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1. Introduction  

This report presents partial result of characterization studies of banana-based (i.e. 
including plantain) cropping system systems in the ‘mandate areas’ of the Consortium 
for Improving Agriculture-based Livelihoods in Central Africa (CIALCA). The themes 
presented in this mapping exercise were selected by project staff through a series of 
interviews during a field visit through DR Congo (South Kivu), Burundi, and Rwanda 
and in Rusizi (Annex 1). 

The Consortium for Improving Agriculture-based Livelihoods in Central Africa (CIALCA) 
brings together three CGIAR research centers (i.e. IITA, TSBF-CIAT, Bioversity 
International) and national and regional research and extension partners in Rwanda, 
Burundi, and DR Congo. CIALCA receives most of its funding from the Belgian 
Directorate-General for Development Cooperation (DGDC). In 2004, each of the three 
CGIAR centers submitted proposals focusing on different cropping systems in Central 
Africa. As the projects 1) proposed to operate largely in the same parts of Rwanda, 
Burundi, and the Democratic Republic of Congo (DRC), 2) included the same national 
partner institutes, and 3) were complementary in their proposed activities, the three 
institutes agreed to operate as a Consortium to enhance research and capacity-
building synergies and avoid technical and financial duplication. The activities led by 
IITA and Bioversity focused on banana-based cropping systems.  

The first CIALCA project phase ran from January 2006 to December 2008, while the 
second phase runs from 2009 to 2011. “The expected impact of the project is to 
improve food security and income for producers and consumers in banana-based 
production systems, while improving the sustainability of the natural resource base in 
the Great Lakes region. Emphasis is put on identifying and exploring markets as a 
driving force for changing banana-based farming systems. Technologies promoted 
include amongst others; locally adapted natural resource management options 
including integration of legumes, integrated pest management options, the 
introduction of new banana hybrids, and improved post-harvest technologies (CIALCA, 
2007). These technologies are implemented in collaboration with a broad range of 
stakeholders including the National Agricultural Research Systems (NARS) and Non-
Governmental Organizations (NGO) in the project areas.” CIALCA considers 
agricultural intensification as the way forward to achieve improved profitability, 
sustainability, and food security for agriculture-based livelihoods in the Great Lakes 
region. 

This technical report aims to characterize the farming systems in the mandate area 
and to identify the bottle necks that have to be overcome to sustainably improve 
livelihoods. A first spatial characterization was done by Farrow et al (2006) in order to 
select the sites of interest within the mandate area. This report focuses on the 
selected sites only and will describe a selection of spatial, physical and socio-economic 
properties of these sites. 

Chapter two describes the study area and the data on which the report is based. 
Chapter three attempts to characterize the main farming systems by analysing 
collected data. Chapter four highlights the main conclusions and provides some 
recommendations for further research.  
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2. Materials and Methods 

This chapter describes the study area and the data on which the report is based. 

2.1 Study area and site selection 

The CIALCA project has carried out baseline and diagnostic surveys in ten 
administrative units in Rwanda, Burundi and the Democratic Republic of Congo (DRC). 
The criteria for selection of the ten research-areas, hereinafter referred to as mandate 
areas, were based on: 

 Areas with high population and land pressure areas, requiring agricultural 
intensification for improved food security; 

 Potential but variable access to local and regional markets, to better 
understand the importance of market forces on the intensification potential; 

 The presence of active agricultural development organizations and networks to 
partner with; 

 The presence of CIALCA priority crops such as bananas, cassava, and legumes 
in the smallholder cropping systems; 

 Selected sites should be accessible at all time by the primary CIALCA research 
partners to allow monitoring of field activities. 

Each mandate area was then characterized using Geographic Information Systems 
(GIS) in terms of key variables. These include the agro-climatology, the population 
density and the access to markets (CIALCA 2007). The agro-climatology is defined by 
the precipitation and the length of the growing season. Data on soil properties was not 
taken into account due to their limited availability. With the exception of Bas Congo, 
all mandate areas are situated in or near (<300km) the Albertine Rift. The population 
density was determined with data from the Global Rural Urban mapping project. This 
dataset was chosen to ensure consistency across the three countries. Each mandate 
area has a population between 100,000 and 1,000,000. 

Within each mandate area, action sites and satellite sites were identified based on the 
relative access to markets. Action sites are geographical areas encompassing a 
community or a limited cluster of communities in which the field activities related to 
technology identification, evaluation, and adaptation were planned to take place in 
partnership with development agencies. Action sites were selected to reflect contrasts 
in specific key variables, presumed to substantially influence the nature of best-bet 
technologies and their mode of dissemination. Satellite sites are similar in terms of 
geographical area, population, and other general characteristics as action sites. These 
sites have been used and are being used for scaling out and evaluation of best-bet 
options under the leadership of partners such as farmer organisations and NGOs. 

2.2 Sampling strategy 

Three characterisation-related activities were planned at the initial phase of the 
project.  

1) Participatory Rural Appraisals (PRA), 
2) Baseline surveys and  
3) Crop-specific characterisation studies, referred to in this document as 

diagnostic survey 
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A series of participatory rural appraisals (PRA studies) were conducted at CIALCA sites 
with the aim to acquire a general overview of the farming systems, rural livelihoods, 
and the presence of potential partners. In the mandate areas up to eight PRA sites 
were selected, using criteria such as differences in access to markets, the presence of 
farmers’ organizations, and farming systems. In most mandate areas, 50% of the 
PRA-sites were retained as action sites (Farrow 2006). The action sites were then 
further characterized through detailed baseline and diagnostic surveys at the farm 
level. The surveys were carried out with the aim to identify opportunities and 
constraints to agricultural technology innovation and adoption as a function of 
differences in farmer typology that describe differences in farming system and access 
to resources. The surveys were carried out at the household level using questionnaires 
by trained enumerators (baseline survey and diagnostic survey) and also involved 
actual field measurements (diagnostic survey). The baseline survey was implemented 
in all the 30 action sites. The banana diagnostic survey was implemented in 18 action 
sites and excluded areas such as Bas Congo (DRC) and Umutara (Rwanda) where 
PRA’s had revealed that bananas were a complementary but not a priority crop for 
farmers. 

The sampling in the action sites was carried out at different administrative unit levels 
but typically within a 5 to 10 km radius. In each action site, about 100 farms were 
selected (Table 1) through a stratified random process (20 random samples from 5 
randomly selected sub-locations). All of these 100 farm households were subjected to 
the baseline survey and interviewed. For the diagnostic survey, an attempt1 was made 
to re-visit 30 out of 100 baseline survey households. The farms were stratified 
according to local wealth classes2 (10 rich farmers, 10 average farmers and 10 poor 
farmers). 

Table 1 list the number of households in the mandate areas that should have been 
interviewed in the original design. 
Country Mandate area Action site Households 

per action site 
Total 

DR Congo South Kivu 5 100 500 
DR Congo North Kivu 4 100 400 
DR Congo Bas-Congo 4 100 400 
Rwanda Umutara  4 50 200 
Rwanda Kigali-Kibungo 4 100 400 
Rwanda Gitarama 1 100 100 
Rwanda Kibuye-Gisenyi 3 100 300 
Burundi Gitega  2 100 200 
Burundi Kirundo 2 100 200 
Burundi Ruzizi plains 1 100 100 
total  30  2,800 

                                         
1 Unfortunately it appeared only possible to consistently link the households from the diagnostic survey to 

the ones from the baseline survey for the mandate area South Kivu, possibly due to the fact that 
sometimes different household members were interviewed in the two events, leading to different names 
on the data collection sheets. 

2 Determined by local key informants with knowledge on asset ownership and access to off farm income 
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2.3 Location of Mandate Areas and Households 

The GPS coordinates of the households have been collected with Garmin handheld GPS 
units in the decimal degree format in the WGS-1984 coordinate system. In the original 
design in the baseline survey the coordinates of 2800 households should have been 
recorded. The actual sample size of the interviewed households was scaled down to 
2665 households (95,5% of aim), which were then entered into a database. After the 
necessary cleaning operations and corrections, aimed at removing spatial bias from 
the dataset, 2506 (89,5% of aim) households remained. Errors in coordinates were 
identified by obvious writing errors or on basis of spatial errors, as some interviewed 
farms were geographically speaking far from the action site they belonged to.  

Figure 1 shows the location of the ten mandate areas in Burundi, Rwanda and in the 
Democratic Republic of Congo (DRC). Nine out of ten mandate areas are located in 
relative close proximity. The mandate area Bas Congo is situated in the Western part 
of the DRC. A consequence of this is that maps have to be zoomed out, leading to 
maps that contain mostly void territory. For this reason, Bas Congo will not be shown 
on most of the maps in this report. It will however be taken into account in most 
analysis and will appear in the resulting tables in this report. It should be noted that 
although mandate areas carry the names of the provinces/regions in which they are 
located (e.g. North Kivu), the areas mapped cover only a part of these 
provinces/regions. 

 

Figure 1 shows the location of the mandate areas.  

In Table 2 the number of sampled households per country, per mandate area and per 
action site are listed. As becomes clear from the table, the households are not equally 
distributed to country or to mandate area. In DRC there are roughly the same number 
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of interviewed household as in Rwanda and Burundi combined. Also the households in 
the mandate areas seem to be unequally distributed, with the maximum number of 
interviewed household in South Kivu (457) and the minimum in Gitarama (95). The 
name of the variable action site is determined by taking the shortest geographical 
distance from every household to an action site as defined by Farrow et al. (2006). In 
some cases the variable was manually renamed because the same place is called 
differently by different people. The most common double name is also listed in the 
table. 

 
Country No. hh. Mandate Area No. hh. Action Site No. hh. 

Rwanda 870 Gisenyi - Kibuye 141 Cellule Gitarama 96 
    Rugerero 45 
  Kigali - Kibungo 391 Gatore 67 
    Kabare 131 
    Mayange 99 
    Musenyi/Bugesera 94 
Rwanda  Umutara 194 Katabagemu 48 
    Murambi 56 
    Rugarama 38 
    Kabarore 52 
  Gitarama 95 Kinasi/Ruhango 95 
Rwanda  Rusizi 140 Cellule Rwinzuki 49 
Burundi 432 Rusizi  Muyange/Mugina 91 
Burundi  Kirundo 165 Murore/Busoni 89 
    Yaranda/Kirundo 76 
Burundi  Gitega 176 Gisuro/Giheta 89 
    Muririmbo/Mutaho 87 
DRC 1204 North Kivu 359 Kaliva/Maboya 94 
    Bingo/Mangondomu 85 
    Munoli 89 
    Nzenga 91 
DRC  South Kivu 457 Cijingiri/Kamanyola 60 
    Kabamba 99 
    Luhihi Centre 99 
    Lurhala Centre 99 
    Burhale/Mwegerera 100 
DRC  Bas Congo 388 Kanga - Kipeti 98 
    Kiyela/Kimbedi/Lemfu 98 
    Mbanza Nzundu/Kiduma 93 
    Zenga / Kilonga 99 
total 2506  2506  2506 

Table 2 lists the actually interviewed number of households within the targeted 
countries, mandate areas and action sites. The mandate area Rusizi stretches over the 
border from Rwanda to Burundi with the action sites Cellule Rwinzuki in Rwanda and 
Muyange in Burundi. 
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2.4 Spatial pattern 

The mandate areas are spatially very large. The surveyed households are typically 
clustered per action site which results in a relatively small area covered within the 
mandate area, by the sampled households. This is illustrated in Figure 2, where the 
sampled households in the mandate areas are shown, with the exception of Bas 
Congo. The clusters are made up of 38 to 131 households with a median of 91. 

  

Figure 2 shows the mandate areas on the left with the surveyed households as grey 
dots. The right figure is the mandate area South Kivu with five action sites and the 
households as black dots. 

At a large scale, Figure 3 zooms in on Kabamba, the most northern action site in 
South Kivu. Kabamba contains 99 households are within the relative short distance of 
6 km. It is conspicuous that within an action site the households appear to be 
clustered in small villages.  

 

Figure 3 shows the 99 households as black dots in the action site Kabamba, South 
Kivu. 
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3. Spatial Analyses 

A very large amount of data was collected during the baseline and diagnostic surveys. 
All results presented in this chapter are based on data gathered in either survey or on 
basis of open source geographic information obtained via the internet or from the IITA 
spatial laboratory in Nigeria. 

3.1 Natural Capital 

Natural capital can be defined as the physical conditions present at a certain location, 
which cannot be controlled by the farmer. Examples are elevation, precipitation and 
soil type. 

3.1.1 Elevation 

With the exception of Bas-Congo, all mandate areas are located close to the Albertine 
rift system, which results in an often variable altitude. This is clearly visible in Annex 2 
where the mountainous area runs north south through the middle of the map and 
includes the mandate areas South and North Kivu in the DRC, Gisenyi – Kibuye in 
Rwanda and Rusizi in Rwanda/Burundi. The other areas are more located in the 
eastern uplands of the system.  

As is apparent from Annex 2 the altitude of the sampled households within the 
mandate areas differs greatly. Table 3 shows the altitude of the action sites and their 
average in the mandate areas. With the exception of the households in Bas Congo 
almost all households are located above 1000 m above sea level. Some households in 
South Kivu, Gitega and Gisenyi-Kibuye are even located above 1600 m. 

Table 3 lists the elevation of the PRA sites and their average within the mandate areas 
(m). 
country Mandate area elevation (m) Action site Elevation (m) 
DRC Bas Congo 555 Kanga – Kipeti 561 
   MbanzaNzundu/Kiduma 611 
   Kiyela/Kimbedi/Lemfu 614 
   Zenga 432 
Rwanda Gisenyi – Kibuye 1672 Cellule Gitarama 1696 
   Rugerero 1647 
Rwanda Gitarama 1542 Kinasi 1542 
Burundi Gitega 1600 Gisuru 1600 
   Muririmbo 1599 
Rwanda Kigali – Kibungo 1455 Gatore 1463 
   Kabare 1540 
   Mayange 1370 
   Musenyi 1447 
Burundi Kirundo 1522 Murore 1646 
   Yaranda 1397 
DRC North Kivu 1318 Kaliva 1532 
   Bingo 997 
   Munoli 1703 
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country Mandate area elevation (m) Action site Elevation (m) 
DRC North Kivu  Nzenga 1040 
Rwanda Rusizi 1411 Cellule Rwinzuki 1653 
   Muyange 1168 
DRC South Kivu 1667 Cijingiri 1596 
   Kabamba 1595 
   Luhihi Centre 1556 
   Lurhala Centre 1964 
   Mwegerera 1623 
Rwanda Umutara 1453 Katabagemu 1430 
   Murambi 1502 
   Rugarama 1432 
   Kabarore 1446 

3.1.2 Rainfall 

Due to extensive farming practices and the subsequent limited irrigation facilities, 
precipitation is an important factor. In the baseline survey farmers were asked how 
many days were spent watering their crops. Less than two percent of the respondents 
spent 1 day or more watering their land. 

Annex 3 shows the distribution of annual precipitation in the area of interest. It is 
conspicuous the Albertine Rift acts as a divide in precipitation where the mountainous 
area and the western part of this system clearly receives more rain than the eastern. 
South and North Kivu appear to have the highest rainfall and Kigali-Kibungo, Umutara, 
and Kirundo the lowest. 

Table 4 shows the mean, maximum and minimum annual precipitation in the region 
averaged over the period 1951 to 2005. The values were calculated by averaging the 
precipitation values of the different action-sites within each mandate area. Caution 
should be taken interpreting the results as the precipitation within each mandate area 
differs. The differences can be quite large, as is the case for North Kivu. 

Table 4 lists the mean, maximum and minimum annual precipitation (mm) over the 
period 1951 to 2005 (Hijmans et al, 2005) 
Country Mandate area Mean  maximum minimum 
DRC Bas Congo 1394 1809 990 
Rwanda Gisenyi – Kibuye 1378 1789 876 
Rwanda Gitarama 1260 1683 808 
Burundi Gitega 1190 1796 729 
Rwanda Kigali – Kibungo 978 1366 587 
Burundi Kirundo 1045 1526 663 
DRC North Kivu 1362 2740 966 
Rwanda / Burundi Rusizi 1231 2104 980 
DRC South Kivu 1566 2543 1175 
Rwanda Umutara 970 1341 613 
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3.1.3 Soil type 

There is limited regional data available on soils in the Great Lake area. The Food and 
Agricultural Organization (FAO) published a map3 for DRC, Rwanda and Burundi 
(Annex 4). It is noticeable the soils of DRC are more coarsely mapped than in Rwanda 
and Burundi. There is no general pattern in soil type that corresponds to mandate 
areas. Nevertheless, it appears the originally volcanic and metamorphic soils of the 
Albertine Rift valley have been subject to extensive weathering. This can be concluded 
from the Cambisols, Ferralsols, Nitisols, and Acrisols that are very common in the 
area. We can only find Andosols north of Lake Kivu, depicted as grey in Annex 4. 
Some relatively recent but modest volcanic deposits can be found in the northern 
parts of the South Kivu mandate area. Acrisols can be described as heavy weathered 
soils, having low soil fertility and very high aluminum contents (Driessen and Dudal, 
1991). Ferrasols have good physical properties but are chemically poor. The Cambisols 
are moderately developed soils widespread in areas with active erosion or 
sedimentation and often associated with Acrisols and Ferralsols. The young volcanic 
material that can be associated with the Albertine Rift brings fertility into the area. 

3.1.4 Plant nutrient status 

Foliar analysis has been done to assess levels of nitrogen (N), phosphate (P), 
(potassium) K, calcium (Ca) and magnesium (Mg) within banana leaves4 of plants at 
flowering. The results presented originate from a subset of the diagnostic survey, 
where 5 out of 30 households were sampled. Full foliar analysis and soil samples will 
be published in a separate CIALCA report. In Rwanda and Burundi not all action sites 
were sampled. To make the results comparable the results were averaged to the 
largest unit, the mandate areas. The mandate areas Bas Congo in DRC and Umutara 
in Rwanda were not included, since IITA was not active in these mandate areas. 

Table 5 lists the average foliar nutrient concentrations (%) per mandate area 
Country Mandate area Samples N P K Ca Mg 
Rwanda Gisenyi - Kibuye 5 3,51 0,29 2,63 1,20 0,96 
Burundi Gitega 10 2,55 0,24 2,72 1,16 0,44 
Rwanda Gitarama 5 2,91 0,27 2,68 1,52 0,56 
Rwanda Kigali - Kibungo 5 3,73 0,25 3,01 1,58 0,71 
Burundi Kirundo 10 2,76 0,22 2,89 1,45 0,48 
DRC North Kivu 20 3,55 0,29 3,19 1,02 0,52 
Rwanda/Burundi Rusizi 10 2,93 0,25 3,22 1,01 0,38 
DRC South Kivu 20 1,99 0,22 3,11 1,01 0,49 

3.2 Social Capital and welfare 

Social Capital can be described as the human environment in which the farmer is in. 
This environment is not directly controlled by the farmer. In this section the on-site 
population density and food security will be described. 

3.2.1 Population density 

The area of interest is densely inhabited, especially in comparison to the surrounding 
area (Annex 5). The dense population might be a result of the favorable climate and 
agronomic conditions connected to the Albertine Rift system. Please note the limited 
                                         
3 Soil and Terrain database for Central Africa (SOTERCAF, version 1.0) 
4 Foliar and soil analysis was done in the NARO laboratory here in Kawanda, Uganda. 
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accuracy of the data in DRC, where for example the population density in North Kivu is 
identical across the district.  

In Figure 4the average population density of the mandate areas is illustrated. The 
values were determined by averaging the population density of the action sites within 
each mandate area. It is clear that population densities are generally high, but with 
large variations between and within mandate areas.  

 

Figure 4 shows the population density as persons per squared kilometer 

3.2.2 Food Security  

The food security status of households was determined qualitatively with the food 
sufficiency question. Respondents were asked in which of the four situations best 
fitted his/her household: 1) the household always had enough of the foods they 
wanted to eat, 2) the household had enough but not always the kind they wanted to 
eat, 3) the household sometimes did not have enough food to eat and 4) the 
household never had enough food to eat. A low value (1) corresponds with high food 
security whilst a high value (4) corresponds with a low food security. 

The food security perception of each household was averaged per mandate area 
shown in Annex 6. The pie diagrams show the proportion of each category in relation 
to the total households. The data shown in the pie diagrams are listed in Table 6. For 
instance South Kivu has an average food security above 2.7 with the largest share of 
households are in category 3. As becomes apparent Food security varies significantly 
across the studied area. From the map it becomes clear that North Kivu is relatively 
well off with a relative high food security and a low variance. Average food security is 
below 2.2 with more than 85 percent of the households feeling they have enough to 
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eat, although not always what they wanted. The Rwandan mandate areas Umutara 
and Gisenyi also have on average a higher food security but the variance is higher, 
which points to a larger inequality in interviewed households. The Burundian districts 
of Kirundu and Gitega as well as South Kivu in DRC seem to have very high levels of 
food insecurity. 

Table 6 lists what category of food security the households can identify itself most 
with. The data are shown in percentages of the total food security per mandate area. 
   Food security status 
Country Mandate area n 1 2 3 4 Total 
DR Congo Bas Congo 374 15,2 32,6 28,1 24,1 100 
Rwanda Gisenyi - Kibuye 141 9,2 53,9 33,3 3,5 100 
Rwanda Gitarama 95 9,5 45,3 40,0 5,3 100 
Burundi Gitega 168 16,7 16,7 42,3 24,4 100 
Rwanda Kigali - Kibungo 391 10,2 51,4 27,9 10,5 100 
Burundi Kirundo 88 14,8 22,7 33,0 29,5 100 
DR Congo North Kivu 354 4,8 85,6 6,8 2,8 100 
Rwanda/Burundi Rusizi 130 13,1 50,8 27,7 8,5 100 
DR Congo South Kivu 454 5,3 33,0 33,3 28,4 100 
Rwanda Umutara 190 26,8 45,8 21,1 6,3 100 

3.3 Production Resources 

Production resources can be defined assets that are beneficiary in the production 
process. In this paragraph owned land area and livestock is described. 

3.3.1 Banana plots 

In the diagnostic survey it was recorded how much land households owned was used 
for growing bananas5 (Annex 7). Three categories were distinguished: 1) less than 0,4 
hectares, 2) between 0,4 and 1,0 hectares and 3)more than 1,0 hectares. 

There are large regional differences in the size of banana plots per average farmer. 
Clearly farmers in North Kivu are well off as a considerable share owns more than a 
hectare of land. Quite the opposite is true for Western Rwanda where the majority of 
farmers own less than 0,4 hectares of land.  

3.3.2 Owned livestock 

Farmers can easily sell their livestock to acquire financial resources and livestock may 
contribute positively to production by providing manure (see page 17). In the baseline 
survey farmers were asked for the number of owned cows, goats, sheep, pigs and 
poultry. In order to make comparisons possible, the concept of an "Exchange Ratio" 
has been created, where different species of different average size can be compared 
and described in relation to a common unit. This unit is termed the Tropical Livestock 
Unit (TLU) and stands for a 250 kg animal (Jahnke et al., 1988). The formula used to 
calculate the TLU is: TLU = (0,7 x cows) + (0,2 x pig) + (0,1 x goat/sheep) + (0,01 x 
poultry)6. 

                                         
5 Records show land sizes as perceived by the farmer. 
6 Local and improved livestock have the same value. 
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Annex 8 shows the livestock of each mandate area. The map shows the Rwandan 
farmer has on average most livestock while farmers in Burundi and Northern Kivu 
have least.  The map also shows and the share of the different type of livestock in 
regards to the TLU per action site. It seems that the proportion of cows seems to 
increase with increasing TLU. In other words the different kinds of livestock seems to 
be equally distributed when the TLU is low, while the focus is more on cows when the 
TLU is high. The amount of goats seems to be independent from total TLU. Pigs are 
not popular in Rwanda. Table 7 lists the average (absolute) livestock per mandate 
area as well as its TLU.  

Table 7 lists the average number of livestock per mandate area. It also lists the TLU 
value which results from these figures. The figure in green marks the highest value 
and the figure in red the lowest. 
Country Mandate area Cows Pigs Goats Poultry TLU 
Burundi Gitega 0,2 0,4 1,4 0,8 0,4 
Burundi Kirundo 0,4 0,1 2,2 1,2 0,5 
Burundi Rusizi 0,2 0,2 2,1 1,4 0,4 
DR Congo Bas Congo 0,2 0,1 0,9 5,8 0,3 
DR Congo Nord Kivu 0,1 0,2 1,7 2,4 0,3 
DR Congo Sud-Kivu 0,3 0,3 1,1 1,7 0,4 
Rwanda Gisenyi - Kibuye 1,0 0,3 2,5 2,0 1,0 
Rwanda Gitarama 1,9 0,0 1,9 2,2 1,5 
Rwanda Kigali - Kibungo 0,8 0,1 2,2 1,3 0,8 
Rwanda Rusizi 0,6 0,7 1,5 3,3 0,8 
Rwanda Umutara 1,6 0,1 1,4 1,3 1,3 
 Average 0,6 0,2 1,6 2,3 0,6 

3.4 Production 

In the baseline survey a section was dedicated to the production of a number of crops 
in the reference season. For DRC the reference season (A) extended from September 
2005 throughout January 2006 and for Rwanda and Burundi the reference season (B) 
extended from February throughout June 2005. The units of measurement varied 
regionally. To use the data the assumption was made that the error was equally 
distributed over the entire dataset. All production data per action site and per 
mandate area were averaged, which allows comparisons between the relative 
importances of crops. 

3.4.1 Mandate Crop Production 

In the baseline survey households were asked how much of the mandate crops were 
produced in the reference season. These mandate crops were grouped into four 
different crops: 1) banana, 2) beans, 3) cassava and 4) groundnuts7 for the mandate 
areas (Annex 9) and for the action sites (Annex 10). 

In almost all mandate areas bananas are the most productive in terms of weight. In 
some areas up to 85% of total produced fresh weight at the farm, are bananas8. In 

                                         
7 Banana is the sum of beer, desert, cooking and plantain banana. Cassava is the sum of bitter and sweet 

cassava. Bean is the sum of fresh, grain and green beans. Soy bean and cowpeas were removed because 
their amounts were very small. 

8 Note that the edible dry matter pulp only represents some 15% of the banana bunch fresh weight. 
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almost all mandate areas beans (≈ 80% dry matter) and cassava (≈ 33% dry matter) 
contribute significantly to total fresh weight agricultural output. Especially in the 
north- and western part of Rwanda large quantities of beans are produced. 
Groundnuts seem only to be of major importance in Gitega and to some extent in 
Umutara.  

3.4.2 Banana type production 

In the baseline survey households were asked how much of the four banana types 
were produced in the reference season. Four banana types were distinguished: 1) beer 
bananas, 2) desert bananas, 3) cooking bananas and 4) plantain bananas. Production 
values per banana type were summed per mandate area (Annex 11) and per action 
site (Annex 12). The maps show how much weight of a certain banana type was 
produced in relation to the other types. 

It appears there are large differences in the banana type. Beer bananas are by far the 
most grown, especially around Lake Kivu. Clearly plantain bananas are the least 
popular. Only in North Kivu production is reasonable at nearly 25% of the total. 
Dessert bananas are commonly found, but only represent a minority (<15%) of the 
bananas produced, and cooking bananas are the dominant type in East Rwanda and 
much of the North Kivu mandate area. 

3.4.3 Banana yield 

In the diagnostic survey the fresh weight of the bunch as well as the density of 
banana plants on a plot were determined. For comparison reason it was assumed, that 
all bananas in the plot were highland bananas. From these data it is possible to 
calculate a yield as tonnage per hectare per crop cycle (t/ha/cycle). A cycle represents 
the time between two subsequent harvests from the same mat. It varies in the region 
with climate, which can indirectly be expressed as altitude. The cycle will be around 1 
year for plants at an altitude of 1000m and may increase to 1.5 years at an altitude of 
1500m.The yield of the researched action sites is listed in Table 8 and illustrated in 
Annex 13. 

The highest yield levels are attained in North Kivu, where yields more than 36 
t/ha/cycle are achieved at all action sites. Around Lake Kivu yields are also high 
although they seem to be less evenly distributed among different sites. Further east 
and south yields drop which is perhaps due to decreasing precipitation levels. The 
mandate area Kirundo is an exception however with relative high yields but low 
precipitation. 

Table 8 lists the banana yield in fresh weight (t/ha/cycle) of specific sites. 
Country Mandate area Action site Yield 

 (t/ ha/cycle) 
Burundi Kirundo Busoni 45.0 
  Kirundo 27.2 
 Rusizi Cibitoke 25.4 
 Gitega Giheta 22.4 
  Mutaho 22.8 
DRC South Kivu Burhale 63.2 
  Kabamba 40.0 
  Luhihi 41.7 
  Lurhala 35.5 
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Country Mandate area Action site Yield 
 (t/ ha/cycle) 

DRC North kivu Kaliva 38.4 
  Munoli 37.3 
  Bingo 40.4 
  Nzenga 52.7 
Rwanda Kigali-Kibungo Bugesera 18.4 
  Kibungo 25.1 
 Gishyeni-Kibuye Kibuye 29.4 
 Rusizi Cyangugu 38.5 
 Gitarama Ruhango 20.2 

3.4.4 Erosion 

In the diagnostic survey the erosion intensity in banana fields was categorically 
assessed9. A numerical value was assigned to the four scenarios: a 0 for ‘no erosion’, 
a 1 for ‘little erosion (rills)’, a 2 for ‘moderate erosion (small gullies)’ and a 3 for 
‘severe erosion (large gully’s)’. These numbers were then averaged to average erosion 
intensity values per mandate area and per action site. Both, the categories and the 
average erosion intensity are given in Table 9. The average intensity per mandate 
area and per surveyed action site is illustrated in Annex 13.  

The map shows the mandate area with the highest erosion is North Kivu with 1,0. The 
mandate area with least erosion is Gitega, with an average value of 0.1. Nearly two 
thirds of all farmers do not experience any erosion. This leads to a low average 
erosion intensity value of 0,5 for all surveyed sites. This is surprising because most of 
the terrain is subject to a relative high gradient and a significant precipitation. A 
possible explanation for this is that the diagnostic surveys were only carried out on 
banana plots, which are generally located on gentle slopes close to the homestead and 
often have high litter coverage. This could make the banana plots less susceptible to 
erosion than the remainder of the cultivated land. 

Table 9 lists the erosion categories and their average of the surveyed action sites in 
banana plots. 
Mandate area action site None 

(0) 
Some 
(1) 

Moderate 
(2) 

Severe 
(3) 

Erosion 
Intensity 

Gisenyi - Kibuye Cellule Gitarama 14 1 0 0 0,1 
Gitarama Kinasi 20 7 0 0 0,3 
Gitega Gisuru 26 5 0 0 0,2 
Gitega Muririmbo 32 1 0 0 0,0 
Kigali - Kibungo Gatore 15 0 0 0 0,0 
Kigali - Kibungo Museny 13 13 4 0 0,7 
Kirundo Murore 25 14 0 0 0,4 
Kirundo Yaranda 37 1 0 0 0,0 
North Kivu Bingo 9 10 10 1 1,1 
North Kivu Kaliva 11 11 9 0 0,9 
North Kivu Munoli 3 11 13 2 1,5 
North Kivu Nzenga 19 9 2 0 0,4 

                                         
9 Defining on-site erosion intensity is complicated and highly subjective to the education level of the 

enumerator. 
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Mandate area action site None 
(0) 

Some 
(1) 

Moderate 
(2) 

Severe 
(3) 

Erosion 
Intensity 

Rusizi Cellule Rwinzuki 30 0 0 0 0,0 
Rusizi Muyange 24 3 2 0 0,2 
South Kivu Kabamba 1 26 3 0 1,1 
South Kivu Luhihi 20 10 0 0 0,3 
South Kivu Lurhala 7 21 2 0 0,8 
South Kivu Mwegerera 19 8 0 0 0,3 
total  325 151 45 3 0,5 

3.4.5 Major production constrains 

In the diagnostic survey households were asked for the main three reasons that were 
delimiting banana yields. In Figure 5 a graph is shown that illustrates the primary 
reason. The most important constraining factor seems soil fertility although climatic 
problems are also serious problems, especially when combining the class ‘drought’ and 
‘irregular weather’. 

 

Figure 5 shows the perceived importance of factors limiting crop yields 

In Figure 6 the yield constrains are split to mandate area. As becomes apparent there 
are large regional differences. In South Kivu it is the declining soil fertility along with 
pests that are delimiting crop yields. This also accounts for Rusizi where droughts also 
become a factor of importance. In North Kivu it is the declining soil fertility along with 
poor agronomic practices that keep yields down. Kirundo and Kigali – Kibungo 
definitely have a weather problem, which might hide soil fertility constraints. Gitega 
has multiple problems such as an irregular weather pattern, pests and low soil fertility. 
Gitarama and Gisenyi – Kibuye are mainly coping with unfavorable weather conditions. 
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Figure 6 shows the main perceived crop yield constraining reasons per mandate area. 

3.4.6 Weevil Damage  

In the diagnostic survey weevil corm damage percentage for a number of action sites 
is calculated as numeric variables. Weevil Larvae tunnel through the corms, leaving 
black-brown tunnels that are visible on a crosscut of the corm. A lower percentage 
means lower weevil damage and healthier plants. 
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The map in Annex 15 shows the weevil damage in the surveyed action sites and 
averaged over the mandate areas. Three classes were assigned, low for 0 – 2%, 
moderate for 2-5% and high for anything above 5% XT. Weevils seem especially 
problematic in North Kivu. 

The graph in Figure 7 shows the weevil damage per action site, with the independent 
variable altitude on the x-axis. There is a negative correlation between weevil damage 
and this altitude (R2 = 0,67), indicating that weevil damage is not a serious problem 
above 1300 m. In South Kivu they seem to be of minor importance perhaps as a 
result of the relative high altitude. The map in Annex 16 shows the weevil damage in 
the action sites with the regions altitude in the background. 

 

Figure 7 shows there is a negative correlation between weevil damage and altitude (R2 
= 0,67) 

3.4.7  Root Necrosis (Nematodes) 

In the diagnostic survey the Necrosis severity on banana plots was calculated for a 
number of action sites as numeric variables. Root necrosis is caused by root lesion and 
root burrowing nematodes (R. Similis, P. Goodeyi), whereby the more destructive R. 
Similis prevails at the lower altitudes (<1300m). Recent CIALCA studies in Rwanda 
suggest that P. Goodeyi does not have much negative impact on yield when root 
necrosis percentage is not excessive (<50%). 

The map in Annex 17 shows the distribution of root necrosis in the area of interest. 
There does not seem to be a clear pattern in the spread. It appears that Nematodes 
are relatively scarce in Central and Western Rwanda. 

3.4.8 Fertilizer application 

In the Baseline Survey farmers were asked if they ever applied chemical fertilizer on 
their land (i.e. not necessarily on banana plots). The data show that 104 responded 
positively, 2098 responded negatively and the remaining 304 remain unknown. Please 
note that farmers who responded positively do not necessarily apply significant 
amounts. 

Despite the apparent low popularity of fertilizer use (< 5%) certain regions use it 
more widely than others (Annex 18). Fertilizer use in DRC is very low with the 
exception of the action site Kabamba which just raises South Kivu above the 2% use. 
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In Gitega, Burundi fertilizer reaches a high of almost 80% but only has a sample size 
of 34. Gitarama and Rusizi almost reach 20% with a moderate sample size. It is 
interesting to see that soil fertility is not seen as the main problem restricting crop 
yields in these mandate areas with on average high uses of fertilizer (page 15). 

Table 10 lists the fertilizer use and the sample size per mandate area 
Country mandate Fertilizer use (%) Sample size 
Congo Bas Congo 0,5 388 
Rwanda Gisenyi Kibuye 8,5 141 
Rwanda Gitarama 18,9 95 
Burundi Gitega 79,4 34 
Rwanda Kigali Kibungo 2,8 391 
Burundi Kirundo 5,0 80 
Congo North Kivu 0,0 359 
Burundi Rusizi 19,4 62 
Congo South Kivu 2,4 457 
Rwanda Umutara 4,1 194 

3.5 Market accessibility 

Markets and improved market access are of critical and immediate importance to rural 
poor households as a prerequisite for enhancing agriculture-based economic growth by 
improving the competitiveness of farming enterprises and improving rural incomes. 

3.5.1 Market access 

To select the action sites from the PRA sites several raster-maps were made, in an 
attempt to assess the travel time from any location to the nearest market (Farrow et 
al., 2006). For the exercise 16 markets were defined. The travel time to those markets 
from any location was determined by calculating the path of least ‘friction’ on a so 
called ‘friction raster’. The friction raster consisted of a combination of: 

1 digital road map (the further away from a road the higher the friction); 
2 an elevation model (the steeper the more friction); 
3 a land cover map (forest has a higher friction than dessert); 
4 a country border was assigned a friction of 2 hours; 
5 lakes and rivers were considered as non-crossable barriers except for a few 

ferry lines defined on Lake Kivu. 

An example of such a map is shown in Figure 8, on which we can see the market 
urban market Bukavu in South Kivu, at the southern tip of Lake Kivu. The background 
of the map is the ‘friction raster’, with the inputs briefly detailed above. The black dots 
represent the action sites in South Kivu. Southwest of Bukavu, the action site Lurhala 
Centre is 4-8 hours away from Bukavu10, for example.  

                                         
10 In reality this may be an overestimate of the real situation and is depended on the input data that define 

the friction raster. Of course, more accurate input data leads to a more accurate prediction. Especially the 
accuracy of the roads and their metadata is of concern. 
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Figure 8 shows the time to travel from a part in South Kivu to the market in Bukavu. 

In this analysis, the travel time of each household to its closest market was 
determined. From the 16 markets only the five major urban ones were used (Kigali, 
Bujumbura, Bukavu, Butembo and Beni). The households were then grouped to action 
sites and to mandate area of which the average travel time to the nearest urban 
market is determined (Table 11). This gives an overview of the average travel time for 
the specific the action sites11. As becomes apparent from Annex 19 it takes a farmer 
more than five hours to reach the nearest urban market from his house in Umutara or 
Kirundo. This may indicate the selected action sites were relatively remote. It may 
also indicate that the there are few or poor quality roads in those areas.  

 

 

 

                                         
11 Please note each mandate area receives one travel time only, which is an average of the action sites 

within that mandate area. 
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Table 11 lists all action sites and their travel time in hours to 5 urban markets. The 
value in green marks the nearest market for each action site. 

Mandate area Action site Beni Kigali Bujumbura Butembo Bukavu 
Gisenyi – 
Kibuye 

Cellule 
Gitarama 20,2 4,3 8,5 17,3 5,4 

Gitarama Kinasi 22,4 2,4 10,7 20,4 8,5 
Gitega Gisuro 28,9 9,3 2,5 26,0 10,2 
Gitega Muririmbo 29,0 9,0 3,3 26,7 10,9 
Kigali - Kibungo Gatore 23,2 6,1 14,3 26,0 14,4 
Kigali - Kibungo Kabare 22,7 5,6 15,2 25,5 13,9 
Kigali - Kibungo Mayange 22,3 2,3 10,6 22,3 10,6 
Kigali - Kibungo Musenyi 24,2 4,3 13,0 23,7 11,9 
Kirundo Murore 25,7 5,7 6,5 25,6 13,3 
Kirundo Rugerero 18,6 5,1 9,3 15,7 5,9 
North Kivu Bingo 1,9 21,9 27,9 4,3 20,7 
North Kivu Kaliva 2,0 21,5 25,0 1,5 17,9 
North Kivu Munoli 9,0 24,7 28,2 6,2 21,1 
North Kivu Nzenga 1,9 19,2 25,5 4,8 18,4 
Rusizi Cellule Rwinzuki 23,7 8,7 6,5 20,9 5,0 
Rusizi Muyange 25,7 10,7 1,9 22,8 7,0 
South Kivu Cijingiri 23,3 11,4 7,6 20,5 4,1 
South Kivu Kabamba 20,2 10,4 11,1 17,3 3,4 
South Kivu Luhihi Centre 25,6 14,8 15,1 22,7 7,6 
South Kivu Lurhala Centre 25,8 14,9 13,8 23,0 6,6 
South Kivu Mwegerera 22,0 11,0 10,5 19,1 2,7 
Umutara Kabarore 20,3 6,6 17,0 23,2 14,9 
Umutara Katabagemu 20,8 6,8 17,3 23,6 15,1 
Umutara Murambi 19,2 4,5 15,4 22,0 12,8 
Umutara Rugarama 19,4 5,2 16,0 22,2 13,4 
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4. Conclusion 

This report mapped some of the key variables of banana based systems in the Great 
Lakes Region. It is based on the baseline and diagnostic surveys as executed in 2006-
2007. The CIALCA project is still ongoing and more data will be released in the future 
in different formats.  

The mandate areas and even the action sites within are very regionalized and quite 
heterogeneous. This is particularly the case for physical properties such as the 
altitude, precipitation and soil type (pages 7 through 9), but also holds for socio-
economic criteria such as food security (page 10) and in crop production and type 
(pages 12 through 13). Some clear patterns can however be discovered. For example, 
food insecurity is particularly high in Burundi and South Kivu, notably in high 
population density areas. In these areas, the number of livestock owned is generally 
low. Banana yields tend to be the highest close to the Albertine rift. Bananas and 
plantain for cooking and roasting is particularly dominant in North Kivu and East 
Rwanda, whereas banana for beer production is particularly dominant in South Kivu 
and Central Burundi. Soil fertility is a major source of concern in the area. This can be 
concluded from external sources that show the unfavorable soil conditions (page 9), 
but it can also be concluded from of the farmer-perceived importance of soil fertility as 
a crop yield constraints (page 15).  

The large variability in productivity and food security suggests that there is ample 
scope for improvements in the farming systems in many areas. Poor agronomic 
management was identified by many farmers as a major constraint to crop yields 
(page 15). Proper and large scale fertilizer use may be a solution to the soil fertility 
problem, yet fertilizer is seldom applied (page 17). The potential and profitability of 
fertilizer adoption will also be strongly related to access to input and output markets. 
It could be seen on page 20 that the latter is highly variable. Irrigation may appear to 
be a solution for areas with pronounced dry seasons, but watering of banana plants 
seems not to be an option that is explored by farmers thus far (page 8).  

In the baseline survey some 100 households within one action site (10 km radius) 
were interviewed. In this report, the variable of interest is often averaged into one 
overall value, (e.g. mandate area). This average represents what is found in the action 
sites, which are the primary sites of interest for the researchers involved. However, 
this means that mandate area averages do not necessarily represent the actual 
average on the ground. To achieve the latter, a different more spatially balanced 
sampling pattern should have been used. 

The baseline surveys (interviews) and the diagnostic surveys (measurements) were 
done at 30 different sites in 3 different countries. Many different enumerators 
gathered the different datasets. Data sets were often entered into a range of different 
SPSS and excel datasheets. Merging these datasheets into single files appeared to be 
a true challenge. We recommend CIALCA researchers to use more appropriate data 
management software such as MS Access for future studies. Last but not least, the 
data collected still allows hundreds of analyses that were left unexploited because of 
restrictions in time and funding. If you wish to explore some of this data, then don’t 
hesitate to contact CIALCA staff. They will be happy to discuss opportunities to further 
exploit their datasets to improve the research for development agenda in the region. 
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Annex 1: themes of interest to scientists involved in CIALCA 
 
 desired theme interest addressed Page 

1 Banana yield per ha 4 yes 13 
2 Spread type of banana (cooking/beer/desert) 3 yes 13 
3 Spread/presence of banana diseases (BXW/BBTV) 3 no - 
4 Soil fertility / nutrient availability 3 no - 
5 Distribution of sites 2 yes 4 
6 Spread cultivar of banana 2 no - 
7 Tropical Livestock Unit 2 yes 11 
8 Degree of erosion 2 yes 14 
9 Adoption of erosion control 2 no - 

10 Correlation type of banana and market access 2 no - 
11 Market access to determine strategies and  

best approach 
2 yes 18 

12 Yield limiting factor (erosion/fertility/compact/stones) 2 yes 15 
13 Atlas with head variables from different projects 2 no - 
14 Altitude 1 yes 7 
15 Correlation production banana and altitude 1 no - 
16 Spread adoption of propagation techniques 1 no - 
17 Adoption techniques related to education 1 no - 
18 Adoption techniques related to market access 1 no - 
19 Adoption techniques related to wealth 1 no - 
20 Price bananas catch at market 1 no - 
21 Household farm size 1 yes - 
22 Income 1 no - 
23 Correlation production banana and livestock 1 no - 
24 Population density 1 yes 9 
25 Correlation disease tolerance improved/traditional 

 varieties 
1 no - 

26 Pest disease pressures 1 no - 
27 Weevil Damage spread 1 yes 16 
28 BXW spread 1 no - 
29 Impact market access on type banana prices 1 no - 
30 Impact market access on soil conservation) 1 no - 
31 Correlation yield improved varieties/traditional  

varieties 
1 no - 

32 Proportion banana / other crops farm size 1 no - 
33 Rainfall 1 yes 8 
34 Adoption new varieties 1 no - 
35 Soil type 1 yes 9 
36 Mechanical soil resistance 1 no - 
37 Element content in foliage 1 yes 9 
38 Correlation nutrients and soils 1 no - 
39 Distribution food consumption 1 no - 
40 Correlation production banana and rainfall 1 no - 
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Annex 2 shows the elevation of the area of interest (source: 
http://srtm.csi.cgiar.org)  
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Annex 3 shows the distribution of mean annual rainfall in the 
area of interest. It is based on mean annual precipitation in the 
period 1951 to 2005 (Hijmans et al., 2005) 
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Annex 4 shows the soils in the study area based on the Soil and 
Terrain database for Central Africa (SOTERCAF, version 1.0), 
compiled by the FAO. 
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Annex 5 shows the population density in the area of interest 
(source Global Urban-Rural Mapping Project 2000, 
http://beta.sedac.ciesin.columbia.edu/gpw). 
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Annex 6 shows the average and relative food security in the 
mandate areas. 
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Annex 7 shows the by the farmer perceived size of the plot that 
is under bananas per action site. 
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Annex 8 shows the livestock owned by the average household. 
The size of the pie chart is determined by the total livestock per 
household at an action site. 
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Annex 9 shows the relative production of the four mandate 
crops in fresh weight (kg/year) in the mandate areas. 
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Annex 10 shows the relative production of the four mandate 
crops in fresh weight (kg/year) of the action sites. 
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Annex 11 shows the proportion of banana type in relation to 
total banana production per mandate area. The size of the pie 
charts represents the total production of in fresh weight 
(kg/farm/year). 

 
 



 

35 
 

Annex 12 shows the proportion of banana type in relation to 
total production per action site. 
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Annex 13 shows the banana yield in fresh weight (t/ha/cycle) 
within the mandate areas and of specific sites. 
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Annex 14 shows the average erosion intensity of the surveyed 
action sites and the mandate areas. 
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Annex 15 shows weevil damage per mandate area and in the 
surveyed action sites. 
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Annex 16 the same weevil damage in the action sites with the 
altitude of the study area in the background.  
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Annex 17 shows root necrosis in the surveyed action sites and 
mandate areas 
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Annex 18 shows the use of fertilizer at the action sites and in 
the mandate areas. 
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Annex 19 shows the travel time from the action sites and 
mandate areas to the nearest urban market 
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