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Introduction: The green revolution and African agriculture. 

Agricultural productivity in sub-Saharan Africa has remained stagnant for much of the past fifty 

years, despite major policy reforms that were in large part intended to provide a stimulus to 

investment in commercial agriculture (World Bank, 2007). The rise in international prices for 

agricultural commodities since 2008 has highlighted both the continuing low average productivity of 

African agriculture and the consequent dependence on food imports to feed urban populations in 

many African countries.  The rising cost of those imports has also given added urgency to the search 

for ways to raise agricultural productivity. The problem of agricultural productivity in sub-Saharan 

Africa has become the subject of a continent-wide initiative under the auspices of NEPAD and the 

African Union, the Comprehensive African Agriculture Development Programme (CAADP), which has 

specified targets of 6% annual growth in agricultural output and 10% investment of African 

government budgets in agricultural development. 

 The CAADP programme is to be organised through four ‘pillars’, of which the first is “extending the 

area under sustainable land management and reliable water control systems”1 (CAADP, 2009).  

While much of what has been proposed thus far in relation to this ‘pillar’ relates to processes of 

identifying actions and priorities to be incorporated in ‘Country Strategic Investment Frameworks’, it 

signifies an important recognition that unreliability of rainfall in savannah zones constitutes a key 

constraint to investment in other technologies (such as fertilizer and improved seed) to improve 

agricultural productivity in sub-Saharan Africa. There is, nonetheless a curious distinction drawn in 

the ‘pillar 1’ framework document (CAADP, 2009: 44-5) between an ‘old green revolution’ whose 

implementation in Africa failed to recognise the unreliability of rainfall (and by implication did not 

incorporate measures to circumvent it using irrigation) and a ‘new green revolution’ which is to have 

agricultural water management as a core technology.  This is curious because irrigation was always 

at the heart of the Asian green revolution from the 1960s to the 1980s which has been held up as a 

model  for the transformation required of agriculture in sub-Saharan Africa. This was as much the 

case for the development of wheat-rice systems in northern India in the 1970s as for dry-season rice 

cultivation in Bangladesh since the 1980s (Shah, 2007; Hossain et al, 2007). The notion that a green 

revolution in Africa was feasible relying on rainfall alone to guarantee a return on investment in 

improved seed and fertilizer therefore suggests that agricultural policy-makers (if not African 

farmers) have tended to underestimate the importance of agricultural investment risks posed by 

rainfall unreliability. Evidence that such a tendency may persist is provided by a recent World Bank 

assessment of potential for expanding commercial agriculture in ‘Guinea savannah’ zones in Africa, 

which is based entirely upon the premise of rainfed systems of production (World Bank, 2009).  

In this paper I will argue that the lack of integration between agricultural policy and water resource  

management may be based on the poor performance of government-sponsored irrigation in sub-

Saharan Africa in the 1960s and 70s and a subsequent retreat from public funding of irrigation since 
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the 1980s. The persistent ‘stagnation’ of agriculture in the subsequent two decades has been 

followed by a renewed interest in irrigation, with a number of strategic reviews calling for major 

investment in irrigation expansion (Commission for Africa, 2005; IWMI, 2004). Such proposals draw 

support  by aggregate data suggesting Africa’s water resources are underutilised compared to other 

regions of the world. This paper reviews what can be learnt from past irrigation performance in 

Africa. It suggests that irrigation development is both feasible and necessary, but that important 

aspects of private investment in agricultural water resources  – on both  large- and small-scales – are 

insufficiently acknowledged  in current discussion of irrigation development in African agriculture,  

raising questions about whether investment decisions are adequately informed of opportunities and 

risks arising from irrigation investment in sub-Saharan Africa. 

Trajectories and challenges in African agricultural water management 

For the two thirds of sub-Saharan Africa that lies outside the equatorial humid zone, water is the key 

constraint to agricultural production. These areas are characterised by ‘savanna’ vegetation – 

grassland with a tree density that varies according to prevailing rainfall levels. Annual rainfall may 

vary from as little as 400 mm in Sahelian zones to 1200 mm in ‘Guinea savanna’, but in all cases is 

strongly seasonal, being restricted to 4-5 months in a year. Moisture constraints for agriculture are 

caused not only by the long dry season. High inter-year variability of total rainfall, including 

significant rainfall deficits (‘meteorological’ drought) once or twice a decade, and high probability (in 

two out of three years) of dry spells at critical crop growth stages during the rainy season mean that 

significant risk attaches to all other investments in agriculture if crops are dependent on rainfall 

alone (Rockstrom, 2003; Rockstrom et al., 2010). Detailed analysis of dry spell impact on maize in 

semi-arid areas of Kenya and Tanzania suggests the crop may be expected to be exposed to dry 

spells of 10 days or longer in 74-80% of rainy seasons (Barron, 2003).  

African agriculture includes many different ‘indigenous soil and water conservation’ approaches to 

increase interception and retention of rain, thus reducing risks associated with low and unreliable 

rainfall (Reij et al., 1996), as well as traditions of stream diversion for ‘hill furrow’ crop irrigation in 

the East African highlands (Adams, 1992: 89-92), cultivation of floodplains following a receding flood, 

and construction of terraces on hillsides and cultivation of raised beds in wetlands in Zimbabwe 

(Soper, 2006).  More generally, cultivation is often split so as to occupy a variety of topographical 

positions and thus spread risk associated with rainfall: floods in lower lying sites in wet years, 

drought on higher, better-drained sites in drier years (Richards, 1985).   

These approaches to agricultural water management were historically neglected during the colonial 

and post-independence eras, in which governments favoured large-scale irrigation development 

informed by an agenda of modernisation modelled on the US Federal Government’s programme of 

constructing dams during the period extending from the 1930s to the 1970s. In Africa, this approach, 

in which engineering dominates, is exemplified by the Gezira on the Nile in Sudan, and the Office du 

Niger, upstream of the inner delta of the Niger, in Mali, both designed in the 1920s and 1930s to 

produce cotton for export.  Large-scale irrigation schemes associated with construction of dams and 

other water diversion infrastructure were typically intended to be cultivated by small-scale 

producers as tenants of the scheme and paying for state-subsidised input services (machinery hire, 

fertiliser). Such schemes were funded by African governments and international funding agencies 

across sub-Saharan Africa throughout the 1960s and 70s. They were halted in the 1980s partly as a 



consequence of the collapse in government budgets as a result of economic recession and falling 

prices of export commodities on which many African economies depended. However, irrigation 

investment was also halted as many schemes were performing so poorly that they constituted a 

drain on public finances and were thus subject to divestiture as a condition of continued 

government access to loans from international financial institutions (notably the World Bank and 

IMF).  

One consequence of the retreat from investment in large-scale irrigation in sub-Saharan Africa in the 

mid-1980s was a recognition of ‘informal’ irrigation undertaken by African farmers. Official data for 

irrigation in Africa discriminates between a ‘formal’ irrigation sector, “equipped for full or partial 

water control” in FAO’s (2005) definition, and ‘informal’ or ‘non-equipped’ cultivation of lowland 

areas. ‘Formal’ irrigation is typically state-funded and uses standard engineering structures (dams, 

canals, pumps) to store and distribute water on the floodplains of major river systems. ‘Informal’ or 

‘non-equipped’ lowland cultivation typically uses indigenous technology to achieve a measure of 

water management, for example through stream diversion into irrigation furrows, drainage of 

wetlands, or planting crops following a receding flood, as noted above. Estimates for sub-Saharan 

Africa put formal irrigation in the mid-1980s at 2.64 million ha, with an additional 2.38 million ha of 

informal water management (Hocombe et al., 1986). A survey by FAO in 2004 (FAO, 2005) estimated 

a total of 15.4 million ha of “areas under water management” in Africa. However, nearly half of this 

is in North Africa and Madagascar (in the ‘northern’ and ‘Indian ocean island’ zones in table1). Once 

these are separated out, the remainder of the continent – sub-Saharan Africa – was estimated to 

have 5 million ha of formal irrigation in 1994, rising to 6 million in 2004, and about 2 million ha of 

‘unequipped’.   

Table 1. “equipped” irrigation areas, “non-equipped” water management areas, and total areas 

under water management for African agro-ecological regions (data from FAO, 2005) 

Region "equipped" irrigation area  

(million hectares) 

"non-equipped" water 

management  

(million hectares) 

Total area irrigated and 

under water management  

(million hectares) 

 1994 2004 % 

change 

1994 2004 % 

change 

1994 2004 % 

change 

Northern 5.91 6.34 7.2 0 0 0 5.91 6.34           7.3  

Sudano-

Sahelian 

2.48 2.62 5.6 0.39 0.33 -17.2 2.87 2.95           2.8  

Gulf of Guinea 0.47 0.56 19.1 0.92 0.88 -4.3 1.39 1.44           3.6  

Central 0.13 0.13 0.0 0.33 0.32 -3.0 0.45 0.46           2.2  

Eastern 0.43 0.62 44.2 0.22 0.23 4.5 0.66 0.85        28.8 

Southern 1.64 2.06 25.6 0.19 0.19 0.0 1.84 2.25        22.3 

Indian Ocean 

Islands 

1.1 1.11 0.9 0 0.01 0 1.1 1.12           1.8  

TOTAL 12.16 13.44 10.5 2.05 1.96 -4.4 14.22 15.41 8.4 

Total sub-

Saharan Africa 

 

5.15 

 

5.99 

 

16.3 

 

2.05 

 

1.95 

 

-4.9 

 

7.21 

 

7.95 

 

10.3 

 

For this part of the continent (comprised of the ‘Sudano-Sahelian’, ‘Gulf of Guinea’, Central, Eastern 

and Southern regions in table 1) ‘equipped irrigation’ had increased by about 1.17% annually  (FAO, 



2005: 35) in part at the expense of ‘non-equipped’ areas of water management.  This compares with 

a rate of increase of only 0.67% per year in northern Africa. These data suggest that although 

irrigation development in the 20th century focussed on the arid north of the continent, much of the 

scope for irrigation in that region has been already developed and irrigation development can now 

expect to focus on sub-Saharan Africa.  Svendsen et al (2009) used FAO data to estimate existing 

irrigation areas as percentage of currently cultivated area and as a percentage of potentially irrigable 

land (Table 2). These show that in the two regions with more highly-developed irrigation, arid North 

Africa and the Indian Ocean islands dominated by Madagascar, irrigation exploitation has already 

approached its maximum potential  (88% and 71% respectively) and the share of cultivated land 

already under irrigation approaches the average for Asia. The data shows sharp contrasts with the 

sub-Saharan African regions where irrigation is less than 10% of cultivated land, even including 

informal water management, and is generally 50% or less of potential, with very low levels of 

exploitation of irrigation in the Central  and Gulf of Guinea regions. 

Table 2. Indicators of irrigation performance in Africa (after Svendsen et al., 2009 Tables 3 and 11 ) 

African agro-ecological  

region. 

“equipped” 

irrigation area / 

total area 

cultivated  

% use of 

“equipped” 

irrigation 

area 

Total area of water 

management  / total 

area cultivated  

“Equipped” 

irrigation as % 

of potential 

Northern 28.1 80.4 28.1 88 

Sudano-Sahelian 6.9 63.3 9.2 50 

Gulf of Guinea 1.5 73.5 3.3 8 

Central 0.7 47.5 2.8 1 

Eastern 2.6 24.0 1.8 11 

Southern 4.2 80.7 4.8 36 

Indian Ocean Islands 30.4 99.4 30.7 71 

Average Sub-Saharan 

Africa 

3.5 71 4.5 18 

Average Asia 33.6 66.9 34.3  

 

Even if we ignore the obvious questions about accuracy of estimates of areas subject to informal 

water control, and the vagaries of data consistency as areas of ‘informal water control’ become 

reclassified as formal irrigation area (FAO, 2005: 36) and the exclusion of all areas of peri-urban 

irrigation (FAO, 2005: 35), there are grounds for arguing that the current data underestimate the 

extent of existing water management in African agriculture. In particular, the data maintain a sharp 

distinction between ‘irrigated’and non-irrigated / ‘rainfed’ agriculture. Statistics for ‘informal 

irrigation’ refer to ‘wet’ lowland agriculture and quite explicitly omit any mention of ‘dryland’ water 

management, such as rainwater harvesting or other techniques for retaining and conserving rainfall, 

such as terraces, pits, contour ridges and stone lines, and so on (Reij et al, 1996; Rockstrom et al., 

2003). Nonetheless, some country-level data suggest the importance of informal irrigation, for 

example in Rwanda informal irrigation is estimated at 6.8% of cultivated land compared to a formal 

irrigation share of 0.6%. Equivalent indicators for Nigeria give shares of 2.1% for informal irrigation 

and 0.9% for formal (Svendsen, 2009: 19, table 11). There seems little doubt, however, that the 

policy discussion of irrigation in Africa has been dominated by the macro-view informed by the 

statistics that in sub-Saharan Africa as a whole, irrigation accounts for less than 5% of cultivated land 



(compared to about 35% in Asia) and that less than 20% of sub-Saharan Africa’s irrigation potential is 

currently being exploited (Table 2). 

Recent work at IFPRI (You et al, 2010; 2011) has developed this kind of assessment furthest by using 

a fine (10km) GIS grid to match data from different datasets: crop yield potential as determined by 

biophysical factors (Fischer et al, 2002); a ‘global hydrological model’ to determine potential runoff, 

and data for current crop distribution and yield (You et al, 2007). These data were analysed using a 

number of economic conditions to assess the likely financial benefits generated by irrigation 

investment. While there are limitations to this approach, which I will consider below, it is worth 

reviewing the principal findings of this analysis. The analysis considered large-scale irrigation 

supplied by large dams separately from small-scale irrigation. The analysis of irrigation from dams 

considered different cost-bases, according to whether dams already existed, or whether they 

required construction, and, if they existed, whether they were principally used for hydropower and 

whether existing irrigation and dams needed rehabilitation.  Small-scale irrigation was assumed to 

be cheaper (per unit area) to build but more expensive to operate and maintain, with a 5-year 

investment cycle. The headline findings of this work are that large-scale (dam-based) irrigation is 

expected to be profitable (average IRR 6.6%) on 16.3 million ha at a cost of US$32 billion. Small-scale 

irrigation was expected to be more profitable (average IRR 28%) on 7.3 million ha at a cost of US$38 

billion. However, when more stringent requirements for economic returns are imposed (IRR>12%), 

the balance of irrigation potential shifts markedly towards small-scale, with a total of about 3.7 

million hectares of additional small-scale irrigation potential in the five regions of sub-Saharan Africa 

(i.e excluding northern region and Indian Ocean Islands) compared to 1.33 million hectares for 

additional large-scale irrigation (Table 3) 

Table 3. Estimated potential for financially viable (IRR>12%) new irrigation investment in five agro-

ecological regions of sub-Saharan Africa (source: You et al, 2010) 

African 

agro-

ecological  

region. 

Large Scale (dam-based) irrigation Small-scale (“local runoff”) irrigation 

Cost US$mn hectares IRR% Cost US$mn hectares IRR% 

       

Sudano-

Sahelian 

508 260,064 14 4410 853,363 57 

Gulf of 

Guinea 

1188 608,755 18 8738 1,690,930 36 

Central 4 2,028 12 1118 216,328 42 

Eastern 482 246,847 17 4006 775,199 44 

Southern 458 234,583 15 1129 218,497 28 

Large-scale irrigation construction US$3000/ha, Operation and maintenance: US$30/ha/yr. 

Small-scale irrigation construction US$2000/ha (5-year cycle), Operation and Maintenance: US$40/ha/yr 

 

This type of exercise is evidently based on many assumptions which one would want to question in 

specific contexts, and the authors of the work have underlined the high sensitivity of the analysis to 

cost assumptions. Yet, the central conclusion of this work, which is that investment in irrigation in 

Africa on the order of US$20billion should be oriented towards small-scale schemes, has a number 

of implications that are worth further consideration. There are two principal lines of discussion 

developed in the remainder of this paper: the lessons from previous experience of irrigation 



investment in sub-Saharan Africa; and the contemporary social and economic dynamics of rural 

contexts into which irrigation investment may be introduced. 

Lessons from past irrigation performance 

The poor performance of African irrigation has been analysed by Inocencio et al (2007), who 

conducted an econometric analysis of 314 irrigation projects implemented over the period 1965-

2000 in sub-Saharan Africa (SSA) and elsewhere (non-SSA). They concluded that the higher cost of 

SSA projects (average US$14500/ha for new projects and US$8200/ha for rehabilitation projects 

compared to US$6600/ha and US$2300 respectively for non-SSA projects) was mainly due to the 

relatively high failure rate (60% in the 1970s) of SSA projects. They found that where SSA projects 

were successful, average costs (US$3600/ha for new construction, US$2300/ha for rehabilitation) 

were not significantly higher than non-SSA projects (US$3800/ha for new construction and 

US$1400/ha for rehabilitation).  Moreover, they argue that more recent projects in SSA are less likely 

to fail (10% failure in the 1990s), suggesting that project design lessons have been learned.    

What those lessons were emerges from the detailed analyses of irrigation projects implemented in 

Africa in the 1960s and 70s by Moris and Thom (1985),  Adams (1992), and Diemer and Vincent 

(1992). They identified key areas of failure in flawed engineering design, often based on inadequate 

hydrological records (rainfall, river flow etc), unrealistic economic appraisal, and a generalised 

absence of environmental or social impact assessment. As a consequence, schemes were often 

characterised by unreliable water supply, high production costs, indebtedness, and desertion by 

small-scale tenant cultivators.  Even more significant, however, was the disruption that large-scale 

irrigation projects caused to existing agricultural production through displacement of population 

from reservoir sites and through alteration of hydrological regimes on which existing production 

systems depend. Adams (1992) states that following completion of the Bakolori Dam on the Sokoto 

River in northern Nigeria, downstream cultivation of rice was reduced by 7000ha on a floodplain of 

19000ha. Similarly in the Senegal River valley, of the 224000ha of irrigation that were planned (on 

the left, Senegalese bank) to follow the completion of the Manantali Dam in 1989, only 94,000ha 

had been built, and only 31,000ha were in operation, a decade and a half later (OMVS, 2003), while 

the restriction of the annual flood had effectively resulted in the loss of fisheries, grazing and  flood-

recession crop of cereals on  about  100,000ha of land that had previously been annually flooded 

(Koopman, 2007). The Office du Niger, in Mali, represents a more favourable trajectory, following a 

major re-engineering of the irrigation design to improve water control,  and a re-organisation of 

scheme management, giving greater control to irrigators’ committees, during the 1990s (Aw and 

Diemer,2005). As a consequence, in the decade following 1986, average yields of rice per hectare 

increased from 2.2 to 5.1 tons per year, and the Office du Niger was supplying around 80 percent of 

Mali’s rice consumption. 

In the analysis of irrigation investment in Africa it is important to note that small-scale schemes 

seemed to fare no better than the large-scale irrigation, as they suffered from the same problems of 

faulty technical design and unrealistic economic assumptions. Inocencio et al (2007) suggest that 

there are likely to be ‘economies of scale’ in terms of the quality of skilled staff available to design 

large schemes compared to those available for small schemes. Citing the case of the 50,000ha 

programme of small-scale pump-lift irrigation in the fadama development scheme in northern 

Nigeria, they argue that ‘large schemes managing small-scale irrigation’ may be  a way of obtaining 



the advantages of both large-scale project design and small-scale agricultural productivity 

performance.  In practice, however, project designers need to address the likely political and 

economic changes that irrigation development will set in train. This underlines what is perhaps the 

key problem with the conceptualisation of ‘modern’ irrigation in sub-Saharan Africa: that not enough 

account is taken of the way irrigated agriculture is integrated into other farming activities, including 

rainfed agriculture and livestock production, and other non-agricultural activity, including 

participation in local labour markets (Diemer and Vincent, 1992). In order to begin to design 

irrigation projects for intensification of land use in African agriculture, it is therefore necessary, 

firstly, to understand how water management is already integrated within existing patterns of land 

use, and how this is conditioned by particular economic, technological and institutional factors. 

Secondly, it is important to understand the dynamics of innovation and investment  by which land 

and water use is already changing. It is to these dynamics that I turn in the next section. 

   

Understanding dynamics of agricultural investment 

Two sets of dynamics appear fundamental to understanding prospects for investment in water 

management in African agriculture. The first relates to key economic factors that structure demand 

for agricultural output (the non-farm economy, urbanisation, infrastructural development). The 

second set of dynamics relates to questions of institutional factors governing rights to land and 

water. Both have been subject to considerable effort in terms of policy reform, although land and 

water reform are rarely linked as an integral approach to agricultural development, whether from a 

technological or an institutional point of view. Moreover, both economic and institutional factors 

have yet to be addressed by the kinds of quantitative modelling studies of irrigation potential 

reviewed earlier.  In this section I will first identify key parameters that need to inform design of 

projects to use water to intensify agricultural land use. These include economic factors: market 

demand; labour markets and differentiated investment capacity of individuals and households; and 

political/institutional factors: levels of in-migration and recent settlement and consequent 

differentiation of land rights. 

Market structure: 

The driving force for raising agricultural productivity identified by many development agencies is to 

shift small-scale ‘subsistence’ producers towards production for the market. It may be superfluous  

to state that such a proposition presupposes that there is a market for what farmers are producing, 

but market analysis is not often where discussion of agricultural intensification starts. It was 

significant in the study by You et al (2010, 2011) that identification of a population centre within 

5km was sufficient to consider that new irrigators had access to markets, and therefore would be 

able to sell whatever additional production was enabled through irrigation. Yet the structuring of 

market relations is critical to who benefits. More specifically there are significant risks attached to 

basing irrigation designs on assumptions of production of high value, but perishable, fruit and 

vegetable crops if the structure of the market has been insufficiently understood or cannot be 

regulated by the project designers. Too often efforts to increase agricultural output focus on 

technical approaches to raising productivity without adequately considering the market context, 

including not only markets for agricultural goods but also for labour. The latter is particularly 



important, since it establishes an opportunity cost for agricultural labour, and hence allows 

evaluation of the cost of labour-intensive strategies to increase agricultural production. 

The importance of understanding how rapidly market demand may change can be illustrated by 

recent developments in smallholder production in northern Mozambique, where  a domestic market 

in soyabean has arisen since government regulation of chicken imports in 2006. Rapid growth in 

poultry production, averaging 20% per year, driven by urban and industrial growth in the Nacala 

Corridor, coupled with increasing international market prices for soya since 2007, has generated a 

strong local market demand for locally-grown soyabean, with prospects for expansion from the 

current  7000 tons to 22,000 tons by 2014, and potential for further export to regional markets 

(Technoserve, 2011). Though not a traditional cash crop in northern Mozambique,  small-scale 

producers in high-rainfall areas of upper Zambezia have rapidly adopted the crop and provide the 

entirety of local production (Kaarhus and Woodhouse, 2011; Hanlon and Smart, ). The soyabean 

market contrasts strongly with the market for maize, in which urban consumption is via industrial 

milling companies whose quality requirements for maize milling are not met by most of the locally-

grown crop, and which is subject to competition from imported South African maize grown on large 

mechanised farms. A similar market problem affects maize grown by small-scale producers in former 

homeland areas of South Africa. Access to irrigation water has enabled some to diversify their maize 

crop to focus on the market for ‘green’ maize, which has a much higher price in local fresh vegetable 

markets (Cousins, 2013).  These brief examples highlight the importance of understanding the 

detailed structure and trends within agricultural markets as a first step to assessing the feasibility of 

increasing market access for small-scale producers.  

Labour markets, non-farm income and differentiated investment capacity 

Ellis (2000) suggested  non-farm income contributes  30-50 percent to rural income in much of Sub-

Saharan Africa, rising to more than 80 percent in southern Africa. While the importance of non-farm 

income is recognised in an extensive literature (Reardon, 1997; 1998; Barrett et al. 2001; Ellis, 2000; 

Ellis and Freeman, 2005), and off-farm income has been widely observed to constitute not only the 

principal source of agricultural investment in sub-Saharan Africa (Collier and Lal, 1986; Bonnevie, 

1987; Reardon, 1998; Lanjouw and Lanjouw, 2001), but also a major mechanism for generating 

disparities of wealth within rural communities as a result of differences between individual 

households’ capacity to achieve high earnings in off-farm work. The corollary of this is less well-

documented, which is that rural households are actively engaged in labour markets of various kinds, 

often involving high levels of mobility.  This characteristic of rural people in Africa is not new, having 

historical antecedents in patterns of labour migration at least since the early twentieth century 

(First, 1983; Adams, 1977), but has important consequences for how rural communities are 

envisioned by project planners.   

Firstly, the nature of off-farm work will critically determine not only the ability of farming 

households to invest additional labour in more intensive agriculture, either by reducing available 

labour at critical times, or by providing the cash to hire additional labour (and other inputs)as 

required.  Thus, removal of labour may have critical impacts on farm productivity at certain, 

relatively short periods in the year, such as planting, weeding, or dry season clearing of fallowed 

land. Yet removal of that labour for a twelve-month period may not generate earnings sufficient to 

compensate the loss in farm productivity. The critical importance of engagement in labour markets 

to agricultural investment is exemplified in Murton’s (1999) detailed quantitative study of household 



investment in terrace construction for soil and water conservation in Machakos, Kenya, in which 

earnings from jobs in Nairobi enabled some households to pay labour for terracing, leading to a 

strong increase in productivity (ability to grow high value coffee and vegetable crops)and a growing 

propensity to expand land holdings through purchases. The above observation shows that local 

private investment in raising agricultural productivity can and does take place, although the capacity 

to do so is very unevenly distributed among the rural population. This remains the case, even where 

the technology for raising productivity is labour-intensive. This is clear not only from the Machakos 

terracing case, cited above, but also from the successful experience in the Sahel of promoting 

‘indigenous’ labour-intensive methods (tassa and zwai  pits) to bring degraded land back into 

production (Hassan, 1996), or mulch application in Burkina Faso (Slingerland and Masdewel, 1996), 

or green-manure and composting technologies in Kenya (Place et al. 2007). In these instances, 

greater ability to ‘command’ (hire) labour strongly differentiates those who are able to make a 

technological shift and those who cannot.  

Rural population mobility, differentiated land rights and land markets 

Discussion of migration of people in sub-Saharan Africa has tended to focus on circular patterns of 

migration, particularly between agricultural and mining areas, or migration from rural areas to towns 

and cities. Much less attention has been paid to migration between rural areas. Yet, the key role of 

migrants recurs in empirical studies of agricultural development. The development of plantations of 

cocoa in West Africa (Hill, 1963), the growth of commercial groundnut production in the Gambia 

(Robertson, 1987), and the more recent growth of commercial pineapple growing in Cote d’Ivoire 

(Kouame, 2010) all featured large inflows of migrants who cultivated under a variety of rental and 

sharecropping arrangements with existing landholders. Similarly, case studies of exploitation of 

water resources for agriculture in Mali (Woodhouse et al, 2000) and Kenya (Southgate and Hulme, 

2000), and Mozambique (Bolding et al, 2013) all highlight the role of migrants, not just as suppliers 

of labour, but also of farming expertise. In some instances of rapid agricultural development (e.g. in 

parts of Kajiado District in Kenya’s Maasailand) migrants had become the majority of the rural 

population. Such population inflows into areas with favourable agricultural conditions may be 

associated with growing competition for land and increasingly commoditised transactions in land in 

the form of rental, sharecropping or sale agreements (Woodhouse, 2003; Benjaminsen and Sjaastad, 

2004; Peters and Kambewa, 2007). Here it is important to underline that such tendencies towards 

commoditised access to land do not require formal land titles, but may be observed within 

customary land tenure systems (Chimhowu and Woodhouse, 2006).  These processes must be 

expected wherever land use intensification occurs, as in the establishment of tree crop plantations 

(Amanor, 2010;   Kouame, 2010), or in clearing forested areas for cultivation (Woodhouse et al, 

2000).  

The picture of rural settlement  and agricultural investment I have sketched in this section is one 

that is premised not on ‘inclusion’ or ‘exclusion’ of rural communities from markets, but rather that 

all rural areas are engaged in markets, and particularly labour markets, which have a bearing on the 

capacity of individual households to respond to changing market opportunities through investing in 

improved productivity. In the case of the new soyabean farmers of northern Mozambique, rainfall is 

exceptionally favourable (generally above 1500mm per year) and investments may centre on access 

to seed, hiring labour and/or tractor services. In many other parts of the sub-humid and semi-arid 

savannah zone that covers most of sub-Saharan Africa, investment in water management is more 

central to developing commercial agriculture. I argued in an earlier section that existing patterns of 



intensification through ‘informal’ irrigation approaches has been underplayed in policy on irrigation 

development, and in the final section I wish to highlight not only the continuation of this ‘blind spot’ 

but also the implications in terms in terms of risks of lost opportunity and potential threats that 

accompany intensification of land use through irrigation. 

(Neglected?) water management in land policy 

Various forms of more or less informal water management have underpinned many of the most 

dynamic elements of African agriculture over the past two decades. In particular the production of 

fresh fruit and vegetables for growing urban markets by small-scale producers in peri-urban areas or 

on major transport corridors has exploited wetland resources to allow year-round production, and in 

some cases involved significant investment, for example in individually-owned pumps and boreholes 

to use groundwater. In other cases farmers’ investment has extended to infrastructure construction, 

such as stream diversion into irrigation furrows (Southgate and Hulme, 2000; Veldwisch et al, 2013), 

or in the purchase of small petrol pumps for pumping from shallow wells as in fadama areas of 

northern Nigeria (Adams, 1992: 192). While covering significant areas, often running to several 

thousand hectares, informal irrigation is contingent on annual fluctuations of water availability, 

expanding in years of high rainfall and runoff and contracting in drier years (Lankford, 2004). It is 

nonetheless a dominant form of intensification of land use in parts of sub-Saharan Africa.  

One reason that official engagement with land use of this kind is that it lacks visibility to 

conventional  rural development agencies. In part this may be because techniques straddling 

‘irrigated’ and ‘rainfed’ classifications are not easily understood by those whose professional training 

demands sharp distinction between ‘irrigated’ and ‘rainfed’ agriculture (Moris and Thom, 1985: 35), 

and even between ‘the water sector’ and land use planning. In part also,  lack of visibility is 

exacerbated by provisions in water legislation that allow small-scale water use in rural areas for 

cooking washing, livestock and crop watering  without the requirements for registration, permits 

and payment of water charges that would normally be required for large-scale users. This 

‘permissive’ approach to small-scale water use renders small-scale irrigation as unrecorded and 

therefore at risk of being ignored in planning decisions (Woodhouse, 2012).  

The current context for agricultural policy in sub-Saharan Africa suggested by this paper is one in 

which there is evidence of a small-scale farming population whose capacity to respond to 

agricultural markets is highly differentiated, particularly through uneven access to sources of capital, 

among which earnings from labour markets are likely to be among the most important. Rural 

populations must be seen as having elements that are highly mobile, firstly in terms of rural-urban 

migration and urban labour markets, and secondly in terms of rural-rural migration whereby rural 

people move into locations where commercial farming opportunities appear more favourable. In the 

large number of instances in which risk associated with rainfall unreliability is a key constraint to 

investment in increasing farming productivity, such rural-rural migration involves efforts to secure 

access to land with better availability of water  for agriculture.  

There is thus far very little integration of policy on rural water use and agricultural development in 

sub-Saharan Africa beyond the establishment of river basin authorities with a mandate to achieve 

integrated water resource management, or parastatal bodies set up to run large-scale irrigation 

schemes, such as the Office du Niger. For most policy on agriculture, ‘irrigated agriculture’ remains a 

separate domain from that of ‘rainfed agriculture’  and water resource policy remains divorced from 



agricultural development through separate public administration bodies and separate legislation.  In 

the African context, the negative history of ‘modern’ irrigation development appears to have 

generated not a re-appraisal of the potential integration of irrigation within broader patterns of 

farming and livelihoods, but a retreat from irrigation planning in favour of promoting large-scale 

private investment in commercial agriculture through which irrigation will, by default, be undertaken 

through the development of crops such as sugarcane which feature often in such plans. An 

alternative scenario, such as that suggested by the analysis undertaken by You et al (2010, 2011), is 

the large-scale investment in irrigation technology for small-scale production which presents 

different, but equally significant, risks of intensifying and accelerating processes social and economic 

differentiation and competition for land that will need to be foreseen and managed. 

The evidence, albeit extremely patchy, of ‘informal ‘ irrigation being developed through small-scale 

investments suggests that either course presents serious difficulties for a more broad-based increase 

in agricultural productivity. This is not only because focus on a large-scale private sector via land 

leasing runs the risk of repeating some of the problematic socio-economic impacts of ‘modern’ 

irrigation in the 1960s and 70. More fundamentally,  it disables possible policy responses to both the 

opportunities and hazards of the current dynamic agricultural context of small (and medium) scale 

agricultural investment, in the worst of cases simply envisaging a tabula rasa of undifferentiated 

“small-scale farm-households” that will equally benefit whatever external intervention (small or 

large-scale) that is to be financed.  In terms of opportunities, new informal investment in irrigation 

can point the way to identifying models of improved agricultural water management that have 

scope for wider application. In this regard it is important to recognise that in the Asian green 

revolution, the use of irrigation associated with new seed varieties and increased fertiliser did not 

follow the existing patterns of irrigation. In the Punjab, the 1970s green revolution saw the switch 

from reliance on large-scale publically-run canal irrigation to use of groundwater for irrigation using 

private boreholes and pumps, often within the command area of the canal system. Effectively, the 

canal system became a form of recharge for the groundwater supply. In Bangladesh, in the 1980s 

the green revolution saw a switch from a rice crop grown predominantly in the monsoon and on 

land seasonally flooded, with associated risks of crop loss, to one that was expanded primarily 

through dry-season irrigation using small privately-owned pumps. The lesson suggested here is that 

transformation of agricultural productivity will likely depend on adapting technologies so that a 

locally-optimal ‘fit’ is achieved, and that prediction of what that may look like is uncertain.  

Finally, successful exploitation of technology for improved water management for agriculture will 

intensify trends already evident towards competition for land amenable to such development of 

water use. This has particular implications for the development of land markets which in many cases 

will be governed by customary tenure. This poses new questions about the reform of land tenure in 

Africa, particularly where hierarchical customary land rights become transformed into rights to 

charge market rents, with implications for access to land and rural inequality and poverty. A final 

imperative for policy to address more directly the water dimensions of agricultural land and 

agricultural production is that water management introduces factors of scale into land management, 

activity on one field will have implications for hydrological characteristics on neighbouring fields.  

Management of water (storage, drainage, distribution) requires coordination and, potentially, 

investment that frequently transcends the scale of all but the largest of individually-owned farms. 

Thus, policy that recognises water dimensions of land implies addressing the social and 



organisational aspects of agriculture beyond the individual producer. It is very likely to involve a 

major re-ordering of existing patterns of social organisation. 

 

References 

Adams, A. 1977. Le long voyage des gens du fleuve. Paris: Maspero. 

Adams, W. 1992. Wasting the Rain. Rivers, People and Planning in Africa. Minneapolis, Minnesota, 

US: University of Minnesota Press. 

Amanor, K. 2010. Land sales, family values and commodification: the dynamics of agrarian change in 

southeastern Ghana. Africa, 80(1), 104–125. 

Aw, D. and Diemer, G. 2005. Making a large irrigation scheme work. A case study from Mali. 

Directions in Development. Washington, DC, US: The World Bank 

Barrett, C., T. Reardon and P. Webb. 2001. Nonfarm income diversification and household livelihood 

strategies in rural Africa: concepts, dynamics, and policy implications. Food Policy, 26, 315–

331. 

Barron,J.,  Rockström, J., Gichuki F. and Hatibu, N. (2003) Dry spell analysis and maize yields for two 

semi-arid locations in east Africa. Agricultural and Forest Meteorology 117: 23-37 

Benjaminsen, T. and E. Sjaastad. 2002. Race for the prize: land transactions and rent appropriation in 

the Malian cotton zone. European Journal of Development Research,14(2), 129–152. 

Bonnevie, H. 1987. Migration and malformation. Case studies from Zimbabwe. Copenhagen: Centre 

for Development Research. 

CAADP (2009) Sustainable Land and Water Management. Pillar 1 Framework. Comprehensive Africa 

Agriculture Development Programme.  

Chimhowu A. and P. Woodhouse. 2006. Customary vs private property rights? Dynamics and 

trajectories of vernacular land markets in Sub-Saharan Africa. Journal of Agrarian Change, 

6(3), 346–371. 

Collier, P. and D. Lal. 1986. Labor and poverty in Kenya 1900–1980. Oxford: Clarendon Press. 

Commission for Africa, 2005. Our Common Interest: Report of the Commission for Africa. 

Commission for Africa, London 

Cousins, B. 2013 Smallholder Irrigation Schemes, Agrarian Reform and ‘Accumulation from Above 

and from Below’ in South Africa Journal of Agrarian Change 13 (1): 116-139 

Diemer, G and Vincent, L. 1992. Irrigation in Africa: The failure of collective memory and collective 

understanding. Development Policy Review 10: 131-154. 

Ellis, F. (2000). Rural livelihoods and diversity in developing countries. Oxford: Oxford University 

Press. 

Ellis, F. and Freeman, A. eds. 2005. Rural Livelihoods and Poverty Reduction London: Routledge.  

FAO  (2005) Irrigation in Africa in figures – Aquastat Survey 2005. Rome: Food and Agriculture 

Organisation of the UN. 

First R (1983) Black Gold. Brighton: Harvester. 

Fischer, G,.  van Velthuizen, H.,  Shah, M. and  Nachtergaele, F. (2002) Global Agro-ecological 

Assessment for Agriculture in the 21st Century: Methodology and Results. Laxenberg, 

Austria: International Institute for Applied Systems Analysis. 

Hanlon, J. and Smart, T. 2012 Soya boom in Guruè has  produced few bigger farmers, so far. 

http://www.open.ac.uk/technology/mozambique/sites/www.open.ac.uk.technology.mozam

bique/files/pics/d136342.pdf 

Hassan, A. 1996. Improved traditional planting pits in the Tahoua Department (Niger): an example of 

rapid adoption by farmers. In: C. Reij, I. Scoones, and C. Toulmin, eds. Sustaining the soil. 

Indigenous soil and water conservation in Africa. London: Earthscan, pp. 56–61. 

Hill, Polly, 1963. The Migrant Cocoa Farmers of Southern Ghana. Cambridge: Cambridge University 

Press. 



Hocombe, S.; Kidane, P.; Jazayeri, A. and Gadelle, M. 1986. Irrigation in Africa south of the Sahara. 

Technical Paper No 5. FAO Investment Centre. Rome, Italy: Food and Agricultural 

Organisation of the United Nations. 

Hossain, M., Lewis,D., Bose, M.  and Chowdury,  A. (2007) In: Michelle Adato and Ruth Meinzen-Dick 

(eds) Agricultural Research, Livelihoods and Poverty: Studies of Economic and Social Impacts 

in Six Countries. Baltimore: Johns Hopkins Press, 

 Inocencio, A., Kikuchi, M., Tonosaki, M., and Maruyama, A. 2007. Costs and Performance of 

Irrigation Projects: A Comparison of Sub-Saharan Africa and Other Developing Regions 

research Report 109. Colombo: International Water Management Institute. 

Douglas Merrey, Hilmy Sally and Ijsbrand de Jong 

Kaarhus, R. and Woodhouse, P. 2011. Development of National producer Organizations and 

Specialized Business Units in Mozambique. Noragric Report 63 

http://www.umb.no/noragric/ 

Koopman, J. 2007. The challenges of post-dam environmental and economic rehabilitation in the 

Senegal River valley. Research Paper 1, Program for the Study of the African Environment. 

African Studies Center. Boston, US:  Boston University 

Kouame, G. 2010 Land Markets and Land Conflicts: intra-family and socio-political dimensions in the 

Abure case, Cote d’Ivoire. Africa 80 (1):  

Lanjouw J and Lanjouw P (2001) The rural non-farm sector: issues and evidence from developing 

countries. Agricultural Economics 26, 1-23 

Lankford, B. (2004) Resource-centred thinking in river basins; should we revoke the crop water 

requirement approach to irrigation planning? Agricultural Water Management 68: 33-46 

Moris, J. and Thom, D. 1985. African irrigation overview. Water management synthesis-II Project 

report 37. Logan, Utah, US: Utah State University. 

Murton, J., 1999. ‘Population Growth and Poverty in Machakos District, Kenya’, Geographical Journal 

165(1): 37–46. 

IWMI, 2004. Investment in Agricultural Water Management in Sub-Saharan Africa: Diagnosis of 

Trends and Opportunities.  Inception Report Volume 1. Colombo: International Water 

Management Institute. 

OMVS (Organisation pour la Mise en Valeur du Fleuve Sénégal). 2003. l’Organisation pour la Mise en 

Valeur du Fleuve Sénégal (OMVS) un exemple réussi de gestion d’un grand bassin 

transfrontalier en Afrique de l’ouest. www.inter-reseaux.org/IMG/pdf/OMVS.pdf (accessed 

16 May 2012) 

Peters P., D. Kambewa, 2007. Social conflicts over access and transfer of land in Malawi and their 

implications for new land policy, Journal of Modern African Studies 45: 447-472. 

Place, F., Adato, M., Hebinck, P. and Omosa, M. (2007) Impacts of Agroforestry-based Soil Fertility 

Replenishment Practices on the Poor in Western Kenya. In: M. Adato and R. Meinzen-Dick 

(eds) Agricultural Research, Livelihoods and Poverty.  Baltimore: Johns Hopkins University 

Press 

Reardon, T. (1997). Using evidence of household income diversification to inform study of the rural 

non-farm labor market in Africa. World Development, 25(5), 735–747. 

Reardon, T. (1998) Rural Non-Farm Income in Developing Countries. In: The State of Food and 

Agriculture 1998. Rome: Food and Agriculture Organization of the United Nations. 

Robertson A., 1987. The Dynamics of Productive Relationships. African Share Contracts in 

Comparative Perspective. Cambridge : Cambridge University Press. 

Reij, C.; Scoones, I. and Toulmin, C. (Eds). 1996. Sustaining the soil. Indigenous soil and water 

conservation in Africa. London, UK: Earthscan. 

Richards, P. 1985. Indigenous agricultural revolution. Ecology and food production in West Africa. 

London, UK: Hutchinson. 

Röckstrom, J.; Barron, J. and Fox, P. 2003. Water productivity in rain-fed agriculture: Challenges and 

opportunities for smallholder farmers in drought-prone tropical agroecosystems. In Kijne, J.; 



Barker, R. and Molden, D. (Eds), Water productivity in agriculture: Limits and opportunities 

for improvement, pp. 145-162. Wallingford, UK: CAB International. 

Röckstrom, J.; Karlberg, L.; Wani, S.; Barron, J.; Hatibu, N.; Oweis, T.; Bruggeman, A.; Farahani, J. and 

Qiang, Z. 2010. Managing water in rainfed agriculture – The need for a paradigm shift. 

Agricultural Water Management 97(4): 543-550. 

Soper, R. 2006. The terrace builders of Nyanga. Harare, Zimbabwe: Weaver Press. 

Shah, T. (2007) The Groundwater Economy of South Asia: an assessment of Size, Significance and 

Socio-Ecological Impacts. In: M Giordano and K Villholth (eds) The Agricultural Groundwater 

Revolution. Opportunities and Threats to Development. Wallingford: CABI. 

Slingerland, M and Masdewel, M. 1996. Mulching on the Central Plateau of Burkina Faso. In: Reij, C., 

Scoones, I. and Toulmin, C. (eds) 1996. Sustaining the Soil. Indigenous Soil and Water 

Conservation in Africa. London: Earthscan. 

Soper, R. 2006. The terrace builders of Nyanga. Harare, Zimbabwe: Weaver Press. 

Southgate C and D.Hulme 2000. Uncommon Property: the scramble for wetland in southern Kenya, 

in: Woodhouse P, Bernstein, H. and Hulme, D. African Enclosures? Social Dynamics of 

Wetlands in Drylands, Oxford: James Currey. 

Svendsen, S., Ewing, M., Msangi, S., 2009. Measuring irrigation performance inA frica. IFPRI 

Discussion Paper 894. International Food Policy Research Institute, Washington, D.C. 

Technoserve 2011. Southern Africa Soy Roadmap – Mozambique value chain analysis. November 

2010 – February 2011. Technoserve: Washington, DC. 

 Veldwisch G J., Beekman, W. and Bolding, A. 2013 Smallholder Irrigators, Water Rights and 

Investments in Agriculture: Three Cases from Rural Mozambique Water Alternatives 

6(1):125-141 

 Woodhouse, P., 2003. ‘African Enclosures: a default mode of development.’ World Development, 31 

(10): 1719-1733. 

Woodhouse, P 2012 Foreign Agricultural Land Acquisition and the Visibility of Water Resource 

Impacts in Sub-Saharan Africa Water Alternatives 5 (2): 

Woodhouse, P., P. Trench and M. Tessougue´ . 2000. A very decentralised development. In: 

P.Woodhouse, H. Bernstein and D. Hulme, eds. African enclosures? Social dynamics of 

wetlands in drylands. Oxford: James Currey, pp. 29–72. 

World Bank 2007. World Development Report 2008: Agriculture for Development. Washington DC: 

World Bank 

World Bank 2009. Awakening Africa’s Sleeping Giant. Prospects for Commercial Agriculture in the 

Guinea Savannah Zone and Beyond. Washington DC: The World Bank 

You, L., S. Wood, and U. Wood-Sichra. 2007. Generating plausible crop distribution and performance 

maps for Sub-Saharan Africa using a spatially disaggregated data fusion and optimization 

approach. Agricultural System 99 (2–3): 126–140. 

You, L.,  Ringler, C., Nelson, G., Wood-Sichra, U., Robertson, R., Wood, S., Guo, Z., Zhu, T. and Sun, Y. 

2010 What Is the Irrigation Potential for Africa? A Combined Biophysical and Socioeconomic 

Approach  IFPRI Discussion Paper 00993 Washington DC: International Food Policy Research 

Institute 

You, L.,  Ringler, C., Wood-Sichra, U., Robertson, R., Wood, S., Zhu, T., Nelson, G., Guo, Z. and Sun, Y. 

2011 What is the irrigation potential for Africa? A combined biophysical and socioeconomic 

approach. Food Policy 

 

 

 

 

 

 


