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A crop product profile includes desired traits for a target cultivar to breed so that it will 

eventually replace those grown today. It assists breeders to develop new cultivars with 

preferred attributes by end-users. The project “Improvement of Banana for Smallholder 

Farmers in the Great Lakes Region of Africa”, defined a product profile for the triploid 

East African highland cooking bananas or matooke. The East African highland banana 

derived secondary triploid hybrids (NARITAs), their parents and grandparents were 

planted in a 7 × 8 rectangular lattice design at Sendusu/Namulonge in two replicates. 

Data on fruit traits and plant phenology/architecture were recorded for three growth 

cycles. The traits assessed in this study conformed or were very close to the targets 

included in the matooke product profile, except for days to maturity. Hence the breeding 

program should consider using in the crossing block parents having early but high yielding 

bunch harvests. Genetic gains due to crossbreeding were determined for fruit yield 

considering three generations: matooke cultigen (C0), primary tetraploid hybrids (C1) and 

secondary tetraploid hybrids (C2), The average genetic gain (from C0 to C2) rates for 

bunch weight (kg) and yield potential (t ha-1 year-1) were 1.4% and 1.3% per year, 

respectively.   
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Poor female fertility in bananas is the biggest hurdle in banana breeding. It has been 

attributed to meiotic failures, improper ovule development, and failure of the pollen tubes to 

grow through the style. The aim of this study was to determine seed set patterns in East 

African cooking bananas thus, create a roadmap to a more targeted approach of increasing 

seed set in bananas. We examined seed fertile Musa (AAA group Matooke subgroup) 

‘Enzirabahima’ and Musa (AA group subgroup Mchare) ‘Mshale’ and ‘Nshonowa’ after 

pollination with a highly pollen fertile wild Musa acuminata ssp. burmannicoides (Calcutta 

4). Seed set in ‘Enzirabahima’ was predominant in distal hands which have been reported 

to have more fertility. Mchare cultivars had a more even distribution of seeds in their hands 

with a slight bias to distal hands. For all cultivars in the study, medium sized bunches were 

the most fertile suggesting that bunch size should be a blocking factor. We also noted seed 

set in the upper third of the fruits of East African cooking bananas. Mchares had more 

incidences of multiple seed set and they were generally more fertile than Matooke.  
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Germination of seeds is critical to the success of banana improvement. However, direct sowing 
of seeds results in poor or no germination, especially for edible bananas. Therefore, to improve 
germination, embryos from seeds were extracted and cultured in vitro. Despite the efforts in 
embryo culture, germination still remains as low as 7.4% for tetraploids (4x x 2x crosses). 
Therefore the objective of this study was to determine the optimal 6-Benzylaminopurine (BAP) 
and Gibberellic acid (GA) hormonal concentration for embryo germination.  Seeds were 
collected from 4x x 2x (1438K-1 x malaccensis and 1201K-1 x 7197-2) and their viability was 
tested using 2,3,5- triphenyl tetrazolium chloride (TTC). In the experiment, soaked and non-
soaked embryos were cultured on different 0.0, 0.5 and 1.0 mg/l BAP and GA combinations. 
Preliminary results show that viability ranged from 32% to 82%. Soaking of seeds for 5 days 
improved embryo germination by 21%. Germination of embryos was highest when MS media 
was supplemented with 0.5 BAP.  
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Banana (Musa spp.) is an important staple and source of income for many people in 
developing countries. Fusarium wilt, caused by Fusarium oxysporum f. sp. cubense 
(Foc) race 1 is a major disease, causing yield losses of up to 100% in Tanzania. Once 
introduced into farmer fields, very little can be done to eradicate the pathogen and there 
are no effective management strategies. The use of resistant varieties is the only option 
available to smallholder farmers. To identify Mchare hybrids with resistance to Foc race 
1, we artificially inoculated promising hybrids from the IITA-Mchare breeding program in 
Arusha with Foc 0124, a virulent Foc race 1 isolate. Plants were evaluated 60 days after 
inoculation for both external and internal symptoms. Preliminary results revealed that 
the hybrids T.2274-6 and T.2274-7 were highly resistant to Foc race 1 and had the 
same score as the resistant check. The hybrid T.2317-1 was highly susceptible to Foc 
race 1, with the same external and internal (corm) scores as the susceptible check. 
These results revealed significant progress in breeding for resistance to Fusarium wilt, 
and promising hybrids. The hybrids will need to be tested under field conditions to 
validate screenhouse studies.  
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East African Highland bananas (EAHB) comprise diploid and triploid bananas that are 
unique to East and Central Africa. Diploid EAHB bananas (AA) known as Muraru bananas 
are grown in some parts of Kenya, whereas Mchare bananas are grown in the Kilimanjaro 
region in Tanzania. Triploid EAHB bananas (AAA), commonly known as Matoke bananas, 
are grown throughout central and east Africa. In this study, Mchare bananas were field 
evaluated for resistance to the Fusarium wilt fungus, Fusarium oxysporum f. sp. cubense 
(Foc) race 1, at Arusha (Tanzania) and Kawanda (Uganda). Sukari Ndizi was included as 
the susceptible control, and Nakitembe as the resistant control. At Arusha, eighteen plants 
per cultivar per replication were planted in a completely randomized block design (CRBD) 
with three replications whereas twenty plants per cultivar per replication were established in 
the same design at Kawanda. The disease evaluation included the assessment of symptoms 
on leaves for 7 months and rhizome at the end of the first crop cycle. All Mchare cultivars 
and the susceptible control developed disease symptoms, but the resistant control did not. 
Of the Mchare cultivars, Huti White, Kahuti and Makyughu were less susceptible at Arusha, 
and Kamunyila and Muraru were less susceptible at Kawanda. The susceptibility of Mchare 
bananas poses a threat to the livelihoods of people living in the Kilimanjaro and Arusha 
region of Tanzania where Mchare cultivars dominate banana cultivation. 
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Banana Fusarium wilt, caused by Fusarium oxysporum f. sp. cubense (Foc), is one of the 
most devastating diseases threatening banana production worldwide. The disease can only 
be controlled by planting disease resistant varieties. Field evaluation of banana varieties is 
more reliable than greenhouse evaluation, but is time consuming and expensive. In this 
study, a greenhouse screening technique for banana Fusarium wilt resistance was 
optimized by investigating the effect of inoculum concentration, inoculation method and plant 
age on disease development, and the value of Foc DNA as indicators of disease resistance. 
Inoculation methods that included drenching, millet seeds and a combined method of 
dipping and millet seeds were used to differentiate resistance levels of four Cavendish 
selections. Ten banana genotypes differing in resistance to Foc were hardened-off for 1-, 2- 
and 3- months and inoculated with Foc race 1 to assess the effect of plant age. Disease 
evaluation included the rhizome discolouration index and Foc DNA quantification with qPCR 
assays. The best results were obtained when 2- and 3-month-oldplants were inoculated with 
2-10 g Foc-colonised millet seeds per kg of potting soil. Quantitative (q) PCR of Foc DNA in 
the rhizome differentiated susceptible from resistance varieties 5 weeks after inoculation. 
The millet seed technique is thus recommended for infecting 2- to 3-month-old banana 
plants, while qPCR and rhizome discoloration index are suggested for evaluating disease 
response and the ranking of cultivars for disease resistance.  
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Pseudocercospora fijiensis synonym Mycosphaerella fijiensis (Morelet), causal agent of 
Black Sigatoka disease of banana and plantain is one of the most important banana 
pathogens in the African Great Lakes region. However, the genetic structure and diversity 
of P. fijiensis is poorly understood. To better understand factors contributing to P. fijiensis 
fitness and infer reproduction strategy, we used 16 microsatellite (SSR) markers to 
analyse 384 isolates from Uganda, Tanzania and Nigeria. Genetic diversity was low to 
moderate Hexp 0.02 to 0.31. A total of 330 Multi-locus genotypes (MLGs) with high 
evenness E5>0.5 were detected, six of which were shared between regions. Index of 
association IA and rBarD significantly differed from zero. Analysis of molecular variance 
(AMOVA) and discriminant analysis of principal component (DAPC) showed no 
population differentiation between different banana growing regions in East and West 
Africa population. These results reveal substantial geneflow between regions, support 
frequent recombination and some level of clonality within the populations. P. fijiensis 
populations have high evolution potential thus more virulent-pathotypes are likely to exist 
hence screening for resistance needs to include pathotypes within the region. Continuous 
monitoring of the pathogen population dynamics will be helpful in implementing effective 
control strategies for the pathogen. 
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Fusarium wilt of bananas (Musa spp.), caused by Fusarium oxysporum f. sp. cubense (Foc) 
can cause up to 100% yield loss in bananas. Foc race 1 in particular is very devastating to 
dessert bananas in Uganda. One of the effective control strategies for the disease is the 
development of resistant cultivars through breeding. The objectives of this study were to 
generate a segregating population for resistance to Foc race 1 and understand the mode of 
inheritance of Foc race 1. Monyet, resistant to Foc race 1 and Kokopo (susceptible) were 
selected and crossed to generate 142 F1 genotypes. These F1 genotypes were also 
challenged with Foc race 1 in a screen house experiment. Data were collected on rhizome 
discoloration index (RDI), leaf symptom index (LSI) and pseudo-stem splitting (PSS) and 
analysed using GenStat. Segregation ratios for resistant versus susceptible progenies fitted 
13:3 (χ2= 0.12, p= 0.73) for RDI and 11:5 (χ2= 3.04, p= 0.08) for PSS. The study suggests 
that resistance to Foc race 1 in banana is controlled by at least two dominant genes with 
epistatic interaction.  
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The use of molecular markers for quality control in plant breeding programs has long 
been established but is not routinely done in banana. This can result in an unnecessary 
expenditure of resources toward regenerating plantlets and subsequent field evaluation 
of non-target hybrids. In this study, 19 simple sequence repeats (SSR) markers were 
employed to generate a marker profile of ‘Mchare’ bananas and to facilitate the 
evaluation of a select number of ‘Mchare’ x ‘Calcatta 4’ hybrids. Fourteen ‘Mchare’ and 
eight Kenyan ‘Muraru’ cultivars displayed near-identical SSR marker profiles with the 
exception of one allele difference in ‘Mshale’ and ‘Akondro mainty’ and a separate single 
allele difference in ‘Makyughu II’. Analysis of eight ‘Mchare’ x ‘Calcutta 4’ hybrids 
demonstrated that most markers (17) displayed expected segregation in the progeny 
with the exception of one hybrid (T2203-1). Subsequent visual inspection of female plant 
used to generate this hybrid revealed that the plant had been mis-labeled. These results 
indicate that the markers can be effectively used as a rapid, practical and efficient tool 
in quality control of banana breeding to identify human errors.   
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Consumer acceptability tests of NARITA hybrids were conducted with randomly selected 
farmers from 5 sites in different agro-ecological zones in Uganda and Tanzania: Mbarara and 
Kawanda in Uganda; Kilimanjaro, Maruku, and Mitalula in Tanzania. On a given day, an 
average of 100 farmers were provided with coded samples of four NARITAs plus one local 
check and asked to rate each sample on a 5-point hedonic scale for the following attributes: 
colour, aroma, texture in hand, taste, mouthfeel and overall acceptability for a common local 
staple. Focus group discussions were conducted a day before evaluations with: female youth, 
male youth (< 35 years) and older women, older men (> 35years) to determine the preferred 
product and method of preparation. Results informed the selection of the best NARITAs to take 
on farm (baby trials) and subsequent varietal release. In some areas, NARITAs outperformed 
the local cultivars - NARITAs 17, 14 and 20 were the most preferred in Mbarara, Kawanda and 
Bukoba respectively. However, in Kilimanjaro and Mitalula the universal local check 
Mbwazirume was the most preferred.  
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Bananas are an important crop and source of dietary energy in the Great Lakes region 

of Africa with per capita consumption of more than 200 kg per annum in Uganda. 

Following the conduction of on-station agronomic trials with NARITA hybrids in both 

Tanzania and Uganda, the Breeding Better Bananas (BBB) Project is now setting up 

on-farm evaluation trials in Uganda to assess the performance of 5 selected NARITA 

hybrids and 3 check cultivars. The tricot design is used as a method of empowering 

farmers during the process of soliciting their input and views about the different 

genotypes. Three districts (Mbarara, Luweero and Kamuli), each with 54 selected host 

farmers, are targeted for the trials. Total land area of the tricot plots at each farm will 

be 9m x 9m with each of the three plots containing three banana plants of the same 

genotype. Stakeholder and farmer participatory meetings were conducted to plan for 

the implementation processes. On-farm trials for Tanzania are planned to be 

implemented starting from November 2019 to May 2020. Several challenges were 

encountered during the planning and implementation which include a delay in 

availability of agronomic and sensory data to support the selection of entries for on 

farm, and the failure by contracted tissue culture companies to supply planting 

materials of the selected genotypes, indicating the need for capacity strengthening in 

the seed sector. Lessons learned will be used to guide future evaluation research 

activities. 

 




