadafi, Mado and Nganza. 

During this study, no variety remained free from the 

virus, even those presumed to be improved and resistant. This 

aspect is justified by the presence and pressure of the 

population dynamics of Bemisi tabaci, the vector agent of this 

disease, and the weeds that surround the fields constitute the 

shelter of these whiteflies. However, no cultivar reached level 

5 or very severe mosaic under the agro-ecological conditions 

of Gbadolite 
26,27

. 

It is reported that the bimonthly harvesting technique 

mitigated the severity of the disease, thus these results 

confirm the thesis that regular leaf picking increases the 

severity of ACM because it favors the emission of young 

shoots, the site of multiplication and accumulation of virus; 

however, its spacing decreases the severity of this disease 

because the emission and development of major leaves 

constitute a bottleneck against the virus 
19,28

.  

It was observed that local cultivars, namely Badiya, Khadafi, 

Mado or Madame and Nganza which are local cultivars 

showed higher severity than improved cultivars namely 

Amuma, TME419 or Obama and Rav. The improved 

cultivars showed moderate mosaic; this observation 

corroborates the thesis that the improved varieties show a 

trace severity of ACM in contrast to the local cultivars that 

show severe mosaic due to the absence of a resistance gene 
6, 

29
. 

It was stigmatized that leaf production was proportional 

to the severity of the disease, for this reason, susceptible 

varieties gave a lower yield than resistant varieties. The 

conclusion that ACM is a limiting factor in cassava leaf 

production according to the degree of infection assessed in 

IGS is supported by the fact that it deprives the leaf 

surface
15,30

. 

It appears from this study that regardless of the severity 

of the disease on the cassava cultivars under experimentation, 

some local cultivars presumed to be susceptible to the disease 

gave similar yields to the improved cultivars and a 

corresponding severity to the resistant cultivars under the 

agro-ecological conditions of Gbadolite in North Ubangi, 

Democratic Republic of Congo. This proves that these 

improved cultivars have lost the resistance mechanism to 

ACM. 

Conclusion and Suggestions 

This study was conducted to test the hypotheses that 

local cultivars are more infected than improved cultivars, that 

leaf yields are proportional to the severity of AMD, and that 

by spacing successive harvests by two months, yields of 

tender shoots are improved and the degree of disease is 

reduced. In addition, it constitutes a state of the art of this 

virus, a source of fundamental information on this epidemic 

and a dashboard of the actors of the viral disease unit in the 

North of the Democratic Republic of Congo. 

For this purpose, 10 cultivars were put in 

experimentation and the results suggest the following  

Yields in tons per hectare of leaves varied according to 

the cultivars and were recorded as 5.2 for the cultivar 

Amuma; 4.1 for the cultivars Mado and Moyindo; 3.9 for the 

cultivar TME 419 or Obama; 3.8 for the cultivar Nganza; 3.1 

for the cultivar RAV; 2.9 for cultivars Badiya and Dabeke; 

2.7 for cultivar Khadafi and 2.0 for cultivar Yasegumba; 

among the best leaf-producing cultivars, Amuma, Moyindo, 

Mado or Madame, Nganza and TME 419 or Obama were 

selected. 

ACM infection levels under Gbadolite conditions were in 

the order of 1 (cultivars Amuma and Dabeke); 2 (cultivars 

Moyindo, TME 419 and RAV); 3 (cultivar Yasegumba) and 4 

(cultivars Badiya, Khadafi, Mado or Madame and Nganza) 

under agro-ecological conditions of Gbadolite. The threshold 

of severity 5 was not reached. 
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Cassava being one of the crops of socio-economic and 

scientific importance, in view of these results, the following 

recommendations were formulated to sensitize farmers on the 

disease, to popularize resistant and productive materials; to 

proceed with the inventory of cultivated clones and with 

studies related to the physical-morpho-agronomic 

characterization of the cultivars adopted in this agricultural 

zone in order to detect cassava ecotypes with ACM resistance 

genes; to evaluate the incidence and severity of ACM in the 

fields; to evaluate the incidence and severity of ACM on 

tuberous root yield; to compare the impact of monthly, 

bimonthly, quarterly and semi-annual harvests on the 

incidence and severity of ACM; to study the importance of 

vector (Bemisia tabaci) population dynamics on the incidence 

and severity of ACM in the agrosystems of Gbadolite and 

North-Ubangi 
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