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ABSTRACT 

The responses of eight genetically improved and eight local cassava varieties to cassava mosaic disease (CMD) were 
evaluated under field conditions at two sites, in Eastern Kasaï, region of the DR-Congo). The varieties were planted 
using randomized complete block design with three replications. The rate of cuttings sprouted varied significantly from 
variety to variety and from location to location. Local varieties were severely infected than improved varieties through- 
out the trial period. In general, the level of CMD incidence for genetically improved varieties was below 15% while it 
reached 100% for the local cassava varieties six months after planting (MAP). This trend was also observed for the 
CMD severity and gravity. The mean scores for CMD severity were 2 and 3.6 for genetically improved and local varie- 
ties, respectively at 6 MAP. CMD gravity for improved varieties was below 21% for genetically improved varieties and 
exceeded 85% for local varieties at the end of trials. Area Under the Severity index Progress Curve (AUSiPC) and Area 
Under Disease Progress Curve (AUDPC) estimates confirmed that improved varieties were moderately infested com- 
paratively to local varieties. Molecular analysis is being conducted to determine the genetic variability and complexity 
of the cassava mosaic virus strains involved.  
 
Keywords: Cassava Mosaic Disease; Local Cassava Varieties; Genetically Improved Cassava Varieties; AUSiPC; 

AUDPC; Disease Index; DR-Congo 

1. Introduction 

Cassava mosaic disease (CMD) is the principal constraint 
of cassava (Manihot esculenta Crantz) crop production in 
sub-Saharan African countries [1-4]. It is caused by sev- 
eral cassava mosaic geminiviruses and is the most im- 
portant disease of cassava in Africa and the Indian sub- 
continent [5,6]. In DR-Congo (DRC) where cassava is a 
source of food and income for about 70% of population, 
CMD represents an important threat to food security for 
many Congolese families who rely on this staple food 
[7]. 

In sub-Saharan African countries, CMD can cause sig-  

nificant yield losses of up to 95%, especially in fields 
where susceptible cultivars are grown [8]. A key factor in 
the genesis and spread of the pandemic has been the re- 
combination between two distinct cassava mosaic gemi- 
niviruses to produce a novel and more virulent hybrid [9]. 
To manage this pandemic, several genetically improved 
varieties resistant to the CMD have been developed and 
released in diverse agricultural regions. Egesi et al. [10] 
reported that in most resistant varieties, the disease is 
usually confined only to a few leaves or branches. How- 
ever, several of these varieties have not been easily 
adopted because several farmers’ preferred characteris- 
tics related to environmental conditions, organoleptic 
traits and marketability have been ignored by several  *Corresponding author. 
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cassava improved programmes [7]. In addition, newly 
introduced improved varieties have been abandoned by 
farmers in areas where there were grown at a large scale, 
because of the loss of resistance to CMD due in part to 
new strains and agronomic practices that are favourable 
to the virus spread [7,9,11].  

The main objective of the present study is to charac- 
terize field responses of new genetically improved and 
local cassava varieties from a savannah region of DR- 
Congo.  

2. Material and Methods 

2.1. Field Trials  

Field experiments were conducted at two sites in Ganda- 
jika region (Eastern Kasai) in DR-Congo (Figure 1). Site 
1 was located at INERA research station (23˚57'E, 
06˚48'S and 754 m altitude) and site 2 in Mpiana 
(23˚56'E, 06˚36'S and 685 m altitude). Site 1 was chosen 
because it is considered to be a low CMD-spread site 
where the use of resistant varieties and phytosanitation 
practice are applied. The choice of the site 2 (Mpiana) 
was motivated by the fact that it has been used for over 
10 years by farmers to grow cassava with limited phyto- 
sanitation practices.  

Gandajika region falls within the Aw4 climate type 
according to Köppen classification characterized with 4 
months of dry season (from mid-may to august) coupled 
with 8 months of rainy season, sometimes interrupted by 
a short dry season in January/February. Daily tempera-  
 
 

Gandajika 

 

Figure 1. DR-Congo map. The arrow indicates the region 
(Gandajika) where the field trials were conducted. 

ture averages 25˚C and annual rainfall is close to 1500 
mm.  

2.2. Cassava Varieties Used in the Study 

The plant materials used in the present study consisted of 
16 different local and genetically improved cassava va- 
rieties. Eight local varieties including Kamana-mabanza, 
Kavuandula, Luenyi, Madame, Muana-mpiana, Mutom- 
bo-tshomba and Tshilombo were evaluated. The eight 
improved varieties that were also evaluated include Bu-
tamu, Disanka, Gandajika, F 100, Mvuazi, Sadisa, TME 
419 and Zizila. These new improved varieties were pro-
vided by the National Cassava Programme (PRONAM) 
while local varieties were from farmers’ fields. Hard- 
wood stem cuttings used as planting material were se- 
lected from symptom-less plants.  

2.3. Experimental Design 

The study was conducted in 2009 during the growing 
season B (from February to July). In each site, two sepa- 
rate trials were conducted. The cassava materials were 
planted in a randomized complete block design (RBCD) 
with three replications. Each variety represented a treat- 
ment. Hardwood stem cuttings of each variety were 
planted in a plot of 30 plants at spacing of 1 m × 1 m, 
resulting in a population of 10,000 plants·ha−1. Each plot 
measured 5 m × 4 m. Plots were weeded whenever nec- 
essary and no pesticide or fertilizer was applied through- 
out the period of the study.  

2.4. Data Recorded and Statistical Analysis 

The selected parameters used to compare varieties in- 
clude rate of stem cuttings sprouted, cassava mosaic dis- 
ease (CMD) incidence, severity and gravity, and tuberous 
root yield. The rate of cuttings sprouted was recorded 2 
weeks after planting and was assessed for each variety 
based on the percentage of cuttings sprouted compared to 
the total number of stem cuttings planted in the plot. 
CMD incidence, severity and gravity were recorded at 1, 
3 and 6 months after planting (MAP). The CMD inci- 
dence represented the percentage of diseased plants 
compared to the total number of plants present in the plot. 
The CMD symptom severity was assessed for each plant 
in the plot using a scale of 1 to 5 described by Hahn et al., 
[12] and Terry and Hahn [13], where: 1 = no symptoms; 
2 = mild chlorosis, mild distortions at bases of most 
leaves, while the remaining parts of the leaves and leaf- 
lets appear green and healthy; 3 = pronounced mosaic 
pattern on most leaves, narrowing and distortion of the 
lower one-third of the leaflets; 4 = severe mosaic distor- 
tion of two thirds of most leaves and general reduction of 
leaf size and stunting of shoots; and 5 = very severe mo- 
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assessed per plant by the percentage of cassava leaves 
with typical symptoms of the disease.  

saic symptoms on all leaves, distortion, twisting, mis- 
shapen and severe leaf reductions of most leaves accom- 
panied by severe stunting of plants.  CMD incidence and gravity data were tested for ho- 

mogeneity of variance before analyses. They were trans- 
formed using the formula arcsiny y   as described 
by Legendre and Legendre [15], where y represent the 
proportion of infected plants (level of incidence) or the 
proportion of leaves with CMD symptoms (level of grav- 
ity). Data were subjected to the analysis of variance 
(ANOVA) using the Statistix 8 (free version) and R 
softwares. Mean effects were separated by least signifi- 
cant differences (LSD) at 5% of probability level. The 
response of each variety to CMD was also evaluated by 
determining the disease index (DI) which was calculated 
using the formula described by Fargette and Vié (1994) 
where: DI = CMD incidence (%) × CMD severity/100. 

The Area Under Disease Progress Curve (AUDPC) 
was calculated using CMD incidence as described by 
Shaner and Finney [14] as follows:  

 1
1

AUDPC 2
n

i i
i

x x t


     , 

where xi is CMD incidence at the time i, n is the number 
of data taken and t is the number of days between the 
registration of xi and 1ix  . The mean severity score was 
used to calculate the adapted Area Under Severity Index 
Progress Curve (AUSiPC). This was calculated based on 
the following formula:  

 
1

1 2
2 1

1

AUSiPC
2

n SS SS
x t t

    
 

   
3. Results 

Morpho-agronomic data of all the varieties used in the 
present study are described in Table 1. The results for  

where SS1 is the CMD severity score at time t1 and SS2 is 
the CMD severity score at time t2. The CMD gravity was  
 

Table 1. Some agro-morphological characteristics of genetically improved and local cassava varieties used in the study. 

 Principals morphological characters  Principals agronomic characters  

Variety 
Varietal 

type Leaf colour Lobe shape
Tuber root 
skin colour

Flesh colour
Number of 
tuberous 
root/plant

Yield in  
research  
station 

Yield in  
farmer field 

Status to 
CMD 

Improved variety         

Butamu Sweet Light green Oblong Brown Yellow 4 - 5 25 - 40 t·ha−1 10 - 20 t·ha−1 Tolerant 

Disanka Bitter 
Purple to dark 

green 
Oblong Brown White 6 - 8 35 - 50 t·ha−1 20 - 25 t·ha−1 Resistant 

F100 - - - - - - - - Tolerant 

Gandajika Bitter - - - White 6 - 8 25 - 35 t·ha−1 15 - 20 t·ha−1 Resistant 

Mvuazi Bitter 
Purple to dark 

green 
Lanceolate Brown White 6 - 8 35 - 50 t·ha−1 20 - 25 t·ha−1 Resistant 

Sadisa Bitter 
Purple green to 

dark green 
Lanceolate 

Yellowish 
white 

Yellowish 
white 

6 - 8 25 - 45 t·ha−1 7 - 10 t·ha−1 Sensible 

TME419 - - - - - - - - Resistant 

Zizila Sweet 
Purple to dark 

green 
Lanceolate Dark brown White 5 - 8 25 - 35 t·ha−1 10 - 20 t·ha−1 Resistant 

Local variety          

Kamana mabanza Sweet 
Dark green to 

dark green 
Oblong - White 6 - 9 - - Susceptible

Kavuandula - - - - White 5 - 7 - - Susceptible

Luenyi Sweet Dark green - - White 6 - 8 25 - 35 t·ha−1 10 - 20 t·ha−1 Susceptible

Madame Sweet - - - White 5 - 7 - - Susceptible

Muana mpiana - - - - White 5 - 7 - - Susceptible

Mutombo tshomba Sweet - - - White 5 - 8 - - Susceptible

Nzaza Sweet - - - White 4 - 6 - - Susceptible

Tshilobo Sweet Light green Lanceolate - White 6 - 8 25 - 40 t·ha−1 10 - 20 t·ha−1 Susceptible

- : Data not available. 
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the rate of cuttings sprouted are illustrated in Figure 2. 
Data for CMD incidence and gravity are summarized in 
Tables 2 and 3, respectively. Results of rate cuttings and 
CMD severity are presented in Figures 2 and 3, respec- 
tively. Area Under Disease Progress Curve (AUDPC) 
and the total amount of disease severity expressed as the 
factor Area Under Severity index Progress Curve (AU- 
SiPC) are illustrated in Figures 4 and 5, respectively. 
Details on disease index curves overtimes for all cassava 
varieties are presented in Figures 6 and 7. 

3.1. Rate of Stem Cuttings Sprouted 

In each site, analysis of variance revealed significant 
differences (P < 0.05) among varieties. In general, the 
rate of cuttings sprouted varied among variety and among 
sites. The highest rate of cuttings sprouted for genetically 
improved varieties was recorded in Mvuazi and Ganda- 
jika (100%), for sites 1 (INERA) and 2 (Mpiana), respec- 
tively (Figure 2). The lowest rate was recorded in Sadisa 
(33.3%) at site 1 and in F100 (72.2%) at site 2 (Figure 2). 

For local cassava varieties, the highest rate of cuttings 
sprouted was observed in Luenyi (94.4%) at sites 1 and 2, 
while the lowest rate was recorded in Kavuandula and 
Mutombo-tshomba (66.6%) at site 1 and Tshilobo (50%) 
at site 2 (Figure 2).  

3.2. Cassava Mosaic Disease Incidence  

It was noted that all cassava varieties used in the present 
study expressed cassava mosaic disease symptoms over- 
time. In general, the local varieties showed higher CMD 
incidence values compared to genetically improved va- 
rieties. One month after planting (1 MAP), CMD symp- 
toms were observed only on local varieties. The highest 
incidence of CMD at 3 MAP was observed on Sadisa 
plants (6.7%) and F100 plants (9.5%) at sites 1 and 2 
respectively, while the lowest incidence was observed on 
Gandajika plants (3%) at site 1 and Disanka and Ganda- 
jika plants (2.8%), at site 2 (Table 1). At 6 MAP, the 
highest incidence was recorded on Disanka (9.7%) and 
Gandajika (13.8%) plants at sites 1 and 2, respectively  

 
Table 2. Cassava mosaic disease incidence in field trials using genetically improved and local cassava varieties in Gandajika 
(DR-Congo). 

Site 1: INERA Site 2: MPIANA 
Type of variety 

1 MAP 3 MAP 6 MAP 1 MAP 3 MAP 6 MAP 

Improved       

TME 419 0 0 3.7 (0.11) 0 0 3.3 (0.10) 

Mvuazi 0 5.5 (0.19) 5.5 (0.19) 0 3.3 (0.10) 3.3 (0.10) 

Sadisa 0 6.7 (0.15) 6.7 (0.15) 0 7.4 (0.16) 7.4 (0.16) 

Disanka 0 0 9.7 (0.31) 0 2.8 (0.09) 2.8 (0.09) 

Zizila 0 0 2.8 (0.09) 0 6.1 (0.20) 6.1 (0.20) 

F100 0 4.2 (0.12) 8.9 (0.24) 0 9.5 (0.18) 9.5 (0.18) 

Butamu 0 0 3 (0.10) 0 3 (0.10) 3 (0.10) 

Gandajika 0 3 (0.10) 8.5 (0.29) 0 2.8 (0.09) 13.8 (0.37) 

LSD(0.05) - - - - - - 

Local       

Madame 55.5 (0.84) 100 (1.57) 100 (1.57) 71.2 (1.00) 100 (1.57) 100 (1.57) 

Nzanza 33.3 (0.52) 100 (1.57) 100 (1.57) 52.1 (0.80) 88.9 (1.36) 100 (1.57) 

Muana mpiana 88.9 (1.36) 100 (1.57) 100 (1.57) 63.8 (0.92) 93.3 (1.41) 100 (1.57) 

Kamana mabanza 15.1 (0.24) 44.4 (0.72) 100 (1.57) 41.1 (0.69) 75.5 (1.13) 100 (1.57) 

Tshilobo 68.9 (1.07) 100 (1.57) 100 (1.57) 100 (1.57) 100 (1.57) 100 (1.57) 

Kavuandula 33.3 (0.52) 100 (1.57) 100 (1.57) 100 (1.57) 100 (1.57) 100 (1.57) 

Luenyi 66.7 (1.04) 100 (1.57) 100 (1.57) 75.7 (1.13) 87.9 (1.27) 100 (1.57) 

Mutombo tshomba 83.3 (1.30) 100 (1.57) 100 (1.57) 100 (1.57) 100 (1.57) 100 (1.57) 

LSD(0.05) - 0.10 - 0.26 0.41 - 
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Table 3. Cassava mosaic disease gravity in field trials using genetically improved and local cassava varieties in Gandajika 
(DR-Congo). 

Site 1: INERA Site 2: MPIANA 
Type of variety 

1 MAP 3 MAP 6 MAP 1 MAP 3 MAP 6 MAP 

Improved       

TME 419 0 0 2.0 (0.08) 0 0 4.6 (0.12) 

Mvuazi 0 6.2 (0.20) 4.7 (0.17) 0 5.8 (0.14) 10.1 (0.19) 

Sadisa 0 2.9 (0.09) 4.6 (0.12) 0 4.7 (0.12) 9.3 (0.18) 

Disanka 0 0 3.6 (0.18) 0 4.0 (0.11) 7.5 (0.16) 

Zizila 0 0 1.6 (0.07) 0 11.1 (0.28) 20.8 (0.39) 

F100 0 8.3 (0.17) 2.4 (0.12) 0 4.2 (0.12) 7.4 (0.16) 

Butamu 0 0 1.7 (0.07) 0 7.4 (0.16) 9.1 (0.18) 

Gandajika 0 3.1 (0.10) 5.1 (0.21) 0 8.2 (0.23) 12.4 (0.34) 

LSD(0.05) - - - - - - 

Local       

Madame 15.6 (0.33) 45.0 (0.73) 90.2 (1.26) 39.9 (0.68) 76.8 (1.15) 100 (1.57) 

Nzanza 7.7 (0.16) 34.7 (0.62) 94.7 (1.43) 28.8 (0.56) 71.7 (1.09) 98.2 (1.49) 

Muana mpiana 25.1 (0.52) 49.6 (0.78) 97.2 (1.47) 30.4 (0.58) 71.7 (1.09) 95.7 (1.40) 

Kamana mabanza 3.6 (0.11) 37.2 (0.65) 93.4 (1.35) 28.0 (0.55) 63.8 (1.01) 85.4 (1.24) 

Tshilobo 33.0 (0.60) 56.4 (0.85) 90.4 (1.25) 23.8 (0.50) 100 (1.57) 100 (1.57) 

Kavuandula 7.9 (0.16) 28.0 (0.55) 94.3 (1.37) 24.4 (0.51) 72.8 (1.10) 96.4 (1.41) 

Luenyi 11.7 (0.28) 45.1 (0.73) 100 (1.57) 19.5 (0.45) 48.8 (0.77) 90.3 (1.25) 

Mutombo tshomba 28.8 (0.56) 42.5 (0.70) 100 (1.57) 19.8 (0.46) 66.5 (1.04) 100 (1.57) 

LSD(0.05) 0.34 0.12 0.23 0.13 0.65 0.24 

Data (in parentheses) were transformed using formula arcsin y y  (Legendre and Legendre, 1998); LSD: Least significant difference; MAP: months after 

planting. 

 
while the lowest incidence was observed on Zizila plants 
(2.8%) at site 1 and Disanka plants (2.8%) at site 2 (Ta- 
ble 2). 

For local varieties, analysis of variance revealed that 
CMD incidence was not significantly different (P > 0.05) 
among varieties at 1 and 6 MAP at site 1 (INERA). Sta- 
tistical analysis of data from site 2 (Mpiana) revealed 
significant differences (P < 0.05) in CMD incidence 
among varieties at 1 and 3 MAP. The highest incidence 
was recorded on Muana-mpiana plants (88.9%) at site 1, 
and on plants from Kavuandula, Mutombo-tshomba and 
Tshilobo (100%) at site 2, while the lowest incidence 
was recorded on Kamana-mabanza plants (15.1%) and 
(41.1%), at sites 1 and 2, respectively at 1 MAP (Table 
1). At 3 MAP, the highest level of incidence was ob- 
served on plants from Kavuandula, Luenyi, Madame, 
Muana-mpiana, Mutombo-tshomba, Nzaza and Tshilobo 
(100%) while the lowest level of incidence was recorded 
on Kamana-mabanza (44.4%) plants at site 1. For site 2,  

the maximum level of incidence was also observed on 
Madame plants (100%) while the lowest level of inci- 
dence was observed on Kamana-mabanza (75.5%). At 6 
MAP, all the cassava varieties (100%) were infested at 
two sites (Table 2).  

3.3. Cassava Mosaic Disease Severity  

In general, in each site, high CMD severity values (mean 
severity ≥ 3) were recorded for local varieties compared 
to improved varieties. In fact, during the trials period, the 
CMD severity for each improved variety did not exceed 
the mean score of 2 (Figure 3). Improved cassava varie- 
ties expressed typical symptoms of CMD three MAP. At 
this stage, at site 1 (INERA), only four varieties (Ganda- 
jika, F 100, Mvuazi and Sadisa) expressed CMD symp- 
toms. However, at site 2 (Mpiana), all the varieties ex- 
cept TME 419 developed CMD symptoms. At 6 MAP, 
all the genetically improved arieties tested were infested  v  
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Figure 2. Rate of cuttings sprouted (14 days after planting). (a) Genetically improved varieties and (b) Local varieties. 
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Figure 3. Cassava mosaic disease severity (scale 1-5) recorded at 6 months after planting (MAP) at two sites in Gandajika 
(DR-Congo). (a) Genetically improved varieties; (b) Local varieties. 
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Figure 4. Cassava mosaic disease incidence expressed as the Area Under Disease Progress Curve (AUDPC) recorded at 2 sites 
in Gandajika (DR-Congo). (a) Improved varieties and (b) Local varieties. 
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Figure 5. Cassava disease severity expressed as the Area Under Disease index Progress Curve (AUSiPC) recorded at 2 sites in 
Gandajika (DR-Congo). (a) Genetically improved varieties; (b) Local varieties. 
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Figure 6. Disease index curves recorded on different genetically mproved varieties at (a) Site 1 (INERA) and at (b) Site 2 
(MPIANA) in Gandajika (DR-Congo). MAP represents months after planting. 
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Figure 7. Disease index curves recorded on different local cassava varieties at (a) Site 1 (INERA) and at (b) Site 2 (MPIANA) 
n Gandajika (DR-Congo). MAP represents months after planting.  i  
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with the severity score of 2 for each variety at both sites 
(Figure 3).  

CMD symptoms were observed in local variety plants 
as early as 1 MAP at both sites. At 3 MAP, the highest 
score was observed on Luenyi and Mutombo-tshomba 
plants (2.7) at site 1 and on Muana-mpiana (3) at site 2. 
The lowest severity score was noted in Kavuandula (2) 
and Kamana-mabanza, Kavuandula, Mutombo-tshomba 
and Nzaza (3), at sites 1 and 2, respectively. At 6 MAP, 
the highest CMD severity was observed in Kamana-ma- 
banza, Muana-mpiana, Mutombo-tshomba and Tshilobo 
(mean score 3.7) while the lowest level of CMD severity 
was recorded on Kavuandula, Luenyi, Madame and 
Nzaza plants (mean score 3.3) in site 1. However, at site 
2, the highest level of CMD severity was recorded on 
Tshilobo plants (mean score 4) while the lowest severity 
was recorded on Kamana-mabanza plants (mean score 
3). 

3.4. Cassava Mosaic Disease Gravity 

CMD gravity for improved varieties was less than 21% 
regardless of the site. Typical CMD symptoms were ob- 
served in plots with genetically improved varieties from 
3 MAP. In each site, analysis of variance did not reveal 
significant differences (P > 0.05) among improved varie- 
ties during the experimentation period (6 months). At 3 
MAP, the highest level of gravity was observed in F 100 
(8.3%) and Zizila (11.1%) while the lowest level of grav- 
ity was recorded in Sadisa (2.9%) and Disanka (4%), at 
site 1 and site 2, respectively (Table 3). At 6 MAP, the 
highest CMD gravity was recorded in Gandajika (5.1%) 
and Zizila (20.8%), while the lowest level of gravity was 
observed in Zizila (1.6%) and TME 419 (4.6%), at sites 1 
and 2, respectively (Table 3). 

It was noted that the level of CMD gravity for local 
varieties was higher compared to improved varieties 
values at both sites. Analysis of variance revealed sig- 
nificant differences (P < 0.05) among varieties for both 
site 1 (INERA) and site 2 (Mpiana). At 1 MAP, the 
highest level of gravity was observed on Tshilobo plants 
(33%) and Madame plants (39.9%), while the lowest 
CMD gravity was recorded on Kamana-mabanza plants 
(3.6%) and Luenyi plants (19.5%), at site 1 and site 2, 
respectively (Table 3). At 3 MAP, the highest level of 
CMD gravity was recorded on Tshilobo variety (56% at 
site 1) and (100% at site 2), while the lowest level of 
gravity was recorded on Nzaza (34.7% at site 1) and Lu- 
enyi (48.8% at site 2) varieties. At 6 MAP, the maximum 
level of gravity (100%) was recorded on Mutombo- 
tshomba and Luenyi varieties at site 1 and on Tshilobo, 
Madame and Mutombo-tshomba varieties at site 2, while 
the lowest level of gravity was observed on Madame 
(90.2%) and Kamana-mabanza (85.4%) varieties, at sites 

1 and 2, respectively (Table 3). 

3.5. Area Under Disease Progress Curve 
(AUDPC) 

In each trial, the total amount of disease that occurred 
was calculated and expressed as the Area Under Disease 
Progress Curve (AUDPC). AUDPC values of the differ- 
ent varieties were compared and the results are presented 
in Figure 3. Analysis of variance for AUDPC values 
revealed significant differences (P < 0.05) among local 
varieties only. In site 1 (INERA), the highest value of 
AUDPC was observed on plants from Sadisa (improved) 
and Muana-mpiana (local) varieties while the lowest 
value was recorded on plants from Butamu (improved) 
and Kamana-mabanza (local). For site 2 (Mpiana), the 
highest AUDPC value for genetically improved varieties 
was recorded in F 100 while the lowest value was ob-
served in TME 419. For local varieties, the highest value 
of AUDPC was observed on Kavuandula, Mutombo- 
tshomba and Tshilobo, while the lowest value was in 
Kamana-mabanza (Figure 4). 

3.6. Area Under the Severity Index Progress 
Curve (AUSiPC) 

In each site, the Area Under Severity index Progress 
Curve (AUSiPC) calculated for data covering the 6 
month trial period did not show significant differences (P 
> 0.05) among improved and local varieties. At the end 
of the experimentation period, the highest AUSiPC value 
for improved varieties was recorded on plants from 
Gandajika, F 100, Mvuazi and Sadisa (255) varieties 
while the lowest value of AUSiPC was observed in Bu-
tamu and Zizila (165) for site 1. However, at site 2 
(Mpiana), the AUSiPC values were 255 for all varieties, 
except for TME 419 variety which expressed the lowest 
AUSiPC value of 195 (Figure 5). The AUSiPC value 
estimated for local varieties revealed that, the highest 
value was recorded on plants from Mutombo-tshomba 
(425) while the lowest value was observed on plants 
from Kavuandula and Nzaza (390) at site 1. For site 2, 
the highest value of AUSiPC was recorded in Tshilobo 
(410) while the lowest value was observed in Kavuan- 
dula (375) (Figure 5).  

3.7. Disease Index (DI) 

The DI calculated six months after planting (6 MAP) did 
not vary significantly (P > 0.05) among varieties, for 
both genetically improved and local varieties in each site. 
The highest DI for improved varieties was recorded in 
Disanka, F 100 and Gandajika (0.2) while the lowest 
value of DI was recorded in Butamu, TME 419 and 
Zizila (0.06) at site 1. At site 2, the highest DI was ob- 
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served in Gandajika variety (0.26) while the lowest level 
of DI was observed in Butamu, Disanka, Mvuazi and 
TME 419 (0.06) varieties (Figure 6). For local varieties 
the highest DI value was recorded on plants from Ka- 
mana-mabanza, Muana-mpiana, Mutombo-tshomba and 
Tshilobo (3.66) at site 1 and on Tshilobo plants (4.00) at 
site 2, while the lowest DI was recorded on plants from 
Kavuandula, Luenyi, Madame and Nzaza (3.33) and on 
Kamana-mabanza plants (3.00) at site 2, respectively 
(Figure 7).  

4. Discussion 

In the present study show that the rate of cuttings spouted 
varies from one variety to another. This variability may 
be related to interactions that exist between genotypic 
characters of each variety and soil conditions of each site 
where cassava was planted.  

Genetically improved and local cassava varieties 
evaluated in the present study responded differently to 
cassava mosaic disease (CMD) infection. In general, at 
both sites, typical CMD symptoms were observed on all 
cassava varieties. However, the levels of different CMD 
symptoms and indices varied considerably among im- 
proved and local varieties. For example, the mean of 
CMD incidence remained below 15% for improved va- 
rieties, while it reached 100% for all the local varieties at 
6 MAP. The level of CMD incidence varied from one 
site to another and among varieties. This is consistent 
with previous findings reported by Otim-Nape [16], 
Nweke [17], Zinga et al., [18], and Adriko et al., [19]. 
The results of the present study show that the disease 
severity was moderate for genetically improved varieties 
and severe for local varieties. In general, the disease se- 
verity recorded on local cassava varieties depended on 
the type of variety planted. Our observations corroborate 
with data reported by Fauquet and Fargette [20] who 
revealed that the severity of CMD symptoms varies with 
the cultivar and increases with the plant age until about 
60 days after planting. These authors noted afterwards 
that the level of CMD severity depended on several fac- 
tors such as the cultivar, climatic conditions, and grow- 
ing season. According to Abdullahi et al. [21], the dif- 
ferences observed in CMD incidence and severity among 
cassava clones are due to genotypic factors. In the pre- 
sent study, the CMD gravity remained below 21% for 
improved varieties while reaching 100% for some local 
varieties at 6 MAP. This finding suggests that the leaves 
present in the cassava plant expressed CMD symptoms 
with different levels of severity. In Gandajika region, 
studies conducted earlier revealed that the gravity of 
CDM symptoms varied among leaves of a same cassava 
plant. This observation suggests that the virus is not dis- 
tributed uniformly in different plant tissues.  

The AUSiPC estimates in the present study indicated 
that the disease developed with a high degree of severity 
in local varieties compared to improved varieties. The 
same trend was observed for the factor AUDPC that was 
high for local varieties than improved varieties. In fact, 
data reported by Banito et al. [22] on expression of re- 
sistance and tolerance of cassava genotypes to bacterial 
blight revealed similar trend. These authors noted in 
general that the local genotypes were severely infected 
and expressed higher values of AUSiPC than improved 
genotypes. A study conducted on effect of mineral fer- 
tilization on CMD expression by Muengula-Manyi et al. 
[23] reported that values of AUDPC for local cassava 
varieties were higher than for improved varieties plants. 
In general, the disease index (DI) recorded on improved 
varieties did not exceeded value of 1 while it reached up 
to 4 for Tshilobo (a local variety) plants at the site 2. 
According to Adriko et al. [19], DI depended on the ini- 
tial health status of plots and on the variety used. In the 
present case, the high value of DI observed on local va- 
rieties plants suggest that cuttings used from these varie- 
ties were initially infested although they did not ex- 
pressed CMD symptoms. In this study, the low level of 
disease parameters recorded in improved varieties ap- 
pears to be related to a presence of CMD tolerance genes 
as suggested by Muengula-Manyi et al. [23].  

In conclusion, differences in reaction of cassava varie- 
ties to CMD infection were observed in the targeted sa- 
vannah region in DR-Congo. The CMD parameters and 
indices analysed revealed that the disease was very pro- 
nounced in local varieties compared to genetically im- 
proved varieties. This indicates that improved cassava 
varieties assessed in the present study carry genes for 
resistance to CMD viral strains in the targeted areas. 
Molecular characterization of strains collected in the 
study areas is being conducted to determine the level of 
their genetic variability and complexity.  
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