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Abstract 
Sixteen cassava genotypes comprising introductions, local landraces and improved genotypes 
were evaluated for two seasons in Mansa, Zambia, for their reaction to cassava mosaic disease 
(CMD). The study was conducted in 2009/10 and 2010/11 seasons to evaluate the reaction of cas-
sava cultivars to CMD and agronomic traits. Cassava mosaic disease severity and leaf retention 
were scored at 6 months after planting (MAP) and data on yield and yield components were re-
corded at harvest (7 MAP). Significant genotype x season interaction for CMD, harvest index, fresh 
root yield, biomass, plant height, root size and leaf retention was recorded. Bangweulu, Kalaba, 
Chikula, Mwakamoya and Chila-7 were the most susceptible genotypes over the two seasons. 
Mweru, Kampolombo, TMS190, TMS3001, Tanganyika and Nalumino had low severity scores. 
Harvest index ranged from 0.36 (Mwakamoya) to 0.55 (Chila-7) for the combined seasons. Chila-7 
had the highest fresh root yield with a mean of 0.87 kg plant−1 for the combined seasons. The re-
sistant genotypes might be used to improve the CMD resistance of local cultivars through hy-
bridisation. 
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1. Introduction 
Cassava forms an integral part of the farming system in Zambia. A number of cassava landraces are grown by 
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smallholder farmers mainly in Luapula, Northern, North Western, Western and parts of central provinces. In 
most of the communities, the crop is grown for its storage root. The cassava roots have variable uses such as 
fresh food, animal feed [1], starch extraction and alcohol production [2]. One of the important breeding objec-
tives in many research institutions, for example the International Institute for Tropical Agriculture (IITA) and 
Centro Internationcional de Agricultura Tropical (CIAT), is producing cultivars which are high yielding, early 
bulking, resistant to pests and diseases, and with low cyanide glycoside content (HCN). However, many of the 
cultivars grown in Zambia are susceptible to pests and diseases.    

One of the farmers’ primary concerns is having planting materials which are resistant to important diseases, as 
diseases are the major constraints to cassava production [3]. Without proper management of CMD, the disease 
may prove difficult to eradicate especially in planting materials perceived to be free from the disease. A practi-
cal solution is selecting cultivars that resist CMD infection. Increased resistance to CMD offers hope of achiev-
ing higher yields and improving household food security especially in rural communities. Plants are resistant to 
CMD, partition more carbohydrates to the storage roots which result in improved yields.  

Evaluation of local cassava cultivars is necessary in order to generate important information that can form the 
basis of a breeding programme for CMD resistance in Zambia. The objectives of the study are: to evaluate the 
reaction of introductions, local and improved cassava cultivars to CMD and agronomic traits. 

2. Materials and Methods 
2.1. Location and Site Description 
The trial was carried out at Mansa Research Station in 2009/10 and 2010/11 seasons. The trials were established 
on 10 December of each season. Mansa experiences a monomodal rainfall pattern and receives between 1000 
and 1500 mm of rainfall per year primarily from November to April. The mean annual minimum temperature is 
10˚C and means annual maximum temperature is 31˚C. The soils are acidic at both sites and have been classified 
as sandy loam, well drained to imperfectly drained [4]. The vegetation of the trial site is predominantly Miom-
boand interspersed with grass [5]. 

2.2. Germplasm 
The germplasm used in the research study was obtained from Mansa Research Station, Mount Makulu Gene 
Bank, and IITA (Table 1). The local and improved genotypes are widely grown in Zambia especially in North-
ern, Luapula, North-Western, Western and parts of central provinces. The genotypes were not randomly sam-
pled, therefore they were considered as fixed effects. 

2.3. Experimental Layout and Management 
The design used was a 4 × 4 α lattice with three replications. The experimental field was ploughed with a tractor 
and ridges made manually using hoes at spaces of 1 m between the ridges (height of ridges, 40 cm). Mature cas-
sava cuttings from plants certified to be disease free measuring 30 cm in length were planted vertically, 1 m 
apart on the ridges. Each cultivar was planted on four ridges per plot. The length of each ridge was 11 m. 
Weeding was done manually and no fertilizer was applied. The two trials were grown with no supplementary ir-
rigation.  

Although Luapula province is considered to be a hot spot for CMD and has a favourable environment (rainfall 
and high temperatures), the whitefly population is low. Augmented transmission of CMD to the test plants was 
necessary. Therefore, additional cassava plants exhibiting CMD symptoms were collected from farmers’ fields 
within Luapula province.  

The collected diseased plants were planted in the screenhouse. Water was applied regularly and monocroto-
phos was sprayed to control cassava green mites. Once the plants were ready to be used as source of virus in-
oculum, grafting was carried out 3 MAP on test plants in the field in 2009/10 and 2010/11 seasons. The scion 
(diseased plant) was cut to a tapered shape and the root stock (test plant) cut to a wedge shape. With the scion 
and the root stock in direct contact and held in position, a plastic strip was firmly wrapped around the graft un-
ion. In addition to grafting, CMD susceptible local cultivars were planted in each of the first and fourth rows 
between the test plants as spreaders. 
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Table 1. List of cassava cultivars evaluated for agronomic traits.                                                             

Entry Cultivar Local Landrace/Improved Source 

1 Nalumino Local landrace Mansa Research Station 

2 Bangweulu Local landrace Mansa Research Station 

3 Namuyongo Local landrace Mansa Research Station 

4 Kabala Local landrace Mansa Research Station 

5 Chikula Local landrace Mt. Makulu Gene bank 

6 Mwakamoya Local landrace Mansa Research Station 

7 Chila 7 Local landrace Mansa Research Station 

8 Manyopola Local landrace Mansa Research Station 

9 Chila 11 Local landrace Mansa Research Station 

10 Chila Improved Mansa Research Station 

11 Tanganyika Improved Mansa Research Station 

12 Kampolombo Improved Mansa Research Station 

13 Mweru Improved Mansa Research Station 

14 TME2 Improved IITA1 

15 TMS190 Improved IITA 

16 TMS3001 Improved IITA 

1IITA (International Institute of Tropical Agriculture). 

2.4. Data Collection 
Data on CMD severity was collected from the two middle ridges using the 1 - 5 scale [6] where: 1 = no symp-
toms observed; 2 = mild chlorotic pattern over entire leaflets or mild distortion at the base of leaflets only, with 
the remainder of the leaflets appearing green and healthy; 3 = moderate mosaic pattern throughout the leaf, nar-
rowing and distortion of the lower one-third of leaflets; 4 = severe mosaic, distortion of two thirds of the leaflets 
and general reduction of leaf size; 5 = severe mosaic distortion of the entire leaf; data was collected on a 
monthly basis for three months after grafting. 

2.4.1. Fresh Root Yield and Harvest Index 
At harvest time (7 MAP), the number and mass (kg) of all the storage roots per plant were counted and recorded. 
In addition, root size was classed as: size 3 (small sized roots); size 5 (medium sized roots); and size 7 (large 
sized roots). The fresh root mass and the total fresh biomass for each plant were determined. Harvest index (HI) 
was calculated as the ratio of fresh root yield to fresh total biomass. 

2.4.2. Leaf Retention 
The cassava clones were visually evaluated for leaf retention at 6 MAP [7]. The trait was quantified on a scale of 
1 to 5, where: 1 = very poor retention; 2 = less than average retention; 3 = average leaf retention; 4 = better than 
average retention; and 5 = outstanding leaf retention.  

2.5. Statistical Analysis 
Statistics for all the variables evaluated was carried out using Genstat Version 14 [8]. Analysis of variance 
(ANOVA) was performed on the two season data. Bartlett’s test was also performed on individual seasons. The 
genotypes were considered as fixed effects, while sites and replications were considered as random effects. 
Pearson correlation analysis using Genstat procedures was used to determine the relationships among the biotic 
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and agronomic traits. The relative contribution of the different traits towards the genotype performance was es-
timated by principal component analysis (PCA) [9].  

3. Results 
The CMD severity scores ranged from 1 to 4 with a mean of 2.0. Harvest index was as low as 0.07 to as high as 
0.79. Total biomass ranged from 0.1 to 4.1 kg plant−1. Root size varied from 3 to 5 while fresh root yield ranged 
from 0.02 kg plant−1 to 2 kg plant−1. 

The chi-square values for all the traits were not significant, indicating that the season error variances were 
homogeneous. Analysis of variance (ANOVA) revealed significant differences (P < 0.001) among the genotypes 
across seasons for the biotic and agronomic related traits. The mean squares for the genotypes and genotype x 
season interactions were significant (P < 0.001) for CMD, harvest index, total fresh biomass, leaf retention, plant 
height, root size and fresh root yield.  

3.1. Cassava Mosaic Disease Symptom Expression 
The CMD symptoms appeared three to four weeks after grafting. Appearance of symptoms varied across the 
genotypes. Mild to severe symptoms of CMD were observed in both seasons on a scale of 1 - 5. Observations in 
the field showed that Bangweulu Kalaba, Chikula, Mwakamoya and Chila-7 were the most susceptible to CMD. 
Genotypes TME2, TMS190 and TMS3001 expressed mild symptoms, while Chila, Kampolombo, Mweru, and 
Tanganyika expressed moderate symptoms. The ten most resistant genotypes were TME2, TMS190, TMS3001, 
Nalumino, Kampolombo, Mweru, Chila, Tanganyika, Manyopola and Chila-11.  

3.2. Cassava Mosaic Disease and Yield Components 
Reaction of the genotypes to CMD differed significantly (P < 0.001). Harvest index varied significantly (P < 
0.001) among the genotypes for the two cropping seasons. Genotype Chila-7 had the highest harvest index 
(0.55), while Mwakamoya had the lowest (0.36). Bangweulu, one of the popular cultivars had harvest index of 
0.45. Leaf retention significantly (P < 0.001) varied with the genotypes. Genotype TMS190 had the highest leaf 
retention, while Bangweulu, Chikula, Mwakamoya and Tanganyika had the lowest.  

3.3. Agronomic Traits and Yield 
Total fresh biomass varied significantly (P < 0.001) among the genotypes. Chila-7 had the highest (1.62 kg 
plant−1) and TMS3001 (0.60 kg plant−1) the lowest total biomass. There were significant differences (P < 0.001) 
in plant heights for the genotypes. Chila was the tallest (92.6 cm) and TMS190 was the shortest (58.1 cm). Sig-
nificant (P < 0.001) differences were also observed in root size. Root size ranged from 3.0 (Chikula and Tanga-
nyika) to 4.4 (Kampolombo) with a mean of 3.7. Fresh root yield was significantly (P < 0.001) different. Fresh 
root yield ranged between 0.24 kg plant−1 (Mwakamoya) to 0.87 kg plant−1 (Chila-7).  

3.4. Phenotypic Correlation of Cassava Mosaic Disease and Agronomic Traits 
Total fresh biomass was significantly (P < 0.001) and positively correlated to leaf retention, root size, CMD and 
fresh root yield (Table 2). A positive and significant correlation was also observed between harvest index and 
fresh root yield, root size. Leaf retention was significantly (P < 0.01) positively correlated to fresh root yield and 
root size. A weak and negative correlation was observed between leaf retention and CMD. Root size was sig-
nificantly correlated to fresh root yield. Cassava mosaic disease was significantly positively correlated with 
plant height, total biomass and fresh root yield.  

3.5. Trait Contribution to Genotype Performance 
The first three principal components (PCs) accounted for 83.5% of the total variation (Table 3). The PC1 ac-
counted for 44.0% total variation with an eigenvalue of 2.20. The major contributors for the first PC were total 
fresh biomass, root size and fresh root yield. Principal component two and PC3 accounted for 20.5% and 18.9% 
of variability respectively. The major factors for PC2 were total fresh biomass, harvest index, leaf retention and 
root size. For PC3 the major factors were harvest index, leaf retention and root size. 
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Table 2. Phenotypic correlation of 16 genotypes for biotic and agronomic traits 7 MAP at Mansa Research Station, Zambia.      

TB -       
HI 0.02 -      
LR 0.21*** 0.08 ns -     
PH 0.07 0.04 ns −0.15*** -    
RS 0.21*** 0.13*** 0.20*** −0.02 ns -   

FRY 0.93*** 0.29*** 0.23*** 0.05 ns 0.26*** -  
CMD 0.14*** −0.06 ns −0.09* 0.13*** 0.11* 0.14*** - 

 TB HI LR PH RS FRY CMD 

TB (Total Fresh Biomass, kg plant−1); HI (Harvest Index); LR (Leaf Retention); PH (Plant Height, cm); RS (Root Size); FRY (Fresh Root Yield, kg 
plant−1); *, *** Significantly different from zero at the P < 0.05, P < 0.001 probability level (two-tailed test), respectively; ns (non significant). 
 
Table 3. Principal component coefficients of the various traits with loadings of the various yield and yield components.              

Trait PC1 PC2 PC3 PC4 

TB 0.604 −0.419 0.054 0.017 

HI 0.213 0.698 0.624 −0.197 

LR 0.292 0.312 −0.647 −0.631 

RS 0.312 0.448 −0.375 0.749 

FRY 0.639 −0.198 0.219 −0.028 

Eigenvalue 2.20 1.03 0.94 0.80 

% Variation 44.0 20.5 18.9 15.9 

PC (Principal Component); TB (Total Fresh Biomass, kg plant−1); HI (Harvest Index); LR (Leaf Retention); RS (Root Size); FRY (Fresh Root Yield, 
kg plant−1). 

4. Discussion 
Evaluation of the 16 cassava genotypes showed significant differences in reaction to cassava mosaic disease 
across the two planting seasons. None of the genotypes exhibited complete resistance to CMD; however, 56.3% 
of the genotypes were more tolerant. The development of CMD was variable in the two seasons, which resulted 
in different levels of severity scores. This contributed to the genotype x season interaction. The significant dif-
ferences between the genotypes and seasons influenced the reaction of the genotypes to CMD infection. The 
observation agrees with studies by Akainwale et al. [10].  

The significant interaction between genotypes and seasons for all the variables indicated the need for evalua-
tion for more than one season. Harvest index varied significantly, with most of the genotypes having values be-
tween 44% to 55%, which was high according to CIAT classification [11]. Seven genotypes (Chila-7, Chila-11, 
Chila, Tanganyika, Kampolombo, TMS190 and TMS3001) had a harvest index of 50% or more which was very 
high according to the optimum value of 50% to 60% for cassava [12]. Harvest index was a highly heritable trait 
[13] [14] and less affected by the environment. Genotypes with high harvest index were considered to be ideal 
for cultivar improvement.  

For most of the genotypes leaf retention ranged from 1.9 to 2.9 on a scale of 1 - 5. Leaf retention was a trait in 
cassava which had been suggested as a possible means of increasing cassava productivity [7]. The moderate leaf 
retention among some of the genotypes evaluated indicated the need for improvement. Significant variations 
were observed for fresh root yield indicating wide genetic differences. Yield had been reported as selection cri-
teria for early bulking [11]. Several genotypes yielded more than 0.4 kg plant−1 (4 t∙ha−1) at 7 MAP, though 
lower than what had been reported by Kamau [15] in Kenya. Harvesting at this stage allowed identification of 
genotypes with early bulking characteristic. Root yield depended on several climatic and physical factors (rain-
fall, temperature, soil characteristics) in addition to genetic factors. The rainfall was higher in the 2010/11 sea-
son than in the 2009/10 season. This could have influenced the relatively better performance of root yield in the 
second season. Though cassava was a drought tolerant crop, during initial growth stages moisture content in the 
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soil was important. The low fertility associated with the sandy loam soil, particularly nitrogen, could have also 
contributed to low yields (data not shown) in the first season. Cassava grew well in less fertile soil, however, a 
considerable amount of nitrogen was required [16].  

The major contributors to the performance of the traits as reflected by the PCs were storage root size, fresh 
root yield, biomass, leaf retention, and harvest index. Leaf retention, harvest index and fresh root yield were 
among the traits used by the breeders for selecting cassava genotypes.  

Significant positive correlation between leaf retention and fresh root yield was observed. Lenis et al. [7] re-
ported positive relationship between fresh root yield and leaf retention. Fresh root yield correlated positively 
with all the other traits except for plant height. Positive and weak correlation was observed between CMD and 
biomass, plant height, and fresh root yield. The genotypes used in the study were fixed and the resistant lines 
were low yielding, this could have contributed to the positive correlation between CMD and some of the traits. 
The positive correlation of CMD and yield might have been due to early harvesting of cassava (7 MAP) and low 
virus titre. The observations agreed with Ssemakula and Dixon [17] who reported significant positive correlation 
between CMD and yield. On the contrary, studies by Okechukwu and Dixon [18] reported negative correlations 
between CMD and yield. In all cases, CMD had a weak positive correlation, it suggested that CMD had no ef-
fect on the particular traits. In some of the newly infected cassava planting materials the impact of CMD on 
yield is low compared to later stages of growth [19].  

In conclusion, 16 genotypes were screened for CMD resistance using spreaders and the grafting method. The 
grafting ensured presence and uniform distribution of the virus in the test plants. The study showed that most of 
the local landraces grown are susceptible while others are tolerant to CMD. This suggests that the susceptible 
genotypes can be improved while maintaining farmer preferred characteristics through hybridisation. Cultivars 
that showed low or moderate CMD severity could be considered as sources of resistance. The low root yield 
suggests improvements needs to be made in the genotypes. 
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