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ABSTRACT  
 

Breeding is the most economical approach for controlling production constraints 

in cassava (Manihot esculenta Crantz) smallholder farms. This study aims at 

assessing the performances of elite cassava clones in the province of Kwilu, 

Democratic Republic of Congo (DRC). Three sets of trials were established using 

an alpha lattice and a randomized complete block designs in two contrasting 

locations, upland savanna and valley forest agroecologies. Eleven traits were used 

in phenotyping the cassava clones along with two checks varieties (local cultivar 

Biele and improved variety OBAMA). High heritability was recorded for the traits 

and it ranged from 0.52 to 0.75 except for yield (0.45). They are significant 

differences between the tested clones and the improved variety OBAMA. Overall, 

the Best Linear Unbiased Estimates (BLUEs) used for weighing in the selection 

index led to two candidate clones, KYK2016-048 and KYK2015-04 that 

outperformed both checks, Obama and Biele in this study and they could be 

potential candidates for variety replacement.  
 

Keywords : breeding, DRC, Manihot esculenta, upland savannah, valley 

forest, yield. 
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RÉSUMÉ 
 

Évaluation des clones issus de la sélection du manioc dans deux 

agroécologies en République Démocratique du Congo 
 

La sélection reste l'approche la plus économique pour la gestion des 

contraintes dans la production agricole notamment avec les petits 

exploitants de manioc (Manihot esculenta Crantz). Cette étude vise à 

évaluer les performances des clones de manioc dans la province de Kwilu, 

en République démocratique du Congo (RDC). Trois types d'essais ont été 

installés uniforme suivant le schéma de sélection du manioc avec un 

dispositif alpha lattice en essai préliminaire et le bloc aléatoire complet 

pour les essais avancé et uniforme. Les essais ont été installés dans deux 

sites différents dont les agroécologies de la savane et de la forêt de la vallée. 

Onze paramètres ont été reportés pour le phénotypage des clones de manioc 
y compris les deux variétés témoins (cv. local Biélé et la variété améliorée 

OBAMA). Une héritabilité élevée a été enregistrée pour l’ensemble des 

paramètres mesurés et elle varie de 0,52 à 0,75 sauf pour le rendement en 

racine (0,45). Il existe des différences significatives entre les clones testés et 

les témoins. Dans l'ensemble, les meilleures estimations linéaires non biaisées 

(BLUEs) utilisées pour mesurer l'indice de sélection ont montré que deux 

clones KYK2016-048 et KYK2015-04 présentent une meilleure performance 

comparativement aux témoins Biélé et Obama dans cette étude et ils pourraient 

être des candidats potentiels pour le remplacement de la variété.  
 

Mots-clés : sélection, RDC, Manihot esculenta, savane, forêt de la vallée, 

rendement. 

 

 

I - INTRODUCTION 
 

Tropical starchy root, cassava (Manihot esculenta Crantz), originally from 

South America, has self-spread almost worldwide. It constitutes the staple 

food crop for more than 800 million people in sub-Saharan Africa [1, 2]. 

Across the globe, the Democratic Republic of Congo (DRC) is among the 

top 10 producers and the first producer in the Central and East Africa 

regions [3, 4]. In sub-Saharan Africa, particularly in DRC, cassava is 

served as a doughy ball called fufu that accompanies stews and greens like 

cassava leaves and spinach. Besides its high contribution to food security, 

it also contributes to farmers' income generation [4 - 7]. According to FAO 

[8], the highest peak of cassava production in DRC was recorded from 2000 

to 2011, from which the yield was above 15 million tons per year. Since 

then, the production has decreased despite the population growth and the 
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high demand for cassava as the major staple food. This decline is due to 

several biotic and abiotic constraints. In DRC, as well as in Africa, major 

diseases and pests with a substantial threat to cassava production cassava 

mosaic geminiviruses (CMGs), cassava mosaic disease (CMD), cassava 

brown streak viruses (CBSVs), whitefly vector, CBSD-like symptoms, 

Cassava green mite (CGM), cassava mealybug (CMB), anthracnose 

(CAD), cassava bacterial blight (CBB), cassava root necrosis disease 

(CRND) and variegated grasshopper [9 - 14]. At the same time, abiotic 

stress, including floods, drought, poor soil fertility (pH, nutrient contents 

and ratios) are the most contributors to flow cassava yields in DRC                 

[15 - 19]. Farmers in the province of Kwilu face the above challenges which 

lead to low cassava productivity and low-income generation [3, 18]. 

Hopelessly optimistic, forests are destroyed by farmers to establish 

agricultural fields as a solution of high yield production and poor soil. 

Previous studies have shown that one of the main causes of deforestation 

in the worldwide are the extension of agricultural areas that involves the 

clearing of land by shifting cultivation [20 - 23]. Researchers have reported 

similar information in DRC which holds the second largest forest in the 

world after the Amazon [24]. In 2018, an average annual of 1 million 

hectares of forest reduction were recorded in DRC [25] and the pressure 
might increase regarding the population growth and country development to 

overcome food and other resources needed. In most cases, the best approach 

and most affordable to face the multi stresses in crop production, particularly 

for smallholders, is the adoption of improved varieties, with high and stable 

yields, resistant/tolerant to stress with high dry matter. Here, I will present the 

challenges related to cassava production in the forest as well as in the savanna 

(lack of improved varieties) and justify the need of evaluating cassava clones 

to identify top performing cassava varieties. Therefore, this study aimed to 

evaluate the performances of cassava clones in different trials across valley 

and upland ecologies to identify the new candidates for release and the 

improvement of cassava breeding scheme in Kiyaka program. 
 

 

II - MATERIAL AND METHODS 
 

II-1. Experimental Sites 
 

Two agroecologies, upland savanna and valley forest, at the “Institut 

National des Etude et Recherche Agraonomiques (INERA)” station of 

Kiyaka in the province of Kwilu in DRC were used to establish the trials. 

The savanna dry land and valley forest are located at 5°33'S, 19°47E, 723 

m above sea level (masl) and 5°32'S, 18°96'E, 455 masl, respectively. The 



60  Rev. Ivoir. Sci. Technol., 40 (2022)  57 - 75 

Mouritala  SIKIROU  et  al. 

Kiyaka's valley is characterized by the dense moist or semi-deciduous 

young forest fallows and palm groves while the upland is dominated by 

wooded savanna, most of which belong to the Guinean-Congolese 

transition zone. The experiments were conducted over two cropping 

seasons 2017 to 2019 across two agroecologies (Figure 1). 

 

 
 

Figure 1 : Characteristics of the soils of the valley and upland sites> 

*cmol [+]kg−1 and **mg kg−1 

 

II-2. Planting Material  
 

Half-sib (HS) cassava varieties are the dominant popular varieties grown 

currently in Central, East and West Africa. The planting materials 

evaluated at Kiyaka in this study were generated through half-sib progenies 

obtained from the elite’s parents introduced from the INERA, Mvuazi 

research center, in the province of Kongo Central in DRC. Eighteen parents 

were used in this breeding program. Across the trials, TME 419 (also 

known as OBAMA/improved variety) and Biele (local variety) were used 

as checks. Biele and OBAMA are highly susceptible and resistant to CMD, 

respectively [26]. Table 1 shows the pedigree and clones evaluated in this 

study with respective flesh root color. 
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Table 1 : Pedigree of cassava genotypes evaluated in this study across 

valley and upland agroecologies in 2017 - 2019 

 

N PEDIGREE Clones 
Color of 

Flesh 

 

N PEDIGREE Clones 
Color of 

Flesh 

1 MM 97-2015 KYK2016-048 White 28 ZIZILA KYK2017-08 White 

2 BIELE KYK2016-041 White 29 BIELE KYK2016-042 White 

3 OBAMA OBAMA White 30 MVZ 99-038 KYK2016-016 White 

4 MVZ 99-150 KYK2015-015 White 31 MM 97-2015 KYK2016-046 White 

5 KINTUNTU KYK2016-061 White 32 MVZ 99-038 KYK2016-010 White 

6 MVZ 85-297 KYK2016-037 White 33 RAV KYK2017-035 White 

7 KINTUNTU KYK2016-057 White 34 OBAMA KYK2016-017 White 

8 KINTUNTU KYK2016-060 White 35 KINTUNTU KYK2017-059 White 

9 MVZ 99-038 KYK2016-08 White 36 KINTUNTU KYK2016-059 White 

10 KINDISA KYK2014-073 Yellow 37 KYK 2012-028 KYK2017-031 White 

11 MM 97-2015 KYK2016-049 White 38 MVZ 99-038 KYK2015-062 White 

12 KINTUNTU KYK2016-056 White 39 MVZ 99-038 KYK2016-02 White 

13 OBAMA KYK2017-020 White 40 ZIZILA KYK2017-014 White 

14 MUBULU KYK2014-060 White 41 MVZ 99-038 KYK2016-03 White 

15 MVZ 99-038 KYK2016-025 White 42 Mabungi KYK2015-054 White 

16 MVZ 85-297 KYK2016-035 White 43 ZIZILA KYK2017-06 White 

17 OBAMA KYK2017-018 White 44 MVZ 99-0395 KYK2016-038 Yellow 

18 NSANSI KYK2017-022 White 45 MUGOLI KYK2017-050 White 

19 M’VUAMA KYK2016-052 White 46 MVZ 99-038 KYK2016-024 White 

20 BIELE KYK2017-047 White 47 OBAMA KYK2017-019 White 

21 MVZ 99-038 KYK2016-09 White 48 MVZ 99-038 KYK2016-04 White 

22 MVZ 99-038 KYK2016-014 White 49 BUTAMU KYK2017-038 White 

23 BIELE KYK2017-045 White 50 ZIZILA KYK2017-07 White 

24 BIELE BIELE White 51 MVZ 99-038 KYK2016-07 White 

25 BUTAMU KYK2017-039 Yellow 52 RAV KYK2017-037 White 

26 ZIZILA KYK2017-03 White 53 OBAMA KYK2017-015 White 

27 KYK 2012-028 KYK2017-033 White     

 

II-3. Clones evaluation across trials 
 

A total of twelve trials in three sets were conducted for this study following 

the cassava breeding scheme comprising preliminary yield trial (PYT), 

advanced yield trial (AYT) and uniform yield trial (UYT). The three trials 

were evaluated at Kiyaka, upland savanna and valley forest during the 

cropping seasons 2017-2018 and 2018-2019. For 2018-2019 cropping 

season, 22 clones were evaluated as PYT and the selected clones from 

subsequent trials PYT and AYT of 2017-2018 trials were advanced to AYT 

and UYT of 2018-2019 trials. An alpha lattice design was used to establish 

the PYT while AYT and UYT was settled in randomized complete block 

design. PYT was established with two replications and AYT and UYT four 

replicates, at 1 m x 1 m spacing between and within rows. 
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II-4. Data collection 
 

Eleven traits were collected at appropriate growth stage following the 

morphological and agronomical descriptors for the characterization of 

cassava [27] and the methods for diagnosing plant virus diseases laboratory 

manual [28]. Disease and pest infestations were recorded while conducting 
the trials. Among these traits, the Table 2 shows qualitative traits collected six 

months after planting (MAP) and the cassava root necrosis disease at 12MAP.  
 

Table 2 : Traits collected from 2017 to 2019 during the experiments 
 

N° Type of traits Traits Abbreviations Description 

1 

Qualitative 

Cassava Anthracnose Disease CAD 

Disease and pest 

infestations 

2 Cassava Bacterial Blight CBB 

3 Cassava Mosaic Disease CMD 

4 Cassava root necrosis CRND 

5 Helopeltis HEL 

6 

Quantitative 

Biomass Biomass 

Agronomic traits 

7 Plant height Plant height 

8 Diameter at root collar DRCo 

9 Dry Matter Content DMatter 

10 Starch Starch 

11  Yield Yield 

 

Helopeltis is a pest commonly occurring in cacao and known as cassava 

disease in Kiyaka. Its typical symptoms are a discolored, necrotic area. 

Lesion appears around the point of entry of the labial stylets in the leaf. In 

response to salivary secretion by the insect, the affected leaves often curl 

and deformed, and dieback of young shoots [29]. All the diseases and pests' 

infestations recorded in this study were scored on a scale of 1-5, where 1 = 

healthy, no visible symptoms, and 5 = most severe symptoms in all the 

trials. However, mean disease severity was computed as the average 

between severity scores 2 to 5 and the incidence disease was estimated as 

the percentage of plants with severity scores between 2 to 5. Remaining 

data were collected at harvest (12 MAP).   

 

II-5. Statistical Analysis 
 

Data curation was done to identify outliners among individual clones 

before estimating genotypic means used in downstream analysis. We 

estimated quantitative genetic parameters following a single trait linear 

mixed model analysis that was fitted as :  
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𝑦 =  𝑋𝛽 + 𝑍𝑑 + 𝑊𝑎 + 𝜀                                                                           (1) 
 

Where; 𝑦 is the vector of phenotypic values (BLUEs), 𝛽 is the vector of 

fixed effects attributed to the clonal genotypes, 𝑑 is a vector random factors 

related to the design effects, where replications are nested within 

environments that were independent and identically distributed, is the 

vector of random additive genetic effects, and 𝜀 is the vector of random 

residual effects that followed a normal distribution. The broad-sense 

heritability (H) was estimated from variance components as :     
 

H2 =
σG

2

σG
2 +

σGe
2

e
+

σE
2

er

                             (2) 

 

where σ2G, σ2Ge, σ2e and r are the genetic variance from the clones, 

variance from clone x ecology, error variance and number of replications, 

respectively. In this paper, a multi-trait selection index was used to rank 

and select the most superior cassava genotypes in our breeding program. A 

range of different index weights were assigned to the different traits based 

on their significance relative to the end-user preferences. Different index 

weights were used and these included; a weight of 20 for fresh root yield, 

10 for plant height, 15 for dry matter content, 10 for starch content, 15 for 

biomass and -10 for CMD resistance. The developed selection index 

ranking was then developed as summative product of the phenotypic 

BLUEs (Scaled) and the index weights as shown below :  
 

SI = 20xYield + 10xHeight + 15xDMatter + 10xStarch + 15xBiomass – 10xCMD           (3) 
 

The phenotypic correlation estimates between the evaluated traits was 

assessed in R using the ‘cor’ function in the “stats” package [30]. 

 

 

III - RESULTS 
 

III-1. Descriptive summary of eleven traits used for cassava clone's 

discriminant across twelve trials  
 

This study evaluated cassava clones in twelve trials of different stage in 

cassava breeding scheme over two agro-ecologies. The topsoil (0-10 cm) 

chemical properties in valley forest ecology offered high nutrients of 

calcium, magnesium and potassium in addition to phosphorus, carbon and 

azote that favour the good establishment of the cassava growth from the 

early stage compared to the upland savanna (Figure 1). High Kurtosis was 
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reported for CRND as well as for yield. At the same time, negative or 

positive low to moderate Kurtosis were recorded for the remaining traits 

(Table 3).  

 

Table 3 : Summary descriptive of the 11 traits used for cassava clone's 

discriminant over the two ecologies of savanna and forest in 

the twelve trials at Kiyaka, DRC, 2017 - 2019 
 

Traits Mean Median Min Max Kurtosis SE SD 

CMD 1.33 1.00 1.00 4.00 3.64 0.05 0.83 

CAD 2.01 2.00 1.00 4.00 -0.84 0.04 0.71 

CBB 1.91 2.00 1.00 4.00 -0.62 0.04 0.68 

CRND 1.11 1.00 1.00 3.00 12.61 0.02 0.37 

Biomass 11.69 6.06 0.26 47.63 0.46 0.72 11.81 

HEL 1.59 1.50 1.00 3.00 -0.61 0.04 0.65 

Yield 29.32 21.38 0.95 101.64 8.22 1.62 26.36 

DMatter 37.82 37.81 19.71 71.93 3.85 0.41 6.68 

Starch 20.94 20.93 8.11 45.09 3.85 0.29 4.73 

Height 2.31 2.10 0.40 4.75 -0.72 0.06 0.91 

DRCo 2.43 2.30 1.10 4.10 -0.41 0.04 0.68 
 

SD : Standard deviation; SE : Standard Error; CMD : Cassava Mosaic 

Disease; CAD : Cassava Anthracnose Disease; CBB : Cassava Bacterial 

Blight; CRND : Cassava Root Necrosis; HEL : Score Helopeltis damage; 

DMatter : Dry Matter content; DRCo : Height : Plant Height; Diameter at 

Root Collar.  

 

III-2. Performance of clones under different agro-ecologies 
 

Distribution of raw phenotypic values are showed in Fig. 2. Biomass, CAD, 

CBB, Dry Matter, starch, height, yield showed meaningful variation with 

normal distribution of phenotypic values. Significant (P < 0.05) to very 

highly significant (P < 0.001) differences were recorded for disease and 

pests as well as agronomic traits. A total of 5 pest and diseases                       

(CMD, CAD, CBB, CRND, HEL) were recorded in different trials at forest 

and savanna ecologies across seasons. At 6 MAP, the most susceptible 

clones have recorded the maximum of 4 for disease as score, with leaves 

displayed general distortion. However, score of 3 was recorded for CRND 

at harvesting (12 MAP) indicating pronounced necrotic lesions (11–25 %) 

in the root irrespective of the ecologies over the year. In this study, yield 

varied between 0.95 to 101.64 T/ha, averaging 29.32 T/ha. High yield was 

recorded in the PYT with decreasing while size of the experimental plot 
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increases to access the root yield with less influence on the estimation. 

Also, 20.94 to 37.82 % were recorded for starch and for Dry Matter content 

respectively. The same trend was recorded for Biomass, DRCo and plant 

height (Table 3).  

 

 
 

Figure 2 : Distribution of phenotypic BLUEs of breeding clones across 

the agroecologies 

 

CAD : Cassava Anthracnose Disease; CBB : Cassava Bacterial Blight; 

CMD : Cassava Mosaic Disease; CRND : Cassava Root Necrosis; 

DRCo : Diameter at Root Collar; Height: Plant Height; HEL : Score 

Helopeltis damage; DMatter : Dry Matter Content. 

 

Figure 3 highlights the relative performance of 53 cassava clones, 

evaluated across agro-ecologies over the years per trait relative to a 

weighted selection index (SI). Phenotypic data spanning key production 

traits was used in the selection index to rank those clones with outstanding 

performance. In our breeding program, we usually focus on six traits that 

represent our product profiles that fit the end user preferences of our target 

clients. Two checks were used to compare the performance of the 

promising candidate clones across agro-ecologies. Obama is known for its 

excellent tolerance to CMD, good plant architecture and Dry Matter 
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content while Biele was used as the most CMD susceptible check variety. 

In this study, we could see a couple of promising clones that outperformed 

Obama our best check variety. Therefore, two candidate clones KYK2016-

048 and KYK2015-041 had consistently better performance than Obama 

for all the traits and high selection index. These clones are more resistant 

to CMD, higher Dry Matter content, higher plant height, higher starch 

content and fresh root yields than the best check, Obama. These promising 

clones show potential for broad and specific adaptation and must be closely 

monitored as they progress into the advanced testing stages and it comes 

up as potential clones be released to replace Obama. 

 

 
 

Figure 3 : A graph of scaled phenotypic BLUEs against the selection 

index ranking of showing clonal performance across the 

different breeding trials during 2018-2020 cropping season 

 

CMD : Cassava Mosaic Disease; DMatter : Dry Matter Content, Height : 

Plant Height. 
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Relative high heritability (0.45 to 0.75) was recorded for the traits except 

for CAD (0.24) and Biomass (0.21) for the overall trials over the two years 

in different agro-ecologies (Figure 4). 

 

 
 

Figure 4 : Traits heritability across the trials over the year in savanna 

upland and valley forest agro-ecologies in the province of Kwilu 
 

CAD : Cassava Anthracnose Disease; CBB : Cassava Bacterial Blight; 

CMD : Cassava Mosaic Disease; CRND : Cassava Root Necrosis; 
DRCo : Diameter at Root Collar; Height : Plant Height; HEL : Score 

Helopeltis damage; DMatter : Dry Matter Content. #Selection Index Weight 

 

The expected selection gain is presented based on BLUE values average 

across different environments in DR Congo (Figure 5). Overall, the 

proportion of selected clones compared to the unselected clones across 

traits was way above the mean performance values. For Biomass, almost 

80 % of the selected clones had scores better than the population mean (0) 

and were skewed towards the highest biomass clones with a maximum 

BLUE score of 2. The same trend could be seen for resistance to CMD 

where a skewed distribution of clones towards the most resistant clones 

(above population mean of 1) were selected. Other key traits like starch 

content, fresh root yield, Plant height and Dry Matter content also followed 

more less a similar trend. 
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Figure 5 : Best Linear Unbiased Estimates (BLUEs) of clones with 

expected selection gain in breeding the program across 

ecologies. (BLUEs of unselected (0) against selected (1)) 
 

CMD : Cassava Mosaic Disease; DMatter : Dry Matter Content, Height : 

Plant Height 

 

III-3. Relationship between traits across upland and forest ecologies 
 

The contribution of each trait and the most discriminating ones across the 

ecologies were assessed (Figure 6). Significant correlations were recorded 

between traits in this study. Positive and significant relationship was 

recorded between agronomic traits two by two; ie Dry Matter and starch, 

yield and Biomass, and between DRCo and height. Also, this study 

recorded positive correlation for disease symptoms except between HEL 

and CMD and CBB. However, yield and agronomic traits have 

significantly and negatively correlated to CRND and HEL. The positive 

correlation between CRND in one hand and negative between HEL on 

other hand respectively with CMD and CBB might hidden the effect of 

CMD on yield and leads to positive correlation between both traits.   

 

B

L
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Figure 6 : Corrplot displaying correlation among traits in upland 

savanna and valley forest. White cells indicate a                           

non-significant correlation (p > 0.05) 
 

Circles below and above the blue round line correspond to the correlations 

obtained for trials under Savanna and Forest ecologies respectively. CAD : 

Cassava Anthracnose Disease; CBB: Cassava Bacterial Blight; CMD : 

Cassava Mosaic Disease; CRND: Cassava Root Necrosis; DRCo : 

Diameter at Root Collar; Height : Plant Height; HEL : Score Helopeltis 

damage; DMatter : Dry Matter Content. #Selection Index Weight. 

 

 

IV - DISCUSSION 
 

IV-1. Traits responses in the clone’s phenotyping 
 

Cassava is one of the most promising multi-purpose food crops in DR 

Congo mainly for its root and leaf products. Therefore, our breeding efforts 

respond to two major important market segments: fresh roots (including the 

processing of fufu and chikwangue) and the cassava leaves as vegetables. 
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Evaluation of the fifty-three clonal genotypes identified a significant level 

of variability that is comparable with the process selection and 

advancement process. The key output from this study was the identification 

of the top genotypes for the different product profiles that would serve the 

entire region. So, this study evaluated the performances of cassava clones 

through twelve trials across different breeding stages in the province of 

Kwilu in upland savanna and valley forest ecologies. The genetic and 

environmental parameters as well as the phenotypic correlation estimates 

among the studied traits are important in guiding the selection process in 

cassava. These parameters are vital in informing breeders about how well 

the observed phenotypic variation is explained by either genetic or                 

non-genetic factors. Hence, breeders are able to dispose off the clones with 

undesirable trait combinations against those that have a combination of 

desired traits and are often advanced to later stages of selection. The clones 

used in this study are half sib (HS, Table 2). HS has the capability of 

polycross which expresses high heterosis in the progenies. Similar research 

was published in Uganda while assessing the breeding scheme for local 

adoption of cassava with farmers preferences [31]. In addition, HS seems 

the low-cost effective option in the cassava breeding program particularly 

in African national program where the research funds are limited (Sikirou, 

pers. Comm.). The evaluated cassava genotypes used in this study had high 

mean BLUE estimates for Dry matter content of 37.8 %, fresh root yield of 

29.32, starch of 20.94 % and lowest CMD resistance score compared to the 

two common checks : Biele and Obama. Across the different traits, the 

observed range, minimum and maximum values are given a fair indication 

of that we had significant genetic variation from which to select and 

advance the most outstanding clones that could meet the end-user trait 

preference. Also, the magnitude of the heritability estimates for the various 

traits is a very important metric useful in obtaining satisfactory genetic 

gains with several series of selection.  

 

IV-2. Relationship between traits and heritability 
 

In this study plant height, CRND, HEL, Starch, Dry matter content, and 

CMD could be classified as being high to moderately heritable traits. The 

rest of the traits had low to moderate trait heritability estimates. Knowledge 

of trait relationships allows cassava breeders to select the main traits of 

interest characterized by low heritability and hard to evaluate faster and at 

lower cost. Trait correlations between disease related traits that are 

characterized by lowering the yield components of cassava formed that 

were strongly negative correlated to each other and to yield related traits. 
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In addition, a significant and positive correlation was recorded between 

Dry Matter content and starch, indicating that this study can generate 

repeatable results and could be used to target the cassava market. Also, the 

performances of the selected clones compared to the unselected clones 

across traits using BLUEs was way above the mean performance values. 

Bernado [32] has highlighted that BLUE is an effective approach to assess 

the phenotypic data in breeding program while advising the reinventing of 

quantitative genetics. About five diseases and pest were recorded in this 

study but only CRND and HEL showed significant and negative 

correlations on yield, dry matter and starch content respectively. Several 

researchers have reported similar results while stating that cassava is 

vulnerable to more than 20 virus diseases and pests [33] leading to 

important yield losses. CMD is endemic to cassava production in DRC. 

However, this study showed no significant negative impact on CMD and 

agronomic traits. CRND might hide the effect on yield, knows to negatively 

impact the fresh root and like cassava brown streak disease which causes 

annually economic losses of about 100 million USD [34, 35]. High 

heritability for the main traits like Dry Matter, yield, Biomass, starch, 

Height and CMD which resulting the preferences of the end users. This 

confirmed that the traits selected are representative of the product profile 

in this breeding program.  

 

IV-3. Performances of clones evaluated  
 

Multi-trait selection index is important in maximizing selection gains in 

cassava with yield related traits being the most efficient contributors to 

direct selection hence providing greater genetic gains among all evaluated 

traits across environments. Since selection of cassava involves the 

simultaneous evaluation of the different traits at the different evaluation 

stages, the yield related traits must be associated with a single numeric 

value to enhance advancement and selection decisions [36 - 39]. Through 

this selection process, cassava genotypes that combine desirable traits are 

simultaneously selected and advanced. Therefore, two clones, KYK2016-

048 and KYK2015-041 outperformed significantly both improved 

(OBAMA) and local (BIELE) checks varieties, based selection and BLUEs 

in this study. The two clones could be recycling at the late stage and new 

released will be targeted to improve the Kiyaka breeding program and new 

varietal released to increase cassava production in DR Congo with add 

value to the incomes of producers and households' farmers.  
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V - CONCLUSION 
 

In this study, the clones with agronomic traits like high dry matter content 

and starch preferred by end users were identified with high heritability. 

Among the clones evaluated against the checks, KYK2016-048 and 

KYK2015-041 has outperformed consistently using multi-trait selection 

index with the key traits of the breeding program like high fresh yield roots, 

dry matter, biomass, starch, height and CMD resistant. These clones could 

be released for cassava production in the province of Kwilu, DRC could be 

used for the improvement of the breeding program, and the two clones will 

be submitted to sensory evaluation by the end-users. 
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