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Following a call for proposals of the Directorate General for Development Cooperation (DGDC – 
Belgium) in April 2004, three proposals were approved: 
 

- ‘Sustainable and Profitable Banana-based Systems for the African Great Lakes Region’, led 
by the International Institute of Tropical Agriculture (IITA), Kampala, Uganda. 
 

- Enhancing the resilience of agro-ecosystems in Central Africa: a strategy to revitalize 
agriculture through the integration of natural resource management coupled to resilient 
germplasm and marketing approaches’, led by the Tropical Soil Biology and Fertility Institute 
of the International Center for Tropical Agriculture (TSBF-CIAT), Nairobi, Kenya. 
 

- ‘Building Impact Pathways for Improving Livelihoods in Musa-based Systems in Central 
Africa’, led by the International Network for the Improvement of Banana and Plantain of the 
International Plant Genetic Resources Institute (IPGRI-INIBAP), Kampala, Uganda. 

 
As the above projects proposed to operate largely in the same parts of Rwanda, Burundi, and 
the Democratic Republic of Congo (DR Congo), with similar national partner institutes, and due 
to the complimentary nature of the activities proposed, above institutes agreed to operate as a 
Consortium to ensure cooperation and complimentarity and avoid technical and financial 
duplication at the national level. 
 
Whereas under the first funding phase (2006-2008) CIALCA still consisted of three separate 
projects, under the second funding phase (2009-2011) CIALCA operates officially as one project 
under the title ‘Improving agriculture-based livelihoods in Central Africa through sustainably 
increased system productivity to enhance income, nutrition security, and the environment’. 
 
The Consortium for Improving Agriculture-based Livelihoods in Central Africa (CIALCA) is a 
Consortium of the International Agricultural Research Centers (IARCs) and their national 
research and development partners that aims at close technical and administrative collaboration 
and planning in areas of common interest, thereby enhancing returns to the investments made 
by DGDC and accelerating impact at the farm level. 
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!

EXECUTIVE SUMMARY 
The Consortium for Improving Agriculture-based Livelihoods in Central Africa (CIALCA) 
(www.cialca.org) was established in 2006 as a consortium of international agricultural research centres 
(IITA, CIAT and Bioversity) and their national research and development partners to focus their 
resources on improving the livelihoods of people recovering from decades of civil conflicts in the 
Great Lakes region  of Burundi, the Democratic Republic of Congo (DR Congo) and Rwanda. 
CIALCA has a research for development agenda, and works to enhance the productivity of legume- 
and banana-based systems. CIALCA also aims to create an enabling environment for the uptake of 
improved germplasm and soil management and integrated pest management (IPM) practices by way of 
strengthened market linkages and improved health and nutrition. All these activities are backstopped 
by substantial academic and technical capacity building efforts. A final report for CIALCA’s first 
phase is available on www.CIALCA.org. In 2008 the DGD (then DGDC) approved a second phase, 
based on a joint proposal by the three CGIAR centres under the title “Improving agriculture-based 
livelihoods in Central Africa through sustainably increased system productivity to enhance income, 
nutrition security, and the environment - CIALCA-II”. The second phase followed through on 
achievements made during the first phase but with more emphasis on the promotion and dissemination 
of CIALCA products through collaboration with national extension services and international NGOs 
and the establishment of a (CIALCA/CIM-GIZ-funded) Knowledge Resource Centre (KRC) in 
Bujumbura, Burundi.  
 
A first impact estimation based on a rapid appraisal study (see section 4.1) indicates that productivity 
impacts could be significant. However, an econometric analysis of farm-level data, collected one year 
later, did not confirm these results. This can be partially explained by difficulties in estimating exact 
yield measures in mixed cropping systems when using a standardized questionnaire. The impact 
assessment survey did show that the poverty gap has decreased (i.e. people who have adopted 
CIALCA technologies are less poor). It also indicated that protein intake has significantly increased 
(by at least 12 percent), and demand for agricultural innovations has been created.  77 percent of 
individuals surveyed were aware of CIALCA technologies, and 37 percent of them have adopted 
CIALCA innovations in their fields. Households strongly attributed improved food security to the use 
of new agricultural technologies. 
 
This report presents progress made on research and development activities of CIALCA’s phase 2 
(2009-2011). In addition, we have summarized some of the results in the annexes of this report.  
 
Here are the highlights: 
  
Participatory banana germplasm evaluations have shown large regional differences in performance 
and preferences of introduced germplasm, but in several cases, the FHIA varieties and the NSH East 
African highland hybrids (developed in Uganda) were ranked highly. Several introduced cultivars 
have been adopted by farmers and extension partners. 
 
Musa characterization studies in DR Congo reveal that the untapped genetic diversity in DR Congo 
is still poorly understood, particularly when it comes to the plantain cultivars. 
 
Legume germplasm introduced through CIALCA is rapidly being multiplied through farmer-led 
seed multiplication, with adoption reaching 50% or more in areas like Bas-Congo and Sud-Kivu. 
 
Macro-propagation of banana materials is still growing in popularity. Novel ways to improve the 
economics and farmer accessibility of this system are being further explored, such as the substitution 
of purchased equipment with locally-available materials, where possible.!Data reveals that macro-
propagation, carried out in light-deprived (prototype) chambers, does not alter the quantity or quality 
of shoots produced per corm.  
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Cassava-legume intercrop systems are being improved through the judicious use of fertilizer in 
combination with manure or compost. Very positive results have led to adoption by partners and 
efforts to further fine-tune planting times and arrangements. 
 
Legume-maize intercrop systems also yield significantly more when planting arrangements are 
improved (e.g. the MBILI system; Mbili means 2 in Swahili) and fertilizers are applied on responsive, 
low fertility soils. 
 
CIALCA is also exploring the trade-offs in banana-legume intercropping. Bush beans are less 
sensitive to the banana shading, but the better yielding climbing beans and in particular soybeans 
respond strongly to appropriate management of the banana canopy. 
 
Innovative Banana-coffee intercropping has caught the attention of Rwandan and Burundian 
researchers and coffee stakeholders. While farmers and Ugandan studies seem to suggest a rapid 
adoption for reasons of increased income, food, and reduced risk, coffee industry stakeholders and 
local authorities seem to have adopted a wait-and-see approach. On-farm evidence from within 
Burundi and Rwanda has been collected to encourage the authorities to reconsider the current coffee 
mono-crop policy, also in light of profitable shade systems that are needed to adapt coffee production 
for climate change. 
 
ISFM technologies are being developed for annual crops by combining various inorganic and 
organic nutrient inputs with methods to improve placement of the fertilizer. The results show that 
responses vary greatly depending on the crop and location, emphasizing the need to develop site-
specific recommendations of much needed, but often labour/capital-intensive nutrient inputs. 
 
The response of bananas and beans to organic nutrient inputs through mulching when combined 
with zero-tillage usually leads to very large yield increases of the bananas. The impact on beans is 
more variable, as improved banana growth shades the beans. 
 
The importance of improved organic matter management is clearly reflected in the fact that the 
nutrient status of the soils in the region strongly depends on their organic matter content. As such, 
protecting the organically-rich topsoil from erosion would appear beneficial, but trials show that in the 
short-term, the use of hedge-rows reduces per hectare yields. 
 
Banana Xanthomonas wilt remains a major threat to banana production in the region. The disease is 
now present in seven countries including Burundi. Improved understanding of the spread, and pattern 
and speed of movement of the bacteria though the different plant parts has led to improved 
recommendations on how to control the disease and when to replant. 
 
Banana bunchy top disease is another major challenge. Research has revealed that although no 
resistant varieties exist, there are varietal differences in tolerance. The way forward in the immediate 
future is integrated control of the disease and replanting with virus-free material. The involvement of 
media and policymakers may be necessary to support the desired changes amongst famers. CIALCA 
continues to unravel the dynamics of this menace. 
 
The increased production of soybean has prompted the further development of, and trainings on 
various soybean post-harvest products. These trainings particularly interest women, who are normally 
charged with the care of vulnerable young children. The latter group seems to particularly benefit from 
the high nutritional value of soybean products. 
 
Banana beer is a major source of income to many smallholders, but it’s now clear that artisanal 
production is a major health risk due to frequent coliform contamination.  
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On the economic front, CIALCA economists have been actively developing the entrepreneurial 
capacity and business tools that farmers need. Some very good results were achieved with marketing 
and credit and savings schemes among the farmers. 
 
Advanced research on the nutritional quality of soybean and Musa products revealed that different 
cultivars and processing methods affected the mineral and vitamin content. 
 
CIALCA has benefited in 2010 from the start of the KRC and the arrival of the communications 
specialist (with funding from CIM, Germany). A series of new training materials were developed and 
disseminated. These include new video training materials. Collaboration has been established with 
FAO and numerous international NGOs for knowledge communication. A rapid assessment of 
farmer’s knowledge of CIALCA products in 2010 revealed that our contributions to rural radio 
programs were particularly effective in spreading the news. 
 
The training of trainers (TOT) approach was a central pillar of CIALCA-II, ranging from crop 
production to marketing and nutrition-related trainings. CIALCA collaborated with over 60 NGO 
partners and public extension services for its development-oriented work. 
 
The Belgian universities continued to work on upstream research questions related to banana 
germplasm, drought tolerance, plant disease analysis, ISFM in various crop systems, impact 
assessment, and agricultural innovation processes. Post-graduate training remains one of their core 
inputs. 
 
CIALCA-II set forth the Consortium’s strong focus on scientific capacity-building, by training over 
50 PhD and MSc students in a region that has lost much of its scientific capacity during the many 
years of conflict. 
 
The CIALCA organizational model was mapped and evaluated in 2011, also with the aim to draw 
key lessons for the CG research program (CRP)1.2. Key observations were that: (i) the organizational 
model was highly organic and varied per country depending on the availability and strength of partners 
on the ground, (ii) this organizational flexibility was perceived as both a weakness and a strength, (iii) 
information flows could be more structured and formalized, (iv) the thematic scope should be 
widened, and (v) partners often felt treated as ‘equal’ providing them more ownership and increasing 
the enthusiasm to collaborate. Balancing organizational flexibility on the one hand and clear structures 
and communication lines on the other hand will be key for CRP1.2. 
 
More than 300 experts converged in Kigali, Rwanda between 24-27 October, 2011 to attend the 
CIALCA conference. Challenges and opportunities for intensifying farm production in sub-Saharan 
Africa’s humid tropical regions were presented and discussed during oral and poster presentations, and 
in working group sessions. Intensification, combining improved germplasm and IPM, along with 
improved crop and soil systems management are paramount to boosting farm productivity. In addition, 
substantial productivity and efficiency improvements within the current input- and output market 
constraints are only feasible if farmers are provided with the right knowledge. For the latter, R4D 
partnerships will play a critical role.  
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1. INTRODUCTION 
From 2009 to 2011 CIALCA II sought to improve the livelihoods of about 8.5 million poor 
farmers in Rwanda, Burundi and DR Congo, by enhancing their capacity to improve agricultural 
productivity for better income, nutrition, and environment. To catalyse these changes, DGD 
invested a total of 6.3 million Euro. The goal of improved livelihoods was founded on three 
measurable criteria - increasing farm level productivity, improving protein intake and boosting 
household income. We also anticipated that at the end of the project, 2.1 million people would be 
aware of CIALCA-related activities, of which 400,000 were actively seeking access to knowledge 
and technologies promoted by CIALCA. These milestones were set out at project inception, 
monitored during implementation and evaluated in 2011. 
 
Within its mandate areas, indications suggest that CIALCA has significantly reduced the poverty 
gap, increased protein intake, and created demand for agricultural innovations. 
 
This report summarises CIALCA’s work over the past three years. Section 2 describes the 
technologies CIALCA has introduced for increased crop productivity. Technologies focus on: 
germplasm; seed systems, crop systems, integrated soil fertility management (ISFM) and 
integrated pest management (IPM) for key pests and diseases.   
 
Section 3 describes CIALCA technologies and approaches for improved nutrition and income. 
These include: processing of legume products; quality assessment of banana beverages (in 
Rwanda); establishing a market framework for technology adoption for CIALCA; assessing the 
drivers of and opportunities for market participation; developing tools for improved access to 
credits and markets, and studies on nutrition.  
 
Section 4 considers scaling-out and what impact has been achieved. It includes a description of the 
CIALCA Rapid Assessment Survey (RAS) on productivity, income, protein intake and awareness 
of the technologies covered in section 3. An impact assessment study, conducted in 2011 is 
described in more detail in section 4.2. Other elements of scaling-out are covered in subsequent 
subsections on communication strategies across CIALCA, training materials and approaches, and 
partnerships related to out-scaling within the mandate areas.  
 
Another important element of CIALCA’s work is the upstream input from universities and 
scientific capacity building which is covered in section 5. CIALCA has worked closely with 
Katholieke Universiteit Leuven (KUL); Université Catholique de Louvain (UCL), the Université 
de Liège Gembloux Agro-Bio Tech, and Wageningen University.  
 
Finally, section 6 provides a review and considers the future outlook for the CIALCA work This 
includes reference to the CIALCA Conference held in October 2011, Kigali, Rwanda. There is a 
subsection devoted to the ‘CIALCA+’ (which extends phase II) work which will afford a 
transition into the CGIAR research programme CRP1.2 The Humidtropics.  
 
The annexes provide a summary of progress against performance indicators and lists of students, 
peer-reviewed publications and Belgium-based university staff supported by/involved in CIALCA. 
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2. CIALCA TECHNOLOGIES FOR INCREASED CROP 

PRODUCTIVITY 
 

2.1 Germplasm 

A wide range of Musa germplasm-related research activities were carried out during CIALCA-II. The 
agronomic evaluations of exotic, improved and local Musa germplasm continued at 17 trial sites 
across Rwanda, Burundi and eastern DR-Congo. Musa germplasm characterization work in the Congo 
basin and eastern highlands of DR Congo was coordinated from UNIKIS, Kisangani (which can be 
seen as a hub in DR Congo for Musa germplasm characterization work) with assistance from UCG, 
Butembo, North Kivu. A set of plantain by altitude studies were also carried out in North Kivu.  
 
 

2.1.1 Evaluating exotic, improved and local Musa germplasm  

The introduction of new banana (Musa) germplasm has been central to CIALCA’s intervention 
strategy in banana-based systems in Central Africa. It forms an integral part of technology packages 
aimed at overcoming a number of biotic and abiotic challenges that face banana production. The 
abiotic constraints include low soil fertility and drought stress, while the biotic constraints include 
pests (e.g. weevils and nematodes) and diseases (e.g. Xanthomonas wilt, banana bunchy top virus, 
Fusarium wilt and black sigatoka). Musa field trials have been established since March 2007 at 17 
locations across Rwanda, Burundi, and North Kivu and South Kivu in DR Congo where the CIALCA 
R4D project has its action sites. The sites are located in different agro-ecological zones with 
contrasting altitudes, soils (fertility) and rainfall. Fifteen plants per variety (in 3 reps of 5 plants) were 
planted out per trial site. The genotypes tested include: exotic varieties sourced from the International 
Transit Centre (ITC), Leuven, Belgium (multiplied through the Agrobiotech lab in Burundi), NSH 
hybrids produced by the International Institute of Tropical Agriculture (IITA)/National Agricultural 
Research Organization (NARO) in Uganda (multiplied through the IRAZ lab in Burundi), and best 
local varieties selected by the National Agriculture Research Systems in each respective country.  
 

The ITC-sourced varieties include tetraploid FHIA hybrids 
(‘FHIA-03’ and ‘FHIA-21’), while the triploid AAA-EA IITA 
hybrids include two cooking types (‘9750S-13’/‘NSH-20’ and 
‘8386S-19’/’NSH-22’) and a juice/beer type (‘9518S-12’/’NSH-
42’). Plantain genotypes from West Africa are also being 
evaluated. These newly-introduced varieties are tested against a 
large number of locally available Musa genome groups (e.g., AAB 
plantain, AAA-EA beer, AAA-EA cooking and AAA dessert). 
Plantlet hardening was done at INERA, Mulungu, South Kivu, DR 
Congo; ISAR, Rubona, Rwanda, and the Agrobiotech and IRAZ 
nurseries in Burundi. Data from three cropping cycles were 
collected, comprising data on: plant performance indicators at 
flowering and harvest, soil and leaf sample analysis, pest and 
disease incidence and severity, and sensory acceptability data. The 
first farmer participatory evaluations saw particularly ‘FHIA-21’, 
NSH (‘NSH20’ and ‘NSH42’) varieties and ‘Obubit’ (AAB-
plantain) selected. However, appreciation and performance of these 
cultivars were strongly depending on region and the performance 
of the farmer selected local cultivars that were used to compare 

against. An in-depth analysis of the 17 CIALCA Musa germplasm trial datasets is currently ongoing 
and research papers and knowledge materials should be available towards early 2013. 
 

Photo 1: An ‘NSH-42’ bunch at the 
INERA, Mulungu trial site in South 

Kivu, eastern DR Congo 
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A set of 11 Musa genotypes with an above average content of ProVitA have been established during 
late 2010/early 2011 at 2 trial sites in Burundi, 3 sites in South and 3 sites in North Kivu, DR Congo. 
These Musa evaluation trials are funded by HarvestPlus1. The first plants flowered during Q1, 2012. 
Plant growth, crop cycle duration, yield and post-harvest quality data are being collected for each 
genotype at each site.  
 
 

2.1.2 Banana and plantain diversity and uses in the Democratic Republic of Congo 

 
The Congo basin is a centre of diversity for plantains, while the 
east African highland bananas dominate the production landscape 
in the eastern DR Congo highlands along the Albertine rift. Studies 
on Musa diversity and distribution have been carried out in the DR 
Congo since the 1950s. However, there is still insufficient data on 
diversity in large sections of the Congo basin and eastern 
highlands. A study focussing on the morphological diversity and 
uses of bananas and plantains was conducted in 114 villages in 33 
territories across Oriental Province, South Kivu, Maniema 
Province and part of Equateur. Participatory Musa germplasm 
surveys were conducted with 1,140 households. An ad hoc 
characterization of Musa germplasm was carried out using 
morphological descriptor sets as well as by taking photos of 
different plant parts for each representative sampled cultivar. On 
that basis, synonymy assessments were carried out by comparing 
the cultivars with the accessions at the University of Kisangani 
field collection. A total of 127 cultivars including 99 plantains 
[Musa AAB] (67 French, 22 False Horn and 10 Horn) and 28 
bananas (13 dessert bananas [AAA], 10 cooking bananas [AAA-
EA] and 5 brewing bananas [AAA-EA]) were described and 
identified. Synonymy could not be established for 45 out of the 99 

identified plantains. Comparative study of their description with past and present other collection data 
will likely identify several never-recorded cultivars. The most common plantain cultivars in farmers’ 
fields were respectively ‘Libanga Likale’ or ‘Ambulu' (23.4%), ‘Tchwatchwa’ (9.1%), ‘Litete’ (5.3%) 
and ‘Libanga Lifombo’ (5.1%), while 
‘Yangambi Km5’ (6.8%), ‘Gros 
Michel’ (4.2%) and ‘Kamaramasenge’ 
(2.9%) were the most preferred dessert 
bananas.!
!
The most common and widespread 
plantain cultivar ‘Libanga Likale’ 
(‘Ambulu’) was found to have 17 
synonyms. In contrast, no synonyms 
were found for ‘Mangweangwea’, a 
plantain cultivar with a very limited 
distribution, a probable indication that 
it could be a new cultivar (mutant) in 
the region. Generic names are used to 
describe banana and plantain cultivars. 
For example, the word ‘Ambulu’ is 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1!HarvestPlus!seeks!to!reduce!‘hidden!hunger’!and!provide!micronutrients!to!billions!of!people!directly!through!the!staples!they!eat.!Via!
the!CGIAR!it!is!coTconvened!by!CIAT!and!(IFPRI).!See!www.harvestplus.org/!

!

Photo 2: A bunch of the false horn 
plantain ‘Apantu’ (originally from 
Ghana) in the Harvest+ trial at the 
INERA, Mulungu trial site in South 

Kivu, eastern DR Congo 

Photo 3:The plantains ‘Libanga Likale’ (left) and ‘Litete’ (right) are 
widespread in Oriental province, DR Congo. 



7 
 

used to describe all False Horn plantains with large fingers. Special names like ‘Kola’ (Snail shell), 
‘Libanga Liboelabokoyi’ or ‘Ukali Okoy’ (Leopard tail) and ‘Nganganga’ (loose hands) are used to 
describe cultivars with particular bunch traits.!
Fruit pulp quality, availability of planting material, bunch size, sustainability of production and 
marketing potential were the main criteria used by farmers when selecting cultivars. On the utilization 
aspects, unripe plantains are cooked or roasted, while ripe plantains are boiled and pounded into a 
paste called Lituma. Plantain fruits are also processed into fritters or flour. Unripe cooking bananas 
(AAA-EA) on the other hand are boiled, while ripe ones are eaten as dessert. The beer bananas (AAA-
EA) are mainly used to produce beer in South Kivu. However, in certain regions, the cooking bananas 
(AAA-EA), the dessert (AAA), and even the plantains, are also used to produce a local distilled 
alcoholic liquor (lotoko). It’s not only fruits which are used as food, as the Bua and Manga ethnic 
groups in the Banalia region of Oriental province boil and eat the male flower buds of French-type 
plantains as a vegetable. Musa characterization studies are currently also ongoing in North Kivu, 
Bandundu, eastern and western Kasai as well as northern Katanga province in order to capture all the 
diversity across the Congo basin and eastern highlands. 
 

The effect of altitude on growth, crop cycle duration and yield of 
plantain in North Kivu, DR Congo 

The four sites at progressively higher altitudes were as follows: 
Mavivi at 1,066 masl, Maboya at 1,412 masl, Butembo at 1,815 masl 
and Ndihira at 2,172 masl. Five plantain cultivars (‘Nguma’,‘Kotina’, 
‘Musilongo’, ‘Vuhindi’ and ‘Vuhembe’) commonly grown in North 
Kivu were assessed at each site. Fifteen vigorous sword suckers of 
each plantain cultivar obtained from farmer’s fields were planted in 3 
replications of 5 plants, at each trial site. Plantain growth and yield 
parameters were assessed. Growth and yield parameters of the 
plantain cultivars ‘Musilongo’ and ‘Kotina’ were also assessed in 20 
farmer’s fields in Butembo, Maboya and Mavivi, while the plantain 
‘Vuhembe’ was only assessed at one farm in Ndihira. Generally at the 
trial sites, plant height, pseudo stem circumference and bunch weight 
decreased with an increase in altitude, while first crop cycle duration, 
time from flowering to harvest and mean number of suckers increased 
with altitude (Figure 1). At flowering stage, the average mother plant 
height across the 5 plantain cultivars varied significantly by site and 
was 239, 251, 258 and 316 cm at Maboya, Butembo, Ndihira and 
Mavivi, respectively. Mean first crop cycle duration across all plantain 
cultivars was 15.6 months at Mavivi, 16.1 at Maboya, 17.4 at 
Butembo and 28.8 months at Ndihira, while time from flowering to 
harvest was 4.4 months at Mavivi, 4.7 at Maboya, 5.2 at Butembo and 
7.9 months at Ndihira. The mean number of suckers per mother plant 
at flowering across the 5 plantain cultivars was 2 at Mavivi, 3 at 
Maboya, 4 at Butembo and 7 at Ndihira. The average plantain bunch 
weight was significantly higher at the lowest trial location (‘Nguma’ 
31.5 kg; ‘Vuhindi’ 27.8 kg; ‘Musilongo’ 25 kg; ‘Kotina’ 23 kg and 
‘Vuhembe’ 20.5 kg) compared to Ndihira at 2,122 masl (‘Kotina’ 12.5 
kg; ‘Vuhembe’ 11, 2 kg; ‘Musilongo’ 9,9 kg; ‘Nguma’ 6,8 kg and 
‘Vuhindi’ 3,9 kg). These results show that there is no plantain cultivar 
which is performing well at all trial altitudes. A large number of 
partially developed and hence non-harvestable bunches were 
observed at Ndihira (47% for ‘Vuhembe’, 53% for ‘Musilongo’, 47% 

for ‘Kotina’, 60% ‘Nguma’ and 67% for ‘Vuhindi’) and Butembo (7% for ‘Nguma’ and 27% for 
‘Vuhindi’). In addition, a significant increase in rachis length was observed at Ndihira.  
Although there is a 400 meter altitude difference between Maboya and Butembo, few significant 
differences were observed in growth and yield traits. The altitude effect is most likely overshadowed 

Photo 4:a&b: large no. partially 
developed / non-harvestable 

plantain bunches at Ndihira, North 
Kivu, Eastern DRC (2,172 masl). 
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by the low soil fertility characteristics that reduced growth and yield at Maboya. Similar growth and 
yield trends were observed in farmer’s fields for mean plant height at flowering, time from flowering 
to harvest, and bunch weight. Mean mother-plant height at flowering, time from flowering until 
harvest and mean bunch weight across all plantain cultivars recoded in farmer’s fields is presented in 
Table 1. These findings indicate that an increase in altitude and resulting lower temperatures 
negatively influence plant growth, first crop cycle duration and yield, while it positively influences 
suckering in plantains. 
 

Table 1:Site performance data 
Site 

trait unit 

N
di

hi
ra

 
21

72
 m

as
l 

B
ut

em
bo

 
18

15
 m

as
l 

M
ab

oy
a 

14
12

 m
as

l 

M
ab

uk
u 

13
49

 m
as

l 

M
ut

w
an

ga
 

10
49

 m
as

l 

M
av

iv
i  

10
66

 m
as

l 

Mean mother-plant height at flowering 
(farmer’s fields - assessed plantain cvs ) cm 292 286 276 297 338 322 

Time from flowering until harvest (farmer’s 
fields - assessed plantain cvs) days 242 183 152 150 129 142 

Mean bunch weight across all plantain cvs kg 11.2 14.9 16.2 16.3 29.1 22.6 
 
 

!
Fig. 1:Site performance data 

 
2.1.3 Legume germplasm evaluation and testing  

Legume germplasm evaluation and testing continued from CIALCA phase I to CIALCA II. In 
Rwanda, twenty seven (27) varieties of bush beans; ten (10) varieties of climbing beans, and eighteen 
(18) varieties of soybean were tested in Umutara (Nyagatare and Gatsibo district), Kibungo (Kirehe 
and Kayonza district), and Bugesera (Bugesera district). Fourteen (14) varieties of groundnut were 
also tested in Umutara and Bugesera. Sixteen (16) farmer associations across these districts 
participated in this activity. In all cases, a local legume cultivar was included in the evaluation and 
testing. Tests were done using a farmer participatory approach with on-farm demonstration plots as 
venues for farmers from local farming communities to assess the performance of varieties under 
prevailing agro-ecological conditions.  

Selected varieties were further multiplied through farmer associations in each site. 
Additionally, a characterization of varieties which were selected by farmers per site was undertaken by 
the seed program of the Rwandan Agricultural Board (RAB (by then ISAR) for a formal release 
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through the national seed system which was led by RAB. Some of the performing soybean varieties in 
districts of the Eastern province of Rwanda yielded as high as 2.5 t ha-1 of grain plus about 2.0 t ha-1 of 
other biomass for soil fertility improvement when returned to the soil. It was also observed that 
planting of soybeans at a density of 44 plants/m² increased yields by 0.25 t ha-1 compared to 266,666 
plants ha-1.  

In South Kivu, legume evaluation and testing was conducted in Kabamba, Lurhala and 
Burhale and Kamanyola sites. There was one station variety selection site and six community 
demonstration sites for soybeans. Varieties were evaluated based on grain yielding under best 
management. In total, fifteen varieties of soybeans were evaluated and tested, including a local variety 
(Imperial).  Farmers selected the varieties Saga, Sequal, Squire, S823/6/16, SB19, SB24 and Imperial 
because they gave better yields under their farm conditions. The variety SB24 exhibited no signs of 
diseases. Ten varieties of beans and three varieties of maize were also evaluated and tested in the three 
sites. For beans, varieties CODMLB001, CODMLB007, RWR10, BRB194 and Hm21/7 were best 
performers; while the Ecavel and WS303 maize varieties gave better results compared to other 
varieties. 
In Bas Congo, variety evaluation and selection was done for cowpeas, soybeans and pigeon peas. 
Thirty one (31) varieties of cowpeas were tested, which comprised of 10 early maturing, 9 medium 
maturing and 12 late maturing varieties. Among the cowpea varieties, farmers preferred 11 of them 
based on the ‘no-negative’ attributes they identified. These were: It07k-211-1-8, It07k-291-69, It04k-
321-2, It06k-124, It07k-188-49, It07k-211-1-8, It06k-128, It06k-137-1, It07k-187-24, It07k-291-69, 
and It07k-206-1-3. Among the Soybean varieties, SB19 was the best performing variety. This was 
consistent with the outcomes of South Kivu, where the SB19 performed well in Kamanyola, a low 
altitude and semi arid-like environment.  
In Burundi, variety evaluation and selection was done, and seed multiplication was done at ISABU 
stations in Murongwe and Moso, over the second phase of CIALCA. A total of 19 varieties of beans 
were evaluated; of which 12 were bush beans and 7 were climbing beans. Four varieties of soybeans 
were evaluated in the trials, while 56 varieties of groundnuts were evaluated. .  
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2.2 Seed systems 

 
2.2.1 Legume seed systems  

 
Seed multiplication, having started in CIALCA phase I was continued in both on-station, association 
group farms and in individual farmers’ fields, in all sites. South Kivu and Bas Congo had one on-
station seed multiplication farms for each site; while there was a total 42 group seed multiplication 
farms across the three country sites (Table 2). Soybeans and common beans were the denominator 
crops across all sites, while other crops were specific to the different sites. Farmers were trained on 
seed multiplication practices for the different crops in respective sites. Training materials in most cases 
were translated to local languages for ease of transmitting the knowledge. Multiplied seed was either 
sold to other groups or shared amongst association members at the end of every season. Farmer 
associations have continued to engage in seed multiplication as a business and in 2011 they have been 
trained in business plan development. 
An evaluation of the seed multiplication approaches in Rwanda showed that associations prefer to 
jointly multiply the seeds because it offers a forum for exchange of ideas, acts as a unifying activity 
for the group, and that they find it an appropriate way of utilizing their common fields.!
 
Table 2: Crops whose seed was multiplied either on-station or on-farm in the different country sites 
Country/Province On-station/farm sites crops 
Rwanda 16 on-station + individual farmers Soybeans, beans 

1 on-station Soybeans, maize South Kivu 23 on-station + individual farmers Soybeans, maize, beans, cassava 
1 on-station Soybeans, cowpeas, pigeon peas Bas Congo 3 on-station + individual farmers Soybeans, cowpeas, beans, groundnuts 

 
 

2.2.2 Banana seed2 systems 

 
Due to the nature of seed for vegetatively propagated banana and plantain, production and distribution 
is not attractive to commercial seed companies thereby inducing scarcity and high cost of quality 
planting material. This situation has forced farmers to rely on natural regeneration of plants of 
traditional varieties for the supply of planting material. Lack of access to seed of the improved 
varieties is often a major factor for low adoption of improved banana varieties tolerant/resistant to 
endemic and emerging pests and diseases, because farmer-saved and farmer-traded seed continue to be 
the dominant source of seed in the African Great Lakes region. The supply of farmer-saved and 
farmer-traded seed is prone to disruption due to natural and civil upheavals, drought, pests and 
diseases. In order for farmers to access new and improved banana varieties, CIALCA promotes 
economical and environmentally friendly technologies to propagate planting material and linking 
farmers to private tissue culture labs. The inclusion of the private sector in seed delivery systems is 
necessary for sustainability, market development, and competitive pricing and product provision. 
Although healthy, planting material from tissue culture cannot withstand drought and requires extra 
management for successful field establishment. To overcome these constraints, the concept of 
mother gardens is recommended, managed by agricultural extension officers, NGOs and CBO 
for further propagation of healthy suckers, which can readily be distributed and handled by 
farmers. This approach of tissue culture mother gardens managed by NGOs and agricultural extension 
agents has increased the demand for tissue culture plantlets and has bridged the gap between the 
farmer and the private suppliers of tissue culture plantlets by disseminating healthy banana planting 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!
2 A seed is normally defined as the fertilized, matured ovule of a flowering plant, but vegetative planting material is specifically referred to 
as ‘seed’ in this instance. 
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material from properly managed plots and thereby preventing the spread of pests and diseases. Before 
flowering sets in banana and plantain, the development of lateral buds is repressed by hormone-
mediated apical dominance of the prevailing mother plant. 
 

  
  

Photo 5:Hands-on training on macro-propagation in North 
Kivu, DR Congo!

Photo 6:Tissue culture mother garden in Kirundo, Burundi 
(Concern Worldwide)!

  

Photo 7:Macro-propagated plants ready for field planting in 
Makebuko, Burundi 

Photo 8:Shoots produced from a single corm using the 
macropropagation technique (Bujumbura, Burundi) 

 
Repression of apical dominance thus constitutes one way of breaking the dormancy of the lateral buds 
to enhance their development into suckers and can also be accomplished by mechanical means, either 
through field techniques based on complete or partial decapitation, or detached corm technique 
(macro-propagation) practiced away from the field. Macro-propagation is simple, and cheap to 
establish, with minimal investment needed to set up germination chambers and weaning facilities. It is 
therefore suitable for enterprising farmers and not gender restricted. At moment, over 80 NGOs and 
cooperatives are practicing macro-propagation and ten have adopted the concept of mother gardens. A 
training of trainers’ workshop was organized in Burundi, South and North Kivu in DR Congo and 
Rwanda. In the framework of BTC/RAB in Rwanda, 64 macro-propagation units were installed and 
managed by farmer cooperatives. Floresta NGO and Makamba farmers’ association in Burundi 
received support from the governments of Belgium, the Netherlands, the USA and Italy to install 
macro-propagation units, while Concern Worldwide and Caritas International Belgique are practicing 
and promoting the false decapitation technique. !
 
 
 
Producing clean planting material via macro-propagation: Under what conditions? 
 
Macro-propagation is a technique that enables the production of numerous shoots from an existing 
corm using a humidity chamber (Photo 8). When mastered, and carried out in disease-free conditions, 
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it can be a rapid means of producing locally a large number of “healthy” plantlets of preferred and/or 
improved varieties at low cost. 
 The selection of healthy sword suckers in a disease-free field, removal of weevil galleries 
during paring in situ, boiling water treatment of corms, use of a systemic insecticide throughout the 
macro-propagation cycle (within the unit and in the nursery) are sine qua non conditions for the 
production of disease/pest-free (Xanthomonas wilt, Banana bunchy top disease [BBTD], nematodes 
and weevils) plantlets in areas where these are prevalent.  
Following these guidelines, clean plantlets were produced in lowland areas in Burundi where banana 
bunchy top disease (BBTD) is present. Two approaches, research-led versus farmer-led, were used to 
evaluate optimal conditions for macro-propagation and its potential to be out-scaled in Burundi. In a 
first step, an on station research-led CIALCA trial was initiated at the end of 2009 in two contrasting 
agro-ecological sites by a University of Burundi student (François Iradukunda). Units were 
constructed in two contrasting agro-ecological sites, Bujumbura (800 masl, warm climate, moderate 
BBTD pressure) and Gitega (1,800 masl, cooler climate, no BBTD). Four varieties 
(‘Kamaramasenge’, ‘Igisahira’, ‘FHIA17’ and an unknown plantain), three locally available substrates 
(saw dust, rice hull and coffee husk) and two types of humidity chambers (‘standard’ wood and plastic 
unit versus a ‘prototype’ unit made out of local materials) were evaluated on each site. The trial was 
followed up from January 2010 to January 2011 during three consecutive macro-propagation cycles, 
with the last cycle being conducted solely in Bujumbura. 

In a second step, a farmer-led trial 
followed up by University of Burundi 
student Innocent Nduwimana was 
established in two distinct sites in Cibitoke 
province (BBTD hotspot). Munyika village, 
selected as a BBTD management pilot 
village since 2009, and Gitebe were chosen 
for their proximity to a water source for 
irrigation of the chambers, isolation from 
existing banana plantations and an existing 
collaboration with CIALCA. Respectively, a 
farmers association (‘Garukirigitoke’ 
literally meaning the promotion of banana 
cultivation) composed of 18 farmers (10 
women, 8 men) and a “moniteur agricole” 
(Mr Ernest Icoyitungiye) took the lead in the 
daily follow up of the units in Munyika and 

Gitebe. A first trial was run from July till early December 2011 testing locally available rice hull and 5 
improved varieties (‘FHIA03’, ‘FHIA17’, ‘FHIA21’, ‘FHIA23’ and ‘FHIA25’) within the two types 
of humidity chambers (Photo 9). 
 
 
Results confirm that independently from type of chamber, variety and/or substrate, a cooler climate 
such as in Gitega, is not sustainable for macro-propagation. The latency period (time till emergence of 
first shoot) is twice as long in Gitega, compared to Bujumbura, whereas the viability and number of 
shoots produced per corm are directly proportional to temperature (Figure 2). 
 

b 

a 

Photo 9:(a) Standard brick and plastic versus (b) novel prototype 
macropropagation humidity chambers used to multiply Musa spp. 

in Gitebe in the CIACLA experimental plot (Cibitoke, Burundi) 
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a 

b 
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!
Fig. 2: Latency period (a), viability (b) and productivity (c) of corms with respect to trial site and variety 

 
Significant varietal differences were observed in the number of plantlets produced per corm. Out of 
the eight varieties tested, it appears clearly that ‘Kamaramasenge’ (AAB, dessert type) is not 
sustainable for macro-propagation, yielding only a mean of 2.1 shoots per corm. In contrast, 
‘Igisahira’/’FHIA17’, plantain and ‘FHIA23’ respond well to the technique producing, respectively, 
up to 20, 24 and 27 shoots per corm. 

Results indicate that at lower altitudes a prototype macro-propagation chamber, made out of local, 
low-cost materials, using rice hull as initiation substrate could be a viable alternative to standard 
chambers. Such standard chambers require costly, not commonly available plastic sheeting. In 
addition, coffee husks -as an initiation substrate- is not an option in Burundi due to a high termite 
infestation rate. Data reveals that macro-propagation, carried out in light-deprived (prototype) 
chambers, does not alter the quantity or quality of shoots produced per corm when these are gradually 
acclimatized in the nursery. 

Limiting factors to macro-propagation could be associated with the necessity of warmer climates 
to reach optimum productivity, and the costs and skills that are implicated in the technology. 
Moreover, the success of the technology (i.e. reduced corm mortality and increased corm productivity) 
increases with successive cycles (and thus experience). Additionally, the high level of firewood that is 
needed in the different steps (boiling water treatment of suckers and sterilization of media) warrants 
the research of a viable alternative if macro-propagation is to be adopted by resource-poor farmers and 
sustainable for the environment. 
 
Using ‘healthy’ macro-propagated plantlets in the field: a gauge of quality? 
 
Out of the 1,260 plantlets weaned on station (Bujumbura) during François Iradukunda’s third macro-
propagation trial, 824 plantlets were distributed to farmers in and around Mugina commune (Cibitoke 
province) in March 2011. Twenty beneficiaries, who had received 20 plantlets each, were selected for 
follow-up. In parallel, an experimental plot (Photo 9; field next to unit types) encompassing 126 
plantlets was established in an isolated plot (30m from closest existing banana field) in order to 
demonstrate the effect of good cultural practices on the survival rate of plantlets, BBTD incidence, 
growth and production in comparison to farmers conditions. Similarly, 485 plantlets produced in the 
farmer led trials were distributed to beneficiaries (Photo 10). 

c 
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Table 3: Survival rate, BBTD and Fusarium wilt incidence observed on established macro-propagated plantlets in farmer 
and experimental plots (December 2011, Cibitoke Province) 

!

Preliminary data on survival rate and BBTD incidence (Table 3) in 
plots established in March 2011 indicate reduced losses at planting 
(<5%) with the exception of ‘Kamaramasenge’ (experimental plot) and 
a high bunchy top incidence, in particular in farmer plots. Peaks of cases 
of bunchy top were observed, both in farmer and experimental plots, 
during the months of November and December 2011. Severe attacks by 
goats, fond of young tender banana leaves, were also noted in farmer’s 
plots causing the exclusion of five farmers from the follow up study. 
 
 
 
Arbuscular Mycorrhizal Fungi (AMF) status in banana systems and their effect on the 
establishment of Tissue Culture (TC) banana plantlets in Rwanda 
 
Tissue culture bananas face challenges at establishment. The plantlets are devoid of sufficient food 
resources as the corm and rhizosphere lack microbes, some of which suppress pests and diseases and 
enhance nutrient availability. Musa spp. are naturally colonized by AMF and the use of mycorrhizae 
and other endophytes through inoculation and on-farm accumulation of inoculum could reduce or 
alleviate these constraints. The Arbuscular mycorrhizal fungi (AMF) are obligate symbionts that form 
(sometimes species specific) associations with over 80% plants species. They enhance nutrient uptake 
and have the ability to help suppress pests and diseases, and can therefore be used to address soil 
nutrient and pest and disease related constraints. AMF have mostly been established under greenhouse 
conditions with limited evidence of sustained performance in the field. In this context a field trial was 
established at two sites in one of the major banana growing countries, Rwanda to establish whether 
AMF would help in the establishment and subsequent yield of TC bananas in Rwanda. Two sites with 
contrasting soil fertility were selected i.e. Kibungo and Rubona and trials with two distinct banana 
cultivars, cooking variety Mpologoma (AAA-EA) and a dessert variety Kamaramasenge (AAB) from 
AGROGENETICS Kampala and both of economic importance to Rwanda were established. The three 
inoculants were composed of two mixed and one single AMF species isolated from soils from banana 
plantations in Rwanda. The two mixed inoculants were derived from the banana growing sites in 
Kibungo and Rubona of variable AMF species composition. The mixed AMF inoculants were labelled 
according to the origin of the AMF species as Rubona AMF and Kibungo AMF for AMF derived from 
Rubona and Kibungo respectively. The AMF Kibungo  inoculum derived from Kibungo site with high 
richness of up to 10 species and low P was more effective than inoculum derived from Rubona site  
with low richness (2 AMF species) and high P.  The single AMF species inoculum comprised of 
Glomus mosseae  species isolated for banana plantation in Rwanda. This work was implemented by 
CIAT-TSBF and ISAR and supported by Bioversity. 
The study showed AMF inoculation to be beneficial to post flask management of tissue culture (TC) 
bananas. Inoculation with Arbuscular Mycorrhizal Fungi (AMF) enhanced colonization, growth and 
yield of TC bananas. The  mixed AMF species inoculants more effective at hardening and potting 
stage than single species inoculum. The two banana cultivars AAA-EA and AAB differed in their 
response to AMF inoculation with the cooking bananas (AAA-EA) more responsive to inoculation 

Field Site Variety n Survival 
rate (%) 

BBTD 
(%) 

Fusarium 
(%) 

Kamaramasenge 70 97.1 17.1 17.1 
Igisahira 100 97.0 15.0 0 
FHIA17 100 99.0 17.0 0 Farmer 

Plantain 130 95.4 16.2 0 
Kamaramasenge 14 85.7 14.3 35.7 
Igisahira 28 96.4 7.1 0 
FHIA17 56 98.2 1.8 0 Experimental 

Plantain 28 96.4 3.6 0 

Photo 10:Mrs Mélencienne 
Nyabenda, one of the 10 women 
members of the ‘Garukirigitoke’ 
association, benefiting from the 

fruits of her hard work and 
patience (Munyika – Cibitoke, 

Burundi) 
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than the dessert bananas (AAB). The soil available P level determined banana response to AMF 
inoculation, with P levels 50-80 mg kg-1 giving more benefits to inoculation than soils with P 15.3-
21.9 mg kg-1. 
 

Under greenhouse conditions, the 
interaction showed, the mixed 
inoculum AMF Kibungo to 
significantly (p <0.05)  increase 
height of Mpologoma and 
Kamaramasenge cultivars in 
Rubona site soil by 35.32% and 
18.83%  respectively. The effect of 
inoculation on the  leaf surface area 
for the two cultivars established at 
the two site showed increase with 

all AMF treatments for both cultivars at both sites. A significant increase in LSA for Mpologoma was 
evident with AMF Kibungo with  both Rubona and Kibungo sites soil  by 77.02% and 34.85% 
respectively. However, the LSA was significantly high in Kibungo soil for Mpologoma inoculated 
with AMF Rubona and Glomus by 22.55% and 29.56%.   
 
Evaluation under field conditions showed inoculation with mixed inoculants AMF Kibungo and AMF 
Rubona and the single species inoculum G. mosseae to improve growth of the cultivar Mpologoma 
(AAA-EA)  better than Kamaramasenge (AAB) which did not respond to inoculation (Figures 3a & 
b).    

!

 
Fig. 3: The effect of AMF inoculation on a) the leaf surface area and  b)height of mother plants of two cultivars at 28 weeks 

after field establishment at the two sites (Rubona and Kibungo).!
AMF K = AMF Kibungo, AMF R = AMF Rubona, Glomus = Glomus mosseae,  Control  = non sterile site soil from Kibungo and  non sterile 

site soil from Rubona. Error bars=standard error of means (SE) for cultivars and soil conditions. 

  
Photo 11a&b: AMF inoculation experiment at Rubona at four months two 

weeks (18 weeks) after planting 
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The advantages of inoculation at the 
potting stage are expressed under field 
conditions. Inoculated plantlets 
displayed a comparative advantage in 
performance that was finally translated 
to yield. There was highly significant 
(p<0.001) effect of AMF inoculation 
on yield of the two banana cultivars 
(Figure 4). The highest yield was 
recorded in treatments with AMF 
Kibungo followed AMF Rubona and 
least was Glomus mosseae for both 
Mpologoma and in Kamaramasenge, 
AMF Kibungo was the most effective 
followed by G. mosseae and the least 
was AMF Rubona. The yield for both 
cultivars was highest at the Rubona site 
where yield was enhanced by 
inoculation with both mixed and single 
species inoculants. The best inoculum 
at improving yield was AMF Kibungo 
followed by AMF Rubona and the least 
effective was Glomus mosseae for both 
cultivars. The banana plants inoculated 
with AMF Kibungo had the highest 
yield of 31.36 tons/ha for Mpologoma 
and 29.26 tons/ha for Kamaramasenge 

at the Rubona site.  At the site in Kibungo, yield was also highest in AMF inoculated plants and least 
in the non-inoculated controls.  
 
There was good plant survival and growth with use of the commercial inoculants in both 
Kamaramasenge (AAB) and FHIAs. Results at termination (20 weeks) revealed the importance of 
inoculation date, with inoculation at 4 weeks after de-flasking being the best for most of the growth 
parameters evaluated, followed by inoculation at 2 weeks after de-flasking. This observation was also 
cultivar dependent (Table 4). 
 

Fig. 4:Yield of bananas plants inoculated with AMF at the site in Kibungo 
and Rubona.  

AMF K = AMF Kibungo, AMF R = AMF Rubona, Glomus = Glomus 
mosseae,  Control  = non sterile site soil from Kibungo and  non 

sterile site soil from Rubona. Error bars=standard error of means 
(SE) for cultivars and soil conditions 

Table 4:Effect of Commercial AMF inoculantion at deflasking, 2 weeks and 4 weeks after deflasking  on growth of AAB and 
FHIA banana cultivars. 
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2.3 Crop systems 

 
2.3.1 Improved cassava-legume intercrop systems 

 
In order to maintain soil fertility and crop yields, intercropping is one of the available options in 
agricultural production. The most common advantages of an intercropping system are stabilizing 
higher yield, improving soil fertility, decreasing risk of crop failure, reducing pest and disease 
incidence and controlling weed. In this system, cassava intercropping is a very common practice in 
tropical Africa where about 50 % cassava is intercropped. However, cassava and legumes are most 
commonly planted separately, especially in Rwanda. This is simply because farmers have been 
planting cassava on ridges, a practice which does not favour intercropping.  
Along with associated training, CIALCA demonstrated cassava-legume intercrops with different 
planting densities and row arrangements (Photo 12). The different planting arrangements tried were: 
traditional random cassava; cassava planted in 1 x 1 m; and cassava planted in 2 x 0.5 m. The two 
different legume intercrops were 1) four lines of beans/groundnuts at 40 cm spacing!between!rows, 
and 2) two lines of soybeans at 67 cm spacing! between! rows. This was accompanied by strategic 
application of either compost/farmyard manure or mineral fertilizers (NPK). 
  

!
Photo 12:Different row arrangements of cassava and legumes 

 (groundnuts to the left, and beans to the right). 
 

 
 
Averaging yield data from all sites, these experiments showed that intercropping legumes with cassava 
in either arrangement increased yields of both crops relative to the traditional practice.  The 1 x 1 m 
arrangement marginally increased yields of legumes by about 10%, while increasing that of cassava by 
up to 5%. Addition of fertilizer to the 1 x 1 m arrangement increased the yields of both legumes and 
cassava by 25-40% and 15-25%, respectively. The best performing arrangement was the 2 x 0.5 m 
replicate with addition of fertilizer, where legume yields and cassava yields increased by 40-69% and 
20-35%, respectively above the traditional practice (Figure 5).   
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!
Fig. 5: legume and cassava yields under different cropping and fertiliser arrangements  

(average for all sites) 
Despite the impressive yield increases with the improved cassava-legume intercrop arrangements, 
local conditions and weather effects can significantly influence outputs. For example, Figure 6 
illustrates the difference in legume crop yields in the Bas Congo sites under the same treatments in 
2008. In Zenga, Kipeti and Tumba the low legume yields were due to drought.  
Further data from these tests showed that planting cassava 2 weeks after planting legumes 
(groundnuts) had a comparative advantage in legume yields and not in cassava yields. This could 
indicate optimum planting timing in groundnut-cassava intercrops. It could be argued that under such 
an arrangement legumes get a head start for maximizing light interception. 
 

!
Fig. 6: Different legume grain yields in a cassava-legume intercropping system in Bas Congo sites 

 
2.3.2 Legume-maize intercrop systems 

 
In Rwanda, on-farm participatory experimental studies were carried out through 8 farmer associations 
in Nyagatare, Gatsibo, Kirehe, Kayonza, and Bugesera districts of the Eastern province of Rwanda. In 
South Kivu similar experiments were also installed in the action sites of Luhihi, Kabamba and 
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Burhale, involving a total of 60 associations. Similarly, experiments in Bas Congo and Burundi sites 
were also set up, ending in 2011.  

These trials aimed to assess the 
potential of intercropping maize 
and soybean or common bean, and 
to investigate benefits associated 
with such intercropping compared 
to monocropping. Treatments were 
maize monocropping at 53,333 
plants per ha, monocropping of 
soybean (or common bean) at 
266,666 plants per ha (133,333 
plants of common bean per ha); 

1:1 intercropping and 2:2 
intercropping of legume and maize 

(commonly called ‘Mbili-Mbili’ (Photo 13).  
In both situations the population of maize plants was maintained at 53,333 plants per ha. At the end of 
the each growing season, farmers’ participatory evaluations enabled them to choose their preferred 
options. Interestingly, in Rwanda, farmers proposed modifying 2:2 into 2:1 (legume : maize) to 
alleviate the obvious maize shade effect and competition against the intercropped legume. !
Average results showed that improved arrangement without fertilizer did not increase bean yields 
significantly compared to normal practice (bean monocrop) (Figure 7).  However, upon fertilization, 
the bean yields in Mbili-Mbili were considerably higher (15-50%) compared to yields from traditional 
practice (Figure 8; Table 5). Maize yields in the Mbili-Mbili arrangement were much higher than 
normal practice, especially when fertilizers were added (15-60% in yield increase). These yield 
increases reflect the increased nutrient use efficiency and increased light interception under these new 
systems.  
!

 
Fig. 7: Relationship between management options and fertilization as applied to bean yields. 

(average for all sites) 
 

!
!
!
!

Photo 13: Mbili-Mbili maize-beans intercropping. 
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Table 5: Percent yield increases relative to traditional practices (averaged for participants)  
System Legume Maize 

Mbili-Mbili 0-10% 5-20% 
Mbili-Mbili + fertilizer 15-50% 15-60% 

 

!
Fig. 8: Percent yield increases relative to traditional practices  

(averaged for participants) 
 

2.3.3 Banana-legume intercrop systems 

 
 
Intercropping is a common practice amongst farmers in the 
region, especially in eastern DR Congo and Burundi where 
demographic pressure is high and arable lands are sparse. 
Farmers have been using this system for generations to 
maximize utilization of land, minimize labour and food 
insecurity risk and to concentrate and recycle banana organic 
matter. Leguminous crops are a major source of protein in the 
region and are grown in all agro-ecological zones (Photo 14). 
On the other hand, banana cultivation is also widespread 
primarily as a cash crop (beer and dessert banana). CIALCA is 
building on this tradition to try to maximize productivity, 
diversify protein source, and improve the sustainability of 
systems through banana-legume intercropping system trials 
(BLIS). On-station and on-farm intercropping trials were 
established in Burundi and South Kivu, DR Congo during 
CIALCA-II. 
 
 
 

 
BLIS-II: On-station trials 
On-station trials assessed the cooking banana ‘Incakara’ (also known as ‘Barhabesha’, AAA-EA) and 
leguminous crop (bush bean MLB49-89A/IZO201513, climbing bean AND10/G13706 and soybean 
SB24/Yezumutima) biomass production and yield under different shading levels created through 
banana leaf pruning (i.e. full canopy, 7 and 4 functional leaves) during four consecutive legume 
seasons (2010B, 2011A, 2011B and 2012A). Monocrop plots with sole banana or leguminous crops 
were also included, resulting in a full factorial design with fifteen treatments. Trials were established 
during the 2010A cropping season in two contrasting agroecological zones, at the INERA Mulungu 
research station boasting rich soils and abundant rains (Sud-Kivu, DR Congo) and at the dryer and less 

Photo 14:Young lady selling an assortment 
of beans along the road side (Bujumbura 

Rural, Burundi) 
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fertile ISABU Moso station (Rutana, Burundi). These studies focused on identifying the legume 
shade-tolerance range and the optimum for selected leguminous crops, in addition to assessing the 
impact of de-leafing on banana growth, cycle duration and yield in a bid to recommend the best 
banana/shade – legume combination to farmers.  
Few significant differences were observed in legume biomass and grain yield between the 4- and 7- 
banana leaves treatments for bush beans during the first two cropping seasons in south Kivu. 
However, with climbing bean and especially soybean, a significant difference was observed in 
biomass and grain yield between the 4- and 7-leaves treatment during season 2011A, when a more 
mature banana leaf canopy had developed. We recommend to keep seven green leaves on a banana 
plant when cultivating bush beans, as this treatment will improve light penetration but may not 
significantly affect banana growth and yield. In contrast, for climbing bean and especially 
soybean, a more severe banana leaf pruning treatment is needed to obtain a reasonable legume 
biomass and grain yield. Banana landraces or hybrids with more erect leaves could also be 
envisaged for intercropping purposes as they will create less shade for the legume crop. 
However, rigorous de-suckering will need to be practiced. Alternatively, cultivars with a 
regulated suckering (i.e. only two to three suckers develop) could be envisaged. 
Preliminary results from the trials in Burundi indicate that leguminous crop yields are highest in the 
monoculture plots and inversely proportional to shading levels (Figure 9). In 2010B (i.e. the first 
legume season), legume yield was not significantly different between treatments within a legume 
species due to the fact that the banana canopy was not established. In 2011B, legume yield was record-
breaking in monocrop plots due to optimal climatic conditions and the high quality of seed used.  

!
Fig. 9: Effect of four shading levels on legume grain yield during three consecutive cropping seasons  

(2010B, 2011A, and 2011B; BLIS-II Moso, Burundi) 
(M = monocrop (no shade), 4 = 4 banana leaves, 7 = 7 banana leaves, A = all banana leaves)  

 
BLIS-III: Farmer-led trials 
In September 2010, a survey was conducted across 120 households in the three CIALCA mandate 
areas (Cibitoke, Gitega, and Kirundo) in Burundi to characterize the existing cropping systems and 
identify potential farmers willing to collaborate with CIACLA in on-farm BLIS trials. Data indicates 
that farmers typically diversify their food source while optimizing land use via intercropping to 
prevent food shortages throughout the year. 

BLIS-III, a multi-location on-farm trial that aims to assess the performance of leguminous 
crops used in BLIS-II within existing variable banana stand density plantations was established in 
February 2010 and October 2010 in Sud-Kivu and Burundi, respectively. On each farm, a single 
banana leaf treatment (7 functional leaves) and one of the three leguminous varieties were tested and 
compared to the locally preferred leguminous variety belonging to the same species and beneath a full 
banana canopy. In all, 75 trial sites were selected over the three mandate areas of Burundi with 25 
farms each in Cibitoke, Gitega, and Kirundo provinces. In South-Kivu, 84 farms were identified for 
on-farm trials establishment. 
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 Preliminary data from Burundi (Figure 10) confirms that overall, yield in Gitega is reduced in 
comparison to Cibitoke and Kirundo and that sowing legumes on this site in season A is not 
sustainable and should be avoided. Legume grain yield is increased when de-leafing is carried out and 
overall, no significant differences were observed when improved or local varieties were used. An 
important observation resides in the fact that farmers in Cibitoke and Kirundo independently initiated 
improved variety multiplication plots outside of the CIALCA BLIS-III trial. 
Comparison of leguminous yields from BLIS-II and BLIS-III trials in Burundi underlines that, 
surprisingly, yields produced by farmers were significantly higher than on station. This can be due to 
the fact that Moso (BLIS-II) is known for its low soil fertility levels whereas farmers (BLIS-III) chose 
highly fertile plots. Moreover, in farmers’ fields, banana stand-density was lower. 
 

!
Fig. 10: Site- and cropping season-specific effect of two shading levels (7 versus all banana leaves) on improved and local 

legume grain yield during two consecutive cropping seasons  
(2011A & 2011B, - (BB = bush bean, CB = climbing bean, SB = soybean)  

 
2.3.4 Coffee banana intercrop systems 

Coffee and banana are respectively primary cash and food crops in Burundi, Rwanda, the east of DR 
Congo and the surrounding East African highlands region. Both crops are dominantly grown by 
smallholders and can be found on the same farms as pure stands on separate plots or as intercrops. In 
Burundi, Rwanda and DR Congo, mostly Arabica coffee is grown. Robusta coffee can only be found 
in the lower parts of the East African highlands region (<1300m). 
 
In CIALCA we also aimed to progress on understanding and improving the banana/coffee mixed 
systems. We focused on three areas: 

1. On-farm surveys in the region 
2. On-station trials 
3. Developing climate-smart coffee systems 

 
 
On-farm surveys 
In the 2010 technical report, we already reported on the Burundi performance of coffee in monocrop 
conditions when compared to coffee that is shaded by banana plants at the border of the coffee plot. 
This survey was led by Mr. Anaclet Nibasumba – ISABU staff and PhD student at UCL with 
backstopping from IITA. His survey revealed that coffee plants that were shaded by banana plants had 
yields equal to those of monocropped coffee. However, the weight of the coffee cherries increases 
under shading. This seems to suggest that coffee quality improves with banana shading, since larger 
bean size is generally considered to be better coffee quality. This remains to be proven in the on-
station trials. 
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Based on these findings, we tried to work 
further on this topic outside Burundi. A survey 
was conducted by the coffee organization 
(Ocircafé) of the Rwandan National 
Agricultural Export Board (NAEB), the 
research organization (former ISAR) of the 
Rwandan Agricultural Board (RAB) and IITA-
CIALCA staff. The survey revealed that there 
were no significant differences in yield between 
the monocropped and intercropped coffee in 
Southern and Eastern Rwanda. These findings 
still need to be confirmed for Western Rwanda 
in a follow-up survey. (Figure 11) 
 
A CIALCA spin-off activity was a larger 
USAID-funded coffee survey that took place in 
2011 in Uganda. Here, 257 farmers were 
characterized and performance of coffee 
monocrop plots was compared to coffee/banana 
intercrop plots. The latter had equal coffee 
yields, but more than 50% additional revenue 
from the bananas. The practice of intercropping 
is now being recommended by Uganda’s coffee 
research organization (COREC-NARO) and has 
been actively promoted and disseminated by a 
large range of development partners. Based on 
the Ugandan survey data, foliar nutrient norms 
were developed for Arabica and Robusta 
coffee, to detect nutrient imbalances and help 
guide site-specific fertilizer recommendations in 
the region. (Figure 12) 
 
On-station trials 
CIALCA started 4 coffee/banana intercropping 
trials in Burundi in the course of 2009. Two 
trials located in Kayanza (medium fertile soils) 
and two in Gitega (poor soils). Both trials 
looked at the interaction between 3 banana 
densities x 3 coffee densities, but one trial was 
with newly established coffee, while the other 
was with mature coffee plantations. Plant 
performance (incl. yield) and pest and disease 
pressure were carefully monitored in all trials. 
Given the rather slow perennial nature of both 
crops, we expect the first relevant yield data to 
be taken in the first half of 2012. The trials have a strong regional importance and are relevant for 
Rwanda and DR Congo, but also the rest of the East African region. In an effort to validate the 
benefits of banana and coffee intercropping in Rwanda, RAB started similar trials in January 2011 in 
the East.   
 
Developing climate-smart coffee systems 
The work on smallholder coffee/banana systems increasingly led to discussions with stakeholders in 
the sector. In Rwanda, this was NAEB, RAB, IITA and Technoserve. In Burundi, a stakeholder 
workshop was organized with representatives from Intercafé, ISABU, and IITA. The focus of the latter 
event was on coffee and climate change. In Uganda, a similar event was organized. At all times, data 

-Generated >50% more revenue from their coffee plots 
(Uganda national survey) 

(Yields did not differ in E & S Rwanda in 2011) 

Fig. 11: On-farm coffee yields monocropped / intercropped with 
bananas  

 

Fig. 12:Farmers intercropping coffee and bananas  

Photo 15:RAB-Research in Rwanda initiated their own 
coffee/banana intercrop 
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from throughout the region was presented (i.e. Burundi, Rwanda, Uganda) to illustrate the potential 
impact of climate change and discuss climate-smart options. Results were presented at the CIALCA 
conference and in a short policy brief.  The discussion led to the development of a conceptual 
framework to understand smallholder trade-offs between monocrop and mixed-cropping farming 
systems (see Figures 11, 12 and 13). The ambition of CIALCA is to further understand and quantify 
these trade-offs. The work initiated by CIALCA in the on-farm surveys and on-station trials is key in 
this respect. However, it is also important to understand the perceptions of the various coffee 
stakeholders. For example, research and extension on mixed coffee systems has not been done, 
because the sector is organized along the value chain, with monocropping having been recommended 
since the colonial era.  Whilst the farmer may see benefits in intercropping with bananas, the latter 
may not yield any direct benefits for the coffee sector. Given the huge importance of coffee for 
Rwanda’s and Burundi’s foreign exchange revenues, the policy-makers have hesitated to recommend 
any changes in the system that my eventually lower these export revenues.  
Aiming to inform the public and policy-makers, CIALCA successfully disseminated this information 
via the press. The story on coffee/ banana intercropping was picked up by BBC Africa Network with a 
live radio interview, and by AFP, Reuters and other large media houses with a story on banana/coffee 
intercropping to combat climate change. 
 

!
Fig. 13: schematic representation of trade-offs and synergies when choosing different coffee farming systems.  

 
Whereas high input monocrop systems may be more profitable, they tend to be more risky and less sustainable than mixed 

coffee systems. 
 

2.4 Integrated soil fertility management (ISFM) 
 

2.4.1 ISFM in legume-based systems 

 
While efficient use of mineral fertilizer is important for sustaining agricultural growth, technologies 
for using available organic resources are also vital for smallholders with low purchasing power and 
restricted access to credit. Although most farmers aware of the increased crop production through 
application of mineral fertilizers, the adoption of this strategy is constrained by high costs, high soil 
variability and inherent low nutrient levels. On the other hand, harnessing organic resources cannot 
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address soil fertility decline by itself since such resources are generally not available in sufficient 
quantities in most farms to fulfil the nutrient requirement of crops. 
 
In CIALCA, the testing of the ISFM options was implemented through test experiments during that 
period 2008-2011. These plots used to investigate the BNF potential of common bean or soybean or 
groundnuts under different 
fertilizer treatments (control, 200 
kg of di-ammonium phosphate 
(DAP), 5 metric tonnes of 
farmyard manure (FYM), and 
100 kg of DAP + 2.5 t of FYM 
ha-1). In some cases, green 
manures were used instead of 
FYM. These legumes were 
planted in intercrops with maize 
and cassava, as well as in 
rotations with maize. At the end 
of each season, farmers gathered 
and discussed the treatments, and 
their assessment was 
documented. In Rwanda, results 
revealed that both common bean 
and soybean fixed below 20 kg N 
ha-1. In rotations with legumes, 
maize yields increased by 
between 12 and 16% compared 
to maize monocrops.  
 
 
 
In a Bas Congo case-study, where cassava and groundnuts were intercropped, results showed that 
there were no fertilization effects on groundnut yields in Zenga, Mbanza Nzundu and Lemfu (Figure 
14). However, a highly significant (P< 0.001) response to fertilizer and/or green manure 
(Chromelaena) was observed in Tumba. Average groundnut grain yields were increased by between 
55 and 120 % by fertilizer treatments and/or green manure addition in compared with control. Yet still, 
there was no benefit to combining inorganic fertilizers with organic inputs in boosting groundnut 
yield. 

 
In the cassava intercrop, there was substantially higher cassava root storage (and profitability) 
following fertilization with either mineral fertilizer, green manure, and their combination in Lemfu and 
Tumba sites only. In Lemfu, average storage root yield was increased by 60.5 %, 52 % and 135 % 
respectively above the control, following application of fertilizer only, green manure input and 
combination of fertilizer and organic inputs, respectively. In Tumba, cassava storage yields were 
increased by 35 - 55 % following applications of fertilizer and/or green manure treatments compared 
to the control. Nevertheless, there were no treatment effects in cassava yields in Zenga and Mbanza 
Nzundu (Figure 15).  
 

Fig. 14:Groundnut grain yield as affected by fertilizer and/or green manure 
application in Bas Congo sites (2009). 

Error bars represent standard errors of difference for the site ×treatment interaction 
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!
Fig. 15: Cassava root storage yield as affected by fertilizer and/or green manure application in Bas Congo sites. 

Error bars represent standard errors of difference for the site×treatment interaction.!
 
Fertilization and combining organic inputs with inorganic inputs did not have sweeping benefits in 
increasing both cassava and groundnut yields across all sites. It was observed that low rainfall resulted 
in low yields and hence no treatment effects especially in Zenga and Lemfu. This was unlike in Tumba 
and Mbanza Nzundu sites where both cassava and groundnut yields increased in most of the seasons 
following fertilization. Only cassava storage root yields from fertilizer only and/or green manure only 
were increased in two consecutive years in Lemfu while there was no response in groundnut grain 
yield. Probably the amount of applied phosphate (P) from fertilizer or green manure was insufficient 
for higher groundnut grain yield since P mostly often contributes to increased nodulation. 
 

2.4.2 Improved soil management of banana-based systems 

 
From its inception, CIALCA has focused on soil fertility problems in banana-based cropping systems. 
It is considered an important research area as bananas are a primary food and cash crop for millions of 
smallholders in the region. In addition to providing food and income, the perennial nature of the crop 
protects the slopes from soil erosion through the permanent canopy, roots, and the abundant amount of 
self-mulch which covers and protects the soil. Despite all these soil-protective aspects of banana 
cropping, the crop also removes large amounts of nutrients, particularly potassium. This leads to soil 
nutrient mining and subsequent problems with the sustainability of these production systems. In 
addition, banana systems in Rwanda, Burundi and East-DRC are often intercropped with beans. 
Traditionally, the soil under banana is tilled at the start of each growing season and this has an impact 
on banana roots but also on the chemistry and physics of the soil. This all affects banana plant 
productivity.  
 
CIALCA research on soil fertility and soil management issues in banana-based cropping have focused 
on the following areas: 

1. Understanding key soil fertility constraints in banana production. 
2. Improving mulch and tillage systems for enhanced plant nutrition and performance 
3. Modelling crop responses to nutrient deficiencies 

 
The research on these topics has been implemented through a series of PhD students. On topic 1, the 
work was primarily conducted by Severine Delstanche. On topic 2, the work is led by Tony Muliele 
and Syldie Bizimana. On topic 3, the work is pushed forward by Godfrey Taulya. In the following 
sections, we will provide some highlights of their work.  
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!
Fig. 16: Proportion yield limiting factors according the Boundary Line Analysis.  

From left to right: data for Butare, Kibungo, Ruhengeri and Ntungamo.!
 

Further analysis of the diagnostic on-farm studies allowed us to quantify the importance of soil 
fertility as a key crop constraint. A boundary line analysis was used to quantify and rank the 
importance of different yield constraining factors (see Figure 16). The analysis revealed that within 
the region, soil quality problems are the primary production problem in 70% of the farms in Butare, 
which is located in Central Rwanda on granite parent rock, where acrisols dominate. The soils in 
Kibungo are located on soils derived from schist and surveyed soils are categorised as nitisol. These 
soils have a much higher organic matter content and less than 40% of the plots have soil fertility as the 
primary yield constraint. Mulching, plant spacing, and weed cover are more often more significant 
constraints, confirming the earlier observations from farmers and scientists that drought stress due to 
marginal rainfall for banana (around <1100mm yr-1) is more often the primary problem. In Ruhengeri, 
the soils have andic properties, referring to the young volcanic parent rock where soil nutrients are not 
often a major problem and nutrient imbalances rather than low absolute quantities sometimes are the 
primary soil fertility issue.  
 
Whereas the soil fertility differences between the regions are largely attributed to differences in parent 
rock (i.e. geology), performance differences visible within a region are also often strongly related to 
soil fertility. Using a soil quality scoring technique, it became clear that particularly on the poorer soil 
fertility sites, large differences in soil quality were more apparent. This also led to strong performance 
gradients in terms of banana bunch weights. (see Figure 17 below).   
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!
Fig. 17: Graphs highlighting the intra-regional  variability of plant production and soil quality indices.  

Full squares (graph A, Butare), triangles (graph B,Kibungo), circles (graph C, Ruhengeri) or stars (graph D, Ntungamo) 
represent high vigor plant, while open symbols represent low vigour plants.!

 
Research was conducted at UCL by Severine Delstanche to quantify the 
nutrient stocks in the soil mineral part. This was done using X-ray 
diffractometry (XRD) and comparing the results with normative calculations 
based on total chemical analysis. The results show that the soils are 
dominantly composed of Si-rich, Fe-rich, but nutrient-poor minerals such as 
quartzite, hematite, and kaolinite. More nutrient rich feldspars and 
vermiculite are hardly present (Figure 19 below). Consequently, only a very 
small percentage of the annual nutrient fluxes in the system originate from 
mineral weathering. A banana plantation that would yield 25 t/ha per banana 
cycle, similar to levels observed in Kibungo, can take up some 500kg of 
potassium (K) in the above ground matter. Over 90% of the potassium 
required will originate from the crop residue and the soil organic matter 
already present in the soil. Soil nutrient mining is something that has been 
often mentioned, but within CIALCA we have now managed to quantify 
what’s left in the soil. The key lesson is that very little is left in the soil and 

recycling of crop residues is key to reduce mining rates (Figure 18). 

Fig. 18:Most of the annual 
K fluxes in banana fields 
originate from the crop 

residue.. 

K released from mineral 
weathering is minimal 
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!
Fig. 19: Mineralogical composition (% weight) along soil profiles in Butare (Central Rwanda), Kibungo (East Rwanda), and 

Gitega (Central Burundi).  
Verm. stands for vermiculite.!

 
To improve nutrient recycling and reduce losses of topsoil, research was conducted on mulching and 
zero-tillage. The key hypothesis is that mulch combined with zero-tillage will prevent the superficial 
rooting system from being damaged, while further decrease direct evaporation losses from the soil 
surface, suppress weeds, and reduce topsoil temperatures to reduce nematode damage by species that 
benefit from the higher temperatures, such as the burrowing nematode (Radopholus Similis). Trials 
were not only limited to on-station trials as in previous CIALCA work, but also included a series of 
on-farm trials. In these trials, the farmer practice of tilling with a hoe (closed blade) and a forked-hoe 
(with three prongs) were compared. The hypothesis was that the forked hoe would do less damage 
than the traditional ‘full-blade’ hoe, but differences were not significant. However, tillage strongly, but 
temporarily, damages the banana root system in the top 10 cm, which represents 24-50 % of the total 
root biomass between 0 and 20 cm depth (see Figure 20). The decrease in root length and biomass in 
the topsoil may have adverse effects on the banana productivity, but longer term monitoring (see 
Photo 16) is required to quantify these effects on yield. The root pruning action of ploughing may 
facilitate the early growth of the beans by temporarily reducing competition between bean roots and 
banana roots in the topsoil. Hand hoe and fork had a similar effect on the banana root system. 
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!
Fig. 20 : Effect of tillage on cord root biomass over time.!

!
Photo 16: characterization of banana rooting profiles in 

mulched and tilled banana plots (intercropped with beans).!
 
 
 

!
Figure 21: Effect of mulch types on banana yield and percentage of flowered bananas 

 
 
 
Besides the impact of tillage on direct crop performance, we also investigated the impact of soil tillage 
and different mulch practices on soil properties. Improved soil structure not only improves 
‘rootability’ of the soil, but also reduces the soil’s sensitivity to soil erosion.  
 
Soil properties significantly influence the density and distribution of banana roots. The highest cord 
root densities (between 3 and 4 roots/dm2) are observed at the Mulungu trial site (DRC), which is the 
most fertile and less compact of all the measured sites. On the Walungu trial site (DRC), the density is 
between 2 and 3 roots/dm2. On the site, the increase of the mechanical resistance of soils (~30 
kg/cm2) restricts the banana root growth to the first 50 cm. The soils of Rubona (high sand content - 
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60 to 70 %) and Gitega are less fertile and less compact. The root densities are lower, between 1 and 2 
root/dm2 and less than 0,1 roots/dm2 respectively. 
 
The soil tillage affects the structural stability 
of soil and increase the erosion susceptibility. 
Both tillage and mulching impact water 
infiltration at the soil surface (see Figure 22) 
 
To better understand the banana crop’s 
response to mulch and zero-tillage (see Figure 
21), it’s important to understand how the crop 
responds to nutrient deficiencies and drought 
stress. Currently, Godfrey Taulya is further 
pursuing these questions with backstopping 
from Wageningen University. He’s following 
up on the LINTUL crop modelling work that 
was initiated in 2007 with Kenneth Nyombi 
(Uganda). Although this work has been 
primarily funded by other donors, CIALCA 
has been providing some additional support to 
allow this upstream research on banana crop 
physiology and modelling to continue, given 
its importance for the entire highland banana 
region. This work will certainly also be used to 
guide new work that CIALCA and the 
Humidtropics program (CRP1.2) hope to invest 
in climate-change research. Findings so far 
have demonstrated a strong interaction 
between potassium deficiency and drought-
related yield losses; i.e. potassium deficient 
plants seem particularly sensitive to drought 
stress, whereas a healthy potassium nutrition 

allows for good banana yields irrespective of 
drought stress problems (see Figure 23).  
 
 

2.4.3 Erosion control 

 
The soil erosion control experiment continued through the CIALCA II period in the South-Kivu. The 
objective was to evaluate the effects ‘fanya-juu’3 embankments, calliandra hedges (Calliandra 
callothursus) and zero-tillage on soil erosion control.  Soil loss (measured in sediment traps at the 
bottom of the plots) was evaluated during 8 successive seasons in rotation system of soybeans 
followed by maize, with addition of small quantities of manure (Photo 17 below).  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!
3 Based on the development of  bench terraces over a period of time, and known by its Swahili name, fanya-juu 
terraces are constructed by throwing soil up slope from a ditch to form a bund along a contour 

Fig. 23:Effect of tillage and mulch types on structural stability of 
the soils as reflected by mean diameter of soil aggregates 

Fig. 22:Fresh bunch yields in wet years (≥1107 mm in year after 
sucker emergence) and dry years (<1107mm) in unfertilized and 

K-fertilized (250-600 kg K ha-1 yr-1) 
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!
Photo 17: an experimental field with fanya-juu and calliandra hedges in split plots in South Kivu 

. 
  

 
The results obtained after four 
years show  that fanya-juu 
embankments were the most 
effective in soil conservation, 
whether alone or combined with 
another practice, reducing soil 
erosion 3-fold compared to the 
control. However, when fanyajuu 
was combined with calliandra 
hedges, there was marginal 
advantage in the amount of soil 
conserved (Figure 24). Calliandra 
hedges alone did not have any 
benefit in soil erosion control.  
Zero-tillage without additional 
measures increased soil erosion, 
probably because of reduced 
infiltration. However, when 
combined with other practices, 

zero-tillage had no impact on soil erosion control. 
  
The transfer of knowledge and practices of soil conservation measures to farming households was 
initiated in Luhihi, Kabamba, Lurhala and Burhale  areas of South Kivu. These demonstration sites 
were comparing  Calliandra callothyrsus,  Sesbania sesba  and  Tripsacum sp.  in term of 
effectiveness against erosion, in addition to added benefits of fodder for domestic livestock. Test crops 
for this demonstration were beans and cassava.  
Within the extended timeframe of CIALCA (as CIALCA+), this activity of scaling-out soil 
conservation practices to many farming households within the region will not be completed,  but 
should form part of future CGIAR research programme 1.2- HumidTropics project activities. 
 

2.5 Integrated pest management (IPM) 
 
A characterization survey carried out in 2007 by CIALCA revealed that several diseases including 
banana Xanthomonas wilt (XW), banana bunchy top disease (BBTD), Fusarium wilt and a certain fruit 

Fig. 24:Soil erosion control and crop yields under different soil conservation 
practices in South Kivu. 
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peel disease (FPD) are causing concern amongst farmers, as they continue to reduce yield and are 
spreading throughout the region. 
CIACLA is currently studying these diseases through farmer participatory research, on-station trials 
and lab work aimed at understanding the epidemiology, diversity of the pathogens and their associated 
vectors and farmers’ capacity/willingness to manage the diseases. In parallel, backstopping of partner 
NGOs and NARs was carried out during various trainings of trainers. 
 

2.5.1 Banana Xanthomonas Wilt (XW) 
 
During CIALCA-II, various XW research and development activities were carried out. XW 

systemicity studies conducted in Uganda assessed 
(speed of) bacterial spread in mats after inoculation 
in the pseudostem and different inflorescence parts. 
Disease control methods were evaluated in 
participatory on farm trials in Rwanda, and North 
and South Kivu, DR Congo. CIALCA started work 
on XW in Burundi after the report of the presence 
of the disease in two provinces in December 2010. 
The CIALCA Knowledge Resource Centre (KRC) 
(see section 4.3) and various development partners 
(NGOs) (see section 4.6) contributed to the XW 
mitigation efforts in the region. A strong 
collaboration for XW mitigation was also 
established with the Rwanda Agriculture Board in 
Rwanda.  

 
Systemicity of Xanthomonas bacteria!
!

In order to fine-tune existing control strategies, 
a study was conducted to examine the 
movement of Xcm into plants and mats, in 
relation to disease incubation period. Mature 
‘Pisang awak’ and AAA-EA plants were 
inoculated with Xcm (1x108 cfus/mL) through 
abscission wounds of female bracts, male bud 
bracts, male flowers, a combination of male 
bud bracts and flowers and by cutting male 
buds with a contaminated machete. Thirty 
plants per genotype and treatment were 
monitored for 24 months for disease symptoms. 
An additional 68 AAA-EA and 29 ‘Pisang 
awak’ plants were sampled weekly for 
laboratory analysis to assess the rate of Xcm 
spread within the plants. All floral entry 

avenues resulted in disease, with the highest incidence in combined male bract and male flower 
abscission wound inoculations. The study confirmed the systemicity of Xcm, with the pathogen able to 
live within the mat for long periods (5-16 months) without causing disease. Thus, relying on disease 
symptom expression to manage XW is not sufficient. The long incubation period in lateral shoots may 
explain the current resurgence of the disease in locations where the disease was thought to have been 
successfully eradicated. The development of diagnostic kits to detect latent infections may 
improve XW management. !
 
 
 

Photo 18:Fruit pulp discoloration due to Xanthomonas 
wilt. 

Photo 19:Leaf yellowing and wilting symptoms due to 
Xanthomonas wilt. 
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Evaluating XW control options in participatory on-farm trials 
 
Currently, cultural practices are the only recommended means for managing Xanthomonas wilt. No 
cultivar is reported as resistant, nor can the disease be controlled using chemicals. On-farm trials were 
established at three sites, namely, eastern and western Rwanda, and North Kivu in the Democratic 
Republic of Congo (DR Congo). The main objective was to determine the most effective fallow period 
for Xanthomonas wilt elimination from a highly infected banana field. At each site, three banana fields 
with an initial disease incidence of at least 70% were selected. All banana mats and most debris were 
removed prior to the trial establishment. Thereafter, XW-free suckers of ‘Kamaramasenge’ (Musa 
AAB group) and ‘Injagi’ (AAA-EA) in Rwanda, and ‘Kamaramasenge’, the plantain ‘Musilongo’ 
(AAB) and ‘Vulambya’ (AAA-EA) in DR Congo were planted in the experimental plots at monthly 
intervals, following increasingly long fallow periods, for a period of ten months. In Rwanda, ten plants 
per variety were planted each month in parallel rows in each field. In DR Congo, ten plants of each 
variety were randomly planted across the three trial plots (in single rows of 10 plants per plot). In both 
countries, disease incidence in banana plants was monitored for a period of 15 months (i.e. up to five 
months after the last planting). In Rwanda, mean Xanthomonas wilt incidence for ‘Injagi’ was 22, 27 
and 9 % for plantings at month one, two and three, respectively, whereas ‘Kamaramasenge’ had an 
incidence of below 2 % for the first three months of replanting. For ‘Injagi’, disease incidence sharply 
declined from month four (2.4 %) and five (1.7 %). Healthy suckers of the two varieties planted from 
month six onwards did not get infected. In DR Congo, a steady decrease in Xanthomonas wilt 
incidence from month one (up to 70%) to month ten (10%) was observed in the trial fields. The 
prolonged appearance of disease symptoms (i.e. beyond replanting month five) could be linked to the 
extremely high (>80%) disease incidence of, and close proximity to, neighbouring diseased fields 
(Figure 25).  
 

!
Fig. 25: |Percentage Xanthomonas wilt infected banana plants, for each replanting time (from 1 to 10 months after 

Xanthomonas wilt-diseased field uprooting), at 15 months after trial initiation in eastern Democratic Republic of Congo. 
 
Possible transmission of the disease into the trial plots by foraging small ruminants and larger birds 
could have occurred. In contrast, diseased mats were continuously uprooted in neighbouring farmers’ 
fields in Rwanda. Results suggest that under Rwandan conditions, the bacterium is likely to survive 
for up to five months in soil and/or remaining plant debris. Therefore, it is proposed that replanting 
of previously Xanthomonas wilt-infected fields should be carried out six months after thorough 
uprooting of Xcm-infected bananas. The DR Congo study also indicates that there is need for 
rigorous application of preventive control measures in neighbouring farms to avoid possible 
transmission by foraging animals, large birds or run-off water. Hence, in both Rwanda and 
eastern DR Congo, disease management efforts should be carried out in a concerted way by 
farmers.  
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Xanthomonas wilt in Burundi 
 

Since the simultaneous report of the 
first cases of XW in two provinces of 
Burundi (Cankuzo and Bubanza) in 
December 2010, the disease has 
spread to 12 out of the 16 provinces 
in the country (Figure 26) and work 
on bacterial wilt was initiated in 
April 2011 with the help of 
University of Burundi student Déo 
Kantungeko. A survey assessing 
farmer knowledge on the disease and 
current XW status was carried out 
periodically from May until 
December 2011. Two communes 
with varying agro-ecologies were 
chosen for the survey, Gisagara 
(1,800 masl, mainly ‘Igisahira’ 
cooking banana, Cankuzo province) 
and Bukemba (1,300 masl, mainly 
‘Kayinja’ beer banana, Rutana 
province), with the aim of 
highlighting distinct disease 
dynamics. Following the survey, 
Gitanga and Kivoga were identified 
as pilot sites respectively for 
Cankuzo and Rutana and affected 
farmers -with their direct neighbours- 
followed up monthly on the evolution 
of XW incidence and adherence of 
farmers to prevention, propagation 

and eradication measures.  
Preliminary analyses indicate that awareness-raising could be 
reinforced, particularly in Bukemba- with regards to prevention 
and eradication of XW. According to farmers, XW symptoms 
are generally recognised and the main information sources are 
extension (69%) and radio (25%) for Gisagara and Bukemba, 
respectively (Photo 20). With regards to symptoms observed by 
farmers in the field, 23% and 100% of infections respectively 
observed on ‘Igisahira’ in Gisagara and on Kayinja in Bukemba 
could be attributed to insects (premature ripening of bunch 
and/or wilting of the male bud). This emphasizes distinct 
dynamics of the disease with relation to varying agro ecologies. 
Monthly following up of farmers (n=22 in Gisagara, n=15 in 
Bukemba) in pilot sites indicated a significant reduction of 
incidence in fields, effective eradication of infected farmer plots 
(50% Gisagara, 56% Bukemba) and successful prevention of 
contamination in neighbouring unaffected fields (75% Gisagara, 
67% Bukemba). Cases where disease mats were not removed 

Fig. 26:Geographical spread of Xanthomonas wilt in Burundi June 2012. 

Source: data from ASARECA/Bioversity and FAO surveys, and from 
additional information gathered by Burundi government extension staff 
and ISABU. 

Photo 20:Radio shows are an essential 
means of communication with farmers, 

allowing mass awareness-raising via talk 
shows and sketches, even in the most 

remote locations 
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were attributed to the lack of manpower in the household (old age, pregnancy, widow) stressing the 
importance of the implication of local administration in aiding the most vulnerable (i.e. through 
community service work). 
 

2.5.2 Banana Bunchy Top Disease  
Banana bunchy top disease (BBTD) was reported for the first time in the Great Lakes Region (GLR) 
in the DR Congo in 1958 and in the Rusizi valley, Burundi in 1987. Since then, the disease has slowly 
spread to reach higher altitudes, as no specific measures are being taken for its control. 
 
BBTD Survey: Laying out stepping stones… 
A CIALCA survey was conducted during September and October of 2008 in three major banana-
producing regions in Burundi (Bujumbura-Bugarama axe, Bujumbura-Rumonge axe and Cibitoke 
province), two districts in South Kivu DR Congo (Kamanyola and Nyangezi) and the Rusizi district in 
the Western province of Rwanda. Distribution, incidence and level of farmers’ knowledge on BBTD 
and BBTD management practices were assessed in the different locations. Results suggest that the 
disease and its vector, Pentalonia nigronervosa, are present in all of the regions surveyed. Occurrence 
of P. nigronervosa is significantly higher in low altitude locations (respectively 64%, 56% and 42% in 
Rusizi district, Cibitoke Province and Rumonge) in comparison to the high altitude region of 
Bugarama (26% occurrence). No significant correlation was observed between aphid presence and 
BBTD incidence, with the later ranging from 14% (Rumonge) to 30% (Cibitoke). Farmer knowledge 
of disease symptoms was reported as good (90% of interviewees stated being able to recognize 
symptoms), however 95% confided that there was a lack of available information on the management 
of bunchy top. Interviewed farmers (95%) confirmed the absence of resistant or tolerant varieties, with 
remaining farmers listing varieties such as ‘Yangambi Km5’ and ‘Mugomozi’ as being tolerant. 
 
 
BBTD – No resistance, only tolerance 
 

A Musa screening trial established on the ISABU Mparambo 
Research station (Cibitoke, Burundi) in March 2007 and 
followed up within the framework of the CIALCA-funded 
JKUAT PhD work of Celestin Niyongere (ISABU) was 
concluded in December 2010 (Photo 21). At 42 months after 
trial establishment, only 5 genotypes out of the 40 genotypes 
included in the trial were still asymptomatic. These 
genotypes include a wild banana (Musa balbisiana type 
‘Tani’ [BB]) and four edible cultivars (‘FHIA03’ [AABB]; 
‘Highgate’ [AAA, subgroup ‘Gros Michel’], ‘Kayinja’ 
[ABB] and ‘Saba’ [ABB]). Four of these contain 2 ‘B’ 
genomes, while ‘Highgate’ is an AAA dessert banana. Leaf 
samples taken from these visibly healthy cultivars and 
analyzed by PCR at the Université de Liège – Gembloux 
Agro-Bio Tech (previously known as FUSAGx) in Belgium 

revealed that all asymptomatic varieties were BBTV-free. On the other hand, ‘FHIA03’, ‘Highgate’ 
and ‘Saba’ suckers taken from the trial and planted in BBTD hot spots in farmers’ fields manifested 
typical BBTD symptoms, underlining that these varieties are not resistant to bunchy top. 
Proposed genotypes for distribution in BBTD affected zones in the Great Lakes Region of Africa 
include the three asymptomatic genotypes ‘Saba’, ‘FHIA03’ and ‘Highgate’ in addition to two 
cultivars selected by farmers for adoption with a high level of disease tolerance / demand on 
local markets and a good yield (‘Corne plantain’ [AAB-dessert/beer] and ‘Idjindi’ [AAB-
plantain]). The wild and inedible diploid ‘BB’ banana and the Fusarium wilt prone ‘Kayinja’ 
are not suitable for large-scale dissemination in BBTD infected zones of Burundi as these areas 
equally present Fusarium- contaminated soils. 
 

Photo 21: Musa spp. BBTV screening trial 
(Mparambo, Cibitoke, Burundi) 
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P. nigronervosa – An aphid dangerously present throughout banana producing regions 
 

Yellow traps were placed throughout different 
agroecologies of Burundi (Bujumbura rurale, 
Cibitoke, Gitega, Kirundo and Rutana) and Rwanda 
(Bugarama ISAR station) in order to characterize 
the spatial and seasonal distribution of winged P. 
nigronervosa populations from December 2007 to 
December 2011 (Photo 22).  
 
In parallel, sedentary colonies were scored on 
random mats within CIALCA experimental plots 
across different agroecologies with the aim of 
identifying putative varietal preference of the 
banana aphid. Data confirms that P. nigronervosa is 
present in all regions where banana is grown, but in 
varying importance. Significantly higher numbers of 
winged individuals were found in the CIACLA 

germplasm trial in Cibitoke (Mugina), than in other sites, where they were characterized by low field 
maintenance and nested within farmer plots,. The lowest number of individuals trapped was observed 
in Kirundo and Rutana, the later situated within the CIALCA BLIS-II intercropping trial. Primary 
peaks of flight were generally observed during the dry season for Cibitoke / Gitega (July) and Kirundo 
(August). In Rutana, flight peak was observed in April. With regards to aphid preference, preliminary 
data indicates highest number of colonies observed on ‘FHIA03’, ‘NSH20’, ‘NSH22’ and ‘Km5’. 
 
P. nigronervosa and BBTD – A spark and fire 
 
Artificial inoculation trials (FacAgro student Alice Simbare) using 10 local and improved banana 
genotypes under controlled conditions took place from April to October 2009 in two contrasting 
agroecological zones. Inoculations were carried out using the banana aphid, and vector of BBTD, P. 
nigronervosa. The trial was simultaneously carried out in Bujumbura (warm climate) and Gisozi 
(cooler climate, 2090 masl) using aphids collected in Cibitoke (high BBTD incidence) and Gitega 
(putatively BBTD-free, 1600 masl). 
Results indicate that aphids collected in Gitega are free of the virus in contrast to those collected in 
Cibitoke. The former can nevertheless acquire and transmit the virus through rearing on symptomatic 
banana plants both at low (Bujumbura) and high altitudes (Gisozi). Progressive inoculation trials (5-
10-20 aphids per plant) confirmed results obtained by Wu & Su (1999), stating that disease incidence 
is proportional to inoculum levels (number of aphids used to infect a plant). It would appear from our 
trials that this phenomenon is exacerbated under cooler conditions, suggesting that the incubation 
period is inversely proportional to temperature. Moreover, all genotypes tested expressed typical 
bunchy top symptoms by the end of the trial. These results indicate that BBTD is not limited per se to 
lower elevations as previously thought, underlining the importance of implementing quarantine 
measures. 
From March to December 2009, data on the epidemiology of BBTD in rural conditions using in vitro 
planting material within preexisting farmers fields or in newly established fields located more than 30 
m from farmers fields was recorded (FacAgro student Pancrace Cimpaye). Trials equally took into 
account the wind direction, a major factor increasing aphid distance dispersal. Banana plants 
established within farmers fields manifested higher incidence of the disease (40.6%) in comparison to 
newly established fields (12.1%) located further out. This finding is key in helping farmers fight 
BBTD and confirms previous research stating that incidence is reduced when new plantations 
are established at least 30 meters from existing plantations. This distance should be increased if 
main winds are directed from the existing plantations to new fields. 
 
 

Photo 22:Apterous colony of P. nigronervosa -including 
adults, nymphs and molts- revealed after stripping the 
outer pseudostem leaf sheath (IRAZ, Gitega, Burundi) 
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2010: Launch of the BBTD Awareness-Raising Campaign 

 
A high-end stakeholder workshop focusing on identifying and elaborating strategies for the integrated 
management of BBTD was kicked off in Bujumbura on the 18th February 2010. Attended by numerous 
governmental participants and NGOs, including the Chief of Cabinet of the ‘Ministère de l’Agriculture 
et de l’Elevage’, presentations focused on the BBTD situation in Burundi, case studies in Australasia 
and on-going efforts to managing the disease in the region. Group discussions covering the roles and 
responsibilities of different stakeholders in the management of BBTD in Burundi and a field trip were 
also organized. Outputs of the workshop are proceedings, a 3-minute documentary/interview aired on 
National television (RTNB) and a series of recommendations. Main recommendations formulated 
include the prime importance of focusing disease management strategies on awareness raising at all 
stakeholder levels, the use of virus-free planting materials and implementing quarantine measures. 
 
IPM – A feasible option in the fight against BBTD 
 
Management of BBTD through symptom and vector identification and good cultural practices was 
evaluated (FacAgro students Remy Sibomana and Olivier Karerwa) during a two-year period in an on-
farm research-led trial at Munyika (Cibitoke Province, ‘Yangambi Km5’ monocrop). In addition, a 
“new start” demonstration trial consisting of in vitro ‘FHIA03’, ‘FHIA17’ and ‘FHIA23’ plantlets was 
established 80m away from existing plantations. In parallel, two contrasting control sites (no 
awareness-raising, no cultural practices) within Cibitoke were identified (Mparambo II, ‘Yangambi 
Km5’ monocrop and Muyange, ‘Igitsiri’ intercrop) and BBTD incidence and severity recorded 
quarterly on all three sites. 
Results (Table 6) indicate that initial BBTD incidence varied from one site to another, with reduced 
incidence (9%) in ‘Igitsiri’ intercropping systems compared to ‘Yangambi Km5’ monocropping 
systems (31%).  

Table 6:Evolution of mean incidence and severity (in parenthesis) of BBTD in farmers’ fields in pilot and control sites 
recorded from December 2009 to 2011. 

Date 

Pilot site Munyika 
(household, 

Yangambi Km5 
monocrop) 

Pilot site Munyika 
(>120m, Yangambi 

Km5 intercrop) 

Control site 
Mparambo II 

(Yangambi Km5 
monocrop) 

Control site 
Muyange 
(AAA-EA 
intercrop) 

FHIA new 
start trial 

Dec 2009 26  (4.5) 3  (4.5) 31  (4.4) 9  (4.4) ND 
Apr 2010 13  (3.0) 2  (2.8) 31  (4.3) 9  (3.5) ND 
Aug 2010 9  (3.2) 4  (3.4) 28  (4.1) 5  (3.6) 2  (3) 
Dec 2010 8  (2.9) 2  (2.8) 28  (4.0) 4  (2.0) 0  (0) 
Mai 2011 15  (2.9) 4  (2.9) ND ND 0  (0) 
Sep 2011 12  (3.7) 4  (3.2) ND ND 0  (0) 
Dec 2011 12  (3.9) 4  (3.6) ND ND 0  (0) 
Incidence is given in terms of a percentage of mats, while severity was scored using the CIACLA scale ranging from 0 to 5. 
 
Furthermore, in the pilot village Munyika, disease incidence was higher in the vicinity of households 
(26%, corresponding to the first 120m adjacent to the road encompassing the old banana plantations) 
versus recent plantations (3%, located more than 120m from the road). Data collected in Munyika 
shows that when appropriate cultural practices are applied and adhered to, within a year (Dec 2010), 
BBTD incidence can be reduced to economically acceptable levels in an existing plantation (26% to 
8%) and in new plantations (2%, FHIA trial). Moreover, severity is equally reduced, highlighting that 
farmers are presently familiar with initial symptoms and regularly scout fields to eradicate diseased 
plants. However, adherence to proposed management practices underlines that most farmers – despite 
awareness-raising - are reluctant to uproot the entire mat (100% of farmers) or the diseased corm (78% 
of farmers) when a single plant manifests visible symptoms. Moreover, management practices are not 
resumed when external follow up is paused (Dec 2010 to May 2011). Refusal to conform to 
proposed practices and to adopt them might prove to be a limiting factor to sustainable 
management of BBTD in Burundi. 
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Data collected on the FHIA “new start trial” reveals a slight reduced incidence of BBTD (3%) 
and an aphid preference for ‘FHIA03’. This confirms the importance of establishing new plantations 
as far away as possible from existing banana plantations, basing the BBTD management/eradication 
program on the use of clean planting material of improved/tolerant varieties coupled with the regular 
scouting and prompt uprooting of infected mats. 

A trial to screen putative alternative hosts capable of harbouring BBTV was carried out in 
2011. Eight reported alternative hosts (Alpinia sanderiana, Canna musifolia, Ensete ventricosum, 
Musa laterita, Musa ornata, Colocasia esculenta, Strelitzia reginae and Xanthosoma sagittifolia) were 
artificially inoculated with 20 viruliferous aphids per plant. Symptoms were visually observed and 
BBTV detected by TAS-ELISA three months after inoculation in three samples (2 Musa ornata plants 
and 1 Ensete ventricosum plant). 
 
Capacity building: TAS-ELISA in the lab & ToTs in the field 
 

In 2010, serological detection of BBTV was fine-tuned with the help 
of a detailed CIACLA protocol drafted in English and French. A 
former CIALCA UoB student, Alice Simbare, was recruited and 
trained in the technology (Triple Antibody Sandwich – Enzyme 
Linked ImmunoSorbent Assay, also known as TAS-ELISA) and 
presently runs routine tests for CIACLA within the ISABU 
phytopathology lab. TAS-ELISA is regularly carried out with the 
University of Burundi (UoB) FacAgro students working on macro-
propagation and bunchy top in addition to samples collected in local 
tissue culture labs and in CIACLA trials. Results indicate that 
plantlets sampled from the local tissue culture labs are BBTV-free 
and that TAS-ELISA is adapted to resource-poor labs with 
fluctuating electricity supply. In addition, four TAS-ELISA training 
modules were organized in Burundi (Bujumbura) and DR Congo 
(Kisangani and Mvuazi), for the private sector (Phytolabu, 
Bujumbura) and CIALCA / INERA / UNIKIS staff. A total of five 
and thirteen staff were trained on the TAS-ELISA technology in 
Burundi and DR Congo, respectively. 
Two major IPM ToTs were organized in 2011 with our CIALCA 
partners (Photo 23). This was a chance to raise awareness on major 
banana diseases and prevention/eradication methods and to probe the 
extent/importance of the different diseases mentioned in Burundi. 

 
Genetic diversity: BBTV Great Lakes Region characterization 
 
Sampled banana leaves, preserved on silica gel and collected in April 2010 (Great Lakes region) and 
in July 2011 (Oriental Province, DR Congo), were analyzed by PCR at the Université de Liège – 
Gembloux Agro-Bio Tech lab in Belgium using specific primer pairs targeting DNA-R and DNA-S. 
Sequences confirm that BBTV isolates from the Great Lakes Region of Africa (Burundi, Eastern DR 
Congo and Rwanda) and Kisangani belong to the ‘South Pacific’ group, which harbours isolates from 
Australia, Egypt, India and Fiji among others. Variability within the BBTV isolates from the Great 
Lakes Region and Kisangani is under study. 
 
Assessing the geographical spread of BBTD in DR Congo. 
 
BBTD was first identified in DR Congo in 1958 at the “Institut National pour l’Etude Agronomique 
du Congo” (INEAC) Yangambi research station. Since then, it has been reported in Bas Congo and the 
Kivus. Disease spread throughout the Congo basin and other Musa growing regions has not been 
studied. An initial study, to determine the incidence and severity of BBTD in banana and plantain 
producing regions of Oriental Province, North Eastern DR Congo, was carried out during 2009-2010. 
BBTD surveys were conducted on 300 farms across 4 districts and 16 territories. 30 mats were 

Photo 23: Banana bunchy top 
symptom recognition case study (ToT 
Cibitoke, Burundi) 
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assessed per farm. Visible disease symptoms were recorded and immuno enzymological tests using 
TAS-ELISA were carried out. 

Additional surveys were carried out 
during 2010-2012 in Maniema province, 
North Kivu, South Kivu, northern 
Katanga, eastern and western Kasai, 
Bandundu and Equateur province to 
assess geographical spread of the virus 
and its aphid vector, disease incidence 
and severity (Figure 27), and carry out 
ELISA confirmation of the disease. An 
average of 87% disease incidence was 
observed across Oriental Province. 
Disease severity levels were low and 
ranged from score 1 (37%) to 3 (20.5%). 
These disease development stages 
correspond to dark green streaks on the 
leaf veins, dark green streaks on leaf 
midribs and petioles, and marginal leaf 
chlorosis. Only 2.4-7.2% of mats had 
advanced disease symptoms (i.e., 
stunting of leaves, bunched leaves which 
stand upright and are brittle). All 
plantain and banana cultivars grown in 
farmers’ fields were susceptible to the 
disease. The vector P. nigronervosa was 
found on 82.3% of all assessed mats and 
several simple colonies without winged 
insects were most frequently observed 
(on 37.8% of mats with aphids). All 
samples collected on plants showing 
dark green streaks on leaf midribs and 

petioles and marginal chlorosis of the leaves, and on plants with a typical bunchy top appearance (i.e., 
severity scores 2 to 5) had positive TAS-ELISA results. 47.5% of plants with dark green streaks on the 
leaf veins (i.e. severity score 1) gave positive ELISA results, while 32.5 % of symptomless plants 
tested positive. Although BBTD is widespread in Oriental Province, disease severity is relative low 
(Figure 26) with a corresponding limited impact on production. There is however an urgent need to 
carry out immuno enzymological (TAS-ELISA) testing in order to identify BBTD-free plants for 
multiplication and distribution of disease free planting materials. 
 

2.5.3 Fusarium wilt and a Musa fruit peel disease 
 
Assessing Fusarium strain diversity 
 
Fusarium wilt, caused by Fusarium oxysporum f.sp. cubense (Foc), is a major 
threat to the region’s budding processing and export initiatives. A recently 
developed PCR-RFLP technique has shown that Foc is divided into two 
clades and eight lineages. A CIALCA PhD student based at the Stellenbosch 
University in RSA, carried out PCR-RFLP profiling on a collection of Foc 
strains from Rwanda (96 strains), Burundi (60 strains), Tanzania (56 strains) 
and DR Congo (40 strains). Pure cultures were established from single-spore 
isolates obtained from infected banana pseudostems, representative of all 
susceptible host cultivars grown in the region (‘Pisang Awak’, ‘Sukari 
Ndiizi’, ‘Gros Michel’ and plantains). Of each isolate the intergenic spacer 

Fig. 27:BBTD severity at surveyed locations across different provinces 
in DR Congo. 

Photo 24:Banana plant 
severely affected by Fusarium 

wilt. 
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region (IGS) of the ribosomal DNA was amplified and subjected to digestion with restriction enzymes 
Eco 88I, BbvI and Bce AI. Our results showed that 98% of the strains in the region belong to lineage 
VI, which include the vegetative compatibility groups (VCGs) 0124, 0125, 0128, 01212 and 01220. 
Two isolates from Tanzania were identified as members of lineage VII which includes VCGs 0123, 
01217 and 01218, and four isolates from Tanzania were representative of Clade A. Potentially new 
VCGs were also identified. Isolates which were identified as members of lineage VII were from the 
cultivars ‘Kayinja’ (‘Pisang Awak’) and ‘Bigonja’ (a plantain). Our results showed that Foc has a 
wider genetic diversity in Tanzania than in Burundi, Rwanda and the DR Congo. This might be the 
result of the history of banana cultivation in the region from Asia via the Africa’s eastern mainland, or 
because of the composition of banana cultivars planted in the different countries. 
 
A Musa fruit peel disease 
 

During CIALCA-I, surveys carried out in South Kivu 
(Democratic Republic of Congo) made public that a fruit peel 
disease was affecting Musa in the Nyangezi and Kamanyola 
areas. Further research, carried out by the Université Catholique 
de Bukavu reported that the disease was recorded only at higher 
elevations (>1,700 masl) and its severity increased during the 
rainy season. Fingers of infected bunches sent to the Global Plant 
Clinic in the UK for isolation and identification revealed the 
presence of numerous microorganisms such as Colletotrichum 
musae, causal agent of anthracnose fruit rot (isolated as a sole 
colonizer or in association in 4/11 samples); Cladosporium 
musae, causal agent of leaf speckle; and Fusarium solani. Based 
on the GPC analyses and literature reports, it is likely that the 
fruit peel disease observed in South Kivu is caused partly by 
Colletotrichum musae. However, the fact that Colletotrichum 

musae was not isolated in a majority of the samples and that other pathogens such as Cladosporium 
musae were isolated in equal ratios restricts the assimilation of the fruit peel disease to anthracnose. 
Moreover, studies clearly identifying the entry point of the pathogen (no wound, insect wounds, etc) 
and artificial lab inoculations using purified strains of Colletotrichum musae, Cladosporium musae 
and Fusarium solani need to be carried out to fulfil Koch’s postulate, unambiguously identifying the 
fruit peel disease causal agent. Similar cases were reported in Burundi in the summer of 2009 Kayanza 
(1,850 masl) and in 2011 in Kirundo and Cibitoke..!!

Photo 25:Symptoms of a fruit peel disease, 
South Kivu, DR Congo. 
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3. CIALCA TECHNOLOGIES AND APPROACHES FOR 

IMPROVED NUTRITION AND INCOME 
 

3.1 Processing of legume products 
 
In 2010, several processing technologies were developed and promoted at different levels. These 
include development of soy milk, soybean curd, soy flour with composite flour mixes and roasted 
soybean. Soy was promoted as a cheap and accessible replacement for cow milk, while soybean curd 
was tested as a meat alternative. Various composite flour mixes in include soy maize and soy cassava 
were tested for nutrient rich alternative porridge mixes for weaning children. Processed products were 
tested by different groups. Qualities tested were attributed to general preference, taste, flavour and 
appearance. Different flavours of soy milk, soy vegetables enriched with milk and flour, soybean 
porridge, bread, biscuits and curd were tested. In Bas Congo and South Kivu the most preferred 
product was soy milk with added sugar. 92% (600) of women liked the taste of soy milk followed by 
soy porridge, bread and soy enriched vegetables. The least preferred processed product was soybean 
curd. In Rwanda, 86% of farmers favoured all products. Selected products were promoted at different 
levels; at the community levels products were promoted for household consumption while and for 
sale. Product development manuals and commodity fact sheets were developed and incorporated in the 
training sessions conducted at health centre and community level. Majority of those interested in the 
recipe development were women. For example, in South Kivu 70% of those involved were women. In 
Bas Congo, for example 4 health centers (Lemfu, Boko, Mbanza Nzundu and Zenga) conduct at least 
one soybean processing training session coupled by nutrition education every month. Pregnant and 
lactating mothers are invited to training sessions concurrent with their clinic visits. Over 1200 mothers 
have been trained. During the training sessions, soybean recipes are developed using locally available 
ingredients and tested by mothers at the household levels. In 2010, 2 soybean recipe books were 
drafted. In addition the training sessions have led to high demand for soybean seed for production at 
the household level. At least 200gm (1 cup) of soybean seed is distributed to each woman attending 
the training sessions for household production. 
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3.2 Quality assessment of banana beverages in Rwanda 
Banana beverage production, dominated by artisanal processors is a common and important source of 
revenue for rural populations in the Great Lakes region of Central Africa. No standards and control 
measures have been set up by the government regulatory authorities, yet hygiene and sanitation of 
processing equipment and personnel are often very poor. As such there may be high risk of 
contamination which may have safety implications on human health as well as product quality. Fifty 
samples of banana juice and beer were collected at different points along the processing and marketing 
chain from four localities in Rwanda in 2010 largely from artisanal processors and a few mechanized, 
semi-industrial processors. The samples were analyzed for microbiological and physico-chemical 
quality by adapting a Hazard Analysis and Critical Control Points (HACCP) methodology. The 
microbial and physical-chemical aspects examined included total plate count, lactic acid bacteria, 
mould and yeast, coliforms, pH, total acidity and total soluble solids. The results showed high total 
bacterial counts of 8.02 - 11.86 log 10 cfu/ml in the juice and beer samples with yeast and moulds as 
well as lactic acid bacteria being the predominant microbes (Figures 28 and 29).  

!
Fig. 28:Microbial Counts of Banana Juice Samples, by location 

!

!
Fig. 29:Microbial counts of banana beer samples, by location 

High total bacteria, yeast and coliform counts were associated with both juice and beer samples drawn 
from Gisenyi and Butare. The samples from the formal processors had the lowest total bacteria counts 
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although they were associated with high lactic acid bacteria counts4. Coliform counts were high in 
artisanal processed banana beer, 7.7 – 8.9 log 10 cfu/ml but were low or undetected in semi-industrial 
processed beer samples due to the effect of inhibition of growth of coliforms during fermentation as 
well as hygienic handling in semi-industrial processing set ups. The presence of coliforms in banana 
beer from artisanal processors even after fermentation may be attributed to poor post-fermentation 
handling through storage equipment and prevalence of unhygienic conditions. 

Given that banana beverage processing is still dominated by artisanal processors who largely 
serve low-income consumers, government and private sector investments in standardized 
specifications, routine quality control and HACCP plans should be encouraged as this would 
result in higher value products leading to improved welfare for both processors and consumers. 
Potential critical points for microbial access have been identified as water quality used for dilution, 
type of container used for storage and manual juice extraction methods under poor hygiene. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!
4 The microbes in the banana beverages comprise of yeast and moulds most of which are known to thrive in 
medium rich fermentable substrates such as sugars found in bananas leading to the production of acids during 
fermentation. 
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3.3 A market framework for technology adoption for CIALCA  
CIALCA has a developed a framework for market research and facilitation support that has been 
tested over the last few years (Figure 30). Based on this framework, CIALCA’s technologies are 
applied through group-based business plans. Thus technologies such as integrated soil fertility 
management (ISFM) and other improved agronomic practices, new and improved varieties, outcomes 

of participatory market 
research and group 
strengthening, and 
capacity building and 
post-harvest processing 
and management are 
operationalized through 
the business plans. 
Business plans require 
support in order to be 
operationalized: this 
support is in the form of 
credit, both in cash and in 
kind (farm inputs). 
Support for business 
plans can be internal or 
external through 
appropriate platforms as 
shown in Figure 30. 
With support from 
research and policy 

environment, improved economic livelihoods will result. 

CIALCA’s interventions have principally been through facilitated group action among farmers. The 
components of the framework and some of the results emerging from the interventions are discussed in 
this section. Results from CIALCA’s impact assessment household survey conducted in August-
September 2011 covering 913 households show that about one third of respondents were members of a 
farmer group or association. Farmer associations are the main target group of CIALCA interventions 
for participatory technology evaluation and the establishment of multiplication plots for improved 
varieties. In total, about 300 farmer associations were directly involved with CIALCA and its 
development partners. This section presents results from the assessments carried out with 
representatives of a sample of 96 associations, representing a total of 3,456 members. The associations 
consisted of 73 linked with CIALCA and 23 not linked with CIALCA. Among the main activities 
carried out by the groups in the study areas are agricultural crop production, livestock rearing, 
marketing farm production or group marketing as well as facilitating access to inputs through joint 
sourcing. A few have the capacity to provide microcredit to their members while others also engage in 
sourcing, training and extension.  

Among the technologies being promoted by CIALCA, three income enhancing innovations 
promoted include product-processing, group-marketing and using written business plans. These 
technologies collectively referred to as post-harvest and marketing were disseminated in the mandate 
areas as shown in Table 7.  

 
 

!
!

Fig. 30:A market framework for technology intervention in agricultural value chains 



47 
 

 
 
 

Table 7:Distribution of post-harvest and marketing innovations in the mandate areas 
Post harvest and 

marketing Burundi Bas Congo North Kivu South Kivu Rwanda 

Soybean processing 0 X 0 X X 
Banana processing X 0 X X X 
Business plan X X X X X 
Collective marketing X X X X X 

Source: CIALCA Impact assessment survey data, 2012 

The percentage of associations that adopted post-harvest technologies across the project and non-
project sites is shown in Table 8. In action and satellite sites, 11% of the associations were able to 
implement post-harvest and marketing innovations. The percentage of adopting associations was 
relatively higher in South Kivu, Bas Congo and Kigali-Kibungo and lowest in the Burundi mandate 
areas.  

 
Table 8:Percent of associations adopting post-harvest technologies (%) 

Site Action Satellite Control Average 
Gitega 5 0 7 4 
Rusizi 3 7 0 3 
South  Kivu 13 27 4 15 
North Kivu 8 9 14 10 
Bas Congo 17 21 4 14 
Kigali -Kibungo 22 7 4 11 
Umutara  9 6 9 8 
Average 11 11 7 10 

Across the countries, the level of adoption of at least two post-harvest technologies was marginally 
higher in action sites (about 12%) and satellite (10%) sites compared to control sites (about 6%). At 
the household level, adoption rate of the post-harvest technologies in action and satellite sites was 
estimated at 34% (Table 9). Most of the adopters were female farmers that had adoption levels of 33% 
compared to about 26% for the men. The adoption level was higher for transformation activities 
though the difference between control and satellite sites was minimal. Group sales were relatively low 
with a maximum of 10% of the farmers conducting group sales. Farmer participation in group sales 
was much lower in control sites. There was no significant difference between male and female farmers 
with regard to group sales.   

 
Table 9: Percentage of farmers that adopted post-harvest technologies 

 action site satellite site control site male female 
% adopters of two post 
harvest technologies 34.1 36.8 20.4 25.7 33.0 

% that transformed 
agricultural products 46.9 42.0 40.0 33.8 46.3 

% participating in group 
sales 10 8.4 5.6 8.8 8.6 
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3.4 Drivers of market participation 

Markets and improved market access are critical for improving rural incomes, especially for 
smallholder farmers in Africa. Despite this, most smallholder farmers do not derive the benefits 
associated with market systems due to a number of constraints. A number of CIALCA and CIALCA 
related studies have been conducted to assess market drivers and constraints for smallholder farmers. 

 
3.4.1 Determinants of smallholder farmer participation in banana markets 

A bivariate probit model was employed to jointly and separately estimate banana market participation 
decisions of 1,405 buying and selling households in the CIALCA mandate areas of Rwanda and 
Burundi using household survey data. Selectivity bias was corrected for estimating the transacted 
volumes using Heckman’s procedure. The results showed that geographical location of the household 
and transaction cost-related factors such as access to market information sources, and proximity to 
urban markets significantly influenced market participation. The results of the banana supply function 
showed positive and significant price effects for both beer and cooking types (Table 10). The price 
elasticities for both beer and cooking bananas were, respectively, 9.6% and 5.6% for sellers, 
suggesting that beer bananas were more responsive to price changes compared to cooking bananas5. 
 

Table 10:Banana supply and demand functions by sellers and buyers 
 Sellers (log of Kgs sold) Buyers (log of Kgs bought) 

 
Coefficient 

 
Standard 

Error 
Coefficient 

 
Standard 

Error 
Intercept -117.622*** 39.971 -414.031*** 48.175 
Price of beer banana 0.477*** 0.022 0.020 0.054 
Price of cooking banana 0.241*** 0.023 0.101 0.121 
Access to off farm income -5.437 21.297 53.713** 23.643 
Market access (urban) -0.166*** 0.039 -0.120** 0.051 
Farm size 0.020 0.054 0.022 0.073 
Sex of household head 
(1=female) 

-0.557*** 

 
0.185 

 
0.090 

 
0.263 

 
Farming years 0.279*** 0.071 -0.107 0.094 
Land tenure (1=own) 0.061** 0.028 -0.098*** 0.033 
Total TLU -0.187*** 0.035 -0.296*** 0.042 
λ 0.166*** 0.029 -0.117*** 0.030 
Adjusted R-squared 0.382  0.186  

Note: *,** and *** denote significance at the 10, 5 and 1% levels respectively 

The market-access variable, showing time taken to reach the nearest urban market had a negative and 
significant influence on both supply and demand quantities for sellers and buyers, showing a decline in 
banana transacted quantities with increase in travel time. The results show that farmers located one 
hour further from the nearest urban market reduce the transacted quantities by 17% for sellers and 
12% for buyers compared to those living closer to these markets. This variable reflects the influence of 
transaction costs in terms of distance and cost of information. Non-price-related factors such as access 
to off-farm income, gender of the household head, and years of farming experience which reflect 
repeated transactions, which in turn reinforces trust and builds networks needed for market 
information exchange had a significant influence on the transacted volumes. Generally, the findings 
suggest that efforts aimed at investments in rural road infrastructure, market information 
systems, collective marketing, and value addition of banana products may provide a potential 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!
5 Price elasticity for the semilog function has been calculated as , that is the coefficient on price 
multiplied by average price.(Greene, 2003). 
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avenue for mitigating transaction costs and enhancing market participation and production of 
marketed surplus by rural households. 

 
3.4.2 Preferences for improved bean varieties in Burundi 

Consumer and producer bean preference surveys through household and market surveys were 
conducted in Burundi in 2010 in selected sites in Gitega, Kirundo and Muyinga provinces. The 
objective was to assess consumer preferences for improved varieties and examine if the preferred 
varieties are adopted by farmers in alignment with market demand. Table 11 shows the top ranked 
bean varieties by consumers and producers. 
 

Table 11:Top ranked bean varieties by consumers and producers 
Variety type and name % of consumers n Reasons for preference 

Improved varieties    

Improved (Vuninkingi) 28.3 17 
high yield, medium price, short 
cooking time 

Improved (Moore8802) 23.3 14 good taste, high producer price 
Improved (G13607) 15.0 9 high yield 
Local varieties    

Local (Mixed) 21.7 13 
availability of seeds, low price, most 
commonly consumed 

Local (Shushamazi) 13.3 8 
small size, good quality of seed, low 
price 

Local (Ndaraneze) 16.7 10 good taste, short cooking time 
 
Highly preferred improved varieties include Vuninkingi and Moore8802. These varieties are adopted 
by relatively low proportion of farmers due to poor access to seeds (Figure 31). There is need for 
strengthening out-scaling strategies to improve access to improved seeds.  
 

!
Fig. 31: Adoption of improved bean varieties by farmers 
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3.4.3 Tissue culture banana in Burundi 

In most of the Great Lakes region of Central Africa where banana is a staple crop, use of banana tissue 
culture plants is increasing because they are pest- and disease-free (with the exception of fastidious 
bacteria and viruses); grow more vigorously, allowing for faster and bigger yields; are more uniform, 
allowing for more efficient marketing; and can be produced in large quantities in short periods of time, 
permitting faster distribution of planting material and new cultivars. CIALCA in collaboration with 
IITA-funded BMZ6 project carried out a household survey covering 313 households in 2009-2010 in 4 
main banana growing communes of Gitega province in Burundi, where TC banana dissemination 
efforts through NGOs had been ongoing for several years. Fifty five percent of the households 
surveyed were adopters of TC bananas while 45% used conventional suckers. The objective was to 
assess impact of TC banana on yield and gross margin outcomes. The TC banana market in Burundi is 
served by two private TC laboratories and a public university which together produce at least 500,000 
banana plantlets annually mainly serving NGOs and FAO who purchase the plantlets for distribution 
to farmers for free. Propensity score matching methods (nearest neighbour matching (NNM) and 
kernel based matching (KBM)) were used in the estimation. Results showed insignificant causal 
effects for both banana yield and gross margin differentials between TC banana adopters and non-TC 
adopters (Table 12). 
 

Table 12:Banana productivity measures before and after matching 
Mean of outcome variables Difference 

(ATT) 
Standard 
Error 

Method Outcome 

TC adopters 
(n = 172) 

Non-adopters 
(n= 141) 

  

NNM1 Banana yield (Kg/are) 60.18 73.96 -13.78 23.75 
 Gross margin/are (BIF7) 10072.42 8551.62 1520.8 3018.2 
NNM2 Banana yield (Kg/are) 60.18 63.82 -3.64 18.34 
 Gross margin/are (BIF) 10072.42 11107.08 -1034.66 3018.2 
KBM3 Banana yield (Kg/are) 60.83 63.98 -3.14 22.55 
 Gross margin/are (BIF) 9062.37 9305.45 -243.08 3135.56 
KBM4 Banana yield (Kg/are) 60.83 63.98 -3.14 22.55 
 Gross margin/are (BIF) 9062.37 9305.45 -243.08 3135.56 
NNM1= two nearest neighbour matching with replacement, common support. 
NNM2 = six nearest neighbour matching with replacement, common support. 
KBM3 = kernel based matching with band width 0.06, common support. 
KBM4 = kernel based matching with band width 0.03, common support. 
SE- robust standard errors, Statistical significant at the 0.01 (***), 0.05 (**), 0.1 (*) level of probability 

These results are somewhat surprising because TC bananas have been shown to outperform 
conventional suckers in field and on-station trials. However, the institutional setting for promoting TC 
is different in Burundi, where plantlets are distributed to farmers for free with no accompanied training 
package. The unexpected results could be attributed to the poor quality TC plantlets already 
manifested in the field, coupled with poor field management practices characteristic of smallholder 
banana farms in the region. A major lesson drawn from this study is that efficient distribution 
systems for TC bananas need to deliver the plants as part of a package that include banana 
husbandry management training and access to micro-credit to enable farmers purchase the 
needed complementary inputs. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! !!!!!!!!!!!!!!!!!!!!!!!!!!!!!
6 Bundesministerium Für Wirtschaftliche Zusammenarbeit (German Federal Ministry for Economic 
Development Cooperation) 
7 1US$ = 1230 Burundian Francs (BIF) as at 2010 
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3.5 Tool development for improved access to credits and markets  
In the CIALCA impact assessments (see section 4.2), an assessment was conducted to establish the 
need and access to credit across the sites and gender. Overall, almost 40% of farmers indicated that 
they required credit; however, only 16% were able to access the credit they needed (Table 13). 
Among the farmers that needed credit, less than half were able to get the credit with higher access 
being observed in action and satellite sites compared to control sites. There was no difference between 
men and women farmers in access to the credit.  

Table 13:Percentage of farmers receiving credit 
 action site satellite site control site male female 
Percentage needing credit 41.1 40.3 33.2 30.5 41.0 
percentage needing credit 
who got the credit 39.0 48.2 26.0 36.8 38.5 

 
The importance of credit in the implementation of farming activities was emphasized through 
development of business plans as tools that could be used to guide the enterprise operations and also 
be used as a document to support applications for credit by the farmers and associations. The business 
plans are tools used by enterprises to set their business goals, the reasons why they are believed 
attainable, and plan for reaching those goals. Business plans provide information on the production 
plans and marketing plans, as well as the financing arrangements that will be required to keep the 
enterprise in operation. The plans also provide anticipated product sales to predetermined buyers. 

Based on the expected sales, enterprises can project their cash inflows and expenditures which 
anticipated lenders will use as a basis for extending credit or not. Enterprises that are not able to 
demonstrate the ability to profitably run their enterprises and the ability to repay anticipated loans are 
not able to attract credit for their business. CIALCA and partner associations were able to seasonally 
prepare business plans and submitted them to micro-credit providers of which a number were able to 
get and repay the credit. In South Kivu, most associations were able to borrow an average of USD 
8900 in one season from microfinance providers. The repayment followed successful harvest and 
product sales. Thus an indicator of this sustainability of the knowledge acquired is the development 
and implementation of business plans. The business plans were implemented after the initial training, 
where facilitators from CIALCA, ISAR and NGO partners were trained in business plan development. 
The facilitators were able to guide farmer groups to prepare and implement the business plans in a 
number of mandate areas. 

Three manuals covering various modules have been developed by CIALCA and disseminated to 
farmers and out-scaling partners to improve their agro-enterprise skills. The modules covered include:  

1) farm enterprise profitability and gross margin analysis,  

2) partial budgeting, marketing and market research, enterprise management and record keeping, 
business plan development, savings and credit management, and  

3) group dynamics and management. 
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3.6 Studies on nutrition 
 

3.6.1 Banana nutrition work 

In 2009, household surveys were carried out in eastern DR Congo (South Kivu, North Kivu), Kirundo 
province in Burundi and south western Uganda. More than 800 banana-dependent households were 
interviewed and more than 16 focus-group discussions were carried out. The objectives were to 
establish the most popular and preferred banana cultivars and their local processing methods. The most 
preferred cooking banana varieties included AAA-East African Highland bananas [AAA-EA] 
‘Nshikazi’ (South Kivu) and ‘Vulambya’ (North Kivu), ‘Mbwazirume’ (Uganda), ‘Entaragaza’ 
(Uganda) and ‘Inyamushanga’ (Burundi). These varieties were preferred for their cooking qualities, 
large bunches, but also their suitability for the production of banana beer. The preferred plantains 
included ‘Musheba’ (South Kivu), ‘Musilongo’ (North Kivu) and ‘Manjaya-Gonja’ (Uganda). These 
varieties were preferred for their short maturation period, large bunches and high market prices. Over 
60% of households had consumed AAA-EA banana within the last 24 hours, whereas <10% had 
consumed plantains. The common cooking method was simple boiling (DR Congo and Burundi) and 
steaming (Uganda).  

Lab work (2010 and 2011) comprised:  

a) Conducting high performance liquid chromatography (HPLC) to determine the retention of 
provitamin A carotenoids (vitamin A precursors-pVACs) following ripening and local 
processing of most popular cultivars. This was conducted with the Katholieke University of 
Leuven (KULeuven), at their laboratory for fruit breeding and biotechnology, Leuven, 
Belgium.   

b) Assessing in vitro bioaccessibility to determine the percentage of pVACs available for 
absorption following consumption of popular banana-derived dishes (CIRAD-Montpellier, 
France) (Table 14).  

Table 14:Bioaccessibility of pVACs from banana-derived dishes consumed in Eastern DR Congo 

  
Musa based products and 

dishes 
BC % 

Bioac (SD) 

AC % 
Bioac 
(SD) 

13 cis-BC     
% Bioac 

(SD) 

µg RE* /200g 
after in vitro 

dig.. 

%RDA 
child < 5 

years 
Musilongo no oral phase 16.6 (2.7)a 15.5 (1.8)a 21.5 (1.3)a 48.88 12.2 
Musilongo with oral phase 14.1 (0.4)a 15.2 (1.0)a 23 (1)a - - 

Vulambya no oral phase 28.9 (1.0)b 
30.5 

(0.8)be 33 (2)b 22.38 7 

Vulambya with oral phase 28.7 (1.8)b 
28.6 

(1.2)be 33.5 (1.2)b - - 
Musilongo porridge 31 (1)bd 41 (1)c Nd - - 
Musilongo olive oil 14.6 (2.1)a 14 (1.8)a 23.7 (2.0)a 35.2 8.8 
Musilongo palm oil 15.3 (1.8)a 13.8 (1.6)a 20 (2)a 86.44 21.6 
Vulambya and Beans 24 (2)c 23.5 (2.5)d 16.2 (2.2)c 12.4 3.1 
Vulambya, beans, olive oil 27.5 (3.3)b c 26(3.6)e Nd 5.63 1.4 
Vulambya, beans, palm oil 32 (3)d 31.1(3.3)b 34.4 (4.2)b 110.08 27.75 
Vulambya, beans, Amaranth 10.2 (0.2)e 22.7 (1.6)d 21.6 (1.3)a 38.96 9.74 
Vulambya, beans,amaranth,olive 
oil 15.8 (1.9)a 23.7 (2.7)d 22 (2.1)a 60.66 15 

BC= β-carotene, AC= ά-carotene, * RE= retinol equivalent = µg trans β-carotene /6 and 13 cis- β-carotene /12; n≥3 
independent experiments presented as means (SD); Nd, not detected; Significant differences in the same column are shown 
by different letters (p<0.05) 
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The predominant pVACs were all-trans β- and all-trans α-carotene, together constituting about 90% 
of total pVACs in both raw and processed fruit pulp. The proportion of β-carotene was around twice 
that of α-carotene in the plantain varieties while in the AAA-EA bananas, the proportion of the 
principal carotenoids was almost equal. Total pulp pVACs were found to increase significantly during 
ripening, highest levels were observed at ripening stage 3 in all the cultivars. Values were as high as 
1080.98µg/100gFM in ‘Vulambya’ and 1819.38µg/100gFM in ‘Musilongo’. Although boiling of 
‘Vulambya’ and ‘Nshikazi’ led to substantial losses (40%-60%) in total pVACs, steamed ‘Entaragaza’ 
and ‘Mbwazirume’ retained >90% of total pVACs. Although roasting, deep-frying and steaming of 
‘Manjaya-Gonja’ resulted in substantial loss of pVACs, boiling and deep frying of the ‘Musilongo’ 
and ‘Musheba’ led to retention and an apparent increase. After in-vitro digestion, the percentage of 
micellized t-BC was higher in ‘Vulambya’ (29 %) than in ‘Musilongo’ (16.6 %). But because 
‘Musilongo’ had a higher initial content of pVACs than ‘Vulambya’, the final retinol equivalent was 
higher in ‘Musilongo’ (44.9 µg/200gFM) than in ‘Vulambya’ (22.4 µg/200gFM). In the two Musa 
cultivars, the incorporation into micelles was similar for t-BC and t-AC but significantly higher for 13-
cis isomer. The best performing Musa-based dishes made from ‘Musilongo’ and ‘Vulambya’ provided 
an estimated 22% and 28% of the daily vitamin A Recommended Dietary Allowance (RDA) for a 
child under 5 years old.  

3.6.2 Legume nutrition work 

To impact on nutrition and health of vulnerable communities in the CIALCA mandate areas, the 
nutrition and health research component focuses on three broad of objectives:  

i. to improve access and utilization of soybeans and other legumes to improve quality of diets of 
communities affected by malnutrition,  

ii. to develop the capacity (knowledge, skills and practices) of communities in soybean 
processing and value addition to improved dietary quality and  

iii. to demonstrate impact of consumption of improved diets on nutrition status of vulnerable 
communities. 

NGO partners and farmer groups were mobilized to support and maintain demonstration gardens. 
Demonstration gardens were used to multiply seed for further distribution, train communities on 
production and demonstrate skill in food processing and utilization. Over 500 trainers from farmer 
groups, NGO partners, health centres and hospitals were trained in Rwanda, South Kivu and Bas 
Congo. The Training topics included: processing and utilization of soybeans, hygienic practices in 
food processing/ preparation, cooking demonstrations, food combination and formulating a balanced 
diet.  
Monitoring and Evaluation was conducted at 3 levels; (i) health centre level – access to demonstration 
gardens and overall dietary characteristics of beneficiaries was evaluated after every 3 harvesting 
seasons, (ii) training of trainers at NGO, CBO and farmer group level – Number of people trained as 
trainers and by trainers at different community level and application of knowledge and skills acquired 
after training, and (iii) partner/satellite level – beneficiaries, seed distributed, technology adoption and 
impact on communities. 
 
Knowledge about Soybeans and Acceptability studies 
 
Across sites over 80% of farmer group representatives showed significant familiarity with soybeans. 
20% of the rural health community grew and consumed soybean in the past one year but with limited 
knowledge on processing techniques, negative attitude towards cooking qualities and taste. While only 
6% of the farmers regularly use soybean flour as a weaning product, they did not grow or process it at 
home. 
The health community particularly in South Kivu and Bas Congo occasionally consumed soy milk and 
soya biscuits -which they purchased locally. Soy milk and soybean curd were readily available from a 
soy factory in central Rwanda. In Bas Congo, unlike Rwanda and South Kivu, more men than women 
knew about soy products, only 19% of those who knew soy in Bas Congo were women. Less than 
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35% of the households consumed soy in the past year. Generally there was no source of knowledge on 
soybean production, processing and utilisation across sites.  
 
Soybean nutrient retention and consumption studies 
!

Preliminary results showed that there are no 
significant losses in soybean protein and lipids given 
different processing methods. Children consuming 
soybeans have showed considerable progress in 
weight gain at a glance compared to those not taking 
soybean (Table 15). Preliminary data indicates 
consistent weight gain in children after two months of 
consumption.  Body mass index (BMI) of children 
consuming soybeans more than doubled compared to 

those who were not using soybean in their diet. In the same manner, the haemoglobin (Hb) levels were 
50% more in children consuming soybeans.  
 
Scaling out 
 
At the level achieved through the project, scaling up was done through training of trainers (TOT) 
sessions in satellite sites to allow onward transmission of information to other farming households. In 
12 satellite sites of South Kivu, a total of 2,039 delegate trainers were trained, while in seven sites 
within Bas Congo, 3,978 were trained. In Rwanda, a total of 1,932 were trained. 

Table 15:Gains in nutritional parameters (weight gain,  
BMI, and Hb) of children consuming soybeans for 2 

months 

Parameter Control 
group 

Treatment 
group 

Weight gain (kg) + 3.8 + 9.1 
Body mass index + 1.3 + 3.1 
Haemoglobin + 0.4 + 0.6 



SCALING OUT
ACHIEVING IMPACT
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4. SCALING OUT – ACHIEVING IMPACT 
4.1 CIALCA Rapid Assessment Survey (RAS) 

In July and August 2010, a preliminary impact study was conducted in the mandate areas of the 
CIALCA project. The objective of the study was to estimate progress in achieving the target project 
milestones. CIALCA operates directly in action sites, where technologies are developed, evaluated and 
promoted, and through its partnerships in satellite sites, where technologies are disseminated. By the 
end of the project, CIALCA aims at achieving three target milestones, which are defined at the action 
site, satellite site, and mandate area level, respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A survey was conducted using a participatory rural appraisal (PRA) method in group interviews. A 
total of 334 PRA sessions were held covering almost 4000 farmers in action sites, satellite sites and 
control sites. In the latter sites, CIALCA did not intervene directly or through its partnerships; these 
sites were used as a basis for comparison. 

 

4.1.1 Farm level agricultural productivity 

Agricultural production levels were based on recall for past season 2010B (Feb-Jun 2010) and 
previous season 2010A (Sept 09-Jan2010) for target crops: banana, legumes, maize and cassava using 
local units and was then converted into Kg. Participants were asked if they had produced <0.5, 0.5-1.0, 
1.0 – 1.5 or >1.5 times the average yield levels (AYL). Final yield level Yi, was obtained by weighting 
the AYL according to responses and summed for the 2 seasons. 
 

 
 
Where WLU is the weight of the local unit in Kg.  
The results showed an increase in farm-level agricultural productivity of 32% in action sites, and 27% 
in satellite sites in comparison with the control sites (Figure 32). Increases in productivity were largest 
in the action sites of Sud-Kivu (179%) as a result of increases in cooking and beer bananas, groundnut, 
soybean, beans, maize and cassava production, and in Umutara (119%) as a result of increases in 
groundnut, soybean, beans and maize. Increases in productivity were largest in the satellite sites in 
Bas-Congo (127%) as a result of increases in legume and cassava production. 
 

Box 1: CIALCA target milestones: 
 
In the action sites: “By the end of year 4, aggregate farm-level productivity in 30 action sites has increased with at 
least 20%, while augmenting soil nutrient stocks, resulting in an aggregate extra protein intake of at least 20% and 
an aggregate higher household income of at least 20%. These aggregate values reflect positive impact on at least 
40% of rural livelihoods (or 3,500 households) in the action sites.” 
 
In the satellite sites: “By the end of year 4, aggregate farm-level productivity in at least 150 satellite sites has 
increased with at least 10% while augmenting soil nutrient stocks, resulting in an aggregate extra protein intake of 
at least 10% and an aggregate higher household income of at least 10%. These aggregated values reflect positive 
impact on at least 20% of rural livelihoods (or 9,000 households) in the satellite sites. 
 
In the mandate areas: “By the end of year 4, at least 25% of the population of the mandate areas is aware of 
CIALCA-related activities and at least 5% of that population is actively seeking access to knowledge and 
technologies promoted by CIALCA.” 
 
 
 
 
 
 
 
 
 
 
 
!
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!
Fig. 32:Farm-level agricultural productivity (% difference) 

 

4.1.2 Agricultural income 

An increase in aggregate household gross income of 19% in action sites and 21% in satellite sites was 
observed, in comparison with control sites (Figure 33). Increases were largest in action and satellite 
sites in Kirundo (90%) and in Nord-Kivu (234%). In Kirundo, Nord-Kivu and Sud-Kivu, participants 
obtained an additional 60-90 USD per year from banana produce. Important income increases were 
also observed from cassava produce in satellite sites in Bas-Congo (80 USD per year). Income 
increases from legume produce were generally much smaller (less than 20 USD per year per 
household), except in Bas-Congo (30-50 USD per year). 
 

!
Fig. 33:Revenue from agricultural production (% difference) 
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4.1.3 Protein intake 

Aggregate household protein intake from legume sources increased by 8% in action sites and 12% in 
satellite sites, relative to control sites, in the mandate areas where legume activities were carried out 
(Figure 34). The increases were largest in Umutara (30%), followed by Bas-Congo (13%) and Sud-
Kivu (8%), and mostly due to higher consumption of soybean (or soybean products), rather than 
beans. Soybean consumption increased by an average 40-80% in the 4 mandate areas where soybean 
promotion had been carried out. 

!
Fig. 34: Protein intake from legume sources (% difference) 

 

4.1.4 Awareness of CIALCA related technologies 

In both action and satellite sites, a large proportion of households were aware of CIALCA and its 
technologies (Figure 35); 35 - 45 % of the households were aware of new germplasm, multiplication 
methods and soil fertility methods. 

!
Fig. 35:  Awareness of CIALCA technologies 

In summary, the results indicate that CIALCA has exceeded its target of at least a 20% increase in 
farm-level productivity and achieved its target increase of 20% in household income in both action and 
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satellite sites. Target increase in protein intake from legume sources has been achieved in satellite sites 
but not yet in action sites. In both action and satellite sites, a large proportion of households are aware 
of CIALCA and its technologies, but further effort needs to be invested in promotion at the mandate 
area level. Achievements vary between mandate areas, but in general, most important progress was 
achieved in the mandate areas in DR Congo (Sud-Kivu, Nord-Kivu and Bas-Congo), in Kirundo in 
Burundi, and in Umutara in Rwanda. 
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4.2 CIALCA Impact Assessment 

During 2011, an impact assessment was commissioned to investigate the impacts of the CIALCA 
project on smallholders’ livelihoods according to the target indicators set out at the beginning of the 
project with respect to awareness of CIALCA technologies, productivity, income and nutritional 
impacts in intervention sites and at the mandate area level. Although conceptualized as an ex-post 
impact assessment, the study was programmed for 2011, while the project and particularly also the 
out-scaling activities by development partners were still being implemented, which enabled study 
implementation using the infrastructure and partner interactions for data collection. The overall aim of 
this study was to investigate the impact of the CIALCA project on smallholders’ livelihoods in 
Burundi, DR Congo and Rwanda and derive recommendations for designing and planning 
dissemination and out-scaling activities. The specific objectives of the study were: (i) to analyze the 
impact pathways of the CIALCA project and assess uptake of CIALCA outputs by research and 
development partners, (ii) to estimate current adoption of CIALCA products by farmers in the mandate 
areas and analyze the adoption process, (iii) to assess the impact of adoption of CIALCA products on 
project target indicators: farm level productivity, farm income and protein intake. 
The study started in March 2011 with a workshop in Bujumbura, where key project staff and other 
invited experts discussed impact pathways, study methodology and contributed to design the sampling 
frame and the data collection tools. Data collection was carried out between June to September 2011 
and included 94 focus group discussions (FGDs) with representatives of farmer groups and 
associations, 5 stakeholder workshops with NGO partners, extension officers, representatives of the 
ministries of health and agriculture, local authorities and private sector stakeholders. Also, a household 
survey was conducted in 7 mandate areas covering a random cross-section sample of 913 households.  
Different econometric models were used to address the research objectives. Propensity score matching 
techniques were used to explore factors that explain the decision of small-scale producers to adopt 
CIALCA technologies as well as to assess the impact.  
The findings indicate that CIALCA has well advanced on its projected impact pathway and 
accomplished the projected outcome of broad uptake of its products by stakeholders who are in the 
position and willing to disseminate them. The survey results show that areas of major interest in the 
target population include major CIALCA technologies like new crop varieties, as well as constraints 
such as crop pests and diseases and agricultural output markets. CIALCA has become a widely-known 
information source on these issues throughout its mandate areas. Farmer associations have worked 
closely with CIALCA and its development partners.  
The survey results confirm a wide dissemination of CIALCA technologies, even beyond direct 
intervention sites (action or satellite sites). Although adoption is much higher in satellite or action 
sites, even in the control sites, where none of the CIALCA development partners reported 
interventions, about 20% of the survey respondents have adopted CIALCA technologies (Figure 36).  
Therefore, models to identify the determinants of adoption and the impact of the technologies were not 
based on a comparison between sites, but rather based on the adoption status of survey respondents. A 
two stage adoption model (Diagne and Demont, 2007) revealed that about 77% of the farmers have 
been exposed to CIALCA technologies, which is the pre-condition for adoption. In the exposed 
population, the estimated adoption rate is 46%. Access to agricultural extension and membership of 
farmer groups then positively influenced the likelihood of adoption of CIALCA technologies. The 
results also point to specific locations with a low probability of adoption (Figure 36). Focusing efforts 
on these geographical areas may increase adoption. The major constraint to adoption still remains a 
lack of access to the technologies, which includes unavailability of improved germplasm or 
constrained access to other inputs such as fertilizers.  
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!
Fig. 36:Technology adoption by site location (%) 

 
Propensity score techniques and different matching methodologies were used to analyse the impact of 
adoption on productivity, income and nutrition indicators. These techniques reduce sample selection 
bias i.e. ensure that productivity levels, income, poverty headcount and protein intake are compared 
only between farmers that are similar in all other characteristics and different only in terms of adoption 
or non-adoption of CIALCA technologies. Any observed difference in impact indicators can thus 
plausibly be attributed to adoption. The results show significant direct positive impacts of adoption of 
CIALCA technologies on protein intake and poverty gap. No conclusive evidence of the impact on 
crop productivity and crop income is provided by this study. These results could indicate that while the 
overall effect is still not significant, small improvements in income have been achieved mainly by the 
poorest stratum of farmers, leading to reducing the poverty gap i.e. the difference between poverty line 
and actual income. However, the magnitude of this effect is not yet sufficient to lift these farmers’ 
incomes above the poverty line, hence no change in poverty headcount was observed. 
A limitation of this study is that it was not feasible to collect detailed data on adoption intensity due to 
the high number of technologies and crops in the farming system, instead, the adoption was considered 
as yes/no variable. In the case of improved germplasm however, area under the new variety or the 
share of improved over traditional varieties would allow for a more comprehensive assessment of 
impacts. Many of the CIALCA technologies are knowledge-intensive and require learning, i.e. new 
crop management practices, soil fertility management and arrangements of crop spacing in mixed 
systems, implying that productivity gains will increase with increasing experience. At the point of time 
of data collection for this study, only a couple of years after massive dissemination and out-scaling 
was started in 2009, many adopters might still be at the beginning of their learning curve and hence 
observed impacts as yet are likely to underestimate full benefits of the technologies. A follow-up 
study after 2 to 5 years is therefore recommended in order to assess impacts more 
comprehensively.  
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4.3 Communication strategies across CIALCA 

 
4.3.1 CIALCA outreach and communications 

Throughout CIALCA II, a defining contribution of the project has been to ensure that research results 
are valorised for adoption and impact. In each case this is done through a process of awareness 
creation and knowledge sharing with stakeholders at various levels. By and large, the retrospective 
CIALCA impact assessment shows that these processes are bearing significant fruit.  The level of 
adoption of CIALCA innovations across the mandate areas is estimated to be 35% of households, and 
77% of households say they are aware of specific CIALCA technologies. 
 
The CIALCA model for achieving impact is founded on an impact pathways approach, through the 
delivery of science-based innovation to farmers through training by out-scaling or ‘boundary’ partners. 
This may be supported by messages though media such as radio, television and passively through the 
CIALCA website. The CIALCA Knowledge Resource Centre, established in late 2010 also with funds 
from the German government, supports these activities by developing, packaging and making 
available tailored, appropriate knowledge products to suit a variety of audiences and communications 
channels. 
 
A unique challenge for CIALCA is that the decentralized, dispersed and multi-partner nature of the 
Consortium poses particular challenges for effective knowledge flow and the ability to effectively 
deliver ‘knowledge into use’. The challenge is increased by difficulties in communicating complex 
technical solutions to farming communities with somewhat limited adaptive capacity. In practice, this 
means there is often a strong need for extended facilitation and follow-up by CIALCA extension 
specialists and trained partners to ensure adequate understanding and adoption, the latter being 
a prerequisite for realizing impact. 
 
An interesting revelation from the recent CIALCA impact assessment is the extent to which 
knowledge channels such as radio and farmer-to-farmer communication assist the diffusion of 
CIALCA innovations. It appears that these channels have been somewhat underestimated previously, 
and that they can play an important role – although in different ways, because we know that 
‘awareness’ does not necessarily lead to ‘adoption’. This is particularly evident with radio broadcasts, 
which have a wide reach but result in relatively little behaviour change. The opposite is true with 
farmer-to-farmer diffusion – Although initial numbers of trained famers are low (relative to radio), 
once adoption takes place there is likely to be significant co-adoption by surrounding farmers. 
 
Over the last year KRC has embarked on several key projects to support cascade training of partners, 
through the provision of resource materials such as factsheets, video, and posters. This has resulted in 
the development and/or repackaging of a number of materials, including: 
 

- New factsheets for: XW, BBTV, Armilaria, banana management practice, Fusarium wilt, 
malnutrition (stunting) and dietary diversity (all in multiple languages) 

- Malnutrition and Dietary Diversity posters (Congo and Burundi) 
- Soya recipe cookbook 
- Localised XW training video (Congo, Burundi) 
- Six XW radio messages 
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4.3.2 CIALCA website and resource centre 

The CIALCA website has received regular content updates, but monitoring statistics show that page 
views have remained relatively flat over the year, except for the third-quarter where visits increased 
markedly due to interest in the CIALCA conference. Due to limited availability of funds a refreshed 
website could not developed in 2011. Although serving an important niche audience – partners and 
researches from the North – it is increasingly evident that the site does not work well as a knowledge 
resource for partners and stakeholders in the CIALCA countries. This has largely to do with limited 
access to internet as well as weak capacity in accessing and leveraging online resources. Despite this, 
it is recognized that making CIALCA knowledge more accessible online is important, and 
various approaches are being considered to effectively increase our online presence. 
 
The KRC also has a physical presence at CIALCA’s Bujumbura office. Customized shelving displays 
most of CIALCA’s factsheets, brochures, training guides, and project reports. If necessary, materials 
can be printed on-demand using a colour laser printer. 
 
 

 
 

Box!2:!Fighting!XW!in!Burundi!
In!2011,!XW!was!officially!recognized!by!local!authorities!as!a!clear!and!present!danger!in!
Burundi.!A!broad!stakeholder!consortium!comprising!ISABU,!the!National!Commission!on!
Combating!Plant!Diseases!and!Pests,!!the!Catholic!Relief!Service!(CRS)!and!CIALCA!(among!
others)!was!established!to!effect!a!nationwide!diagnostic!study.!This!was!combined!with!
a! proactive! information! campaign! to! increase! farmer! vigilance! as!well! as! knowledge!of!
prevention!and!management!practice.!The!KRC!was!contracted!to!coTdevelop!appropriate!
knowledge!materials.!An!updated!XW!factsheet!was!developed!in!French!and!Kirundi,!and!
distributed! to! all! collineTlevel! extension! agents! in! the! country! (approximately! 3600!
individuals).!This!was! supported!by!daily! radio!messages!on! five!FM!radio! stations,!and!
the! repeat! broadcasting! of! the! CIALCA! XW! video! on! national! television.! CIALCA! is!
currently!engaging!in!followTup!projects!to!reinforce!this!initial!campaign.!
!

Box!3:!Sharing!research!results!with!local!communities! !
For!her!CIALCA!PhD!research,!Dr.!Beatrice!Ekesa!worked!with!several!local!communities!
in! Burundi! and! Congo.! On! the! completion! of! her! work,! she! wanted! to! feed! back! the!
lessons! learned! with! the! people! who! had! made! her! research! possible.! The! KRC!
developed!two!factsheets!on!Dietary!Diversity!and!Stunting!as!well! two!posters!on!the!
same! topics.! With! the! help! of! CIALCA! extension! staff! and! the! developed! knowledge!
materials,!nearly!2500!men!and!women!received!training!on!how!to!break!the!motherT
child!malnutrition!cycle!and!improve!their!dietary!intake.!
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4.4 Banana training materials and approaches 

When banana activities in the CIALCA context began 
in the Great Lakes region, training of trainers on a 
collaborative scheme for evaluation and delivery of 
improved technologies was chosen as the means to 
transfer the technologies. The purpose of the trainings 
was to strengthen the capacity of extension workers and 
farmers to produce for better livelihoods. As different 
groups were trained, it became important to document a 
summary of the discussed points. As a result, a set of 
banana training materials were put forward by 
CIALCA. The factsheets were made originally in 
English, summarizing the steps for the main banana 
technologies that CIALCA has promoted in different 
categories, namely: seed systems, pests and diseases, 
farming systems and banana marketing. Seed systems 
include tissue culture as well as macropropagation, 
while pests and diseases include: banana weevils, 
nematodes, banana Xanthomonas wilt, banana bunchy 
top disease, banana streak and cucumber viruses, 
Fusarium wilt and leafspot diseases. The farming 
systems covered: zero-tillage, banana coffee 
intercropping and soil fertility; while banana-marketing 

factsheets covered banana marketing and transaction costs as a marketing constraint. These factsheets 
have been translated into the four most widely understood languages in the region: Kinyarwanda, 
French, Kiswahili and Kirundi (see Photo 26). The factsheets were all laminated for durability in the 

field. 
 
Based on the factsheets, 
corresponding videos 
were developed in 
English and are being 
translated into 
Kiswahili, Kinyarwanda, 
French and Kirundi.  
Aspects of banana 
marketing have not been 
reproduced in video 
form, but this may be 
considered in future. 
 
 
 
 
 

 
4.4.1 Collaborating for greater information outreach 

For increased outreach, CIALCA continued to use outscaling partners to target areas that could 
otherwise not have been reached due resource limitations. This has helped not only to transfer 

Photo 27: BXW symptoms poster (French)!

Photo 26:French version of the new CIALCA Xanthomonas wilt factsheet.!
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information to a bigger number of people but also to put the information into the hands of those that 
were capable to both reproduce and distribute it whenever the need arises. The arrival of the 
knowledge sharing specialist helped CIALCA to communicate the complex knowledge in a way easy 
for the farmers and extension workers to understand. Depending on the feedback from the population, 
the training materials have been repackaged and adapted to forms that are comprehensible by the 
targeted audience. Some of the materials worked on included: the factsheets for BXW, BBTV and 
Fusarium wilt developed in a new and  more easily understood format, and the adaptation of the BXW 
video to suit the Burundian context. 
 

4.4.2 Partnerships with Government institutions 

 

   
Photo 28: Farmers look at training materials guided by RAB, Rwanda staff. Farmers watch a training video during an 

agricultural show in June 2011 in Rwanda. 
Collaboration with the government extension systems has allowed the translation of communication 
materials into local languages . RAB in Rwanda translated the factsheets that were widely used in their 
extension activities that among others involved using them at the agricultural show in June 2011 to 
convey knowledge to interested participants.   
The videos were also translated into Kinyarwanda using RAB resources and were shown throughout 
the show. A set of DVD’s have been kept in the agriculture ministry library while a number have also 
been distributed to local partners. In South Kivu, mass awareness raising has taken place through radio 
and television. Through partnership with IPAPEL, some videos have been translated into Kiswahili 
and aired on public television through RTNC in Bukavu. The set of banana factsheets have also been 
uploaded on the CIALCA website. 
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4.5 Legume/ISFM training materials and approaches 

With a view to accelerate the adoption of integrated soil fertility management, the IFDC CATALIST 
technical field manuals were used and adapted in the CIALCA sites. Technical manuals 1 and 2 relate 
to the general information on ISFM, while technical manuals 3 to 9 give details on basic technologies 
which are complementary to ISFM.  
The list of the manuals is as follows:  
Technical Manual 1: Principles and technologies of integrated soil fertility management (ISFM);  
Technical Manual 2:  The role of fertilizers in agricultural intensification;  
Technical manual 3:  The nutritional elements of plants and their role;  
Technical Manual 4:  Mineral fertilizers (presentation, conditioning and storage);  
Technical Manual 5:  Factors which influence the effectiveness of fertilizers;  
Technical Manual 6:  Methods of fertilizer application of risks of improper use;  
Technical Manual 7: The management of soil acidity;  
Technical Manual 8:  Management of soil organic matter; 
Technical Manual 9:  Management of crop pests and diseases;  
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4.6 Partnerships related to out-scaling in Burundi, DR Congo, and Rwanda 

CIALCA works in partnership towards a common goal and it leads to complementarities of efforts- 
share resources (finance, material and personnel), facilities (laboratory and office), materials 
(germplasm and equipments) and knowledge (experience) for the purpose of generating research 
outputs (new technology) or fostering innovation for practical ends. 
 

4.6.1 Burundi 

There are three main categories of partners in Burundi: 1) Research partners that participate directly in 
the R4D process and include universities, sub-regional and national research institutes, 2) Development 
partners that participate in technology evaluation and transfer and include international and national 
NGOs, and 3) Farmer associations that also participate in technology evaluation and use. Other 
categories of partners not directly involved in the research but very important in the R4D process are 
the Policy-makers that play an important role in influencing the direction of research programs and the 
Private sector that participates in the provision of inputs and uptake of products from farmers. The 
inclusion of the private sector in the supply of inputs is necessary for sustainability, market 
development, competitive pricing and product provision. Thus, various partners play different roles 
in helping CIALCA to achieve its vision to link research to development for technology evaluation, 
promotion and dissemination. To achieve successful partnership for technology out-scaling, 
collaboration is formalized through appropriate agreements using Memoranda of understanding 
(MoU) or letters of agreement (LoAs) that clearly define roles, responsibilities, expectations and 
ownership. Five MoU were signed with development organizations in Burundi to out-scale CIALCA 
products [PPCDR (Programme Post Conflit de Développement Rural); PAIOSA/MINAGRIE 
(Programme d’Appui Institutionnel et Opérationnel au Secteur Agricole); PADAP (Projet d’Appui au 
Développement Agricole de la Province); CIBe (Caritas International Belgique) and ADISCO 
(L’Association- Appui au Développement Intégral et la Solidarité sur les Collines)]. 
In most cases, a partnership arrangement is required for a specific level of product and focus, based on 
partner category, status, geographic location, years of existence/experience, activities and capacity 
(technical, financial, human and logistics). This collaborative scheme also requires periodic meetings 
to a) review progress and constraints, b) explore new opportunities and c) plan for the future. Two 
stakeholders’ workshops were organized in Burundi to assess the current and expected outcomes and 
impact of CIALCA products being disseminated and their potential for sustainability. This resulted in 
the following three partnership and capacity building projects, organized on macro-propagation, 
improved crop management practices and IPM: 
 
1) the Food and Agriculture organization (FAO) partnership project on disaster preparedness for food 
risks in the Great Lakes region, 
2) PPCDR partnership project for technology transfer and out-scaling, 
3) PAIOSA/MINAGRIE partnership project for banana sector development and seed systems. 
 
With technical backstopping from IITA, both Floresta NGO and the Makamba farmers’ association in 
Burundi received financial support from the governments of Belgium, the Netherlands, USA and Italy 
to install macro-propagation units. At the same time, Concern Worldwide and Caritas International 
Belgique are practicing and promoting false decapitation technique for healthy banana planting 
material. 
 
Training materials developed have been disseminated through partners to strengthen the capacity of 
extension workers and farmers. Communication tools and approaches used included: factsheets, 
newsletters, videos and radio programmes. A series of farmer training videos have been broadcast on 
national TV and radio stations in Burundi, in collaboration with ISABU and DGMAVA to disseminate 
valuable information to small-scale farmers. The videos cover a number of topics on bananas from 
seed multiplication and IPM, to novel soil and crop management systems. Banana seed multiplication 
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includes banana tissue culture and banana macro-propagation techniques, as ways of obtaining healthy 
planting material. The diseases covered include BBTD, banana leaf spot diseases, banana Fusarium 
wilt and BXW, and important pests such as nematodes and banana weevils. The videos focus on 
symptom recognition, transmission pathways, prevention and control measures. The video on BXW is 
also used by FAO to train trainers, which is helping to fight the disease that has rapidly spread in 
Burundi since December 2010. The other set of videos looks at the best ways to utilize local mulch 
materials to improve soil nutrient stocks, conserve moisture, and suppress weeds. This visual method 
reaches many farmers simultaneously in a country with high illiteracy and a poorly-equipped 
extension system due to years of civil conflict. Each of these videos lasts for an average of about four 
minutes depending on the language. The videos were produced in English, French, Kiswahili, 
Kinyarwanda and Kirundi.  
 

4.6.2 Democratic Republic of Congo 

A CIALCA stakeholders’ workshop was organized in both Bukavu and Butembo of South and North 
Kivu respectively, to assess the current and expected outcomes and impact of CIALCA products being 
disseminated and their potential for sustainability. It is important to assess partners’ capacity and target 
each for a specific level of product and focus. This resulted to two partnership projects with FAO and 
Food for the Hungry (FH). In one project CIALCA supports FH in scaling-out of mostly cassava and 
banana related seed, production, and processing technologies and related value chain activities. In the 
other FAO partnership project work aims to enhance tools and approaches for controlling BXW 
through sensitization and training. Based on partnership arrangements that involved many NGOs, 
farmer groups were trained on macro-propagation, business planning and joint marketing, so that 
improved productivity is translated into more profit and more food through improved processing, 
storage, and marketing. In Bas Congo province, increased productivity was achieved through ISFM 
and novel crop management practices by intercropping improved legume and cassava. CIALCA also 
implemented several approaches towards improving the health and nutrition status of farming 
households on processing and utilization of soybean and developed a framework for market research, 
business plan and facilitation. These led to increasing demand for technical backstopping in large out-
scaling projects in DR Congo to spread CIALCA technologies to farmers. Some researchers and 
development officers suggested that we need to move from ‘research for development’ to 
‘research in or through development’ in some of the discussions. These 'joints projects do not 
provide CIALCA with significant funding, but they do help to leverage partnerships and expand 
visibility and impact. 
 
Radio programs have proved effective in passing on information to partners and end-users and in a 
partnership arrangement between CIALCA and IPAPEL (Inspection Provincial de l'Agriculture, 
Pèches et Elevages), a series of farmer training videos were aired by various broadcasting houses to 
disseminate valuable information to small-scale farmers. The videos cover a number of topics on 
bananas from banana seed multiplication and IPM, to novel soil and crop management systems. The 
training materials were broadcasted on both TV and radio stations including the Radio and Television 
Network of Congo (RTNC), Radio and television network of Kivu (RTNK), Radio Okapi, Radio 
Maendeleo and Radio Kamanyola. This visual method reaches many farmers simultaneously. The 
video on BXW is used by NGOs to train trainers who are helping to fight the disease. 
 
In CIALCA II, we also involved private sector stakeholders that participate in the provision of inputs 
and transformation. In Bukavu, CIALCA collaborated with the Centre OLAME (transformation du 
soja et céréales), a private company; ADVS (vente en gros des engrais minéraux): Association des 
Distributeurs de Variétés de Semences - purchase of fertilizer from YARA in Tz and MEA Ltd in 
Kenya and super-marché La Beauté (vente en détail des produits agricoles transformés ou non). 
 

4.6.3 Rwanda 

The following are the main categories of CIALCA partners in Rwanda: 
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1. Research partners that participate directly in the R4D process and include universities, sub-
regional and national research institutes. In Rwanda these include: Rwanda Agriculture Board, 
National University of Rwanda and Higher Institute of Agriculture and Animal Husbandry 
(ISAE) 

2. Development partners that participate in technology evaluation and transfer and include 
international and national NGOs. To achieve successful partnership for technology out-
scaling, collaboration with these organizations is formalized through appropriate agreements 
with MoU that clearly define roles, responsibilities, expectations and ownership. CIALCA 
Rwanda has signed such MoU with the following: CRS, Eglise Presbyterienne du Rwanda 
(EPR), World Vision, Vi-Life, International Fertilizer Development Center (IFDC) for out-
scaling CIALCA products. Local organizations such as RWARRI, RDO, RHEPI, AEE, Behar 
Bidasoa, BAIR as well as several Health centres have actively participated in technology 
evaluation and transfer. Over 60 farmer associations also participated in technology evaluation 
and use across all mandate and satellite sites.  

3. CIALCA also works with policy-makers that play an important role in influencing the 
direction of research programs in all districts including sector and district agronomists as well 
as the Ministry of Agriculture. 

4. In CIALCA II, we also involved private sector stakeholders that participate in the provision of 
inputs. The inclusion of the private sector is necessary for sustainability, market development, 
and competitive pricing and product provision. Thus, various partners play different roles in 
helping CIALCA to achieve its vision to link research to development for technology 
evaluation, promotion and dissemination.  

 
Out-scaling CIALCA products 
 
Since 2009 CIALCA Rwanda has approached different organizations to partner with in the out-scaling 
of best bet CIALCA products. 

1. We have signed MoU with CRS working on integrated crop management (ICM) in Cassava 
and legumes under the GLCI project. The following local NGOs CARITAS Huye, CARITAS 
Muhanga, CARITAS Cyangugu, RWARRI, and Syndicat Ingabo have been subcontracted by 
CRS with the backstopping from CIALCA to work on ICM for 4 seasons. The results have 
been very positive. Today, GLCI is closing but the local organizations have pledged to 
continue applying with the technology since it has shown good results. 

2. CIALCA has also signed an MoU with EPR. This is a church organization. CIALCA works 
with them on improved agronomic practices applied to beans and soybean in Kamonyi and 
Bugesera districts. The have also been trained on banana macropropagation. Today they have 
at least two macropropagation units in all parishes in those districts.  

3. Other MoUs have been signed with IFDC Catalist and Vi-Life working to develop fertilizer 
recommendations. 

All these activities are being carried out by the organizations themselves with only backstopping from 
CIALCA. They take all the expenses of implementation including travel for CIALCA technicians.  



UPSTREAM UNIVERSITY INPUT
CAPACITY BUILDING
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5. UPSTREAM INPUT FROM UNIVERSITIES – CAPACITY 

BUILDING 
 
CIALCA is first and foremost a research project, albeit with a strong drive to achieve impact for 
smallholders in the short, medium and long term. To achieve the latter, strategic questions have to be 
answered in the ‘upstream’ research domain. This requires advanced expertise, tools, and equipment, 
which is provided by our CIALCA University partners in Belgium, namely the Katholieke Universiteit 
Leuven (KUL), the Université Catholique de Louvain (UCL) in Louvain-la-neuve and the Université 
de Liège Gembloux Agro-Bio Tech. These partners have also been strongly involved in the capacity 
building efforts within CIALCA, most notably through training of PhD and MSc students. In the 
following sections, we will give a brief illustration of some of the research and capacity building 
efforts in which these partners have been involved. 
 

5.1 Katholieke Universiteit Leuven (KUL) 
!

5.1.1 Characterization, development and evaluation of adapted germplasm 

Screening for drought tolerant Musa varieties via a heterotrophic in vitro model 
 

The first step in screening Musa 
biodiversity for possible drought 
tolerant varieties was the development 
of a heterotrophic in vitro test (Figure 
37). Screening of different Musa 
varieties belonging to different genomic 
groups (AAA, AAAh, AAB, AABp, 
ABB and wild types) showed that there 
is a difference in growth retardation 
among the different varieties (Rukundo 
2009; Kissel, 2011). The advantages of 
this heterotrophic in vitro test to screen 
the Musa biodiversity are the high 
throughput and the feasibility of 
controlling the experiment. A key 
disadvantage is the artificial conditions. 
Thus confirmation of these results in an 
autotrophic test is required, enabling the 

evaluation of transpiration and photosynthesis. 
 
Development of an autotrophic model to screen for drought tolerant Musa varieties 
 
an autotrophic model was optimized and tested using two different varieties that proved the 
heterotrophic screening test to be respectively tolerant and sensitive: the ABB variety Cachaco and the 
AAA highland variety Igitsiri. Both varieties were characterized for 23 days under control and osmotic 
stress conditions (10% PEG). proof of concept was delivered for our new autotrophic model. It 
showed a clear difference between the phenotypes of the two varieties Cachaco (ABB) and Igitsiri 
(AAAh) with Cachaco (ABB) showing characteristics of a drought tolerant variety. It has a relatively 
lower transpiration rate and better growth rate under stress conditions (and hence better WUE), it has a 
lower damage to the leaves and better photosynthesis and has a better root to shoot ratio. 
When all the analyzed variables are combined in a principle component analysis, both the variety and 
the treatment can be clearly separated (Figure 38), with the most important variables (VIP) 
transpiration, root weight and leaf area. 

Fig. 37: Experimental overview 
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!
Fig. 38:PCA score plot. 

 
Igitsiri (i) is represented as squares and Cachaco (c) as triangles. Control (c) treatments are displayed in green while the 

10% PEG treatment (p) is displayed in red. 
 

5.1.2 Integrated Soil Fertility Management 

Interactions between KU Leuven and the project lead by the Tropical Soil Biology and Fertility 
Research Area of the International Centre for Tropical Agriculture (TSBF-CIAT) within CIALCA 
have been continuing at 3 different levels: (i) analysis of plant and soil samples using advanced 
methods operated at the laboratories of Prof Roel Merckx, (ii) supervision of students within the realm 
of tropical soil fertility research, lead by Prof Roel Merckx, and supervision of students within 
agricultural economics, lead by Prof Miet Maertens who recently replaced Prof Eric Tollens. 
 
Analysis of plant and soil samples 
For some of the upstream activities related to the development of products dealing with improved soil 
fertility management, advanced analyses of plant and soil samples is necessary. These include, for 
instance, 15N and 13C analyses to assess biological N fixation, C and N transformations, and 
assessments of drought stress and ICP analysis to assess the complete macro and micro content of 
plant materials. 
 
Supervision of students in tropical soil fertility research 
Prof Roel Merckx has been leading the supervision of the PhD thesis of Celestin Ukozehasi (Rwanda) 
and Chantal Niyuhire (Burundi). Both PhD theses are dealing with developing IFSM options for 
specific cropping systems in Rwanda and Burundi, respectively. 
 
Supervision of students in agricultural economics 
Prof Miet Maertens has been involved in the supervision of the PhD thesis of Josaphat Mugabo 
(Rwanda) and leading the supervision of the PhD thesis of Valery Kasereka (DR Congo) and Isabel 
Lambrecht (Belgium). These PhD theses have been focusing on specific economic dimensions directly 
related to the uptake and evaluation of CIALCA products. 
 

5.2 Université Catholique de Louvain (UCL) – banana-based crop systems 
 
Within the CIALCA consortium, the research at UCL is developed in partnership with IITA. In a first 
phase, lead by Professor Bruno Delvaux, the focus was on improved soil and crop management 
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practices. In a second phase (2009 onwards), two new researchers, Philippe Baret and Charles Bielders 
took over coordinating the activities. Philippe Baret is studying agricultural innovation processes, and 
this has been added a new component to the UCL-CIALCA collaboration. Charles Bielders brought 
expertise in physical properties of soils. The two paragraphs below explain progress in both fields. 
 

5.2.1 Understanding agricultural innovation 
Farmer adoption and evolution of (new) agricultural practices is not solely driven by technical 
efficiencies, but also by factors such as resource constraints (labour, land, capital), risk aversion, 
gender dimensions, social capital, and several other factors within and outside the farm system.  In the 
long term, successive crises, due to fertility renewal issues, induced major reconfigurations of the 
systems. The last one led to the shift from a cattle-based system to a banana-based system. UCL’s 
approach is based on both a comparative framework and a systemic analysis. Five settings in three 
countries (Rwanda, Burundi and DRC) have been studied in parallel, to take into account variations in 
agro-ecological and institutional conditions. In a system-based perspective, we use a combination of 
quantitative (field measurements, 
economical valuation) and qualitative 
methods (semi-directed interviews) to 
acknowledge the integrated nature of the 
intensive cropping systems of the Great 
Lakes region. It allows smallholders to 
assess long term risk in terms of monetary 
benefits but also in terms of labour 
intensity and system stability. The 
originality of the approach is to provide a 
comprehensive and reproducible tool for a 
diagnosis at the farm level taking into 
account qualitative dimensions. 
Alternative indicators of productivity are 
used and will facilitate analysis of 
innovation processes in a comparative 
framework. This work was primarily led 
by Laurence Jassogne (UCL Post-doc) on 
banana x coffee systems and by Julie Van 
Damme (UCL PhD student) on banana 
systems.  They were further supported by 
Damien De Bouver, Jonasz Deraeck, and 
Sophie T’Kind. Some of the interesting 
findings are that farms of medium size 
(0.8ha) seem more productive per unit land 
than small or big farms (Figure 39). This 
is probably because labour and nutrient 
investments are smaller per unit area in the 
smaller and bigger farms; small farms are 
selling their labour and farm products (e.g. 
crop residues) to neighbouring farms and 
large farmers have more labour and 
nutrients available in total, but less when 
compared per unit area.  
 
 

5.2.2 Research on soils, agronomy, and banana-based crop systems 
Research on the sustainability and productivity of banana-based cropping systems largely revolves 
around issues of agronomy and soil fertility. UCL has been traditionally strong in this area. In 2011, 

Fig. 39: farm revenues in relation to farm size (Great Lakes Area)!

the total revenue generated per hectare is higher in medium-sized farms 
(± 0.8ha) than in smaller farms (<0.5ha) or larger farms (>1.0ha). 



72 
 

Séverine Delstanche successfully defended her PhD thesis entitled ‘Drivers of soil fertility in 
smallholder banana systems in the African Great Lakes Region’ 

Her research clearly quantified that soil fertility is the major 
production constraint across the region and that soil fertility 
management, and in particular organic matter management, is 
key for the productivity and sustainability of these systems. Dr. 
Svetlana Gaidashova, who is leading RAB’s banana research, 
continued the collaboration with UCL after her successful PhD 
defence at UCL in 2009. From 15 August to 16 October 2010, 
she attended a training session held at Microbiology Unit, 
Faculty of Biological, Agricultural and Environmental 
Engineering on “Taxonomy of arbuscular mycorrhizal fungi with 
special emphasis on species from the East African Highland 
banana cropping systems”. 
The research work conducted by the UCL PhD students Tony 
Muliele (DR Congo) and Syldie Bizimana (Burundi) is further 
explained in section 2.4.2 of this report (Improved soil 
management of banana-based systems). In addition, the work 
conducted by PhD student Anaclet Nibasumba is summarized in 
section 2.3.4. on banana x coffee intercrop systems.  
 
 
 
 
 
 
 

 

 

 

 

Photo 29: student Jonasz Deraeck 
interviewing coffee/banana farmers in 

Eastern Rwanda for his MSc thesis on this 
subject. 
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5.3 Contributions from other universities 
 

5.3.1 Collaboration with the Université de Liège Gembloux Agro-Bio Tech  

 
Within the framework of collaboration between the Université de Liège Gembloux Agro-Bio Tech 
(previously FusaGx) and CIALCA, a Burundian CIALCA PhD student Célestin Niyongere 
participated in a fully funded lab training in Belgium. The first 3-month  molecular biology training 
course (November 2008 to January 2009) focused on (i) the use of the PhytoPass sampling system to 
diagnose the presence of BBTV in more than 150 banana leaf samples collected in the Great lakes sub-
region (Burundi, Rwanda and DR Congo); (ii) the selection within published literature of PCR 
(polymerase chain reaction) primer pairs capable of amplifying BBTV strains and subsequent 
optimization of PCR conditions; and (iii) the sequencing of yielded PCR fragments with the aim of 
characterizing strains of BBTV. Preliminary results suggest that the PhytoPass sampling system falls 
short of the objectives set with only 27.5% (28/102 samples) of visually severely affected samples 
revealing the virus when tested by PCR. The quality of the DNA extracted using the PhytoPass system 
has been reported as being the origin. 

Research in 2010 focused on running PCR analyses, sequencing Great Lakes Region 
(Burundi, Rwanda, Eastern DR Congo) BBTV isolates and identifying a cheap and effective sampling 
technique -using silica gel to desiccate and conserve samples- that is able to yield DNA of sufficiently 
good quality to be used for PCR and subsequently for sequencing. CIALCA-Bioversity staff member 
Pascale Lepoint equally attended a fully funded lab training on BBTV detection from desiccated 
banana leaf samples. More than 350 samples collected from CIALCA trials were extracted and run 
through PCR. Preliminary results suggest that the silica gel sampling system does not alter the quality 
of the DNA. However, conservation of DNA post-extraction and the PCR itself still necessitate fine-
tuning given that extracts degrade rapidly, providing false negatives. Moreover, the PCR should 
ideally contain an internal control (i.e. primers targeting banana tissue) in order to confirm the quality 
of the DNA and PCR. 
In an attempt to identify the centre of origin of BBTV in the Great Lakes Region and in sub Saharan 
Africa, samples were collected in 2011 from Kisangani (Oriental Province, DR Congo) –location of 
the historical INEAC Yangambi research station- where BBTD was reported for the first time in the 
sub-region. Out of the 10 symptomatic samples sent for analysis and sequencing using the silica gel 
sampling technique, only seven samples manifested the presence of the virus. 
Sequences confirm that BBTV isolates from the Great Lakes Region of Africa belong to the ‘South 
Pacific’ group, which equally harbours isolates from Australia, Egypt, India, Fiji and Hawaii among 
others. Great Lakes sequences appear to be distinct from those collected in Central and West Africa by 
Kumar et al. 2011. Moreover, Kisangani isolates group with Kumar et al. isolates with regards to the 
DNA-R component, suggesting that BBTV was probably introduced in the Great Lakes Region 
through a distinct route. 
 

5.3.2 Collaboration with the Wageningen University 

CIALCA has been partially investing in IITA’s ‘upstream’ collaborative research with Wageningen 
university in the area of crop and farming systems modelling. Currently, CIALCA is providing support 
to the PhD research of Godfrey Taulya. Godfrey has been a research assistant at IITA-Uganda for 
many years and in that role participated in the CIALCA diagnostic survey work in the region and 
provided backstopping of soil and data analysis to CIALCA PhD students. In 2009, CIALCA wrote a 
project proposal for WOTRO funding with Wageningen university on farming systems modelling, but 
unfortunately the WOTRO funding availability decreased and the project was not retained. 
Nonetheless, in an effort to bring the strong modelling expertise into CIALCA, Godfrey was 
encouraged to start his PhD research on modelling the performance of banana crop systems, 
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particularly as a function of water and nutrient stresses. This work is still ongoing and is expected to 
finish early 2013.   



REVIEW + OUTLOOK
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6. REVIEW AND OUTLOOK 

 
6.1 CIALCA Conference October 2011, Kigali, Rwanda 

The CIALCA International Conference on ‘Challenges and Opportunities for Agricultural 
Intensification of the Humid Highland Systems of sub-Saharan Africa” was convened in Kigali, 
Rwanda,  on 24-27 October 2011. The objective of the conference was to evaluate the state of the art 
of agricultural intensification in the highlands of sub-Saharan Africa, as well as providing guidance for 
the way forward for the CIALCA programme and the forthcoming CGIAR Consortium Research 
Program on the Humid Tropics.  
 
The conference was organized around four themes:  Farming System Components, Farming System 
Integration, Drivers for Adoption, and Knowledge-Intensive Approaches. For each of the themes, 
CIALCA retained internationally-recognized keynote speakers for each of the themes, the opening 
session, and as process facilitators. 
 
Response to the conference was overwhelming, with well over 300 participants attending. A total of 
27 oral presentations and 172 poster presentations were delivered, and these collectively sparked 
significant discussion both in plenary and around the poster stands. 
 
In closing, the following key conclusions and recommendations were made by the conference: 
• Productivity growth cannot take place without the use of mineral fertilizers, but its use needs to be 
supported with appropriate improvements in agro-ecological processes. 
• Helping farmers to make technically-complex changes will require strong integration of research and 
extension, and better planning of impact pathways that take account of farmers’ social and economic 
realities. 
• A ‘value-chain’ approach should be embedded in a broader ‘integrated farming systems’ framework 
for beneficial agricultural systems change. This will require a supportive policy environment and 
attention to both human and agro-ecological capacity constraints. 
• Targeted, short-term subsidies can be used in certain circumstances to encourage technology 
adoption. But they must be implemented as an integrated package which provides appropriate 
technical support, market access and capacity strengthening. 
 
Most of the conference oral presentations will be published in a forthcoming Earthscan book, and over 
20 high-quality banana papers are expected to be available in a Banana Book published by CABI. 
There will also be a Kluwer book of proceedings. 
 
Media and Communications 
Local and regional media houses which attended the media conference heard from the conference 
panel that new farm approaches and innovations were needed to grow more food with less land. If this 
was not realized, the Great Lakes region would face increased instability in coming decades.  
 
26 Journalists attended the conference, press briefing or site visit. Reporting about the conference was 
later available in the Rwanda New Times newspaper (front page coverage), East Africa Business 
week, Rwanda Focus and the Guardian (Nigeria),with radio broadcasts/interviews on BBC World 
Service, BBC Afrique and Voice of America. In total 15 websites and online news providers provided 
conference content,  including AllAfrica.com, Yahoo! News and New Age (South Africa). 
 
To host all of the conference content,  a dedicated website was established and linked from the regular 
CIALCA website. All the oral presentations (Powerpoint) as well as the posters are available for 
viewing on the conference website at http://cialcaconference.org. The website further hosts a series of 
blog posts, photos from the conference and a twitter feed that was running during the event.  
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6.2 The CIALCA+ proposal (CIALCA phase II extension/ transition to CRP1.2) 
‘Transforming CIALCA into a Humidtropics platform in East and Central Africa – CIALCA+’ is a 
proposal for an 18-month transition period of CIALCA (January 2012 – June 2013). The proposal was 
submitted by the International Institute of Tropical Agriculture (IITA), Bioversity International, and 
TSBF-CIAT. CIALCA has been operating in DR Congo, Rwanda, and Burundi since 2006 with 
considerable success and recognition. Although the second phase is technically approved until end of 
2012, funds have only been committed to the end of 2011. In the meantime, the CIALCA thematic and 
geographic areas have been collectively identified as an Action Area in the Humidtropics Consortium 
Research Program (CRP1.2) of the CGIAR. This CIALCA+ proposal details a program for an 18-
month transition period of CIALCA aiming at (i) finalizing the CIALCA-II phase, including finalizing 
ongoing PhD and MSc projects and documenting its achievements and (ii) transforming the network 
towards a Humidtropics network. The short name of the proposal, CIALCA+, refers to the thematic 
expansion of CIALCA with increased attention on farming systems, livestock integration, and climate 
change on the one hand, and on understanding and influencing drivers of impact on the other.  
 

6.3 CRP1.2 The Humidtropics CGIAR Research Program  
As part of the CGIAR reform process, CGIAR Research 
Programs (CRPs) have been developed to tackle global issues 
related to poverty and natural resource degradation. One of 
these, the CRP on Integrated systems for the humid tropics, 
also called the Humidtropics CRP or CRP 1.2, aims to reduce 
poverty and improve ecosystem integrity in the humid and sub-
humid tropics. Its objectives are: (i) Increased economic and 
social returns for the poor and vulnerable people from 
enhanced agricultural productivity; (ii) Improved biological 
and ecological integrity of natural resources; and (iii) Improved 
institutional effectiveness in supporting the poor and 
vulnerable people.   
 
The Humidtropics CRP will use a systems approach towards 
reducing poverty, enhancing natural resource integrity, and 
improving institutional effectiveness. The research for 

development agenda has been developed around 3 Strategic Research Themes (SRTs): (i) SRT 1: 
Situation and priority analysis; (ii) SRT 2: Integrated systems 
improvement, disaggregated into SRT 2.1 – institutional 
effectiveness, SRT 2.2. – system productivity, and SRT 2.3 – 
natural resource integrity; and SRT 3: Global synthesis. All 
activities will be backstopped by partnership, capacity 
building, monitoring and evaluation, and communication 
interventions.   
 
CRP activities will be implemented in Action Areas that will 
cover existing gradients in poverty status and natural resource 
integrity within the humid and sub-humid tropics. A total of 8 
Action Areas have been identified and the Action Area for 
East and Central Africa has been identified as the CIALCA 
region, expanded to include southern Uganda, western Kenya, 

and the Ethiopian highlands (Figure 40). Within the Action Area, specific Action Sites will be chosen 
in relation to the overall research and development questions and outcomes. Some of those will be 
directly led by CIALCA+. Humidtropics is led by IITA, which is one of the coordinating institutes of 
CIALCA, with close involvement of Bioversity and TSBF-CIAT, the other institutes coordinating 
CIALCA. 

Fig. 40:Proposed Action Areas in Africa for 
the Humidtropics CRP. 

The Action Area in East and Central 
Africa is based on CIALCA and 

expanded to include parts of Uganda, 
Kenya and Ethiopia. 
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The goals and objectives of the Humidtropics are fully in line with those of CIALCA and 
integrating CIALCA activities in this CRP is the best opportunity to sustain and enrich the 
CIALCA network and approach. 
 

Humidtropics!will!be!implemented!in!
important!highland!production!zones!in!

Kenya,!Uganda,!Ethiopia,!Burundi,!Rwanda!
and!DR!Congo. 
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1 ANNEX 1: Progress against performance indicators 
In the Table below, you will find an overview of performance indicator progress by December 2011 

TARGET PROGRESS 

PROGRESS PER MANDATE AREA 
PERFORMANCE 

INDICATOR 
VALUE Overall % 

Progress GE KI RU BC NK SK GA KG KK UM 
COMMENTS 

Specific Objective 1: CONSOLIDATING CIALCA 

1 

# of mandate areas where 
at least 3 best-fit ISFM, 
IPM or SWC options are 
under evaluation 

10 7 70 4 - 1 3 1 4 - - 3 2 

More than 3 ISFM/IPM options have been evaluated 
in at least 7 mandate areas on several systems 
(maize-based, cassava-based and banana-based), and 
the same will be achieved for SWC options 

2 

# of mandate areas where 
at least 20 farmer 
organisations are 
participating in evaluation 
of best-fit options 

10 5 50 22 6 7 134 18 85 19 19 29 28 50% achieved. 

3 

# of scientific papers 
submitted to journals 
summarizing best-fit 
interventions and their 
benefits 

12 48 400 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A At least 48 scientific papers submitted or published so 
far. This clearly exceeds the target 

4 

farm-level modelling 
framework is being used 
to analyze results from 
the initial farmer-led 
further participatory 
evaluation 
evaluations and propose 
alternative options for 

1 0 0                     

This has not been done yet, but will be strengthened 
through other projects. A proposal was submitted to 
WOTRO to strengthen this activity but did not come 
through, but will be resubmitted later 

5 

# of national institute 
developed farm-level 
modelling approaches to 
address productivity 
issues in other areas 
within the respective 
countries 

4 0 0                     The approach is yet to be developed 

Specific Objective 2: ADVANCING SCIENCE 

1 

# of farmer associations 
having conducted 
banana/plantain and 
legume germplasm 
evaluation 

30 133 443 8 - 7 30 18 30 4 2 22 12 

More than 130 associations have evaluated improved 
legume and banana germplasm in the target mandate 
areas, and are currently multiplying the introduced 
varieties 
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TARGET PROGRESS 

PROGRESS PER MANDATE AREA 
PERFORMANCE 

INDICATOR 
VALUE Overall % 

Progress GE KI RU BC NK SK GA KG KK UM 
COMMENTS 

2 

# of farmer associations 
engaged in multiplication 
schemes for legume seed 
or banana/plantain 
planting material 

30 346 1153 21 4 3 152 17 98 16 1 21 13 
At least 346 associations are presently engaged in 
germplasm multiplication schemes across all mandate 
areas  

3 

# of farmer associations 
and/or private sector 
partners having evaluated 
growth-promoting 
beneficial microorganisms 

30 - - - - - N/A - - - - - - 

Rhizobium inoculants are under evaluation in Sud-
Kivu, DR Congo and in Rwanda. AMF and endophytes 
for bananas are currently being evaluated in research 
managed-trials in Rwanda and Burundi, but out-
scaling is not likely to occur before 2012 

4 

# of mandate areas with 
role of improved 
germplasm evaluated for 
system resilience 

10 1 10 - - - - - 1 - - - - 

Not yet achieved. Long-term trials at INERA-Mulungu 
and INERA-M‟Vuazi answer this question to some 
extent, but lack a direct comparison with local 
germplasm. This could be addressed through 
modeling scenarios 

5 

# of research questions 
generated and addressed 
in farmer participatory 
work 

- 56 - N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

56 research questions generated so far, e.g., maize as 
stakes for climbing beans, rayonneurs to facilitate 
planting in line, canopy management in banana-
legume intercrops 

6 
# of farmer associations 
involved in ISFM/IPM/SWC 
evaluation 

30 245 817 23 6 8 12 18 85 19 18 28 28 
Target achieved and exceeded. At least 245 
associations are now involved in ISFM/IPM/SWC 
evaluation 

Specific Objective 3: ENHANCING ADOPTION 

1 

# of farmer associations 
trained on collective 
marketing or development 
and implementation of a 
business plan 

150 49 33 6 9 2   8 24         

33% achievement. Marketing and nutrition activities 
are on-going in several mandate areas, and 
strengthened by linkages with partners who have 
expertise on credit and savings and loans schemes. 

2 
# of farmer associations 
trained on nutrition and 
post-harvest processing 

150 89 59 6 11 2 40 2 28 - - - - 59% achieved 

3 

# of farmer associations 
bulking produce or 
engaged in collective 
marketing 

150 53 35 4 7 - - 2 35 - - 5 - 35% achieved 

4 
# of farmer associations 
implementing a business 
plan 

150 31 21 3 4 - - - 23 - - - 1 21% achieved 
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TARGET PROGRESS 

PROGRESS PER MANDATE AREA 
PERFORMANCE 

INDICATOR 
VALUE Overall % 

Progress GE KI RU BC NK SK GA KG KK UM 
COMMENTS 

5 

# of farmer associations 
using nutrition and 
processing knowledge 
gained through CIALCA 
interventions 

150 95 63 1 - 2 35 - 40 - - 8 9 

63% achieved so far. Achievement of this target very 
much depends on the quality of local collective action, 
as well as the quality of training delivered to farmer 
organizations 

6 # of retailers selling 
fertilizer mini-packs 100 4 4 N/A N/A N/A N/A N/A 4 N/A N/A N/A N/A 

Some achievements have been made, e.g., 
establishments of kiosks in the action sites in Sud-
Kivu. This is further strengthened e.g., by the VLIR 
project in Sud-Kivu focusing on effective fertilizer use 
and acquisition, and through linkages with CATALIST 
and RADA in Rwanda. CIALCA plays a major role in 
training and demonstration of efficient fertilizer use 
within ISFM technology packages 

7 

# of farmers (women and 
men) trained in CIALCA 
related technologies and 
knowledge cross all 10 
mandate areas and 
satellite sites 

- 17706 - 1317 ## 619 ## 357 157 918 148 
CIALCA has made good progress in training individual 
farmers in various improved production, 
transformation and marketing technologies 

8 

Total number of members 
of farmer organizations 
involved in CIALCA 
activities 

- 62640 -       ## ## ## ## ## ## 888 
CIALCA has trained representatives of a network of at 
least 62,000 members of farmer organizations across 
Mandate, Action and Satellite sites 

7 
# of HH with increase of 
farm productivity in the 
action sites 

3500 -                       Not yet measured 

8 
# of HH with increase of 
farm productivity in the 
satellite sites 

9000 -                       Not yet measured 

9 # of HH with increase of 
income in the action sites 3500 -                       Not yet measured 

10 
# of HH with increase of 
income in the satellite 
sites 

9000 -                       Not yet measured 

11 
# of HH with increase of 
protein intake in the 
action sites 

3500 -                       Not yet measured 

12 
# of HH with increase of 
protein intake in the 
satellite sites 

9000 -                       Not yet measured 
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TARGET PROGRESS 

PROGRESS PER MANDATE AREA 
PERFORMANCE 

INDICATOR 
VALUE Overall % 

Progress GE KI RU BC NK SK GA KG KK UM 
COMMENTS 

13 
% increase of farm 
productivity in the action 
sites (for HH reached) 

20% 32% 160                     Target achieved and exceeded. More than 20% 
increased farm productivity in action sites 

14 
% increase of farm 
productivity in the satellite 
sites (for HH reached) 

10% 27% 270                     Target achieved and exceeded. More than 20% 
increased farm productivity in satellite sites 

15 
% increase of income in 
the action sites (for HH 
reached) 

20% 19% 95                     95% achieved so far in action sites 

16 
% increase of income in 
the satellite sites (for HH 
reached) 

10% 21% 210                     Target achieved and exceeded. More than 20% 
protein intake increase in action sites 

17 
% increase of protein 
intake in the action sites 
(for HH reached) 

20% 8% 40                     Only 40% achieved so far 

18 
% increase of protein 
intake in the satellite sites 
(for HH reached) 

10% 12% 120                     Target achieved and exceeded. More than 10% 
protein intake increase in satellite sites 

19 

% increase in adoption of 
best-fit interventions due 
to improved access to 
market or knowledge on 
better nutrition 

20% -                       Not yet measured 

20 

# of farmers associations 
in action sites that 
independently continue 
legume and Musa 
multiplication 

- - -                     Not yet measured 

21 

# of farmers associations 
in satellite sites that 
independently continue 
legume and Musa 
multiplication 

- - -                     Not yet measured 

22 

# of private sector players 
in action sites that have 
adopted the production 
and sale of selected 
biological inoculants 

- - -                     Not yet measured 

23 

# of private sector players 
in satellite sites that have 
adopted the production 
and sale of selected 
biological inoculants 

- - -                     Not yet measured 
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TARGET PROGRESS 

PROGRESS PER MANDATE AREA 
PERFORMANCE 

INDICATOR 
VALUE Overall % 

Progress GE KI RU BC NK SK GA KG KK UM 
COMMENTS 

24 

# of farmer associations 
in action sites that 
continue market-related 
activities without CIALCA 
support 

- - -                     Not yet measured 

25 

# of farmer associations 
in satellite sites that 
continue market-related 
activities without CIALCA 
support 

- - -                     Not yet measured 

Specific Objective 4: ACHIEVING IMPACT 

1 

# of active partnerships 
established for 
demonstration and 
dissemination of CIALCA-
related technologies 

- 37 - 20 9     1 2 4 1 Not yet measured 

2 

# of NARs and 
Universities engaged in 
evaluation and 
dissemination of CIALCA-
related technologies and 
information 

5 5 100                     Target achieved 100% 

3 

# of development NGOs 
partners engaged in 
evaluation and 
dissemination of CIALCA-
related technologies and 
information 

30 66 220                     Target achieved and exceeded 

4 

# of Private sector 
partners  engaged in 
evaluation and 
dissemination of CIALCA-
related technologies and 
information 

- 5 -           5           

6 

# and type of 
stakeholders actively 
promoting CIALCA-related 
technologies and 
information (effective 
outscaling) 

5 44 880                     Target achieved and by far exceeded 

7 
% of population in 
mandate areas that is 
aware of CIALCA activities 

25% 13% 52                     52% achieved so far 
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TARGET PROGRESS 

PROGRESS PER MANDATE AREA 
PERFORMANCE 

INDICATOR 
VALUE Overall % 

Progress GE KI RU BC NK SK GA KG KK UM 
COMMENTS 

8 
% of population in action 
sites that is aware of 
CIALCA activities 

25% 68% 272                     Target achieved and by far exceeded 

9 
% of population in 
satellite sites that is aware 
of CIALCA activities 

25% 46% 184                     Target achieved and by far exceeded 

10 

% of population in 
mandate areas actively 
seeking access to CIALCA-
related technologies or 
information 

5% 0 0                     Not yet measured 

11 

# of mandate areas with 
extrapolation domains 
developed for guiding 
construction of impact 
pathways 

10 0 0                     Not yet measured 

Specific Objective 5: CAPACITY BUILDING 

1 

# and type of stakeholder 
training events 
(disaggregated per 
mandate area) organized 

50 159 318                     Target achieved and by far exceeded 

2 
# of functioning sample 
conditioning and storage 
facilities per country 

1 0 0                     Not yet measured 

3 # of MSc theses 
completed 10 20 200                     Target achieved - with another 14 MScs in the 

pipeline 

4 # of PhD theses 
completed 10 5 50                     50% achieved so far - with 15 PhDs in the pipeline 

5 # of BSc theses 
completed - 46 -                     Another 9 BSc s are in the pipeline 
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2 ANNEX 2: Students 
PhD projects supported by CIALCA 

Name Nationality University Topic 
Ongoing/ 
defended 

Svetlana Gaidashova Rwanda Université Catholique de 
Louvain-la-neuve, Belgium 

Research on banana x soil fertility x soil biology interactions, with special 
emphasis on the role of plant-parasitic nematodes and abuscular mycorrhizal 
fungi (AMF). 

Defended 

John Jagwe Uganda Pretoria University Banana value chains and markets in the Great Lakes region Defended 
Beatrice Ekesa Kenyan Kenyatta University, Nairobi, 

Kenya 
Retention of Provitamin A in fresh Musa fruits and during processing, and the 
consumption pattern among small holder households in banana growing regions 
of Central and Eastern Africa. 

Defended 

Leon Nabahungu Rwanda Wageningen University, the 
Netherlands 

Competing Claims on Wetland in Eastern Rwanda: Challenges and opportunities. Defended 

Séverine Delstanche Belgium UCL Stocks and availability of nutrients in anthropogenic soils in the Great Lakes 
region of Africa 

Defended 

Célestin Niyongere Burundi JKUAT, Nairobi, Kenya Characterisation and integrated management of banana bunchy top virus in the 
great lakes region. 

Defended 

Tony Muliele DR Congo Université Catholique de 
Louvain-la-neuve, Belgium 

Soil moisture and soil physical constraints in highland banana systems.  Ongoing 

Telesphore Ndabamenye Rwanda University of Pretoria, South 
Africa 

Resource competition and soil fertility dynamics in banana (Musa spp.)-based 
cropping systems: emphasis on effects of high planting density. 

Ongoing 

Patrick Karangwa Rwandan Stellenbosch University, South 
Africa 

Assessing the impact of Fusarium on banana and plantain production in central 
Africa 

Ongoing 

Syldie Bizimana Burundi Université Catholique de 
Louvain-la-neuve, Belgium 

Effect of soil management on nutrient availability and nutrient recycling in 
highland banana cropping systems. 

Ongoing 

Anaclet Nibasumba Burundi Université Catholique de 
Louvain-la-neuve, Belgium 

Arabica coffee X banana intercropping and its impact on yield, post-harvest 
quality, and farm revenue in Burundi 

Ongoing 

Elke Vandamme Belgium Katholieke Universiteit 
Leuven, Belgium 

Reversing the downward trend in soil fertility of smallholder farms in East and 
Central Africa: phosphorus-efficient dual-purpose soybean germplasm as the 
entry point’ 

Ongoing 

Julie Van Damme Belgium Université Catholique de 
Louvain-la-neuve, Belgium 

Constraints and opportunities for agricultural innovation in banana-based 
cropping systems of the Great Lakes region. 

Ongoing 

Joseph Adheka DR Congo UNIKIS, Kisangani, DR 
Congo 

Musa germplasm morphological characterization in north eastern DR Congo Ongoing 

Isabel Lambrechts Belgium KULeuven Bodemvruchtbaarheid, voedselzekerheid en gender in Centraal-Afrika Ongoing 
Kasereka Bishikwabo DR Congo KULeuven, and University of 

Nairobi 
Integrated Soil Fertility Management Promotion and Market Linkage in Sud-
Kivu, DRC Congo 

Ongoing 

Godfrey Taulya Uganda Wageningen University, the 
Netherlands 

Highland banana crop growth modeling - using data from CIALCA Ongoing 

Marie-Chantal Niyuhire Burundi KULeuven ISFM in maize-based systems in central Burundi Ongoing 
Celestin Ukozehasi Rwanda KULeuven Development of site specific recommendations for major crops in Rwanda Ongoing 
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Name Nationality University Topic 
Ongoing/ 
defended 

Justus Ochieng Kenya University of Kassel, Germany Market orientation and agricultural productivity in smallholder banana and 
legume systems in Central Africa 

Ongoing 

 
MSc projects supported by CIALCA 

Name Nationality University Topic 
Ongoing/ 
defended 

Julie Lunzihirwa DR Congo Facultés Catholiques de Kinshasa, DR 
Congo 

The impact of beans and groundnut channels on the productivity and 
agricultural income of households in the cataractes area’. 

Defended 

Rachel Zozo DR Congo Makerere University, Uganda Assessing the socio-economic importance legumes-based on the 
livelihoods of farmers at Mugogo and Mudaka Markets in Ngweshe 
and Katana axes, Democratic Republic of Congo. 

Defended 

Muke Manzekele DR Congo Université de Kinshasa, DR Congo Techniques d’amélioration de la production agricole et de la 
stabilisation des sols en pente au Sud-Kivu Montagneux. 

Defended 

Placide Rukundo Rwanda Katholieke Universiteit Leuven, 
Belgium 

Banana biotechnology: drought stress Defended 

Elke Vandamme Belgium Katholieke Universiteit Leuven, 
Belgium 

Nutrient deficiency and unavailability in the soils of Walungu, 
South-Kivu, Democratic Republic of Congo. 

Defended 

Aaike Cnops Belgium KUL Quantifying and understanding drought stress in banana. Defended 
Niels Vanhoudt Belgian Katholieke Universiteit Leuven, 

Belgium 
Assessing banana planting density on farm Defended 

Paul Cox American University College London The land as casualty: soil, cattle , and the future in South Kivu, DRC Defended 
Kinyoma Gro DR Congo UCG, Butembo, DR Congo On-farm evaluation of mulch and zero-tillage practices in banana-

based cropping systems of North Kivu 
Defended 

Idja Sikyolo DR Congo UCG, Butembo, DR Congo Altitude effects on plantain performance in North-Kivu, DR Congo  Defended 
Agnes Mukandinda Rwanda National University of Rwanda, Rwanda Nutrient flows in banana based cropping systems. Defended 
Edouard Rurangwa Rwanda Jomo Kenyatta University of 

Agriculture and Technology, Kenya 
Tissue culture banana inoculated with arbuscular-mycorrhizal fungi. Defended 

Kanyana Immaculate Rwanda Makerere University, Uganda Hazard Critical Control Point (HCCP) study on biological 
contamination of traditionally produced banana brewing products 

Defended 

Anaclet Nibasumba Burundi Université Catholique de Louvain-la-
neuve, Belgium 

Relationship between nutrients (cations) in the soil mineral and 
organic pools and nutrients at the banana root surface. 

Defended 

Geoffroy Germeau Belgium Université Catholique de Louvain-la-
neuve, Belgium 

Explaining banana yield differences in Rwanda through 
quantification of banana crop performance, soil fertility, pest and 
diseases and crop management practices.  

Defended 

Julie Van Damme Belgium Université Catholique de Louvain-la-
neuve, Belgium 

Analysis of stakeholder perceptions of constraints and solutions in 
the banana sector in Rwanda. 

Defended 

Faustin Ngama Boloy DR Congo UNIKIS, Kisangani, DR Congo BBTV survey in Tchopo district, DR Congo Defended 
De Bouver Damien Belgian UCL, Belgium Diagnostic des systèmes agraires s'appuyant sur la culture de la 

banane dans la région des Grands Lacs africains 
Defended 
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Name Nationality University Topic 
Ongoing/ 
defended 

Deraeck Jonasz Belgian UCL, Belgium Le potentiel de l’association banane-café au Rwanda : une analyse 
systémique 

Defended 

T’Kint Sophie Belgian UCL, Belgium Analyse du réseau d'innovations dans les systèmes agraires basés sur 
la culture de la banane au Rwanda : Visions des acteurs 

Defended 

Oswald Ntakirutimana Burundi Université de Burundi Contribution a l'etude de l'état phytosanitaire du bananier dans les 
Provinces de Gitega, Kirundo et Cibitoke' 

Ongoing 

Alex Rutikanga Rwanda Makerere, Uganda Xanthomonas wilt insect vector transmission and systemicity in the 
plant 

Ongoing 

Jules Ntamwira DR Congo Makerere, Uganda Banana-bean intercropping Ongoing 
Charles Sivirihauma DR Congo UCG, Butembo, DR Congo Germplasm morphological characterisation (Ituri and north Kivu) Ongoing 
Crispin LEBISABO DR Congo UNIKIS, Kisangani, DR Congo Germplasm morphological characterisation (Maniema) Ongoing 
Joseph KOMOYI DR Congo UNIKIS, Kisangani, DR Congo Germplasm morphological characterisation (Bas Uélé) Ongoing 
TAMARU DAOBA DR Congo UNIKIS, Kisangani, DR Congo Germplasm morphological characterisation (Haut Uélé) Ongoing 
MUHINDO SIWAKO DR Congo UNIKIS, Kisangani, DR Congo Germplasm morphological characterisation (South Kivu) Ongoing 
ISSOLIWEI KALAMBOLA Constantin DR Congo UNIKIS, Kisangani, DR Congo Germplasm morphological characterisation (Equateur) Ongoing 
Bonaventure IBANDA NKOSI.   DR Congo UNIKIS, Kisangani, DR Congo BBTV survey in Ituri, Haut and Bas Uélé, Equateur, DR Congo Ongoing 
Celestin Ndayisaba Rwanda Kenyatta University, Kenya Integrated Soil Fertility Management options for maize-legume 

systems in the Eastern Province of Rwanda 
Ongoing 

Marcel Nshimiyimana Rwandese National University of Rwanda, Rwanda Consumer Preferences and Performance of Newly Introduced 
Banana Germplasm in Rwanda 

Ongoing 

Roger Zagabe DR Congo Egerton University, Kenya Adoption and economic sustainability of Banana(Musa sp.) macro-
propagation technology in South Kivu Province of Eastern 
Democratic Republic of Congo 

ongoing 

Birthe Paul  German Wageningen University, the Netherlands Evaluation of the CIALCA adaptation trials - farmer managed on-
farm experimentation with Integrated Soil Fertility Management 
(ISFM) technologies 

ongoing 

 
Undergraduate projects supported by CIALCA 

Name Nationality University Topic 
Ongoing/ 
defended 

Matara Murhonyi (Memoire-
Ingénieur) 

DR Congo Université Catholique de Bukavu  Identifying fungal diseases affecting banana production in 
South Kivu. 

Defended 

Bahati Lukangira (Memoire-
Ingénieur) 

DR Congo Université Catholique de Bukavu  Quantifying the spread and importance of banana bunchy top 
virus (BBTV) in South Kivu. 

Defended 

Kambale Mboho (Memoire-
Ingénieur) 

DR Congo Université Catholique de Graben  Pest and disease problems in banana systems in Nord Kivu. Defended 

Sereka Saghasa (Memoire-Ingénieur) DR Congo Université Catholique de Graben Understanding soil management in banana-based farming 
systems in Nord Kivu. 

Defended 

Kakule Lukalango (Memoire-
Ingénieur) 

DR Congo Université Catholique de Graben Characterizing and understanding banana germplasm diversity 
in Nord Kivu. 

Defended 
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Name Nationality University Topic 
Ongoing/ 
defended 

Sondirya Tsongo Michel (Memoire-
Ingénieur) 

DR Congo Université Catholique de Graben Identifying socio-economic constraints in banana-based 
farming systems in Nord Kivu. 

Defended 

Janvier Bashagaluke Bigabwa (Stage-
Ingénieur) 

DR Congo Université Catholique de Bukavu Assessment of erosion features in farmers’ fields. Defended 

Rehani Jumaine (Memoire-Ingénieur) DR Congo Université Catholique de Bukavu Demonstration of the microdosing fertilizer technique and of 
benefits of high biomass-yielding legumes in cereal-based 
rotation systems 

Defended 

Wivine Zirhahwakuhingwa 
Munyahali (Memoire-Ingénieur) 

DR Congo Université Catholique de Bukavu Demonstration of improved agronomic practices in cassava-
legume intercropping systems 

Defended 

Chantal Karondo (Stage-Ingénieur) Burundi Université de Bujumbura  Etude de la diversité génétique du germoplasme de bananier 
au Burundi. 

Defended 

Fidès Barigenera (Stage-Ingénieur) Burundi Université de Bujumbura  Evaluation de l'état phytosanitaire des bananiers dans les 
communes les plus productrices de banane de Gitega: Giheta, 
Itaba et Makebuko. 

Defended 

Léonidas Ndikuriyo (Stage-Ingénieur) Burundi Université de Bujumbura  Détermination des équivalents taxonomiques en nomenclature 
Américaine (Soil Tax.) et FAO-INEAC comme une façon de 
définition des zones potentielles de culture du bananier. 

Defended 

Félix Gatoto (Stage-Ingénieur) Burundi Université de Bujumbura Enquête de prospection de BBTV sur base de symptômes 
caractéristiques et les pertes causées par le BBTV dans la 
province de Cibitoke. 

Defended 

Richard Nshimirimana Burundi Hope University Appraisal of Existing Farmer Organisations and Development 
Partners in Burundi. 

Defended 

Kimana Chrystal Burundi Hope University Evaluation of Input Delivery Systems in Banana and Legume - 
based Systems in Burundi 

Defended 

Kayirangwa Grace Burundi Hope University Market Structure and Conduct of Banana Beer Trading in 
Burundi: A Case Study of Cibitoke Province 

Defended 

Uwera Anuarite Rwanda ISAE, Ruhengeri Uprooting and replanting strategies for the control of 
Xanthomonas wilt in western Rwanda 

Defended 

Charles Rwabukumba Rwanda National University of Rwanda Adaptability/perforamnce of Musa spp (EAHB-AAA banana) 
with emphasis on soil nutrient status in medium lands of 
Rwanda (Butare) 

Defended 

Rehema Matendo (memoire ingenieur 
2008-2009) 

DR Congo Université Evangelique en Afrique Effets de mesures anti-erosives sur la culture de soja: cas de 
fanya, non-labour et haies anti-erosives a Mudaka 

Defended 

Nabintu Ndusha (memoire ingenieur 
2008-2009) 

DR Congo Université Evangelique en Afrique Effets de mesures anti-erosives sur la culture de soja: cas de 
fanya, non-labour et haies anti-erosives a Mudaka 

Defended 

Romain Lwaboshi (memoire de 
licence 2007-2008) 

DR Congo Institut Superieur de Developpement 
Rural 

Amenagement du terroir au Bushi: niveau d'adoption des 
technologies et obstacles percus par les paysans 

Defended 

Arlette Bisimwa (travail de cycle 
graduat 2008-2009) 

DR Congo Université Catholique de Bukavu Adoption des techologies CIALCA  dans les associations de 
Lurhala- Burhale 

Defended 

Ariane Zingiro Rwanda National University of Rwanda Analyse des Contraintes Liees au Developpement Socio-
economique des Cooperatives de Producteurs de bananes et 
leur Collaboration avec les Partenaires en Devellopement 

Defended 
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Name Nationality University Topic 
Ongoing/ 
defended 

Rural 

Pierre Colomb Twayigize Rwanda National University of Rwanda Evaluation des Systemes de Distribution D’intrants Dans la 
Culture des Bananes et des Legumineuses. (Cas des Districts 
Rubavu et Kirehe) 

Defended 

David Onyango Wadhala Burundi Hope Africa University Theological Perspective on Gender Roles and Agricultural 
Production Resource Access in Banana Systems in Burundi 

Defended 

Pancrace Cimpaye Burundi University of Burundi Epidémiologie du bunchy top du bananier dans les conditions 
de culture en milieu rural 

Defended 

Alice Simbare Burundi University of Burundi Epidémiologie du bunchy top du bananier en conditions 
controlées 

Defended 

Rémy Sibomana Burundi University of Burundi Effets des bonnes pratiques culturales dans la lutte contre le 
Bunchy top du banaier en mileiu rural: cas de la commune de 
Rugombo 

Defended 

François Iradukunda Burundi University of Burundi Evaluation de la technique de macropropagation du bananier 
et du plantain dans les conditions de basse et de haute altitude 
au Burundi 

Defended 

Gérard Cishayaho Burundi University of Burundi Evaluation De La Performence De La Technique De La 
Micropropagation Et Macropropagation Dans Le Systeme De 
La Production Des Plants De Bananier Au Burundi 

Defended 

Audace Niyungeko Burundi University of Burundi Evaluation Economique de la Micropropagation et 
Macropropagation de la Banane au Burundi 

Defended 

Nicole Tachopa (memoire ingenieur 
2008-2009) 

DR Congo Université Catholique de Bukavu Effet de quelques methodes de lutte  de perte de terres sur les 
conditions edapho-climatiques de Mudaka 

Defended 

Joseph Matabaro (memoire ingenieur 
2008-2009) 

DR Congo Université Catholique de Bukavu Effet residuel de quelques legumineuses sur le rendement de 
manioc en association en 2e saison 

Defended 

Lucien Munyaka (memoire ingenieur 
2008-2009) 

DR Congo Université Catholique de Bukavu Travail sur les essais long-terme (INERA-Mulungu) Defended 

Kikuni Thomas (memoire ingenieur 
2008-2009) 

DR Congo Université Catholique de Bukavu Travail d'evaluation d'impact des essais d'adaptation manioc- 
legumineuses dans les 4 sites d'action de CIALCA (Luhihi, 
Kabamba, Burhale et Lurhala) 

Defended 

Silvie Polepole (memoire  licence 
economie rurale 2008-2009) 

DR Congo Université Evangelique en Afrique Commerce transfortalier des denrees alimentaires entre 
Katunba-Uvira (Frontiere DRC-Burundi) 

Defended 

Isaac Balume Kayani (memoire 
ingenieur 2008-2009) 

DR Congo Université Catholique de Bukavu Essai d'introduction de six varietes de mais hydride des 
moyennes altitude a Kavumu 

Defended 

Francine Bora DR Congo Université Evangelique en Afrique Travail sur les essais SYS-5 Luhihi Defended 
Mina Mukonta DR Congo Université Evangelique en Afrique Travail sur les essais SYS-5 Luhihi Defended 
Espoir Mukengere Bagula DR Congo Université Evangelique en Afrique Travail sur les essais FER-4 Burhale Defended 
Justin Shombo Chirunza DR Congo Université Catholique de Bukavu Travail sur les essais FER-4 Lurhala Defended 
Clerisse Casinga DR Congo Université Evangelique en Afrique Travail sur les essais SYS-5 Burhale Defended 
Bossissi Nkuba DR Congo Université Catholique de Bukavu Travail sur les essais long-terme (INERA-Mulungu) Defended 
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Name Nationality University Topic 
Ongoing/ 
defended 

James Bashige Muderhwa (2010-
2011: memoire) 

DR Congo Université Evangelique en Afrique Evaluation de l'efficacite socio-economique des mutuelles de 
solidarite du Sud-Kivu: cas du reseau CIALCA 

Defended 

Cubaka Munyi'ogwarha (2010-2011: 
memoire) 

DR Congo Université Evangelique en Afrique Etude de comportement de 16 varietes de soja dans les 
conditions climatiques du Sud-Kivu 

Defended 

Matabishi Lukubire Jonas  (2010-
2011: memoire) 

DR Congo Université Evangelique en Afrique Etude de l'influence de la variabilite des sites sur l'efficacite de 
l'engrais au Sud-Kivu : cas du groupement de Burhale 

Defended 

Déo Kantungeko Burundi University of Burundi Dynamique du BXW au Burundi Ongoing 
Olivier Karerwa Burundi University of Burundi Etude le la biologie de Pentalonia, vecteur du BBTD au 

Burundi 
Ongoing 

Innocent Nduwimana Burundi University of Burundi Evaluation de la technique de macropropagation du bananier 
et du plantain dans les conditions rurales: Cas de la commune 
de Rugombo 

Ongoing 

Pamela Ruzigana Rwanda National University of Rwanda Competitiveness and Preferences of New Banana Varieties 
distributed by RADA in Rwanda 

Ongoing  

Nirere Drocelle Rwanda Umutara Polytechnique Uprooting and replanting strategies for the control of 
Xanthomonas wilt in eastern Rwanda 

Ongoing 

Maxwell Lumadede Kegode Burundi Hope Africa University Factors that influence Voluntary Collective Action in Agro-
based Systems and its Implications on Community 
Development in Burundi 

Ongoing 

Irenge Nakamwa (2010-2011: 
memoire) 

DR Congo Université Catholique de Bukavu Essai de la densite de semis et de l'inoculation sur le 
rendement du soja Var. SB24 et sans limitation des engrais 
organo-mineraux a Kabamba 

Ongoing 

Amini Mahinduzi Daniel (2010-2011: 
memoire) 

DR Congo Université Catholique de Bukavu Etude comparative de quatre substrats sur la macropropagation 
du bananier 

Ongoing 

Mudumbi Alain (2010-2011: 
memoire) 

DR Congo Université Catholique de Bukavu Etat de lieu de la culture du café dans les territoires du Sud-
Kivu:  

Ongoing 
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