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Preface 

The CGIAR Research Program on Integrated Systems for the Humid Tropics seeks to transform the lives of the rural 
poor in the humid lowlands, moist savannahs and tropical highlands in three major Impact Zones of sub-Saharan 
Africa and tropical America and Asia, presently containing a population of 2.9 billion people, mostly poor smallholder 
farmers. Humidtropics research is guided by a Global Hypothesis 'A range of livelihood strategies exists within the 
humid tropics where poverty reduction, balanced household nutrition, system productivity and natural resource 
integrity are most effectively achieved and contribute best to human welfare'. A dynamic program structure is built 
around three complementary Strategic Research Themes; Systems Analysis and Synthesis, Integrated Systems 
Improvement, and Scaling and Institutional Innovations. Change in rainfed, smallholder farming systems in the tropics 
is gradual, adaptive, and stepwise; responding primarily to changes in market conditions, farmer-available resources, 
and increasingly, to changes of climate. Humidtropics seeks first to improve understanding of these processes in 
terms of alternative intensification pathways and critical points of intervention and then to design new interventions 
that direct intensification toward desired outcomes. The assessment and analysis of the existing systems is an 
essential step in the identification of these critical intervention options, and here Humidtropics wants to make use of 
existing datasets that characterize livelihood systems. The N2AFRICA project (funded by The Bill & Melinda Gates 
Foundation) is a large scale, science-based 'research-in-development' project focused on putting nitrogen fixation to 
work for smallholder farmers growing legume crops in Africa. Within this project, led by Wageningen University, a 
large farming system and livelihood characterization exercise has been executed across eight different countries in 
sub Saharan Africa. These characterization data form an excellent source of information on livelihood strategies, and 
a basis to test different approaches for systems analysis to try to identify where certain interventions have the 
potential to improve the livelihoods of smallholder farmers. This report describes the outputs generated by such an 
analysis in a collaboration between researchers of Wageningen University and Research Centre (WUR), the 
International Institute of Tropical Agriculture (UTA) and the International Livestock Research Institute (ILRI). We thank 
Greta van den Brand (WUR) for discussions on the data. 



Executive summary 

Market-based and value chain approaches dominate in the debate on the role of smallholder agriculture in reducing 
rural poverty and improving global food security. The underlying assumption of these approaches is that through the 
connection of smallholders with regional and global markets incomes and livelihoods will improve. The classification 
of the 'Rural Worlds' has been coined to position smallholders within the continuum of rural poverty and market 
integration. Smallholders of Rural World 1, which are well-connected to international and national markets are one 
side of the spectrum but are scarce in sub Saharan Africa. Rural World 2 comprises a large proportion of 
smallholders with little or infrequent market contacts. At the other end of the spectrum is Rural World 3 with 
smallholders who are net consumers. A better understanding of what proportion of smallholders are part of which 
Rural World provides important background to identify pathways for market-based development and for better 
targeting of R&D efforts. In addition, characterisation of smallholders in the different Rural Worlds helps to identify 
which rural households are likely to participate in value chains and to design alternative pathways for alleviating 
hunger and poverty among the poorest households. 

In this study we analyse a large data set from the N2Africa project (www.N2Africa.org) with baseline information of 
more than 3000 farm households from eight countries in humid and semi-arid SSA, i.e. the DRC, Ghana, Kenya, 
Malawi, Mozambique, Nigeria, Rwanda and Zimbabwe. Within these countries households are clustered into three to 
five action sites per country, totalling 29 action sites. We combine information on household land assets with local 
production data to estimate land requirements for achieving food self-sufficiency of individual farm households. 
Based on the land requirements a 'land gap' is quantified for those households that are food insecure, or a 'land 
surplus' for those households that are able to produce food beyond own household needs and thus may be able to 
produce for the market. This provides information on the proportion of small-scale farmers that could participate in 
market-based development and the proportion of farmers for which other development efforts and pathways are 
needed. In addition, by combining the 'land surplus' information with cost-benefit analyses of cash crops the effect of 
market-based production on household income and reducing household poverty is quantified. We use maize as 
indicator crop for achieving food self-sufficiency and soybean as indicator crop for cash crop production at surplus 
land. Because technological development is a major driver of change, we enrich the analyses with three scenarios to 
gain insight in the potential impact of production intensification on closing the land gap and increasing household 
income, (i) Baseline Scenario based on current yield levels, (ii) a doubling of actual maize yields and fertilisation of 
soybean with P fertilizer (Scenario 2) and (iii) 80% of water-limited maize yields combined with attainable soybean 
yields using a combination of P fertilizers and inoculants (Scenario 3). 

In the Baseline Scenario, less than 50% of the households achieved food self-sufficiency in the action sites of 
Rwanda, DRC and one action site in Kenya and in Zimbabwe. Overall gross returns from maize and soybean 
production were small with 20% of all farm households reaching the poverty benchmark of 1.25 USD cap-1 day1. In 
none of the countries or action sites did 50% of the households reach the poverty benchmark. 

With a doubling of maize yields and 20 kg P ha1 resulting in larger soybean yields (Scenario 2), food self-sufficiency 
for most households is within reach, except for the action sites in Rwanda and one site in the DRC where 
approximately 50% of the households remained food deficient. In this scenario, in three of the 29 action sites more 
than 50% of the households were able to achieve an income of more than 1.25 USD cap1 day1. 

In the most intensive Scenario 3 food self-sufficiency of the action sites of Rwanda and one site in the DRC improved 
but still 10-20% of the households remained food deficient. In this scenario, 12 out of the 29 action sites at least 
50% of the households reach the poverty benchmark, in the other 17 action sites (often much) less than 50% of the 
households were able to earn 1.25 USD cap1 day1. Especially, households in Zimbabwe, Nigeria, Ghana and two 
action sites in the DRC are better off, while households in Malawi and Rwanda are worst off. Overall 48% of all farm 
households in our data set achieved incomes of 1.25 USD cap1 day1 (or more) from maize and soybean production 
in the scenario with the highest production intensity. 

http://www.N2Africa.org


Although this is a coarse analysis, the scenarios indicate the potential and the boundaries within which agricultural 
intensification can assist rural households in achieving food self-sufficiency on the one hand, and the potential 
benefits of market-based developments and associated impact on reducing rural poverty of smallholders on the 
other hand. Although yields used in the intensive scenarios are feasible, they are much greater than those achieved 
with farmers' current practices and would require substantial changes in management. While such yields allow to 
close the land gap of most households and free land for commercial production, impacts on reducing poverty as 
measured by the number of households earning more than 1.25 USD cap1 day1 remain moderate. 

The analysis of a large set of individual farm household data from a range of sites across humid and semi-arid sub-
Saharan Africa contributes to the discussion on whether farms can step up to more remunerative Rural Worlds. 
Although the results show a diverse palette across SSA, among action sites within the same country and among 
households within the same action site, the overall picture is that intensification and diversification towards cash 
crops will not lift a great number of households out of poverty. Compared with the baseline situation, agricultural 
intensification has the potential to improve food self-sufficiency for the majority of food deficient households but 
allows only an additional 28% of our analysed household population to enter a Rural World where earnings from 
agriculture are more than 1.25 USD cap'1 day1. Other options need to be explored to alleviate poverty for the 
remainder of the rural population that will not be able to benefit from market-based development of rain-fed cropping. 



1. Introduction 

Many governments, donors and companies have embraced the paradigm of 'market-based' development which 
attempts to link small-scale producers to regional and global formal markets (Seville et ai, 2001; Vorley et al., 
2012). The underlying assumption of these approaches is that market-integration of smallholders improves the 
incomes of the rural poor and contributes to securing global food supplies. Farm sizes across sub Saharan Africa 
(SSA) have gradually declined over the past 50 years and this raises the question whether most farms are not 'too 
small' to generate a meaningful production surplus to participate in regional and global markets (Jayne & Muyanga, 
2013). Which and how many small-scale producers can participate in a market-based development? What are the 
potential benefits for those small-scale producers participating in value chains? And what is the role of technology to 
facilitate broad-based and inclusive market-based development? 

Vorley eta/. (2002) classified rural citizens into three 'Rural Worlds', which is useful to identify agricultural producers 
with different opportunities to become involved in market-based developments. Rural World 1 is composed of large 
scale farmers already embedded in national and international markets. Very few farmers in SSA, outside South 
Africa, meet the classification of Rural World 1. Rural World 2 consists mainly of family farms that are not (yet) 
internationally competitive but occasionally sell into markets, and Rural World 3 comprises subsistence households 
which struggle to survive through a combination of off-farm employment, (temporary) migration and agriculture. A 
better understanding of what proportion of smallholder farmers are part of Rural Worlds 2 and 3 provides an 
important background to identify pathways for market-based development and for targeting R&D efforts. In addition, 
characterisation of smallholders in the different Rural Worlds helps to identify which rural households are likely to 
participate in such development and to design alternative pathways for alleviating hunger and poverty among the 
poorest households. This approach to recognise the diversity of rural households thus contributes to Dorward's 
proposed dialogue for development as 'stepping up', 'stepping out' or 'hanging in' (Dorward, 2009). 

Average farm sizes are decreasing across SSA because of population growth and land scarcity in many parts of SSA 
(Masters eta/., 2013; Harris & Orr, 2014). The land endowments of farm households in relation to food self-
sufficiency needs and market-based production are relevant indicators to distinguish between the different Rural 
Worlds. If farm households are unable to produce sufficient food to satisfy own family needs they are much less 
likely to make the step to a more remunerative Rural World than farm households that are able to produce beyond 
family needs. For latter farm households the potential contribution of cash/market crops to their income and 
reducing poverty is relevant. 

In this study we analyse a large survey data set from the N2Africa project (www.N2Africa.org) with baseline 
information of small-scale farm households from eight countries in SSA. We combine information on household land 
assets with local production data to estimate land requirements for achieving food self-sufficiency of these farm 
households. Based on these land requirements a 'land gap' is quantified for those households that cannot produce 
sufficient food to feed own household members, or a 'land surplus' for those households that are able to produce 
beyond own household food needs and thus may be able to produce for the market. This provides information on the 
proportion of small-scale producers that could participate in market-based development and the proportion of 
producers for which other development efforts and pathways are needed. In addition, by combining the 'land surplus 
'information with cost-benefit analyses of cash crops the effect of market-based production on household income and 
reducing household poverty is quantified. Because technological development is a major driver of change, we enrich 
the analyses with different agricultural intensification scenarios to gain insight in the potential impact of production 
intensification (higher crop yields) on closing the land gap, increasing household income and reducing household 
poverty. 

http://www.N2Africa.org


Commonly, methodologies aimed at analysing farm household systems use farm typologies to cluster farm 
households with similar characteristics (e.g. Rufino et ai, 2008; Tittonell et al, 2010). Generally, farm typologies 
describe and cluster farm households based on resource endowments (land, labour, capital), production goals and 
aspirations, and production structure (type of crops, animals) (Norman et al, 1995). Typologies are helpful for 
scaling up results and to design interventions and assess broader social and environmental impacts of farm 
activities. However, each farm household is unique, and by using a typology much of the diversity of farm households 
within and across clusters of farm households is lost. Further, consideration of future trajectories or appropriate 
technologies for different farm types needs to be linked to an understanding of the frequency with which the different 
farm types occur and to the availability of resources such as land and labour. Therefore, in this study we analyse 
food self-sufficiency and land requirements of more than 3000 individual farm households across SSA to capture 
their full diversity in resource endowments, food requirements and options to enter more remunerative Rural Worlds. 



2. Material and Methods 

2.1 General approach 
We used baseline data of farm household surveys from the N2Africa project (www.N2Africa.org), which has the 
objectives to increase grain legume yields, biological nitrogen fixation, and household income in different action sites 
of eight countries in SSA, i.e. Democratic Republic of the Congo (DRC), Ghana, Kenya, Malawi, Mozambique, Nigeria, 
Rwanda and Zimbabwe. Figure 2.1 shows the different action sites in the farming systems map of Dixon eta/. 
(2001). The action sites were spatially clustered within countries but differed in agro-ecological potential and market 
access (Table 2.1). The action sites were located within rainfed farming systems and selected on the basis of having 
relatively high agricultural potential and a high population density relative to other areas in these countries and other 
areas in SSA (Franke et al., 2011). These characteristics were expected to provide greatest potential for sustainable 
intensification of agriculture using grain legumes. 
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Figure 2.1 The action sites of the N2Africa project in eight countries of sub Saharan Africa where baseline 
information of farm households has been collected. The action sites are plotted against the 
background of the farming systems map of Dixon et ai (2001). 
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The household data were used to identify opportunities for achieving food self-sufficiency and for producing cash 
crops in relation to the available land holding and the household food needs. Land that is not needed for producing 
food to achieve self-sufficiency of the household can be used to grow other crops for the market. Hence, such 
surplus land can potentially contribute to household income as typified in Rural World 1 and 2. Households of Rural 
World 3 that are food deficient and thus face a 'land gap' are less likely to step up to Rural World 2 as they lack land 
to grow market crops. 

Maize is a major staple crop in most action sites and, therefore used in the food self-sufficiency analysis, while 
soybean has been used as proxy for a rainfed grain legume with a high market potential in the action sites. 
Opportunities for achieving food self-sufficiency and producing cash crops have been explored using different 
technology and productivity scenarios. The analysis, therefore, provides insight in the extent to which Rural World 3 
farmers that can or cannot step up to Rural World 2 given the available land holding, and it identifies the potential 
role of agricultural intensification in such development. 

2.2 Household survey 
Baseline survey data of the N2Africa project was collected in 2010-2011 to provide benchmark information to 
assess impacts of project interventions at the end of the project (Franke & De Wolf, 2011). Three to five action sites 
were selected within each country by local experts based on the importance of legumes in farming systems and 
local diets. The surveys were implemented by experts of the N2Africa project or local consultants. Table 2.1 shows 
the details of the survey in each country. The survey data was collected according a structured questionnaire 
facilitating comparison of the results across sites and countries (Appendix I). The collected baseline information 
covered a range of household characteristics including family composition, education of family members, land 
holding, sources of income, crops, livestock and nutrition. In total baseline information from approximately 3200 
farm households in 29 sites from 8 countries in SSA was collected (Table 2.2). 

Table 2.1. Details of the baseline farm household survey carried out within the N2Africa project. 

Country Period of survey Who did survey Households selection method 

DRC 
Ghana 

Kenya 
Malawi 

Mozambique 

Nigeria 

Rwanda 
Zimbabwe 

Aug-Sep 2010 
Sep-Oct 2010 

Oct-Nov2010 
Mar-Apr 2011 
Mar-Apr 2011 

Feb-March2011 

Oct-Nov 2010 

Jan-Feb2011 

N2Africa 

Kwame Nkrumah University of Science & 
Technology (KNUST) 
N2Africa 
Bunda College 
N2Africa/Mozambique Institute of 
Agricultural Research (HAM) 
Bayero University Kano (BUK) and IAR-ABU 
(Kaduna) 
N2Africa 
N2Africa 

Randomly from administrative lists 
Randomly in the field 

Randomly in the field 
Randomly in the field 
Randomly from administrative lists 

Randomly in the field 

Randomly from administrative lists 
Randomly in the field 

2.3 Food self-sufficiency and land gaps 
Household food self-sufficiency needs were calculated based on the number of adult equivalents per household and 
their individual energy needs per year (2500 kcal capita1 day1 times 365 days). Adult equivalent means that energy 
needs of household members under 18 years are 50% of those of an adult. In the remainder of the report the term 
adult equivalent is interchangeably used with the term capita. The household food supply was calculated based on 
the land holding, taking into account two crop cycles per year for relevant action sites (Table 3.1), energy content of 



grain maize (3570 kcal kg"1) and assuming 20% post-harvest losses. Based on this information the required amount 
of land for achieving food self-sufficiency for each household was calculated based on the site-specific maize yield 
(Section 2.5). A shortage of land ('land gap') was calculated for those households unable to produce sufficient maize 
(energy) to feed household members, and a 'land surplus' for those households that were able to produce beyond 
household energy needs. The land gap indicates the additional area of land that a household requires to be self-
sufficient in maize given site-specific maize yields. Land surplus refers to the area of land that is not required for 
food self-sufficiency purposes. It is assumed that this area is cropped with soybean to be marketed. We used 
country-specific soybean yields based on a large number of trials carried out in the N2Africa project (Section 2.5). 

Subsequently, a simple economic analysis was carried out based on the gross returns associated with the 
production of maize for household self-sufficiency and soybean on surplus land. Gross returns for soybean are the 
difference between yield times price, minus the input costs for seeds (65 kg ha1; 1.3 times the price of soybean), 
P fertilizers and inoculum. The maize produced for household self-sufficiency was also valued against market prices 
but costs for seed and fertilizers were not accounted. Gross returns further do not include costs of family labour or 
hired labour and thus represent the returns to all labour input related to the production of maize and soybean. Total 
gross returns of maize and soybean per household are expressed in USD per capita per day and compared with the 
global poverty benchmark of 1.25 USD capita1 day1. 

2.4 Scenarios 
The food self-sufficiency and land gap calculations are done for different intensification scenarios to assess to what 
extent food self-sufficiency and economic returns of households are affected by production technologies: i) actual 
yields of maize and soybean (Baseline Scenario); ii) a doubling of actual maize yields and fertilisation of soybean with 
P fertilizers resulting in higher soybean yields than in the Baseline Scenario (Scenario 2); iii) 80% of simulated water-
limited maize yields combined with attainable soybean yields using a combination of P fertilizers and inoculants 
(Scenario 3). In addition, to assess the sensitivity for soybean prices a scenario was run with a 100% price increase 
of soybean. It is assumed that in the Baseline Scenario no nitrogen and phosphorus fertilizers are used in both maize 
and soybean. Because we do not know the amount of nitrogen and phosphorus required to achieve higher maize 
yields in the other scenarios we do not account for the associated fertilizer costs. 

2.5 Yield and price data 
The collected information on maize yields in the survey was incomplete or inaccurate because farmer's answers on 
crop production and land use referred to different cropping cycles. Therefore, farmer's maize yields were based on 
Monfreda eta/. (2008), who disaggregated national yield statistics at grid cells of 0.5 x 0.5 arc minute using 
regional statistics. Because surveyed households in each action site were located in a relatively small area we 
assigned each action site to one grid cell to derive actual maize yields from the Monfreda database. In addition, 
weather and soil information (CRU version TS3.20, 2013; FAO, 1996; Batjes, 2006) associated with the same grid 
cell in each action site was used to simulate water-limited maize yields with the LINPAC model (Jing eta/., 2013). 
This crop model calculates crop biomass as the product of light interception and a crop-specific light use efficiency 
modified for temperature and light intensity. In this model crop biomass is reduced proportionally to the ratio of 
actual to potential transpiration when water uptake by the crop is less than crop transpiration demand. We used 80% 
of the simulated water-limited maize yield as farmer yields commonly tend to plateau around this level because 
production inputs follow diminishing returns at high yields and because farmers face various cfii nate uncertainties 
limiting the efficient use of resources (Van Ittersum eta/., 2013). For action sites with two crop cycles per year 
(Table 2.2) the average water-limited yield of both cycles was used in the calculations. Simulated dry matter grain 
yields are expressed in fresh yield assuming 11% moisture content as used for the actual maize yields (Monfreda et 
a/., 2008). See Appendix II for the maize yields used in the different scenarios. 
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Information on soybean yields for different production situations was derived from approximately 300 trials per 
country mainly in the period 2011-2012 (Appendix II). In these trials different technology packages were tested 
including the current means of production (i.e. no use of external inputs), the use of inoculants, P fertilizer and the 
combined use of inoculants and P fertilizers. Inoculants are nitrogen-fixing Rhizobium bacteria which are mixed with 
legume seeds prior to sowing to enhance nitrogen fixation by the host legume crop. 

Location-specific prices of harvested crops and P fertilizer were collected in the N2Africa project in June 2013 by 
different country coordinators at local markets. See Appendix II for the yield and price data used in this study. 

2.6 Data limitations and checking 
Farm households with missing information on the size of the land holding or the number of household members were 
excluded from the analyses. Also outlier farm households with extremely large land holdings in relation to the number 
of family members were excluded from the analysis. Such outliers commonly had more than 10 harvested hectares 
of land per household member available, which may point at an error in the data or a non-typical farm household. 
Such outliers were found in South Gem (1), Bondo (2), Kanyamkago (2), Kabare (1), Walungu (1), Ghana North (1) and 
Kano(l). 
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3. Main household characteristics 

Figure 3.1 provides information on the monthly rainfall distribution (1981-2010) of the different action sites based on 

CRU (2013), version CRU TS 3.2 (New et al., 1999). 
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Figure 3.1 Long-term monthly rainfall (left) and cumulative rainfall (right) in the 29 action sites. See Table 2.2 
for the names of the action site with the corresponding legend numbers. 

The action sites in Ghana (red lines) and Nigeria (purple lines) have unimodal rainfall patterns with peaks in August, 
while in Malawi (green), Zimbabwe (brown) and Mozambique (orange) also have unimodal rainfall patterns with rainfall 
peaks in January. In Kenya (blue), Rwanda (yellow) and DRC (black) have bimodal rainfall patterns with peaks in 
March-April and in October-November. 

Table 3.1 shows the major household characteristics of the 29 action sites. Land holdings in the action sites of West 
Africa (Ghana and Nigeria) are larger (> 3 ha) than in the rest of Africa, where in some cases average farms are less 
than 1 ha (all action sites in Rwanda and Wamalumu in Kenya). Larger land holdings in the action sites of West Africa 
are associated with larger families and larger livestock holdings. The action sites in West-Africa are also very 
different in terms of the gender of the household heads: In the majority of the sites 25-30% of the household heads 
is female but in northern Ghana and Nigeria this percentage is in most action sites less than 10%. Despite the small 
land holdings in Rwanda approximately 90% of the households depend for at least 75% of their income on farming 
activities. In contrast, in two action sites of Nigeria (Kano state and Northern Kaduna) only 25% of the surveyed 
households depend for 75% or more on farming. Another action site in Nigeria, Southern Kaduna, shows more 
similarities with the other action sites with 80% of the households depending for 75% or more on farming. Action 
sites with two crop cycles (Kenya, Rwanda and DRC) have on average a more diverse cropping pattern than the 
action sites with single crop cycles. 


