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Africa Rice Center (AfricaRice) 
 

The Africa Rice Center (AfricaRice) is a leading pan-African research 

organization working to contribute to poverty alleviation and food 

security in Africa through research, development and partnership 

activities. It is one of the 15 international agricultural research centers 

supported by the Consultative Group on International Agricultural 

Research (CGIAR). It is also an autonomous intergovernmental research 

association of African member countries.  

 

The Center was created in 1971 by 11 African countries. Today its 

membership comprises 24 countries, covering West, Central, East and 

North African regions, namely, Benin, Burkina Faso, Cameroon, Central 

African Republic, Chad, Côte d’Ivoire, Democratic Republic of Congo, 

Egypt, Gabon, the Gambia, Ghana, Guinea, Guinea Bissau, Liberia, 

Madagascar, Mali, Mauritania, Niger, Nigeria, Republic of Congo, 

Senegal, Sierra Leone, Togo and Uganda. 

 

 

Inland Valley Consortium (IVC) 

 
The Inland Valley Consortium (IVC) was initiated in 1993 to promote 

sustainable development of inland valleys in sub-Saharan Africa, and is 

currently convened by AfricaRice. Its membership now includes 10 West 

African countries (Benin, Burkina Faso, Cameroon, Côte d’Ivoire, Ghana, 

Guinea, Mali, Nigeria, Sierra Leone and Togo) and eight international 

institutions (AfricaRice, WECARD/CORAF, CIRAD, FAO, IITA, ILRI, IWMI and 

WUR). 

 

The overall goal of IVC is to develop, in concerted action and using an 

agro-ecological approach, suitable technologies and knowledge bases 

for integrated agricultural land use management and operational 

support systems for intensified but sustainable use of inland valleys in 

Africa, through a combined effort of national and international 

agricultural institutions, development agencies and other stakeholders. 
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Preface 
 

Inland valleys exhibit certain potential for rice production increase and 

production system intensification in sub-Saharan Africa (SSA). However, 

current rice productivity in inland valleys is often low because of various 

human and natural constraints such as poor water control, weed invasion, 

low soil fertility, increasing soil degradation, labor deficiency, limited 

access to information, technology, resource and credit, and exposure to 

the risk of water-borne diseases, e.g. malaria and bilharzia. These 

constraints substantially limit rice productivity so that resultant economic 

benefits are at the lowest level in worldwide rice production.  

 

The Inland Valley Consortium (IVC) recognized Asian sawah technology 

to be a key to sustainable rice productivity enhancement in inland valleys, 

and launched the SMART-IV Project with the financial help of Japan’s 

Ministry of Agriculture, Forestry and Fisheries (MAFF) in October 2009 to 

examine the potential of sawah technology transfer and sawah system 

development (SSD) in inland valleys in African environments. To assess 

various and complex constraints, and find solutions and technical options 

for the constraints, the SMART Project was organized by researchers 

having different specialties because only an interdisciplinary team can 

verify the success or failure of differing development schemes in different 

inland valley systems.  

 

This report presents project outputs in the first year of the SMART-IV Project. 

I can see some significant outputs in the report despite the project having 

had to spend lots of time in preparation and start-up negotiations with 

partner institutes, collaborative organizations, local extension services 

and farmer associations. I am very sure that the project will further 

accelerate its progress in the coming (second) year based on the first 

year experience. 

 

Paul Kiepe         

IVC Coordinator / Program 2 Leader 

Africa Rice Center     
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CHAPTER 1: Introduction: Backgrounds and Objectives 
 

1. General Introduction 
 

The current global rice crisis demands immediate action to reduce 

Africa’s reliance on Asian-produced imports (Seck et al., 2010). A 

promising and largely unexploited land resource of 200 million ha of 

inland valleys has been identified in sub-Saharan Africa (SSA) (Andriesse, 

1986). Inland valley bottoms have considerable potential for sustainable 

land-use intensification and/or expansion, especially of rice-based 

cropping systems (Windmeijer and Andriesse, 1993). It is, however, known 

that, regardless of their recognized potential, so far only 10–20% of total 

area of the inland valleys has been cultivated, with associated low crop 

and economic productivity due to low input of resources and poor 

control of water, weeds and soil fertility (IITA, 1990; WARDA, 1997).  

 

The pre-condition for enhanced rice productivity in inland valley bottoms 

is improved water control (Becker and Johnson, 2001; Sakurai, 2006). The 

Asian sawah system1) offers a low-cost opportunity for rice intensification 

due to improved water control as well as for enhanced soil fertility 

management and weed control (Wakatsuki et al., 1998). It is estimated 

that sawah system development (SSD) has the potential to bring 20 

million ha in SSA into the production of at least 30 million tons of milled rice, 

i.e., six times the present total of annual rice imports into SSA (Hirose and 

Wakatsuki, 2002). On the other hand, the diversity and complexity of 

African inland valleys differs extensively from those of the Asian lowlands; 

SSD and management technologies need to be tested with and 

adapted to African local settings, and require access to small-scale land 

preparation equipment, such as hydropower tillers. 

 

The SMART-IV Project provides a robust opportunity to examine the 

suitability and adaptability of the sawah system, and at the same time to 

train extension workers and rice farmers for SSD. 

 

2. Project Characteristics (SMART-IV Project, 2009a, 2009b) 
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2.1. Overall goal 

 

The overall goal of the SMART-IV Project is to improve the livelihood of the 

rural poor by reducing imports of rice through augmenting the 

production of the inland valleys in SSA. 

 

2.2. Objectives 

 

SMART-IV Project aims to explore the potential of the sawah system to 

increase rice productivity in inland valleys, while improving farmer access 

to markets and rice technologies in SSA. This objective meets IVC Output 

Target 1: productivity increase in inland valley agro-ecosystems, as shown 

in AfricaRice’s Medium-Term Plan 2009–2011 (WARDA, 2008). 

 

2.3. Target Counties 

 

The 1st phase (2009–2014) of SMART-IV Project focuses on Benin and Togo, 

while additional research activities may be implemented in Nigeria and 

Ghana. IVC and AfricaRice expect extension of project activity to other 

IVC member countries such as Sierra Leone, Liberia and Burkina Faso. 

 

2.4. Intended Beneficiaries 

 

Intended beneficiaries include hundreds of resource-poor, smallholder 

farmers and their organizations in Benin and Togo. Extension officers, 

researchers and policymakers and other stakeholders also have a benefit 

from the research and extension outcomes. 

 

2.5. Project Term 

 

The project period is expected to be five years starting from October 2009. 

The present report presents project activity during the first year (October 

2009 – September 2010) and shows some future plans for subsequent 

years. 

 

2.6. Fund Availability 
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In the year 2009–2010, sixty-four million and thirty-five thousand 

(64,035,000) Japanese Yen equivalent to six hundred and twenty-one 

thousand six hundred and ninety-nine (621,699) US dollars (1US$ = 103 

yen) was provided by MAFF. 

 

2.7. Implementing Organizations (Interim) 

 

2.7.1. Executive Institute 

1) Inland Valley Consortium / Africa Rice Center 

 

2.7.2. Partner Institutes 

2) Cellule Bas-Fonds de la Direction du Génie Rural (CBF-DGR) 

3) Institut Togolais de Recherche Agronomique (ITRA) 

4) International Water Management Institute (IWMI) 

 

2.7.3. Collaborative Institutes 

5) Kinki University 

6) Hirose Project2), International Institute of Tropical Agriculture (IITA) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: SMART-IV Project implementing structure 
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8) Japan International Research Center for Agricultural Sciences 

(JIRCAS) 

9) Hitotsubashi University 

10) Tsukuba University 

11) Technical University of Munich 

12) University of Hohenheim 

13) Japan International Cooperation Agency (JICA) 

 

2.8. Human Resources (Interim) 

 

2.8.1. Project Members 

 

1) Shin ABE 

Soil Scientist / SMART-IV Project Leader 

Africa Rice Center, Benin 

 

2) Sander ZWART 

Remote Sensing & GIS Specialist 

Africa Rice Center, Benin 

(Joined June 2010) 

 

3) Petra SCHMITTER 

Consultant (Water Management) 

Africa Rice Center, Benin 

(Joined May 2010) 

 

4) Yoshiko SAIGENJI 

Consultant (Socio-Economics) 

Africa Rice Center, Benin 

(Joined May 2010) 

 

2.8.2. Project Advisors 

 

5) Marco WOPEREIS 

Deputy Director General / Director of Research for Development 

Africa Rice Center, Benin 
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6) Paul KIEPE 

Programme 2 Leader / IVC Scientific Coordinator 

Africa Rice Center, Benin 

 

7) Toshiyuki WAKATSUKI 

Professor of Ecological Engineering 

Kinki University, Japan 

 

2.8.3. Project Collaborators 

 

8) Felix GUBAGUIDI 

Director of Cellule Bas-Fonds 

Direction du Génie Rural, Benin 

 

9) Assimiou ADOU RAHIM ALIMI 

Senior Researcher 

Institut Togolais de Recherche Agronomique (ITRA), Togo 

 

10) Regassa NAMARA 

Senior Economist 

International Water Management Institute (IWMI), Ghana 

 

11) Moro BURI 

Researcher 

Soil Research Institute, Ghana 

 

12) Ralph BAM 

Researcher 

Crop Research Institute, Ghana 

 

13) Hidehiko KIKUNO 

Researcher 

International Institute of Tropical Agriculture, Nigeria 

 

14) Takashi SAKURAI 
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Professor of Agricultural Economics 

Hitotsubashi University, Japan 

 

15) Yoko KIJIMA 

Associate Professor of Development Economics 

University of Tsukuba, Japan 

 

16) Tsugiyuki MASUNAGA 

Professor of Soil Science 

Shimane University, Japan 

 

17) Georg CADISCH 

Professor of Agronomy 

University of Hohenheim, Germany 

 

18) Ingrid KÖGEL-KNABNER 

Professor of Soil Science 

Technical University of Munich, Germany 

 

2.9. Capital Information 

 

2.9.1. Project Vehicles (Toyota Hilux Double Cabin X 3 Cars) 

 

To facilitate project implementation and optimize the mobility of project 

staff as well as project resources, three pickups (Toyota Hilux) were 

purchased. One of them was delivered to AfricaRice for use by the 

SMART-IV Project members, while the other two were dispatched to 

NARES partners, i.e., CBF-DGR and ITRA. 

 

2.9.2. Power Tillers (Kubota X 12 Sets) 

 

The sawah system is a labor-intensive rice production system requiring 

much more labor force than traditional systems. This is particularly true at 

the initial stage of the sawah field development. Hence, smallholder 

farmers often suffer from labor shortage. Scarcity of labor for rice 

intensification is one of the stiffest constraints to which farmers often refer. 
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Agricultural mechanization seems crucial to reducing the labor 

requirement demanded by the sawah system. It is widely noted that a 

small walking tractor or power tiller is useful for African rice farmers. In 

Benin and Togo, target countries in the 1st phase of SMART-IV Project (see 

2.3 in this chapter), it is only possible for farmers to purchase Chinese 

power tillers locally. These power tillers are manufactured by Chinese 

companies (e.g. Donfeng) with company offices or agents available in 

the capital cities, i.e., Cotonou and Lome. While this is advantageous for 

obtaining maintenance and spare parts, these Chinese power tillers are 

often classed as second-grade in terms of field performance, operational 

capacity and durability. In the first year of SMART-IV Project we therefore 

decided to import a power tiller manufactured by a Japanese company 

Kubota-Thailand. This power tiller has 45 horsepower, and attachments 

such as a disc plow, disc harrow and puddler, along with an optional 

trailer. 

 

Table 1: List of major capitals in SMART-IV Project 

Equipment Unit Note 

Toyota Hilux 3 AfricaRice 1; CBF-DGR 1; ITRA 1 

Kubota power tiller 12  

Motorbike 2  

Dell laptop 5 AfricaRice 3; CBF-DGR 1; ITRA 1 

Weather station 2  

Pressure sensor 16  

SPAD meter 1  

Velocity meter 1  

Tensiometer 6  

Hydrometer 1  

Rain gauge  5  

Multi-probe (water analysis) 1  

GPS 2  

Camera 1  

Hard disk 2  
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A project vehicle for AfricaRice 
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A project motorbike 

 

Figure 2: Photographs of selected capitals in SMART-IV Project. Photos by 

Yoshiko Saigenji and Shin Abe 
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Notes 
 

1) The term ‘sawah’ refers to a leveled, bunded and puddled rice field 

with a water inlet and an outlet for irrigation and drainage. It is 

normally submerged for a certain period of time during rice 

cultivation. 

2) Hirose Project was initiated in 1992 by the late Dr Shohei Hirose 

(Professor emeritus of Nihon University) with the financial assistance of 

the Ministry of Education, Culture, Sports, Science and Technology, 

The Government of Japan. The Hirose Project is in an official 

collaboration with IITA. Dr Hirose organized a multidisciplinary study 

team to characterize inland valley ecosystems and to conduct action 

research on sawah development in Nigeria. The major findings of the 

Hirose Project, which has considerable experience in action research 

on SSD in Nigeria, were documented by Hirose and Wakatsuki (2002).  
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CHAPTER 2: Project Plan and Achievements 
 

1. Project Plan (SMART-IV Project, 2009a, 2009b) 
 

This section presents the working packages (WPs) and their 

implementation schedule (Tables 2 and 3). The WPs include organization 

of the workshops (WP1), demo-farm establishment (WP2), making a 

decision-making support system and training materials (e.g. manuals and 

videos) for SSD (WP3), SSD suitability mapping (WP4), and creating 

management options for site-specific constraints (WP5). Sawah system 

development (SSD) denotes the land reclamation and introduction of 

sawah components such as leveling, bunding, and puddling to farmer’s 

fields in inland valley bottoms by using a power tiller. The participatory 

learning and action research (PLAR) method is applied on the process of 

SSD and on-the-job training for rice farmers. PLAR is a farmer-education 

approach based on adult learning in groups of farmers making use of the 

combined experience of the group members. It is an effective facilitatory 

tool for farmer-to-farmer dissemination of new technology (Defoer et al., 

2009; Wopereis et al., 2009). 

 

2. Output Targets and their Achievement Measures 
 

Output targets and their achievement measures are summarized in Table 

4. OT1 was fairly achieved. We held a successful launching workshop for 

42 registered participants (see CHAPTER 6), while the farmer-training 

workshop is still in preparation because the demo-farm establishment was 

later than initially planned. We established two of the six planned 

demonstration sites (OT2). Our plan was affected by political turmoil in 

Thailand delaying delivery of the power tillers, which are necessary for 

SSD. Field observation of rice growth on the two sites established suggests 

that a target yield of 4 t ha-1 is probably attainable. This delay in 

demo-farm establishment in turn affected SSD dissemination in farmers’ 

fields (OT3). Meanwhile, over 30 farmers were trained while establishing 

the two operational demo farms (OT4). Planning has begun for the 

technical manual (OT5) and SSD-suitability mapping (OT6) in 

collaboration with Kinki University and IWMI, respectively. 
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Table 2: SMART-IV Project’s working packages 2009–2010 

No. Working Package* Notes 

WP1 Organizing workshops for launch meeting 

and PLAR-training for rice-farmers. 

The PLAR method will be applied to the farmer-training 

workshop. 

WP2 Establishing satellite villages for SSD 

according to the respective agroecological 

zones in Benin and Togo. 

SSD will be disseminated to other villages surrounding the 

satellite village by farmer-to-farmer training. Total target 

area for SSD with a minimum rice yield of 3–4 t/ha is 5–10 

ha in each project site, including 2 ha of demo-farm. 

WP3 Developing simple decision-support rules 

and training materials for SSD based on 

lessons learned at the two original SSD sites in 

Ghana and Nigeria. 

A decision-making support system for SSD in inland valleys 

targets potential users, stakeholders and policy-makers. 

The technical manual and video will focus on the use of a 

power tiller in the sawah development process. 

WP4 SSD-suitability mapping of inland valleys at 

country level using existing data and 

additional surveys on biophysical, 

socio-economic, technical and 

eco-environmental factors. 

 

WP5 Identifying site-specific constraints, and their 

management options, against SSD 

implementation, rice farming, water and 

nutrient dynamics at selected sites. 

 

* Working Packages are shown in the Annual Project Implementation Plan 2009–2010 (SMART-IV Project, 2009) 
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Table 3: SMART-IV Project’s implementation schedule 2009–2010 

 

WP Working Package* Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 

WP1 Workshop organization  √           

 PLAR-training workshop        √     

WP2 Project site selection √ √     √      

 Demo-farm establishment  √ √     √ √    

 SSD dissemination  √ √ √ √ √  √ √ √ √ √ 

 Land tenure arrangement  √      √     

 Market access arrangement     √      √  

 Impact assessment     √ √     √ √ 

WP3 Decision support system √ √ √ √ √ √       

 Technical manual       √ √ √ √ √ √ 

WP4 SSD suitability mapping       √ √ √ √ √ √ 

 Biophysical survey √ √ √ √ √ √ √ √ √ √ √ √ 

 Socio-economic survey     √ √     √ √ 

WP5 Rice experiment  √ √ √ √ √  √ √ √ √ √ 

 Hydrological monitoring  √ √ √ √ √ √ √ √ √ √ √ 

 Soil fertility survey  √    √  √    √ 

* Implementation Schedule is given by the Annual Project Implementation Plan for 2009–2010 (SMART-IV Project, 

2008). 
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Table 4: SMART-IV Project’s output targets and their achievement degrees 2009–2010 

No. Output Target* AD† Comments 

OT1 Workshops for launch meeting and farmer 

training. 

A/B A launching workshop was organized in August 

2010; farmer-training workshop is in preparation 

OT2 Sustainable development of each 1–2 ha 

sawah demonstration site in 6 benchmark 

villages with a minimum rice yield of 4 t ha-1. 

B/C SDD started at two sites (Ayize & Bame); SSD is 

planed to start soon at a further four sites 

(Parakou, Zogbodome, Sodo, Toutou). 

OT3 Total 3–5 ha of SSD in rice villages around 

each satellite village in addition to the 

demo-farms. 

D No progress because demonstration sites were 

recently established or under construction. 

OT4 Total number of 30 farmers will be trained for 

SSD 

A On the course of SSD in Ayize and Bame, over 30 

farmers were trained 

OT5 Technical manual(s) on SSD in inland valleys. C This manual is expected to be written in 

collaboration with Kinki University and probably 

with JIRCAS; The content and structure of the 

manual is being discussed with the collaborators. 

OT6 SSD-suitability mapping in at least 6 selected 

inland valleys in Benin and Togo. 

C A remote sensing / GIS specialist joined the 

project in June 2010 and has started planning. 

OT7 Management options for SSD, rice cultivation, 

and water and nutrient dynamics in response 

to site-specific constraints. 

B Experimental sites were established in Bame and 

Ayize and additionally in Bida (Nigeria). 

* Output Targets are shown in the Annual Project Implementation Plan for 2009–2010 (SMART-IV Project, 2009). 
† Achievement Degree (AD) is given by scores: A, achieved; B, in progress; C, in preparation; D, no progress. 
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Notes 
 

1) SSD denotes the land reclamation and introduction of sawah 

components such as leveling, bunding, and puddling to farmers’ fields 

in inland valley bottoms by using a power tiller. 

2) Participatory learning and action research (PLAR) is a 

farmer-education approach based on adult learning in groups of 

farmers making use of the combined experience of the group 

members. It is an effective facilitatory tool for farmer-to-farmer 

dissemination of new technology.  

3) Remote sensing and GIS mapping will be developed to examine the 

suitability of each inland valley for SSD (e.g. Gumma et al., 2009). 
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CHAPTER 3: Project Scope and Key Concept 
 
1. Project Scope and Key Concept 1 
 
Sawah Ecotechnology Triggers Rice Green Revolution in 

Sub-Saharan Africa—Basic Concept and Policy Implications 
(SMART Working Paper No. 1) 
 

1.1. Introduction 
 

Sub-Saharan Africa (SSA) is the only remaining region of the world where 

per capita food production has remained stagnant over the past 40 

years (Sanchez, 2002), the prevalence of hunger is over 30%, and the 

number of malnourished people is still increasing (Sanchez and 

Swaminathan, 2005). In this area, absolute poverty, characterized by an 

income of less than US $1 per person per day, is associated with an 

increasingly damaged natural resource base (Sanchez, 2002). This 

long-lasting trend of stagnation in the agricultural sector in SSA displays a 

contrasting picture to that in tropical Asia and Latin America, which have 

benefited from the Green Revolution. Many economic successes 

reported in the latter regions provide strong evidence that agricultural 

productivity growth is vital for stimulating growth in other parts of the 

economy, and accelerated growth requires a sharp productivity 

increase in smallholder farming by subsistence farmers in remote areas 

(World Bank, 2007). There has been little yield increase of most mandated 

crops in SSA over the past four decades (Hirose and Wakatsuki, 2002; 

Otsuka and Kalirajan, 2005). For instance, rice is increasingly eaten in SSA, 

but the rice (paddy) yield has remained stagnant between 1.2 and 1.5 

ton ha-1 in SSA, while attaining a remarkable increase of from 1.8 ton ha-1 

to 4.0 ton ha-1 in Asia during 1960–2000 (WARDA, 1988, 2004; Otsuka and 

Kalirajan, 2006). Agricultural productivity in SSA is too low regardless of its 

potential, even though natural resource availability (e.g., soil fertility and 

water) is inherently less in SSA than in tropical Asia (Moormann and 

Veldcamp, 1976; Hirose and Wakatsuki, 2002). It is obvious that the 

African Green Revolution is not only far from successful, but that there is 

no promising roadmap for achieving the Green Revolution in SSA. 
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It is widely known that the essential components of Green Revolution 

technologies are (1) modern varieties (MVs), (2) chemical fertilizers, and 

(3) irrigation equipment (Quiñones et al., 1997; Evenson and Gollin, 2003; 

Otsuka and Kalirajan, 2005, 2006). Although institutional and economic 

aspects such as demographic pressure, market access and labor 

availability are also of importance (Otsuka, 2006; World Bank, 2007), these 

issues are beyond the scope of this paper. After success stories in Asia 

and Latin America, the same strategy and basic principles of the Green 

Revolution have been applied to SSA. National governments have made 

enormous efforts to introduce, develop and disseminate MVs, to provide 

subsidy for the import and distribution of fertilizer, and to construct 

large-scale irrigation systems in many countries in SSA. International 

organizations and donors of developed countries have not only 

enthusiastically supported these national programs, but have themselves 

conducted a number of relevant projects. However, the impact of these 

efforts has been considerably less than expected (World Bank, 2008). 

What’s more, the adoption of Green Revolution technologies has 

sometimes resulted in adverse events such as natural resources waste, 

environmental pollution and biodiversity degradation (Shiva, 1991; Hirose 

and Wakatsuki, 2002).  

 

The authors hypothesized that ecotechnology was the missing piece to 

the basic principles underlying the Asian Green Revolution when these 

principles were transferred to SSA. Ecotechnology is ecologically sound 

technology which modifies ecosystem functions and the environment 

and can improve agricultural fields on a sustainable basis. In this paper, 

we focus on sawah ecotechnology as the most promising technology for 

realizing the rice Green Revolution in SSA. The term sawah indicates a 

man-made intensified rice field with leveling, bunding and puddling 

(Wakatsuki et al., 1998; See Figure 3). The sawah system is a highly 

productive and sustainable rice production system which prevails in 

monsoon Asia (Kyuma and Wakatsuki, 1995). 
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Figure 3: Comparative photographs between the sawah fields (top) and 

traditional fields (bottom) in Sokwae, Kumasi, Ashanti, Ghana. Mean 

grain yield was 4–5 t/ha and 1–2 t/ha in the former and the latter during 

2008–2009, respectively. Photos by Toshiyuki Wakatsuki. 
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1.2. Rice production trends in Sub-Saharan Africa 
 

West Africa (WA) is the most important region in SSA in terms of rice 

production (share: 63%) and consumption (share: 67%) followed by East 

Africa (production share, 32%; consumption share, 21%) and Central and 

South Africa (production share, 5%; consumption share, 12%) (WARDA, 

2008). Annual paddy production in West Africa dramatically increased 

from 3.4 to 7.7 million tons in the period 1984–1999/2003 (Table 5). This 

production increase was due mainly to rainfed lowland rice ecology, 

which expanded considerably from 0.53 to 1.8 million ha during this 

period and showed a yield increase of from 1.4 to 2.0 ton ha-1. The 

derived paddy production augmented from 0.75 to 3.4 million tons during 

the given period. Irrigated lowland rice ecology was the second major 

contributor to regional rice production, with 1.9 million tons being 

produced, an increase of from 0.64 million tons with the area expansion 

from 0.23 to 0.56 million ha and a yield increase from 2.8 to 3.4 ton ha-1. 

Upland rice ecology only exhibited a slight increase from 1.5 to 1.8 million 

tons and from 1.5 to 1.8 million ha for annual rice production and the 

cultivated area, respectively. There was practically no yield growth in this 

ecology in the same period. Rice yield stagnation as a whole indicates 

that the rice production increase achieved by SSA during 1960–2000 

predominantly arose from expansion of the rice cultivation area (JICA, 

2003). 

 

 

 

 

 

 

 

 

 

 

 

 

 

1984 1999/2003 1984 1999/2003 1984 1999/2003

Rainfed upland 1.5 1.8 1.5 1.8 1.0 1.0

   Growth rate — 1.2 — 1.2 — 1.0

   Contribution (%) 57 40 42 23 — —

Rainfed lowland 0.5 1.8 0.8 3.4 1.4 2.0

   Growth rate — 3.6 — 4.3 — 1.4

   Contribution (%) 20 38 22 44 — —

Irrigated lowland 0.2 0.6 0.6 1.9 2.8 3.4

   Growth rate — 3.0 — 3.2 — 1.2

   Contribution (%) 9 12 19 25 — —

Total rice ecology 2.6 4.7 3.4 7.7 1.3 1.6

   Growth rate — 1.8 — 2.3 — 1.2

Table 5: Rice production trend in West Africa during 1984–1999/2003.

Source: WARDA (1988) and FAOSTAT (2005)

Production (million ton) Yield (ton ha
-1
)Area (million ha)

Rice ecology
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Rice was predominantly produced in (rainfed) upland ecology in WA 20 

years ago, while its contribution to the production and cultivation area 

sharply decreased by 2000 (Table 5). Upland cropping systems, which are 

mostly characterized by slash-and-burn agricultural practices, is 

increasingly facing such threats as soil degradation under shortened 

fallow periods, exploitation of marginal lands with very fragile ecosystems, 

and drought under unstable rainfall distribution due to climate change 

(Hirose and Wakatsuki, 2002). Thus, in SSA as well as WA, the contribution 

of upland rice farming systems in terms of the occupation-area 

percentage and production share will probably continue to decline in 

the foreseeable future, as these systems are increasingly replaced by 

lowland systems. This shifting trend of rice production systems from upland 

ecology to lowland ecology stems from (i) land shortage and 

competition with other food crops due to ever-increasing human 

population (Sakurai, 2006), (ii) agronomically and economically fragile 

upland farming systems due to soil degradation and water resource 

scarcity (e.g. unstable rainfall and groundwater depletion) (Hirose and 

Wakatsuki, 2002) and (iii) widespread distribution of unexploited lowlands 

over SSA and better potential for rice cultivation due to higher water 

availability than in the surrounding uplands (Windmeijer and Andriesse, 

1993). In fact, over the past 20 years, the authors have witnessed 

voluntary efforts made by farmers to become self supporting through 

land reclamation and water control improvement by field bunding as 

well as canal construction in inland valleys in WA, even though the 

farmers were provided with little assistance from national programs and 

international projects (Baba, 1993; Fu et al., 2010). This is in good 

agreement with the macro data which show a steady increase in the 

contribution of the lowland ecology (WARDA, 2008). 

 

1.3. Ecotechnology Supports Green Revolution Technology 
Transfer 
 

1.3.1. Genetic Improvement 

 

Genetic improvement is a core technology of the Green Revolution 

(Evenson and Gollin, 2003; Otsuka and Kalirajan, 2005, 2006). The first 
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generation of MVs had dwarfing genes and good response to fertilizers, 

while the second generation targeted tolerant genes against local 

constraints such as salinity, drought, disease and pests (Otsuka and 

Kalirajan, 2005, 2006). Most MVs were fertilizer-responsive and their growth 

was optimized by irrigation equipment. African farmers began 

introducing rice MVs in the 1960s (Otsuka and Kalirajan, 2006). The MV 

adoption rate, however, is still lower in SSA than in Asia (Evenson and 

Gollin, 2003). The lack of functionality of national agricultural research 

and extension services in SSA are often blamed for this (Otsuka and 

Kalirajan, 2005, 2006; Balasubramanian et al., 2007). However, with regard 

to rice production in WA, the impact of genetic improvement has 

occurred disproportionately over rice ecologies: high MVs adoption rates 

in irrigated wetlands (close to 100%) and the rainfed lowlands (about 

62%), but low MVs adoption rates in the upland ecology (less than 30% in 

most countries) (Dalton and Guei, 2003). In addition, most MVs that were 

adopted in farmers’ fields had poorer performance than expected 

(Hirose and Wakatsuki, 2002; Becker et al., 2003). Many farmers in SSA 

have perceived that MVs perform well only in a favorable growing 

environment with fertilizer application, whereas local (farmers’) varieties 

often show better growth than MVs under unfavorable conditions without 

fertilizers.  

 

1.3.2. Fertilizer Use 

 

African farmers often apply fertilizer to cash crops only, and the 

application rate is usually low. In fact, the average intensity of fertilizer use 

in SSA has been less than 10 kilograms per hectare of cultivated land over 

the past 40 years; this application rate is much lower than in other 

developing regions (Quiñones et al., 1997; JICA, 2003; Morris et al., 2007; 

World Bank, 2007). Farmers in SSA are generally reluctant to use fertilizer 

because they often suffer from shortage of initial investment and little 

economic benefit to using it. African farmers have to pay higher prices for 

fertilizers relative to the price they receive for their output, than their Asian 

counterparts because of low subsidy and high costs of transportation 

(Otsuka and Kalirajan, 2005, 2006; Morris et al., 2007). Another problem is 

the very low agronomic fertilizer use efficiency in farmers’ fields, due to 
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poor field management under the diverse rice farming systems and 

growing environments in SSA (Hirose and Wakatsuki, 2002). The low 

fertilizer use efficiency also implies that environmental pollution, as well as 

economic loss and resource waste, is occurring. Eco-environmental 

(biophysical) improvement of rice fields would be essential to enhancing 

both economic and agronomic fertilizer use efficiency. 

 

1.3.3. Irrigation Equipment 

 

A number of large-scale irrigation facilities have been constructed over 

the last 40 years, but most were poorly managed and their potential 

economic benefits were often unable to outweigh real economic costs 

(Adams, 1993). Currently, some irrigation schemes have completely 

collapsed due mainly to lack of proper maintenance, and many others 

are functioning far below full capacity. In fact, most irrigation facilities are 

constructed and managed by governments and/or communities, while 

the water control at each irrigated field is the responsibility of individual 

farmers. This has lowered the irrigation capacity on a regional scale and 

reduced its efficiency even further because water use efficiency is often 

very low in farmers’ fields due to inappropriate land preparation and 

poor field management. On the other hand, traditional small-scale 

irrigation systems developed by farmers to support themselves are of 

growing economic significance in some regions (e.g. Baba, 1993; Fu et al., 

2010). 

 

1.3.4. Biotechnology and Ecotechnology 

 

The failure of the Green Revolution technology transfer in SSA for the 

reasons described above shares a commonality: the transferred 

technologies have been failed due to unfavorable conditions in farmers’ 

fields. In tropical Asia, however, rice farmers ecotechnologically 

developed their farms to be favorable for rice cultivation when Green 

Revolution technologies were first introduced in the 1960s. In contrast, the 

rice fields of the major farmers in SSA have been poorly developed for 

rice growing and for Green Revolution technologies. In fact, 

eco-environmental (biophysical) improvement of the crop growing 
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environment is often superior to crop genetic improvement in SSA (Table 

6). It is therefore necessary for African farmers to improve the crop 

growing environment in their own fields before applying the Green 

Revolution technologies. Ecotechnology can help African farmers 

improve their farms and let them to be prepared for the Green Revolution 

technologies. Hence, the ecotechnology transfer is prerequisite for 

realizing the Green Revolution in SSA. 

 

 

 

 

 

 

 

 

 

 

1.4. What is Sawah Ecotechnology, and Why is it Needed? 
 

The sawah ecotechnology is the most promising rice production method 

because the sawah system is a highly productive and sustainable rice 

production system (Kyuma and Wakatsuki, 1995; Greenland, 1997). Asian 

rice farmers were already very familiar with sawah ecotechnology and 

the majority of them had developed a sawah system in their fields before 

Green Revolution technologies were introduced, and thus the Asian 

Green Revolution took place immediately after the introduction of the 

Green Revolution technologies (Wakatsuki et al., 1998; Wakatsuki and 

Masunaga, 2005). In contrast, African farmers have not traditionally 

practiced sawah rice farming and thus have not been able to 

accommodate the Green Revolution technologies effectively and 

efficiently over the last forty years. Sawah ecotechnology transfer and 

SSD are prerequisite to realizing the rice Green Revolution in SSA. 

 

1.4.1. Terminological Confusion: Sawah Fields or Paddy Fields?  

 

The authors have been concerned about the lack of appropriate 

Eco-environment

Fertilization level
a High input Low input High input Low input High input Low input

Average 7.2 3.8 3.8 2.0 1.7 0.4

Max. 8.2 4.4 4.5 2.8 2.3 0.6

Min. 4.0 2.8 2.8 1.3 0.9 0.3

S.D. 1.5 0.8 0.8 0.5 0.4 0.1

Table 6: Fertilization and eco-environmental impact on grain productivity of 23 rice varieties including O ryza

glaberrima  Stud. and traditional and improved O. sativa  L.

a
 Fertilization: high input, 90-45-45; low input, 20-0-0

Source: Ofori et al. (2005)

b 
Traditional system is lacking of bunding, leveling and paddling

Irrigated sawah Rainfed sawah Traditional (upland like)
b
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terminology for describing the rice growth environment. Lowland rice 

fields are generally called ‘paddy fields’ in English. The term ‘paddy’ 

originates from a Malayo-Indonesian term ‘padi’, which means rice plant. 

In tropical Asia, the world’s largest rice granary, ‘paddy field’ commonly 

indicates a bunded, leveled and puddled rice field with controlled and 

continuous flooding. Although the term ‘paddy field’ was supposed to be 

inherently ambiguous, due to the long-established history of wet rice 

cultivation under a monsoon climate in Asia, the term has come to mean 

a man-made enhanced wetland system for rice cultivation. On the other 

hand, in many SSA countries, rice is just one of the mandated food crops 

and is of less importance than other cereals and root and tuber crops 

such as maize, sorghum, millet, cassava and yam (JICA, 2003). Moreover, 

rice is grown in diverse biophysical environments along a toposequence 

(Andriesse and Fresco, 1991; WARDA, 2004), and thus the words ‘paddy 

field’ may signify upland rice fields as well as lowland ones. In fact, there is 

no consensus about the specific rice growing environment even in the 

lowland areas because the words given above provide little information 

on land condition and environment, e.g., whether the lowland ‘paddy 

field’ has bunds or not and whether it is leveled or not. These 

terminological uncertainties have been considerable impedance to 

sharing ideas and strategies among researchers, policy makers and 

stakeholders about rice field development. Hereby, the authors propose 

using the term ‘sawah’, which originates from Malayo-Indonesian, to 

specifically describe man-made intensified rice fields with leveling, 

bunding and puddling in order to avoid any further terminological 

confusion when describing the rice growing environment. The sawah has 

a leveled and puddled basin which is surrounded and thus demarcated 

by bunds. It is often connected with irrigation and drainage facilities 

including a plot-to-plot irrigation/drainage scheme and is submerged 

most of the time during the rice growth period. Note that the sawah does 

not represent any special system such as the System for Rice 

Intensification (SRI), but a common system often regarded as an 

Asian-type lowland rice field. 

 

1.4.2. Advantages of the Sawah System 
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Bunded and leveled fields are advantageous for water control and 

harvesting and thus are submerged almost throughout the rice growth 

period. Controlled submergence reduces weed growth and labor for 

weeding as well as replenishing various macro- and micro-nutrients in the 

soil. Soil phosphorous availability increases while the soil reaction 

neutralizes because of the reduction process of iron from ferric to ferrous 

iron under prolonged submergence. These chemical mechanisms of 

nutrient replenishment encourage not only rice growth but also the 

breeding of various microbes such as aquatic algae that commit 

biological nitrogen fixation by increased photosynthesis. The nitrogen 

amount fixed by microbes varies from 20 to 100 kg ha-1 year-1, and 

sometimes reaches up to 200 kg ha-1 year-1, depending on soil and water 

management and climatic conditions (Kyuma and Wakatsuki, 1995; 

Greenland, 1997). These natural soil fertility replenishment mechanisms 

are essential for enhancing the sustainability and productivity of lowland 

rice farming systems in inherently unfertile soils in WA and SSA (Eswaran et 

al., 1997; Abe et al., 2010). Moreover, there are generally little concerns 

about soil erosion in the lowlands. More importantly, the sawah system is 

even advantageous for collecting eroded sediments from adjacent 

uplands through enhanced capacity of water harvesting. The essence of 

the sawah system is water control not only on a field scale but also a 

watershed scale (Abe and Wakatsuki, forthcoming). The sawah system is 

the only practical option that allows rice farmers to enjoy optimal water 

management in their fields. Improved performance of field water 

management can sustainably increase rice yield (Becker and Johnson, 

2001; Ofori et al., 2005; Touré et al., 2009; See Figure 3). 

 

SSD can improve rice productivity in the lowlands to a great extent when 

it is applied in combination with improved varieties and fertilizers (See 

Figure 3; Table 6), and a certain amount of improvement can even be 

expected by bund construction only (one of the sawah system 

components) (Becker and Johnson, 2001; Sakurai, 2006; Touré et al., 

2009).  

 

1.4.3. Productivity and Sustainability of Sawah System 
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As has been demonstrated by many long-term field trials, the sawah 

system is a highly productive and sustainable rice farming method due to 

its natural nutrient-replenishing mechanisms (Kyuma and Wakatsuki, 1995; 

Greenland, 1997). Moreover, this is endorsed by the fact that the total 

sawah area of about 100 million ha has fed over two billion people in Asia, 

the most densely populated area in the world, over hundreds of years. 

Furthermore, it has been empirically revealed that sustainable rice 

productivity in the sawah system is much higher than that in the upland 

system. Centuries of successful rice cultivation in monsoon Asia 

demonstrates the invaluable productivity and sustainability of the sawah 

rice production system (Kyuma and Wakatsuki, 1995; Greenland, 1997). 

Rice yield in the sawah system is usually about 2–3 ton ha-1 without any 

fertilizer application, and this yield is continuously attainable at least for 

several decades without any fallow period. In contrast, the 

slash-and-burn upland farming system prevailing in SSA produces only 1–2 

ton ha-1 or less rice but often requires a natural fallow period of 5–10 years 

after 2 or 3 harvests. This implies that sustainable productivity of the sawah 

system is roughly 10–20 times as high as that of the upland slash-and-burn 

system (Wakatsuki et al., 1998). In fact, there have been an increasing 

number of reports that the slash-and-burn farming system is no longer 

sustainable under high demographic pressure and cannot meet 

domestic/regional rice food demand (Hirose and Wakatsuki, 2002; 

Wakatsuki and Masunaga, 2005). In contrast, the sawah system is 

capable of providing food for a much larger population than the upland 

cropping system (Kyuma and Wakatsuki, 1995). As estimated above, one 

ha of sawah development can conserve or regenerate 10–20 ha of forest, 

because its sustainable productivity is 10–20 times higher than the upland 

farming system. Sawah eco-technology can, therefore, contribute not 

only to food security and poverty reduction but also to forest 

conservation and regeneration (Hirose and Wakatsuki, 2002). The forest 

regeneration in the upland would further enhance sustainability of the 

sawah system in the bottom of watershed due to enhanced geological 

fertilization processes (Abe and Wakatsuki, forthcoming). This watershed 

design would be advantageous for alleviating global warming by the 

fixation of atmospheric carbon in forest trees and sawah soils (Abe and 

Wakatsuki, forthcoming). 
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1.5. Conclusions and Policy Implications 
 

The Green Revolution in Asia and Latin America was triggered by such 

biotechnological innovations as crop genetic improvement (Evenson 

and Gollin, 2003; Dalton and Guei, 2003; Otsuka and Kalirajan, 2005, 2006). 

After the success in these two regions, many SSA countries, donor 

countries and international organizations have predominantly committed 

to the development and dissemination of MVs. The Green Revolution has 

not occurred in SSA, however, and SSA is still struggling with food shortage. 

What we have learned in SSA for the past 40 years is that there are 

substantial limitations to the biotechnological options that can be 

applied, as indicated by limited performance of MVs in farmers’ fields, 

while ecotechnological improvement of the crop growing environment 

often results in crop productivity enhancement to a much greater extent 

than the adoption of biotechnology options. Moreover, ecotechnology 

helps smallholder farmers adopt biotechnology options. Nevertheless, the 

current strategies and policies for agricultural development in SSA are still 

predominantly oriented to biotechnology. The lessons that have been 

learned are that both ecotechnology and biotechnology must be 

addressed in order to establish integrated genetic and natural resource 

management.  

 

On the other hand, rice production trends clearly show the increased 

importance of lowland ecologies, whether irrigated or rainfed lowlands, 

in the face of increased food demand, population expansion and 

environmental degradation. This is in fact a welcome sign to fill the 

production-consumption gap of rice grains in WA and SSA. Among major 

wetland ecosystems, a priority target should be 85 million ha of widely 

unexploited inland valleys because water control is relatively easier with 

less investment than in other wetland ecosystems (Windmeijer and 

Andriesse, 1993; Hirose and Wakatsuki, 2002). Despite this potential for rice 

cultivation, only 15–20% of inland valleys are currently reclaimed for 

agriculture and rice productivity there is usually low (IITA, 1990; WARDA, 

1998; Gumma et al., 2009). A major policy issue is how inland valleys can 

be sustainably and intensively utilized.  
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Sawah ecotechnology is the key for sustainable enhancement of rice 

productivity in SSA. The sawah ecotechnology spontaneously evolved 

under the Asian monsoon climate and became a cornerstone of the 

Green Revolution in Asia, whereas rice fields in SSA have been largely 

undeveloped in terms of the sawah system, creating a bottleneck in the 

Green Revolution technology transfer. An African adaptive sawah-based 

farming system using supplemental small-scale irrigation will be the most 

promising strategy for sustainably and intensively increasing rice 

production in SSA. The sawah development potential is considerable, as 

much as 20 million ha in WA only (Hirose and Wakatsuki, 2002), which can 

produce additional food for more than 300 million people while 

generating the opportunity to conserve or regenerate hundreds of 

millions of hectares of upland forests as the estimated sustainable 

productivity of the sawah rice farming system is more than 10 times higher 

than that of upland (slash-and-burn) rice cultivation system (Hirose and 

Wakatsuki, 2002). The sawah-based rice farming system also has 

advantages in soil fertility management and water harvesting. 

Furthermore, accelerated organic matter accumulation in soils under the 

sawah system and in tree biomass and upland forest soils would 

contribute to carbon sequestration and global warming mitigation in the 

future.  
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CHAPTER 4: Technology Transfer and Development 
 

1. Project Site Information 
 
The first group of the project sites was selected across agroecological 

zones1) following reconnaissance surveys on their suitability for SSD and 

relevant research (Figure 4). This group includes Ayize (Ouinhi), Bame 

(Zangnanado), Zogbodome, Dassa and Parakou in Benin, and Sodo and 

Toutou in Togo. To select these project sites, the project members visited 

more than 30 inland valleys in Benin and Togo. Demonstration farms were 

established in Ayize and Bame in collaboration with local rice farmers. This 

means that local farmers were on-the-job trained for SSD by voluntary 

participation. Apart from these project sites, the SMART-IV Project shares 

sites in Kumasi, Ghana and at Ibadan and Bida, Nigeria for collaborative 

research with other rice projects by Kinki University, JIRCAS and JICA. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: SMART-IV Project site map 
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2. Sawah System Development (Demo-Farm Establishment) in 

Ayize (Ouinhi), Benin 
 

2.1. Site description  
 

Ayize is a village in Ouinhi Commune and has an inland valley close by. 

This valley is connected to the Ouémé River and thus has characteristics 

of the floodplain. The valley bottom soil in Ayize is vertic which is very 

common in swelling clays that undergo marked changes in moisture 

content. This kind of soil becomes very hard when it dries out while 

becoming very soft and sticky when it gets wet.  

 

In the early 2000s, several artesian wells were constructed in Ayize with 

financial support from IFAD. One of these is installed in the inland valley 

for agricultural use, and irrigation canals were also constructed to serve 

rice fields so that farmers in Ayize can enjoy rice farming during the dry 

season as well as the rainy season. The first cultivation season in Ayize may 

start from April and end in August, while the second growing season may 

last from October to February. Although the farming calendar is often 

determined by farmers’ preference, the lower valley bottom is usually 

flooded for at least 2–3 weeks around the August–September period and 

farmers therefore cultivate rice with a view to avoiding flood damage to 

the crop, e.g. planting early enough to get the rice plants sufficiently 

established to survive under the floodwater. 

 

2.2. Demo-Farm Establishment 
 

About half a hectare of each of the sawah fields [225 (m2) x 20 (plots) = 

4,500 m2 = 0.45 ha] was developed for demonstration. This demonstration 

farm will be increased up to 0.7 ha by the end of 2010. Five modern 

varieties, i.e., NERICA L-19, WITA4, IR68, IR74371-54-1-1 and CP, were 

planted in the first year to examine their performance in Ayize. 
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Figure 5: Comparative photographs before (top: after bush clearing and 

drainage canal construction) and after the demo-farm establishment 

(bottom: after transplanting of rice) in Ayize (Ouinhi), Benin. Photos by 

Shin Abe. 
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Figure 6: Selected photographs from the demo-farm in Ayize. Photos by 

Shin Abe 

Meeting with a rice farmers’ 

association with (left to right) 

Mr. Felix Gbaguidi, the 

ex-president and current 

president of the association 

(from left) 

Members of the rice 

farmers’ association are 

presented with SSD tools. 

A collaborative farmer 

participating in on-the-job 

SSD training tries his hand at 

operatng a powertiller after 

the basic lecture 

One of the domo-farm plots 

after the transplanting of 

rice seedlings. 
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3. Sawah System Development (Demo-farm Establishment) in 

Bame (Zangnanado), Benin 
 

3.1. Site description  
 

Bame belongs to Zagnanado Commune and lies in the Ouémé River 

basin. Rice production was first introduced in the 1970s through Chinese 

investment, which developed canalization and implemented an 

Asian-type rice production (sawah) system. Nowadays, many farmers 

have abandoned the rice fields and only a limited number of households 

persevere with rice production despite rice farmers in Bame recognizing 

that rice production has proven profitability and generates greater 

income than other annual crops such as maize and cassava. The reasons 

for this situation are largely attributable to labor, credit and technical and 

financial assistance from the government. In addition, socio-cultural 

constraints, such as local traditional beliefs and farmers’ subjective beliefs 

with respect to physical activities in the inland valley, seem to be a 

substantial limitation.  

 

We pre-investigated the potential for implementation and adoption of 

the sawah system in Bame by clarifying the constraints faced by local 

farmers with regard to the social and institutional setting. Farmers 

recognized that a lack of labor, coupled with the labor intensiveness of 

cultivating inland valleys relative to agricultural production in uplands, 

were major constraints. In the context of labor scarcity, this meant any 

potential production system designed to enhance agricultural 

production should be based on labor-saving technologies, but not only 

on land-saving, or it should bring about sufficiently high economic 

benefits to meet labor requirements. Although the sawah system 

generally demands more labor than a traditional system, small machinery 

will considerably relieve labor requirement. Table 7 shows the accessibility 

of inputs and outputs, based on the group discussion with rice producers. 

Access of production materials, especially fertilizers and pesticides, is 

limited due to the lack of cash, which is assumed to be most commonly 

due to the difficulty of access to credit markets. This means that the 

SMART-IV Project should take care not only of technical improvement in 
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rice production but also resource mobilization and credit accessibility. 

 

Table 7: Accessibility and constraints of production inputs and outputs markets 

 Closest (distance) access Constraint 

Land (inland 

valley) 

Village Ambiguous criteria for land 

acquisition 

Production 

materials  

Seeds: National research 

institutes 

Physical distance (40 km), high 

cost, and low quality 

Fertilizers: Local extension 

office 

Unobtainable due to the lack of 

cash, and low quality 

Pesticides: Local shops Unobtainable due to the lack of 

cash, or physical distance 

Large-scaled machines: State 

owned company 

Only affordable through 

collective action 

Credit Local banks High interest rate, long latency 

Extension 

service 

Local extension office Flexibly accessible 

Processing 

mill 

At neighboring commune, 

which privately organized 

Physical (20 km) distance, low 

processing technique 

Output 

market 

Traders, and spots markets Uncertain trade, and low price in 

the spot market 

Source: Farmer survey 

 

3.2. Demo-farm Establishment 
 

A total of 0.48 ha of the demo-farm (0.01 ha of each plot x 48 plots) was 

set up in the upper irrigation area in the inland valley of Bame. These plots 

were largely modified and rehabilitated with the aim of carrying out both 

demonstration and research of the sawah system (see CHAPTER 5, 5.2) 

because existing farmers’ fields were poorly maintained in terms of the 

sawah system which was initially developed by the Chinese project in the 

1970s. NERICA L-19 was planted due to recommendation and seed 

supply by AfricaRice. As we compare traditional and improved irrigation 

schemes in neighboring plots at the same site, it will be helpful for local 

farmers to figure out the influence of the improved irrigation scheme in 

the sawah system. This demo-farm will be further expanded up to 0.7 ha 
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in the coming dry season, and a rice-vegetable system will be tested in 

part of the demo-farm to diversify income generation in inland valleys. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Selected photographs from the demo-farm in Bame 

(Zangnanado), Benin. An over view of the demo-farm after the 

transplanting (top) and farmers’ fields at the mid-tillering stage without 

standing water (bottom). Photos by Petra Schmitter and Shin Abe. 
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4. Technology Transfer and Development in Progress and 
Future Plan 
 

From the dry season in 2010–2011, the SMART-IV Project will start SSD 

dissemination in farmers’ fields beyond the demo-farms in Ayize and 

Bame. Several farmers will be invited from various villages (e.g. Zoungo 

and Ahicon in Ouinhi; Dovi and Zakwodo in Zangnanado) surrounding 

the demo farms, based on meetings with the rice farmers’ associations. 

These farmers will be leading collaborative farmers who have mastered 

SSD methods by using power tillers and can train other collaborative 

farmers for SSD at each village. It will be possible to develop a total area 

of at least 4 ha in the coming dry season, separately from the 

demo-farms. Therefore, SSD dissemination will be accelerated year by 

year. 

 

Notes 
 

1) Agro-ecological zones are determined by the length of their 

vegetation growth period and rainfall. The West Africa sub-region is 

divided into four major agro-ecological zones, i.e., an equatorial forest 

zone; Guinea savanna zone; Sudan savanna zone; and Sahel 

savanna zone. This agroecological zonation presents a useful 

preliminary evaluation of natural resource potential for agriculture 

(Windmeijer and Andriesse, 1993; Hirose and Wakatsuki, 2002). 
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CHAPTER 5: Research and Assessment 
 

1. Research and Assessment Highlight 1: 
 
Soil Fertility Potential for Rice Production in West African 
Lowlands (JARQ 44: 343–355)1) 
 

1.1. Introduction 
 

Rice is an important staple food in many West African countries. Rice 

consumption in West Africa has risen rapidly since the 1970s, as a result of 

a rapid increase in per capita consumption and population growth (JICA, 

2003; WARDA, 2008). The gap between the ever-increasing demand and 

the shortage of domestic supply was met by a steady increase of imports 

that eventually led to a record-breaking 3.4 million tons (milled basis) in 

1998 at a cost of nearly US$1 billion at the time (JICA, 2003). 

 

One of the major reasons hampering self-sufficiency is the low rice yield in 

the region. Over the past four decades (1960–2000), rice yield in West 

Africa has recorded only a slight increase from 1.0–1.2 to 1.5–1.7 tons of 

milled rice ha-1 (JICA, 2003). In the last two decades (1980–2000), rice 

yield has appeared to remain practically unchanged (WARDA, 2008). 

The stagnant rice yield at the low level can be mostly attributed to the 

farming system preference. Upland rice farming is very common under 

traditional shifting cultivation in West Africa, despite its lower yield and 

higher susceptibility to land degradation than lowland rice farming 

(Hirose and Wakatsuki, 2002). This situation indicates a sharp contrast to 

rice cultivation in monsoon Asia, where lowland rice farming is 

predominant and grain yield is usually higher than 3.0 t ha-1 (Hirose and 

Wakatsuki, 2002; JICA, 2003). 

 

It is interesting to mention here that the rice production system in West 

Africa has been shifting from the uplands to the lowlands since the 1980s 

(JICA, 2003; WARDA, 2008). Moreover, a major increase in rice production 

in West Africa originated in the last 20 years from the rainfed lowland rice 

ecology, especially the inland valley bottoms (JICA, 2003; WARDA, 2008). 
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In the early 1980s, the wetlands, i.e., the rainfed or irrigated lowlands, 

produced approximately 40% of total rice production while they 

occupied 30% of the rice cultivation area (WARDA, 1988), whereas the 

wetlands currently produce nearly 70% of total rice production in the 

region, while they occupy about 50% of rice cultivation area (JICA, 2003; 

WARDA, 2008). These macro data of rice production trends validate that 

rice production development in the region should focus on the lowlands 

rather than the uplands to catch up with ever-increasing needs for rice 

(Hirose and Wakatsuki, 2002). In West Africa, inland valleys and flood 

plains are considered to be suitable ecological environments for the 

development of a sustainable rice-based production system (Carsky, 

1992; Windmeijer and Andriesse, 1993; Hirose and Wakatsuki, 2002). By 

reclaiming an estimated 2 million hectares (in minimum) of wetlands that 

have potential for rice cultivation (Hirose and Wakatsuki, 2002), the West 

Africa sub-region can produce more than 5 million tons of rice grains and 

can fill the present gap between the demand and self-supply (equivalent 

to import: nearly 5 million tons). 

 

In spite of the importance of lowland ecosystems in agricultural 

development, much less information is available on them than on the 

upland ecosystems, which causes considerable impedance for their 

utilization and intensification on a sustainable basis. Adam (1993) 

described multiple roles of wetlands, with a focus on flood plains in the 

dry area, which sustain populations of human being and wild species. 

Carsky (1992) reviewed agronomic constraints in inland valleys and 

regarded water control and soil fertility as important impedances. The 

rice production potential of inland valley ecosystems was also 

agro-ecologically characterized by Andriesse and Fresco (1991) and 

Windmeijer and Andriesse (1993). A detailed soil survey was conducted in 

some parts of lowland areas, predominantly in Nigeria (Okusami et al., 

1986; Fagbami and Ajayi, 1990; Olaleye et al., 2000; Ogban and Babalola, 

2003; Igwe et al., 2005; Abe et al., 2007, 2009). In addition, Kyuma et al. 

(1986) evaluated the adaptability of the Fertility Capability Classification 

(FCC) system to lowland soils in West Africa. However, there has been 

little effort to evaluate soil characteristics on a regional scale, based on 

quantitative indicators of soil fertility. 
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In the present paper we present an overview of soil fertility characteristics 

of the West African lowlands with a focus on inland valleys and flood 

plains, because soil problems are important constraints to agricultural 

production in Sub-Saharan Africa (Sanchez et al., 1997; Sanchez, 2002). 

Our primary aim in this paper is to discuss the potential of these two 

lowland ecosystems for rice production. It is reasonable to compare soil 

properties between lowland soils in West Africa and paddy soils in tropical 

Asia, which is a major producer of rice and feeds billions of people. This 

attempt will allow us to identify soil constraints for lowland rice production 

in West Africa. As used herein, the term “tropical Asia” refers to 9 countries 

in South and Southeast Asia, including Bangladesh, Cambodia, India, 

Indonesia, Malaysia, Myanmar, Philippines, Sri Lanka and Thailand 

(Kawaguchi and Kyuma, 1977). 

 

1.2. Study Area and Soil Samples 
 

The West Africa sub-region is sandwiched between the Sahara Desert 

and the Gulf of Guinea. Except for the coastal savanna area, also called 

the Dahomey Gap, which extends from southern Ghana to Benin, rainfall 

and the vegetation growth period decrease as one moves northward. 

The sub-region is often divided into four agro-ecological zones, the 

equatorial forest (EF), Guinea savanna (GS), Sudan savanna (SuS) and 

Sahel savanna (SaS), according to precipitation and vegetation growth 

period. Inland valleys are defined as the upper reaches of river systems 

and are widespread in the sub-region (Windmeijer and Andriesse, 1993). 

Inland valleys have limited or imminent processes of alluvial 

sedimentation and thus do not have any distinct flood plain or levee 

system with respect to the main rivers and tributaries (Windmeijer and 

Andriesse, 1993). Since they are located at upper basins, inland valleys 

are topographically the lower parts of the watershed, and their bottoms 

are generally flat or very flat (less than a few percent in slope gradient) 

and are often suitable for wet rice culturing (Hirose and Wakatsuki, 2002; 

JICA, 2003). To date, less than 20% of the total area of valley bottoms is 

under cultivation (WARDA, 1997; 2002). Inland valleys and flood plains 

have 22 to 52 and 12 to 25 million hectares, and occupy approximately 
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50% to 60% and 20% to 30% of total lowland area in the region, 

respectively (Windmeijer and Andriesse, 1993). They constitute a potential 

18 million ha for lowland rice production (Hirose and Wakatsuki, 2002). 

Inland valleys exist mainly in the GS and EF zones, while flood plains under 

rice cultivation are distributed predominantly in the SuS and SaS zones. 

Other lowland ecosystems are coastal swamps/deltas and inland basins, 

which are not addressed in this paper because they have only a limited 

importance in West Africa (JICA, 2003; Hirose and Wakatsuki, 2002). 

 

From a geological point of view, the West Africa sub-region can be 

divided into a southern area where the rocks of the Basement Complex, 

which comprises the African continental shield that originally formed as a 

part of Gondwanaland predominate and a northern part where marine 

and terrestrial sediments and rocks occur, formed in huge tectonic basins 

(Udo, 1978; Windmeijer and Andriesse, 1993). The Basement Complex 

comprises granites and associated metamorphic rocks of the 

Precambrian age and underlies the whole inventory area. It occurs in 

most of Guinea, Sierra Leone, Liberia, Côte d’Ivoire, Togo, Benin, Nigeria, 

Burkina Faso and Cameroon, as well as in parts of Guinea Bissau, Mali, 

Niger and Ghana. The Pre-Cambrian Basement Complex rocks consist of 

igneous rocks such as granite and basalt as well as metamorphic rocks 

such as quartzite, schist and slates. Major soils in West Africa are thus at 

advanced weathering stages and generally show very poor fertility 

characteristics (Moormann and Veldcamp, 1978; Udo, 1978; Windmeijer 

and Andriesse, 1993). 

 

Soil fertility data examined in this paper were obtained from 185 inland 

valley locations and 62 flood plain locations in 13 countries in West Africa: 

Benin, Burkina Faso, Cameroon, Cote d’Ivoire, Ghana, Guinea, Niger, 

Nigeria, Liberia, Mali, Senegal, Sierra Leone and Togo (Figure 8). The 

locations are spread over the given four agro-ecological zones, whereas 

data on the SuS and SaS zones are combined, because the number of 

samples collected in these two zones are limited and their data sets 

generally show similar mean values [see Issaka et al. (1997) and Buri et al. 

(1999, 2000)]. These sampling sites include both potentially reclaimable 

and actually cultivated soils for rice and other crops [see Issaka (1997) 
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and Buri (1999) for further information]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8: Main sampling sites of inland valleys and flood plains on an agro-ecological 

map of West Africa 

 

1.3. General Fertility Characteristics and Soil Classification 
 

1.3.1. Topsoil fertility status 

 

Table 8 shows means of selected soil fertility parameters of lowland 

topsoils (0–15 cm) in West Africa according to topography and major 

agro-ecological zones in comparison with those of lowland rice fields in 

tropical Asia. In general, the former have considerably lower available P 

(Bray-2 P), exchangeable Ca, Mg and Na, effective cation exchange 

capacity (ECEC: sum of exchangeable bases and exchange acidity), 

clay content and clay activity (ECEC value divided by clay content, i.e., 

ECEC/clay) than the latter. Soil pH and total C and N contents are also 

somewhat lower in the former than in the latter. The fertility parameters 

also show that the soils in the West African lowlands are much less fertile 

than those of Amazon River systems (Tanaka et al., 1986). These results 

Source: Abe et al. (2006) 
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indicate that soil fertility of the West African lowlands is the lowest among 

the three major tropical regions in the world (Issaka et al., 1997; Buri et al., 

1999; Wakatsuki and Masunaga, 2005). The principal reason for the poor 

soil characteristics in West Africa is that the major soils in that area are 

derived from coarse-textured and acidic parent rocks (mainly granite) 

and have weathered under a tropical climate over millions of years 

(Moormann and Veldcamp, 1978; Udo, 1978; Windmeijer and Andriesse, 

1993). In addition, anthropogenic disturbances such as hastened 

deforestation and subsequent exploitive farming practices have been 

critically affecting soil fertility (Sanchez et al., 1997; Sanchez, 2002). For 

example, low-input subsistence agriculture inevitably causes soil 

degradation and nutrient exploitation, which are major concerns of 

environmental deterioration in Sub-Saharan Africa (Sanchez et al., 1997; 

Smaling et al., 1997). 

 

The inland valley soils in the EF zone are characterized by acidic reactions, 

coarse texture (low clay content) and low content of available P and 

exchange bases but high amounts of total C, total N and exchange 

acidity. A relatively high total C content in these soils suggests that the 

decomposition of organic matter is hindered due to prolonged 

submergence (Sahrawat, 2003). This could also explain the relatively high 

content of total C in the flood plain soils in the EF and GS zones. The inland 

valley soils in the GS zone show similar soil characteristics to those in the EF 

zone, except that the GS zone shows very low total C and total N, and 

exchangeable Ca and Mg as well as clay content are considerably 

lower in the GS zone than the EF zone. 

 

The inland valley soils in the SuS/SaS zone are slightly acidic and have a 

relatively higher content of exchangeable bases and clay than those in 

the EF and GuS zones, whereas their total C, total N and available P are 

as low as those in the GS zone. On the other hand, the flood plain soils 

exhibit relatively better soil fertility than do the inland valley soils. It is 

interesting that the clay content of the flood plains soils is comparable to 

those of paddy soils in tropical Asia, which shows a clear contrast to those 

in the inland valley soils. In addition, the flood plain soils have higher 

values of exchangeable bases and ECEC than those of the inland valley 
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soils. The similar clay activity index values between the flood plain and 

inland valley soils would indicate that better soil fertility characteristics in 

the former than the latter can be largely attributed to the quantity but 

not the quality of clay minerals. Moreover, the soils in the EF and GS zones 

have a considerably lower index of clay activity than those of the SuS/SaS 

zones. This suggests a soil weathering sequence largely governed by 

rainfall. These mineralogical subjects will be further examined in the 

following section of this paper. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Soil fertility assessment revealed widespread deficiency of N and P in the 

West African lowlands, and the sustainable replenishment of N and P is 

the most challenging issue to improving soil fertility. Effective application 

of N and P fertilizers is very important in soil fertility management. In 

addition, the low base contents and harmful acidity would present 

problems in the soils in the EF. Low base contents are also found in the 

soils in the GS zone, which has the poorest soil fertility characteristics 

among the major agro-ecological zones. In fact, many inland valley soils 

in the EF and GS zones contain very low levels of available K. However, 

crop responses to K fertilization are rare in Sub-Saharan Africa, except in 

sandy savanna soils (Ssali et al., 1986), even though exploitation of K by 

crop harvest is relatively high (Smaling et al., 1997). This indicates that 

crop demands for K are still low due to the actual low crop yield levels 

(Sanchez et al., 1997). In the SuS/SaS zone, soil acidity and base contents 

are out of constraint but N and P availability becomes worse than the 

Geographical region No. pH Total C Total N Available P Exch. Acidity ECEC Clay Clay activity

/agro-ecological zones samples  (H2O) (g kg-1) (g kg-1) (mg Kg-1) Ca Mg K Na (cmolc kg
-1) (cmolc kg

-1) (%) (cmolc kg
-1)

Inland valleys 185 5.3 12.8 1.11 8.7 1.9 0.9 0.3 0.2 1.0 4.2 16 26

Equatorial forest 79 5.3 20.4 1.66 11.8 2.3 1.2 0.3 0.3 1.7 5.7 20 29

Guinea savanna 98 5.3 7.3 0.70 6.5 1.3 0.5 0.2 0.1 0.5 2.7 13 21

Sudan/Sahel savanna 8 6.0 5.9 0.67 6.0 4.8 1.9 0.6 0.5 0.3 8.0 20 40

Flood plains 62 5.4 11.0 0.98 7.7 5.6 2.7 0.5 0.8 0.8 10.3 43 24

Equatorial forest 7 5.7 14.1 0.86 9.8 4.1 1.5 0.2 0.4 1.5 7.0 39 18

Guinea savanna 19 5.5 16.3 1.33 8.0 3.9 1.9 0.5 0.8 0.7 7.8 35 23

Sudan/Sahel savanna 36 5.5 7.6 0.77 7.3 6.8 3.3 0.6 0.9 0.7 12.3 48 27

Lowland soils

in West Africa

Paddy fields in

tropical Asia
5.5 0.4 1.5

See the source for the value range, standard deviation and/or coefficient of variance

Analytical procedures (IITA, 1979): pH, grass electrode method with 1:1 soil:water extraction; total C and N, dry combustion method; available P, Bray-2 method;
exchangeable bases, neutral ammonium acetate extraction method; exchange acidity, titration method with 1 M KCl extraction; ECEC, summation of exchangeable bases and
exchange acidity; Clay content, pipette method; clay activity, division of ECEC by the clay content

10.4

Source: Kawaguchi and Kyuma (1977), Issaka et al. (1997) and Buri et al. (1999, 2000)

25

4717.8 38

1.3

ND410 6.0 14.1

247 5.3 12.3

1.30 17.6

Table 8: Average general fertility characteristics of topsoils (0-15 cm) of inland valleys and flood plains in West Africa in comparison with those of paddy soils in tropical
Asia

5.8 231.08 8.4 2.8

Exch. bases (cmolc kg
-1)

0.3 0.3 0.9



SMART-IV Annual Report 2009 – 2010 

 — 48 — 

humid zones because of low organic matter content and neutral soil 

reaction. In addition, a salinity problem appears in some dry areas. 

 

1.3.2. Soil Profile Characteristics 

 

Inland valley soils in the EF zone are low in soil pH, which substantially 

increases with soil depth, and there is a high level of exchange acidity up 

to 60 cm deep in soil (data not shown here; see Issaka et al., 1996, 1997), 

reflecting substantial leaching in the humid climate (Figure 9). The inland 

valley soils in the GS zone show acidic reactions throughout the profile, 

but exchange acidity is found at a moderate level. In contrast, slightly 

acidic reactions and moderate to low values of exchange acidity were 

found throughout the soil profile in the inland valley of the SuS/SaS zone. 

The flood plain soils generally have acidic reactions and a low to 

moderate level of exchange acidity at all soil depths in all the 

agro-ecological zones, but the soils in the EF zone show slightly lower pH 

values and higher levels of exchange acidity than those in the GS and 

SuS/SaS zones. The inland valley soils in the EF zone have a very high total 

C content that decreases drastically with soil depth, while those in the GS 

and SuS/SaS zones have low total C content; in particular, subsoils in the 

GS zone have very low total C content. The flood plain soils have 

relatively high total C content, which decreases with soil depth, except 

for the soils in the SuS/SaS zone. These results suggest vigorous biomass 

production under humid climate conditions and substantially less biomass 

production under limited rainfall conditions. 

 

The trend of profile distribution of total N is highly correlated with that of 

total C (inland valleys: r = 0.79; P < 0.001, flood plains: r = 0.83; P < 0.001), 

except that the flood plain soils in the EF zone show less total N content in 

relation to that of total C in the upper layers (up to 45 cm in soil depth). 

The available (Bray-2) P content of inland valley soils is generally very low 

in all agro-ecological zones. In particular, the drier zones have less 

available P. The flood plain soils contain a higher amount of available P 

than do soils in the inland valleys throughout the profile. The ECEC value 

in the inland valley soils occurs in the following decreasing order: the 

SuS/SaS > EF > GS zone. In the flood plains, the soils in the GS zone also 
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Figure 9: Profile characteristics for selected fertility parameters in inland valleys 

and flood plains in West Africa. Plotted values show means of the sample groups 

according to the topography (inland valleys or flood plains) and agro-ecological zones 

(EF, equatorial forest; GS, Guinea savanna; SuS/SaS, Sudan and Sahel savanna). See the 

source for the value range, standard deviation and/or coefficient of variance. 
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show lower ECEC values than those in the EF and SuS/SaS zones. This low 

ECEC value in the soils in the GS zone can be attributed to the sandy 

texture with low clay content, which originates primarily from 

coarse-grained granitic rocks. These findings suggest that soil profile 

characteristics are predominantly affected by the parent material and 

weathering intensity governed by rainfall in the West African lowlands. In 

terms of general soil characteristics, the topsoil and subsoil of the flood 

plains are more fertile than those of the inland valleys. 

 

The trend of profile distribution of total N is highly correlated with that of 

total C (inland valleys: r = 0.79; P < 0.001, flood plains: r = 0.83; P < 0.001), 

except that the flood plain soils in the EF zone show less total N content in 

relation to that of total C in the upper layers (up to 45 cm in soil depth). 

The available (Bray-2) P content of inland valley soils is generally very low 

in all agro-ecological zones. In particular, the drier zones have less 

available P. The flood plain soils contain a higher amount of available P 

than do soils in the inland valleys throughout the profile. The ECEC value 

in the inland valley soils occurs in the following decreasing order: the 

SuS/SaS > EF > GS zone. In the flood plains, the soils in the GS zone also 

show lower ECEC values than those in the EF and SuS/SaS zones. This low 

ECEC value in the soils in the GS zone can be attributed to the sandy 

texture with low clay content, which originates primarily from 

coarse-grained granitic rocks. These findings suggest that soil profile 

characteristics are predominantly affected by the parent material and 

weathering intensity governed by rainfall in the West African lowlands. In 

terms of general soil characteristics, the topsoil and subsoil of the flood 

plains are more fertile than those of the inland valleys. 

 

1.3.3. Soil classification 

 

The soils of the inland valleys and flood plains in West Africa are generally 

classified into three major soil orders, i.e., Entisols, Inceptisols and Vertisols 

with minor distributions of Histosols, Alfisols and Ultisols in the US Soil 

Taxonomy (Soil Survey Staff, 2006). Major great groups are Sulf-, Hydr-, 

Psamm-, Fluv-, Epi- and Endo-aquents, Udifluvents, Sulf-, Hala-, Epi- and 

Endo-aquepts, Dystr-, Epi- and Endo-Aquerts, Aqualfs, and Aquults. These 
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are also classified as Fluvisols, Gleysols, Cambisols, Arenosols, Regosols, 

Loptosls, Vertisols and Histosols in the World Reference Base for Soil 

Resources (IUSS Working Group WRB, 2006). On the other hand, in the Soil 

Fertility Capability Classification (FCC) system has been developed to 

interpret soil taxonomy and additional soil attributes in a way that is 

directly relevant to plant growth (Sanchez et al., 1982, 2003). In general, 

inland valley soils have FCC units of L or S (loamy or sandy topsoil), g 

(water logging), e (high leaching potential), k (low nutrient capital 

reserves), m (low organic C saturation), i+ (high P fixation) and a– (Al 

toxicity), while flood plain soils have FCC units of L or C (loamy or clayey 

topsoil), g, k, m and d. These FCC units are largely affected by the 

climatic conditions (Kyuma et al., 1986): inland valleys predominate in the 

humid to sub-humid areas, while flood plains prevail in the semi-arid 

region. 

 

1.4. Sulfur and Micro-Nutrient Status 
 

Table 9 shows average contents of available S [sulfate–S extracted with 

Ca(H2PO4)2] and micro-nutrients (DTPA-soluble Zn, Fe, Mn, Cu and Ni) of 

lowland topsoils (0–15 cm) in West Africa according to topography and 

agro-ecological zones. The available S and Zn are very low in both inland 

valleys (4.9 and 1.6 mg kg-1, respectively) and flood plains (3.4 and 1.2 mg 

kg-1, respectively) in West Africa. Almost all soils of inland valleys and flood 

plains contain available S content below the critical level required for rice 

growth (5–20 mg S kg-1) (Figure 10). Also, 66% of the given soils have 

available Zn levels below the critical level necessary for rice farming (0.83 

mg Zn kg-1). These results suggest that low levels of S and Zn in the soils are 

major constraints for rice production in the West African lowlands (Buri et 

al., 2000), and S deficiency in rice plants is often combined with Zn 

deficiency (Neue and Mamaril, 1985). Total C content is correlated 

significantly with both available S (inland valleys, r = 0.87; P < 0.001; flood 

plains, r = 0.69; P < 0.001) and Zn (inland valleys, r = 0.87; P < 0.001; flood 

plains, r = 0.80; P < 0.001) (Buri et al., 2000). This suggests that organic 

matter is the main source of both S and Zn. As stated above, total C 

content of the West African lowlands is generally very low and decreases 

with rainfall. The content of S and Zn was lower in the SuS/SaS zone than in 
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the EF and GS zones, and this trend is rather more distinct in inland valley 

soils than in flood plain soils. These findings suggest that deficiency 

problems of S and Zn in rice plants are more prominent in inland valleys of 

the drier areas with less precipitation and lower soil C content (Buri et al., 

1999). Soil S availability is often affected by the distance from the 

seacoast and proximity to industrial activities (Neue and Mamaril, 1985), 

while Zn availability largely relies on crop residue recycling (Sahrawat, 

2000). Organic matter input and crop residue management are keys to 

replenishing S and Zn in the soil. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 10: Frequency distribution of Sulfate–S and available micronutrients (Za, Fe, Mn, 

Cu and Ni) in topsoils (0–15 cm) of inland valleys and flood plains in West Africa. 

 

Other available micronutrients are often observed at moderate levels in 

the West African lowlands: Fe, 219.8 and 163.1 mg kg-1; Mn, 57.6 and 66.6 

mg kg-1; Cu, 2.5 and 3.4 mg kg-1; Ni, 1.4 and 1.7 mg kg-1 on average in 

inland valleys and flood plains, respectively (Table 9). In general, except 

for available Cu, micronutrient availability shows a decreasing trend 

towards the dry zones. This can be attributed to the lower organic matter 

content and higher soil pH in the drier zone (Buri et al., 2000). As the 
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micronutrient availability is greatly affected by soil pH, it is very important 

to correct soil pH to within an appropriate range (5.5–6.5). Although the 

current availability of Fe, Mn, Cu and Ni is sufficient to sustain rice farming, 

further exploitation of nutrients via increasing the removal of rice grains 

and increasing demand for dry crops after rice cultivation in some areas 

may cause deficiency problems of these micronutrients in the future. 

Long-term crop experimentation and concomitant monitoring of 

micronutrient availability are necessary at benchmark sites in major 

agro-ecological zones. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

On the other hand, the Fe concentration in soil solutions often reaches 

levels that are toxic to rice plants in many inland valleys (WARDA, 2002). 

Iron toxicity symptoms in rice plants have been widely documented in the 

West African lowlands (WARDA, 2002; Audebert and Fofana, 2009). Sulfur 

and Zn deficiencies in rice as well as limited availability of P, K, Ca and 

Mg in soils may stimulate symptom of iron toxicity (Yamauchi, 1989; 

Sahrawat et al., 1996; Yamaguchi, 1997; Sahrawat, 2004a). Iron toxicity 

can be alleviated by the application of potassium sulfate, the 

introduction of tolerant genotypes, the adoption of a ridge culture and 

the improvement of soil drainage (Winslow et al., 1989; Yamauchi, 1989; 

Audebert and Fofana, 2009). 

 

Geographical region Sulfate-S Avail. Zn Avail. Fe Avail. Mn Avail. Cu Avail. Ni

/agro-ecological zones  (mg kg-1)  (mg kg-1)  (mg kg-1)  (mg kg-1)  (mg kg-1)  (mg kg-1)

Inland valleys 4.9 1.6 220 58 2.5 1.4

Equatorial forest 6.3 1.6 238 73 2.7 2.1

Guinea savanna 4.1 1.9 203 45 1.6 0.7

Sudan/Sahel savanna 1.4 0.6 128 28 3.9 0.5

Flood plains 3.4 1.2 163 67 3.4 1.7

Equatorial forest 3.1 1.0 121 100 3.3 1.7

Guinea savanna 3.2 1.6 185 82 3.2 2.0

Sudan/Sahel savanna 3.7 0.9 160 34 3.6 1.3

Analytical procedures: sulfate-S, turbidimetrical determination with Ca(H2PO4)2 extraction  (IITA 1979);

available Cu, Zn, Fe, Mn and Ni, ICP-AES measurement with DTPA extraction (Dale and Michael 1982)

Table 9: Average contents of sulfate-S and available micronutrients of topsoils (0-15 cm) of inland valleys and
flood plains in West Africa

See the source for the value range, standard deviation and/or coefficient of variance

Source: Buri et al. (2000) 
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1.5. Mineralogical Composition 
 

Semi-quantitative assessment of clay (< 2 µm) mineral composition was 

performed by X-ray diffraction analysis to plot the percentage of 7, 10 

and 14 Å minerals of 87 selected topsoil samples from the West African 

lowlands on a triangular classification system for clay mineral composition 

(Kawaguchi and Kyuma, 1977; Kyuma, 2003) (Figure 11). The 7, 10 and 14 

Å minerals are roughly regarded as kaolinite, micas and smectite and/or 

vermiculite, respectively. Kaolinite is a non-expandable 1:1 type 

phyllosilicate mineral having a pH-dependable charge and low CEC. 

Micaceous clays, with non-expandable 2:1 type phyllosilicate minerals, 

have a low CEC value but can become a potential K supplier in soils. 

Both smectite and vermiculite have 2:1 layer structure of phyllosilicate 

minerals. Smectite is an expandable mineral with a relatively high CEC 

value. Vermiculite is often found in Vertisols or vertic soils, but their 

distribution is limited in West Africa (Eswaran et al., 1997). Compared to 

paddy soils in tropical Asia, lowland soils in West Africa have more 7 Å  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 11: Triangular diagram for clay mineral classification using the relative 

abundance of 7, 10 and 14 Å minerals 

Source: Abe et al. (2006) 
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minerals but less 10 and 14 Å minerals (Table 10). The percentage of 

distribution of soil clay-mineral types (Table 11) shows that Types 7 and 

7-14 are predominant, and the percentages of these two soil types 

accounts for 77% of the West Africa lowland soils. In contrast, paddy soils 

in tropical Asia have only 36.8% of Types 7 and 7-14, which is about half of 

that of the West African lowlands. This implies that most soils in the West 

African lowlands are at a more advanced stage of weathering and 

consequently have a smaller nutrient-holding capacity than do the 

paddy soils in tropical Asia. This is well associated with low values of ECEC 

and clay activity index. There is not much difference in clay mineral 

composition between inland valleys and flood plains. This suggests that 

better nutrient-holding capacity as suggested by clay activity is mainly 

attributed to higher content of clay in the flood plains than in the inland 

valleys. 

 

The fine-sand fraction (20–212 µm) of the soils used for determining the 

clay mineral composition as described above has been examined by the 

combination of X-ray diffraction analysis and petrographic investigation 

to assess the soils’ primary mineral characteristics (Abe et al., 2007a). The 

primary minerals of the lowland soils in West Africa predominantly consist 

of quartz, which is often accompanied by a small quantity of feldspars.  

Geographical regions No.

/agro-ecological zones Samples Mean S.D. Mean S.D. Mean S.D.

Inland valleys 47 68.2 25.8 5.6 6.0 26.2 24.8

Equatorial forest 26 69.6 24.5 3.9 4.5 26.6 22.6

Guinea savanna 13 69.3 25.3 8.5 7.6 22.2 24.3

Sudan/Sahel savanna 8 62.2 32.9 6.4 5.9 31.5 33.8

Flood plains 40 68.5 21.6 4.5 3.8 27.0 21.2

Equatorial forest 5 68.9 20.1 5.0 0.9 26.1 19.3

Guinea savanna 9 86.4 9.8 6.5 6.8 7.1 4.0

Sudan/Sahel savanna 26 62.2 21.9 3.8 2.5 34.0 21.1

Lowland soils

in West Africa

Paddy fields in

tropical Asia

Source:  Kawaguchi and Kyuma (1977) and Abe et al. (2006)

S.D. = standard deviation

5.1 23.187 68.4 23.8 5.1 26.6

Table 10: Mean abundance of 7, 10 and 14 Å minerals of topsoils (0-15 cm) of inland valleys and flood plains in
West Africa in comparison with that of paddy fields in tropical Asia

7-Å minerals (%) 10-Å minerals (%) 14-Å minerals (%)

410 39.7 23.846.4 23.3 13.9 14.4
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The soils contain only very small quantities of weatherable minerals  

(mostly less than 10% by weight). As noted above, igneous and 

metamorphic rocks comprising the Basement Complex rocks are acidic 

in nature (having low base composition) and have been weathering 

since the Precambrian era (Udo, 1978; Windmeijer and Andriesse, 1993). 

Prolonged and intensive weathering followed by leaching and erosion 

causes a massive destruction of weatherable minerals and leaves 

persistent relicts behind in lowland soils of West Africa (Moormann and 

Veldcamp, 1978; Abe et al., 2007a). This suggests that the inherent 

nutrient-supplying potential is substantially limited in these soils. The 

mineralogical characteristics are well associated with total elemental 

composition (Table 12). The contents of total phosphorus and bases of 

lowland soils in West Africa are considerably lower than those of paddy 

soils in tropical Asia (Issaka et al., 1997). These findings of mineralogical 

characteristics confirm that major lowland soils in West Africa are at 

advanced weathering stages and exhibit very poor fertility 

characteristics. 

 

1.6. Geographical Distribution of Soil Characteristics 
 

Although climatic conditions have a strong influence on soil 

characteristics, parent materials still have important effects on the base 

status and clay mineralogical characteristics in soils, resulting in non-zonal  

Geographical regions

/agro-ecological zones 7 7-14 14-7 7-10 7-10-14 14 10 10-7 10-14 14-10

Inland valleys 46.8 29.8 17.0 2.1 2.1 2.1 0.0 0.0 0.0 0.0

Equatorial forest 50.0 30.8 19.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Guinea savanna 38.5 46.2 0.0 0.0 7.7 7.7 0.0 0.0 0.0 0.0

Sudan/Sahel savanna 50.0 0.0 37.5 12.5 0.0 0.0 0.0 0.0 0.0 0.0

Flood plains 37.5 40.0 17.5 5.0 0.0 0.0 0.0 0.0 0.0 0.0

Equatorial forest 40.0 60.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Guinea savanna 77.8 0.0 0.0 22.2 0.0 0.0 0.0 0.0 0.0 0.0

Sudan/Sahel savanna 23.1 50.0 26.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Lowland soils

in West Africa

Paddy fields in

tropical Asia

See Figure 4 for the classification of clay mineral types

0.0 0.017.2 3.4 1.1 1.1

0.8

0.0 0.0

Table 11: Percentage distribution of soil clay mineral types in inland valleys and flood plains of West Africa in comparison with that of paddy
fields in tropical Asia

Clay mineral types (%)

5.214.8 22.0 22.9 9.1 10.9

42.5 34.5

10.5 0.0 2.8

Source:  Kawaguchi and Kyuma (1977) and Abe et al. (2006)
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spotty distribution of some unique soils. For example, some soils in the Ibo 
and Yoruba areas in southeastern Nigeria formed on base-rich parent 

materials and derived from shale or other sedimentary rocks have a 

substantially high content of P, bases and clay, despite the fact that 

these soils are located in the EF zone (Abe et al., 2007b, 2009). The spotty 

occurrence of such specific soils is considered to be the effect of basic or 

neutral parent material that has penetrated into acid basement rocks. 

The geological distribution of soil clay mineral types (Figure 12) supports 

the influence of parent material as well as climate on soil principal 

characteristics. Most soils in Guinea and Sierra Leone and some of the 

soils from western Mali are classified as soil clay mineral Type 7, 

predominant in 7 Å minerals, indicating the highest rainfall and strongest 

weathering. These severely weathered soils are deposited in the inland 

delta of Mali. By contrast, soil clay mineral types containing 14 Å minerals, 

i.e., Type 7-14, are generally found in the SuS/SaS zone of Mali, Niger and 

Nigeria. More noteworthy is the occurrence of Type 7-14 soils in high 

rainfall areas, like the equatorial zones of Cote d’Ivoire, Ghana and 

Nigeria. Furthermore, soils rich in 14 Å and/or 10 Å minerals, i.e., Type 14-7, 

7-10-14 and 14, predominantly occur in the eastern part of West Africa. 

The geological formation of recent alluvial deposits and the presence of 

basic rocks may result in the genesis of relatively fertile soils, characterized 

by the presence of 2:1 type clay minerals (10 and/or 14 Å minerals), while 

Geographical region

/agro-ecological zones SiO2 Fe2O3 Al2O3 CaO MgO K2O P2O5 MnO2 Na2O

Inland valleys 78.4 4.3 14.4 0.40 0.43 0.93 0.08 0.06 0.19

Equatorial forest 78.7 4.3 14.3 0.36 0.38 0.94 0.19 0.06 0.19

Guinea savanna 80.7 4.3 11.9 0.51 0.50 0.89 0.12 0.06 0.25

Sudan/Sahel savanna 67.9 6.2 22.3 0.29 0.62 1.72 0.03 0.04 0.11

Flood plains 72.3 8.3 13.4 0.51 0.54 0.77 0.07 0.04 0.71

Equatorial forest 67.8 9.2 15.1 0.42 0.70 1.03 0.07 0.02 0.69

Guinea savanna 75.0 6.6 11.6 0.44 0.55 1.68 0.06 0.08 0.80

Sudan/Sahel savanna 72.6 8.6 13.4 0.55 0.48 1.10 0.07 0.02 0.67

Paddy fields in

tropical Asia

See the source for the value range, standard deviation and/or coefficient of variance

Analytical procedures: colorimetric (P), AAS (K) and ICP-AES (Si, Fe, Al, Ca, Mg, Mn and Na) determination with total elemental
dissolution method (Uchida et al. 1979)

1.83 0.13 0.12 ND

Source: Kawaguchi and Kyuma (1977), Issaka et al. (1997) and Buri et al. (2000)

Table 12: Average elemental oxides composition of topsoils (0-15 cm) of inland valleys and flood plains in West Africa in comparison
with that of paddy fields in tropical Asia

Elemental oxides composition (%)

72.2 5.94 16.3 1.42 0.92
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soils of geologically very old origin are less fertile and are predominantly 

associated with 1:1 type clay minerals (7 Å minerals) (Issaka et al., 1996, 

1997; Buri et al., 1999, 2000; Abe et al., 2006). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 12: Geographical distribution of soil clay mineral types in inland valleys and flood 

plains of West Africa 

 

1.7. Conclusions 
 

We have given an overview of the general fertility characteristics and 

mineralogical composition of lowland soils in West Africa, focusing on 

inland valleys and flood plains, which highlights their low fertility status 

and poor material nature and suggests that lowland soils in West Africa 

show less fertility potential for rice production than that of paddy soils in 

tropical Asia. In general, lowland soils in West Africa have sandy texture, 

poor nutrient status and kaolinitic and/or siliceous mineralogy, although 

the flood plain soils show relatively higher clay content and better fertility 

parameters than the inland valley soils. Soil constraints that must be 

addressed are (i) strong acidity (especially in the EF zone); (ii) low C and N 

content (particularly in the GS and SuS/SaS zones); (iii) limited availability 

Source: Abe et al. (2006) 
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of P; (iv) low base status (mainly in the EF and GuS zones); (v) limited 

availability of S and Zn (more severe in the drier zones); (vi) sandy texture 

with low clay content (predominantly in inland valley soils); (vii) low 

nutrient-holding and potential nutrient-supply capacities. 
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2. Research and Assessment Highlight 2: 
 
Traditional Farmer-Managed Irrigation System in Central 
Nigeria (JARQ 44: 53–60)1) 
 
2.1. Introduction 
 

After the failure of many large-scale irrigation schemes, many aid donors 

and development agencies have become increasingly involved in 

informal small-scale irrigation in sub-Saharan Africa (Akpokodje et al., 

2001; Baba, 1993). With the attempt to achieve agriculture intensification 

and modernization, the Nigerian government had put a substantial 

investment of more than US$ 200 million into irrigation development 

between 1976 and 1990 (Kebbeh et al., 2003). Nevertheless, some of 

these large-scale irrigation schemes have totally collapsed mainly due to 

lack of proper maintenance while others are functioning far below full 

capacity. On the contrary, traditional small-scale irrigation systems are 

long established and are of growing economic significance2). According 

to FAO and World Bank estimates, the area of informal irrigation 

developed spontaneously by farmers increased from 120,000 ha to 

800,000 ha during 1958–78 in Nigeria (World Bank, 1979; FAO, 1987). Most 

traditional and indigenous irrigation systems in West Africa are 

characteristically single-source, single-user systems, therefore the aid 

donors in Nigeria are also focusing on well-boring and provision of 

subsidized petrol pumps (Kimmage, 1991). However, increasing water 

scarcity and unchecked population growth will increasingly necessitate 

the use of shared water sources for irrigated production. Market 

development has also been stimulating the spontaneous development 

of such single-source, multiple-user irrigated production systems (Norman, 

1997). Enhancing the management of such systems will effectively 

improve agricultural productivity for system users. This study examines 

characteristics of a farmer-managed irrigation system in the inland valley 

of the Bida region in central Nigeria. It documents the development of a 

traditional system and the features of its operation and management.  

 

2.2. Site Description and Methodology 
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Figure 13: Bida and location of the research site 

 

The research was conducted in the southern part of Bida (8˚99’ N, 5˚99’ E), 

a town in Niger State in central Nigeria. The vegetation of the area 

belongs to the Guinea savanna zone. The yearly precipitation is about 

1,100 mm and the mean annual temperatures are in the range of 

23–34ºC. The region is characterized by a 6–7 month wet season during 

which rain-fed agriculture is practiced, and a 5–6 month dry season in 

which farmers may cultivate small, irrigated plots. The farmer-managed 

irrigation system selected for surveying was located in the upstream basin 

of River Emikpata (Figure 13), which runs dry in most parts during late 

January to April. The site is an intensively used, productive system of 

irrigated farms which has developed autonomously under local initiative 
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with no external assistance. Initial reconnaissance visits were carried out 

during August to September 2004. The basic organizational structure and 

management of several traditional irrigation systems in the region were 

initially assessed by informal interviews with farmers and village heads. A 

farmer survey form was developed which addressed a broad range of 

issues related to community organization, land tenure, channel 

development and maintenance, water allocation, and farm production 

and marketing. Forty farmers were interviewed with the survey form 

during January to February 2005. The irrigation channels and the irrigated 

farm plots of the selected site were physically surveyed and measured in 

detail by a simple total station and measuring tape. Based on the survey 

map, the surface areas of farm plots in the research site were determined 

by a digital area-line meter (PLANIX EX, Tayama Technics Inc.). The 

subsequent exchange rate was around one US dollar to 132 Nigerian 

Naira during 2004 to 2005 based on the data obtained from the Central 

Bank of Nigeria. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Standard 

Deviation

No. of rice plots farmed 27 2.11 1 4 0.89

Rice selling price per a sack of 75 kg 22 N 2,539 N 1,800 N 3,800 N 593

(in Naira)

Gross production of rice (in Naira) 27 N 32,330 N 5,000 N 87,500 N 21,176

Percentage of harvested rice sold 26 57% 0% 100% 31%

Source: Farmer survey

* includes the amounts for household-consumption and for sale

Table 13: Rice production of interviewed Nupe farmers

No. of entries Average Minimum Maximum

No. of Standard 

entries Deviation

No. of plots farmed 24 2.08 1 5 0.89

Gross income from off-season crops 24 N 83,577 N 1,600 N 234,600 N 68,653

(in Naira)

Income from each type of crop (in Naira):

Okra 13 N 29,546 N 5,000 N 161,000 N 41,431

Sweet pepper 21 N 52,763 N 4,800 N 225,000 N 54,168

Sweet potato 10 N 5,400 N 1,500 N 18,000 N 4,927

Cassava 23 N 7,316 N 800 N 64,000 N 13,063

Garden egg 6 N 32,200 N 800 N 160,000 N 63,001

Cowpea 5 N 3,470 N 250 N 10,500 N 4,111

Spinach 2 N 1,200 N 1,000 N 1,400 N 283

Sorrel 2 N 6,750 N 1,500 N 12,000 N 7,425

Sugar cane 1 N 5,000 N 5,000 N 5,000 —

Tomato 1 N 60,000 N 60,000 N 60,000 —

Source: Farmer survey

Table 14: Off-season crop production figures of interviewed Nupe farmers

Average Minimum Maximum
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2.3. Findings and Discussion 
 

2.3.1. Inland Valley Farming System of Nupe Farmers 

 

Irrigation systems in the inland valleys of Bida are used for rice cultivation 

and some off-season crop production. Interviewed farmers sold 57% of 

the rice they harvested. They farmed 2.11 rice plots and generated an 

amount of rice worth N 32,330 (~US$ 245) on average (Table 13). 

Off-season crop production is more elastic to changes in market prices 

and farmers always alter the type and quantity of crops they plant during 

the dry season. Most of the harvested offseason crops are for sale, 

especially okra, red pepper and cassava which very often are almost all 

sold to merchants. Informants cultivated 2.08 irrigated plots and 

generated N 83,577 (~US$ 633) on average from the sale of off-season 

crops (Table 14). 
 

2.3.2. Traditional Irrigation System Management 

 

Physical Structure and Development 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14: Layout of the farmer-managed irrigation system surveyed 
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Small-scale irrigation systems account for 94% of the total irrigated area in 

Nigeria (Kay, 2001) and surface (gravity) irrigation methods are the most 

predominant (Nwa, 2003). In central Nigeria, small weirs and channels are 

widely constructed to divert natural drainage water around inland valley 

swamps. Figure 14 shows the layout of the irrigation system surveyed. Plots 

cultivated by farmers of different villages are assorted in different patterns. 

The system is a typical traditional irrigation system commonly seen in the 

Bida area. Simple semi-permeable diversion modules were built using 

brushwood and earth to divert water from River Emikpata and River 

Emma into the two canals. Sixty-one irrigated plots with a total area of 

181,376 m2 were surveyed. Within such a small area, there were at least 

49 farmers coming from 14 villages cultivating their irrigated plots. The 

average plot size was just 2,973 m2 (Table 15). Canal 1 and canal 2 have 

been dug by farmers for over 80 years and 60 years respectively. The 

dimensions of the two canals are about 0.5 m in depth and 0.5 m in width 

at the ground surface. Informants indicated that about 28 years ago 

farmers began to join in a collective effort to weed and to maintain the 

system. The initiation of this community effort was probably related to a 

drought that occurred in the early to mid 1980s when farmers realized 

individual effort was not enough to secure water. The expanding 

demand for off-season crops since the last decade is leading to higher 

competition for water. Some farmers even revealed that they sometimes 

needed to sleep in their fields at night to secure water, which would have 

never happened in the past when off-season crop cultivation was less 

common. 

 

 

 

 

General Management Features 

 

The fundamental tasks for irrigation system management are the 

organization of water allocation, physical maintenance activities and 

conflict management (Hunt and Hunt, 1976; Coward, 1979). Some 

general features of how farmers organize these tasks for irrigation 

management in the region are discerned3). 

No. of entries Average Minimum Maximum Standard deviation

61 2,973 m2 377 m2 9,652 m2 1,989 m2

Source: Survey conducted by author

Table 15:  Area of plots surveyed
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First of all, there is a high degree of embeddedness of irrigation system 

roles in other powerful roles in the local society. Traditionally each village 

has a farmer’s leader, Etsunu, who facilitates farming activities and 

coordinates community work of villagers, including management of 

agricultural water. However, his influence on irrigation management is 

minor because a canal is usually utilized by farmers of various villages 

whom he is not entitled to monitor. The legitimate leaders of irrigation 

communities are usually the secondary landlords. Land is held in trust by 

the Bida Emir in the region. Under the Emir there are primary landlords 

which were created by the feudal system of the old Nupe kingdom. 

Secondary landlords are the “land managers” at community level. They 

have always been charged with the responsibility of settling minor land 

tenure disputes within the communities. Therefore, it is perhaps natural 

that they would come to play the important roles in the management of 

irrigation systems as they developed into important economic entities. 

The construction and extension of any irrigation canal should be 

approved beforehand by the secondary landlords. In times of water 

shortage, secondary landlords normally play an important role in 

facilitating water rotation among system users. They are the only persons 

at the community level who have the right to evict farmers from their 

plots when they seriously misbehave. Figures 15 and 16 indicate the 

landownership of the system surveyed. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15: Primary landownership of the system surveyed 
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Figure 16: Secondary landownership of the system surveyed 
 

The second feature is that irrigation communities are organized informally 

and are not organized into tiers of nested organizations. There is no formal 

rigid organizational structure for irrigation communities. Formal positions 

for community leader and system monitor do not exist, although some 

highly respected elders and the secondary landlords are assumed to 

have the power to lead and monitor system users. In the region, farmers 

belonging to the same village usually farm close to each other. This 

tendency is clearly validated in Figure 14. It is natural that farmers from 

the same village form a work team together to maintain the portion of 

the canal adjoining their fields. Neighboring work teams cooperate 

occasionally for maintenance tasks that cannot be handled by a few 

farmers and for water rotation during periods of water shortage. However, 

there is no higher layer of organization for irrigation management that 

coordinates the cooperation of each work team. There is neither an 

organization for farmers using the same canal nor an organization for 

farmers using the same irrigation system. The secondary landlord may 

coordinate some tasks in case of emergencies but his power does not go 

beyond the land under his control. The lack of higher layers of 

organization makes the coordination of large-scale and long term 

activities among several work teams difficult. 
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The third feature is that there is no clear definition of water rights in the 

region. The Water Resource Decree promulgated in 1993 approved 

“riparian rights” for all Nigeria, in which anyone whose land is alongside a 

river or a stream owns half the riverbed and is entitled to use half of the 

water on his land. Nevertheless, this concept is not well acknowledged by 

Nigerians (Nwa, 2003). Bida area is dominated by Islamic values so 

farmers regard water as a gift from god. The main concept is that a 

farmer can use as much water as he needs when water is abundant, 

provided that he let any extra amount of water return to the flow for the 

use of others. In times of water shortage, water should be shared 

although in practice it is always difficult to prevent farmers from 

scrambling for water. Water rotation during the dry season is decided 

informally most of the time and in an impromptu manner. Farmers 

constantly negotiate for water with neighboring farmers and with 

top-enders of the system. The second concept is that, when a farmer 

participates in the community maintenance of the system, he should 

have a claim to the water and nobody should block his inlet without 

consulting him. 

 

The main community maintenance task is the weeding and cleaning of 

streams and canals at the beginning of each irrigation season, which is 

around September for the irrigation of rice and late January for the 

irrigation of offseason crops. The task in September is considered to be 

the most tedious and is supposed to be compulsory for all system users to 

participate. If a farmer is repeatedly absent from the community work, he 

is supposed to be at risk of being deprived of irrigation water and even his 

plots. However, in reality no farmer has ever been punished severely 

despite some violators that may have had to beg for forgiveness from 

community leaders. The collective weeding usually requires work for at 

least a few days, and farmers gather once a week to clean out the 

canals and/or river course together for at least a month. The chief 

maintenance problems reported in the survey were channel damage 

caused by encroachment of Fulani cattle and destruction of diversion 

modules due to flooding. The financial burden of canal maintenance is 

minimal because construction materials such as rocks, branches and 
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vegetation are available locally. Community members will share the 

burden in case money is needed to buy materials. 

 

Irrigation Management Community 

 

As mentioned, the land system of the area is characterized by a 

three-layered structure and the landownership of the area is fragmented. 

Meanwhile, it was identified that the management of the surveyed 

system is carried out by four farmer communities (Figure 17). These 

communities are often composed of farmers from various villages. 

Therefore, it is difficult to regulate the behavior of members when the 

secondary landlord, the only person who has power over land at the 

community level, does not directly participate in the community. When 

the time for community work approaches, community leaders would fix a 

schedule and deliver messages to request system users to join. In case of 

group 3, farmers indicated that it is less easy to mobilize all users as the 

community is composed of farmers of eight villages while the secondary 

landlord is not involved. Bardhan and Dayton-Johnson (2000) 

demonstrated that heterogeneity among users of a community-based 

natural resource is associated with a poor commons performance and it 

may partially explain this situation. In addition, although leaders of group 

3 are highly respected elders for their diligence and commitment to 

canal management, they lack legitimacy to impose any graduated 

sanctions on those who do not participate in community work as they are 

not the landlords. This factor largely weakens their leadership and the 

performance of the community. 

 

On the contrary, informants responded that the leadership of group 4 

was much stronger as the group leader was the secondary landlord Y. All 

interviewed farmers of canal 2 mentioned that they were afraid of his 

power to take over their lands so they did not absent themselves from 

community work. The role of the secondary landlord is important because 

his presence largely increases the sense of obligation of community 

members which leads to better management of canals. Nevertheless, 

secondary landlord Y was not concerned about the management of 

canal 1 which he did not benefit from and his absence adversely 



SMART-IV Annual Report 2009 – 2010 

 — 69 — 

affected the performance of group 4. He also did not have power over 

farmers whose plots were not under his management; therefore he could 

not stop the free-riding of groups 1 and 2 further upstream from group 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17: Four work groups of irrigation management for the system 

surveyed 

 

The conflict between farmers with plots nearer to the head of canals, the 

top-enders, and farmers with plots at the end of the canals, the 

tail-enders, has always been a concern of irrigation management. In this 

research, the correlation coefficient between the distance of the plot to 

the water source and the gross incomes were derived from all available 

samples. It is -0.33 for gross production of rice and -0.03 for gross income 

from off-season crops. The results show that increasing the distance from 

the water source has a negative impact on farmers’ gross income. 

Top-enders enjoy a natural advantage in water distribution and obtain 

higher benefits compared with tail-enders. The impact on gross income 

from off-season crops is weaker. It is probably because during the dry 

season the amount of water that a farmer can get depends mostly on 

how early he begins the off-season plantation and how hard he works to 

channel water into his basin. Farmers with other occupations during the 

dry season were also less involved in off-season plantations. Table 16 
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shows the degree of participation in community maintenance of farmers 

of the four groups. The participation rate was the highest for group 4 

under the strong leadership of secondary landlord Y. The results indicate 

that top-enders tend to contribute less to the community maintenance of 

the system while farmers with plots on the latter part of the system have to 

work harder in order to secure water. As shown in Figure 16, most of the 

top-enders of the system surveyed were themselves the secondary 

landlords, their incentive to contribute to irrigation management was low 

because even if they did not participate in the community management 

of the canals they could still benefit from the water and they were not 

going to be punished. For tail-enders to secure water, they have to better 

organize themselves and contribute more in community weeding so that 

water can flow to their plots. This unfairness between top-enders and 

tail-enders cannot be solved unless there are higher layers of organization 

and institutions that coordinate management tasks and water distribution 

among different communities of a more extensive area. 

 

 

 

 

 

 

 

 

 

2.4. Conclusion 
 

The traditional irrigation system presented is an important case study in 

that it exhibits characteristics typical of many spontaneously developed 

systems in the region. Farmers were able to organize themselves for the 

collective maintenance of the irrigation system without any external 

assistance although a formal organizational structure did not exist. Water 

allocation was flexible as farmers could constantly adjust and negotiate 

for water in accordance to different circumstances. The cost of 

maintenance was low as materials were available locally. On the other 

hand, the management of the irrigation system in the region was highly 

Work group Count Degree of participation in community tasks*

1 12 0.83

2 6 1.17

3 18 1.61

4 5 2.00

Source: Farmer survey

* Degree of participation is categorized as follows: No participation = 0, Low participation = 1

and High participation = 2, based on the number of community meetings and weedings that

an informant attended, and sense of involvement in the irrigation community

Table 16: Degree of participation of the 4 work groups of the irrigation system surveyed
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linked to the local land tenure system. The multi-layered and fragmented 

land ownership was the major obstacle to improve efficiency of irrigation 

system management. In the absence of a higher layer of organization for 

irrigation management, it is difficult to avoid free-riding of top-enders with 

natural advantages. Tail-enders have a greater incentive to contribute 

more in collective maintenance in order to secure water. With greater 

competition for water due to increasing demand for off-season crops, 

disputes over water distribution between top-enders and tail-enders may 

increase. Moreover, coordination for large-scale maintenance work and 

water distribution for a broader area among various groups is difficult. 

Community leaders apart from those who were also landlords lacked the 

legitimacy to impose graduated sanctions on those who did not 

participate in communal work and this adversely affected the 

effectiveness of community management. For further agricultural 

development of inland valley bottoms in the region, institutional 

arrangements for irrigation management should be enhanced otherwise 

existing management capacity may not be able to meet higher water 

demand in the future. 
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3. Research and Assessment in Progress and Future Plan 
 

3.1. Agronomy and Soil Fertility 
 

3.1.1. Wetland Soil Fertility Map 

 

Soil fertility is one of the important factors determining rice productivity. To 

scale-up SSD from site level to a regional or country level, soil fertility 

characteristics will be assessed to cover a wide area of the wetland 

regions in Benin and Togo in 2011 and 2012. By integrating soil data with 

GIS, a soil fertility map will be developed. If possible, rice productivity will 

be depicted on this soil map. Soil surveying will be largely conducted in 

Benin over the period of November 2010 – January 2011 as a part of the 

JIRCAS Fellowship training in 2010–2011. 

 

3.1.2. Fertility Capability Soil Classification System (FCC) in Relation to Rice 

Productivity 

 

The essence of FCC is to interpret soil taxonomy and additional soil 

attributes in a way that is directly relevant to plant growth (Sanchez et al., 

2003). This study examines adaptability of FCC to wetland rice farming in 

Benin and Togo. Extensive soil survey as well as rice yield assessment is 

necessary in this study. 

 

3.1.3. The Influence of Land Use Change on Soil Organic Matter Dynamics 

in African Wetland Ecosystems 

 

It is known that there is a dynamic balance between organic input and 

output in tropical soil ecosystems. However, this balance is very fragile 

and susceptible to changes in land use and/or management practice. 

The clearance of natural vegetation often leads to a rapid decline in soil 

organic matter, resulting in land degradation and enhanced carbon 

dioxide emission. However, soil organic matter dynamics as affected by 

land use change have been poorly explored in tropical wetland 

ecosystems, unlike the case of dryland ecosystems. This study will 

examine the influence of land use change (e.g. natural wetlands to 
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agricultural lands) on soil organic matter dynamics in inland valley 

wetlands in SSA. 

 

3.1.4. Comparing Rice Productivity and Nutrient Use Efficiency in the 

Sawah System with those in Traditional Rice Farming Systems and in the 

process of Sawah System Development 

 

To clarify the advantages or disadvantages of SSD against traditional 

systems, rice productivity and nutrient use efficiency will be compared 

with a traditional system. By the same token, we will compare these 

parameters along a development gradient of the sawah system. This will 

help to measure impact of SSD in inland valleys and which sawah system 

components, i.e., bunding, leveling and puddling, get priority under the 

limited condition of the SSD investment. 

 

3.1.5. Plant Nutrient Management Options Against Abiotic Stresses such as 

Drought (Water Deficiency) and Iron Toxicity 

 

Plant nutrition management is an effective option to alleviate some 

abiotic stresses in rice. This study will start with the influence of silica (Si) on 

major abiotic constraints (i.e., drought and iron toxicity) in inland valley 

rice farming systems. Future study may include sulfur (S) as another 

interesting element for the fight against iron toxicity in rice. 

 

3.2. Water Management and Hydrology 
 

3.2.1. The Effect of Water Management on Water Productivity in Irrigated 

Rice Fields: Sawah vs. Traditional Farming Method 

 

A field experiment was launched in August 2010 in an irrigated inland 

valley which does not suffer from inundation during the rainfall period. 

The experiment was set up as a split-plot design, with water management 

being the main factor and fertilizer application the subfactor. Two water 

management treatments were chosen: (i) traditional, with the absence 

of a standing water layer and irrigation performed every 5 days, and (ii) 

sawah treatment which was irrigated when necessary in order to 
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maintain a water layer of between 5–8 cm throughout the cropping 

season. Two fertilizer treatments were added within each water 

management regime: (i) zero fertilizer application and (ii) recommended 

dose of fertilizer application, i.e., 300 kg ha-1 NPK (14-14-14) and 100 kg 

ha-1 urea (42% N). The chosen field set up contained a total of 4 

toposequences4) (2 toposequences per water management treatment), 

each containing 6 underlying fields from which each field was subdivided 

for the fertilizer treatment (Figure 18). Water productivity will be 

calculated by division of grain yield by sum of irrigation amount and 

rainfall amount. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18: Schematic representation of the experimental set up 

 

3.2.2. Spatial Variability of Rice Yield and Soil Fertility under Different Water 

Management Schemes and Fertilizer Application Rates 

 

Within each sub-plot of 100 m², nine sub-sub-plots (1 m x 1 m) were 

marked for rice performance measurement to examine spatial variability 

of rice yield. Plant height and SPAD (SPAD-502, Minolta) is monitored at 

2–3-week intervals. Additionally, the number of tillers and panicles is 

counted at maximum tillering and flowering, respectively. At harvest, 

freshweight biomass and yield will be measured as well as dry weight 

after drying at 80°C. Soil fertility at a subplot level will also be evaluated so 
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that linkage of spatial variability of rice yield with soil fertility can be 

assessed at the end of the experiment. In each sub-sub-plot, composite 

soil sampling was performed before transplanting of the topsoil (0–15 cm). 

A total of 540 samples were taken. Samples will be analyzed on organic C, 

total N, ammonium, nitrate, CEC, pH, available K, available P and 

particle size distribution using a combination of conventional laboratory 

analysis and near-infrared spectroscopy. 

 

3.2.3. The Effect of Water Management on Weed Production in Irrigated 

Rice Fields: Sawah vs. Traditional Farming Method 

 

The effect of water treatment and fertilizer application on weed 

manifestation will be assessed in each sub-plot by collecting weed 

biomass two weeks after transplanting, at maximum tillering and following 

panicle initiation. Data will be linked to water level, fertilizer application 

and irrigation practice.  

 

3.2.4. Integration of Water Management and Hydrological Research with 

other Disciplines 

 

The established experiment of 2010 will be expanded in 2011 to 

incorporate the different hydrological conditions (i.e., flooding, rainfed, 

irrigated, fresh opened land) of the inland valley. The focus will lie on 

assessing water productivity and suitability of rice under various 

hydrological constraints. These data are believed to be useful for 

extrapolation purposes to other inland valleys. The use of remote sensing 

techniques in combination with detailed field measurements in Bame will 

allow the identification of suitable water management options in inland 

valleys with similar hydrological conditions.  

 

In order to assess the impact of agro-ecological zonation, farmers’ 

knowledge and adaptation on water management techniques, an 

integration of socio-economic data on farmers’ perceptions, labor 

constraints and poverty status will be combined with upscaling 

techniques such as remote sensing and isotope techniques. The use of 

stable isotopes such as 13C and 15N have proven in the past to be a useful 
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technique in assessing spatial variation of water availability and the 

impact on rice productivity across various scales. As the natural 

abundance of soil 15N is influenced by the aerobic-anaerobic conditions 

in rice fields, it is believed to give an indication of the long-term 

hydrological condition of agricultural land. Additionally, the use of plant 
13C discrimination will give an indication of temporal variation of water 

use efficiency (Ebdon et al., 1998; Dercon et al., 2006). The combination 

of these techniques will therefore assist in defining crop suitability and 

adjusted water management practices in inland valleys. 

 

The intensification (land management and fertilizer consumption) of rice 

production can have various implications on nutrient dynamics at the 

plot, toposequence and landscape levels. It is interesting to identify the 

main pathways with regard to nutrient losses under various water 

management strategies. Water quality will be monitored on the field and 

toposequence levels. It is believed the results from this will help in making 

fertilizer recommendations and applications attuned to the various 

hydrological conditions. The effect of rice intensification on nutrient fluxes 

on the basin scale will be estimated by monitoring water quality 

parameters and the discharge at the outlet of various inland valleys (i.e. 

intensive and less intensive rice production) draining to the same basin. 

The data will be combined with hydrological modeling in order to 

estimate nutrient export and the environmental effect of rice cultivation 

at basin scale. Afterwards, water management scenarios will be 

designed in order to simulate the effect of improved water management 

strategies on water productivity, rice yields and nutrient export. 

 

3.3. Remote Sensing and GIS 
 

This component of the SMART-IV Project will focus on the development of 

a combined remote sensing and GIS tool to locate inland valleys or the 

possible presence of inland valleys, and their suitability for development 

in rice cultivation. This tool will be based on biophysical and 

socio-economic data sets, and it must be applicable on national scales. 

Data sets should be existent or new data sets will be created, tested and 

validated from remote sensing analysis. All work will be carried out within 
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the work package 4: “SSD suitability mapping of inland valleys at country 

level using existing data and additional surveys on biophysical, 

socio-economic, technical and eco-environmental factors” (SMART-IV 

Project, 2009a). Major research questions are as follows: 

 

i) Where are inland valleys located? 

 

� What are the existent data sets and can they be used in the 

development of a tool or in the validation of a tool? 

 

� What kind of remote sensing imagery can be integrated? What is the 

minimal spatial scale required? What are the costs? 

 

� Can we map the exact location of inland valleys at national scale 

and what are possible alternatives? 

 

ii) What are favorable and limiting bio-physical and socio-economic 

parameters for inland valley development? 

 

� What are the factors that make an inland valley suitable for 

development or not? (literature research, personal consultation) 

 

� How can these parameters be described spatially? 

 

� Which sources are available, and where are the data gaps? 

(inventory of existing data sets, remote sensing technologies) 

 

iii) Development and implementation of a spatial tool? 

 

� What is a suitable scale? 

 

� What is a suitable platform? (GIS modeling, remote sensing 

environment, others) 

 

� What are the constraints for the implementation of the model? 
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� How can the model be tested and validated spatially? 

 

� What is the feasibility and what are constraints in the applicability for 

other countries than the SMART-IV Project’s target countries? 

 

The work in WP4 started in June 2010 after the appointment of a GIS and 

Remote Sensing specialist. This means that only limited time was spent on 

work activities, including development of a research proposal, 

development of ideas, a visit to colleagues at IWMI-Ghana and an 

inventory of existing data sets available at AfricaRice. This corresponds to 

activities 1.1 and 2.1 of the research questions (SMART-IV Project, 2009a, 

2009b). 

 

3.4. Social Science and Economics 
 

3.4.1. Describing Characteristics of Indigenous Rice-Based Farming 

System 

 

It has been increasingly shown that improved understanding of 

indigenous agricultural systems and traditional farming practices brings 

out new insights and innovative ideas when transferring new technology 

in a rural development project. Local farmers have acquired knowledge 

from generations of experience and experimentation, as they have had 

to adapt their agricultural systems using limited resources under harsh 

and insecure conditions. Understanding of this indigenous knowledge is 

therefore essential to appreciate the local realities for farmers and can 

be critical for the success of agricultural projects since the agricultural 

ethics of any ethnic group may originate with indigenous knowledge. 

SMART-IV Project will describe a traditional rice farming system in detail 

and examine an opportunity to integrate the sawah system to some 

traditional systems. 

 
3.4.2. The Influence of Traditional Land Preparation Methods on Rice 

Productivity and Resource and Labor Investment 

 
A rice productivity map in relation to land preparation method in a 
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watershed will be made by way of the field investigation and interviews 

with local farmers in several traditional rice cultivation areas in West Africa. 

Economic benefits from rice production will be examined, and demand 

for resources (e.g. fertilizers, improved varieties and agrochemicals) and 

labor will be checked in order to examine adaptability of the sawah 

system. 
 
3.4.3. The Influence of Land Tenure (Tenant) System on Rice Yield and 

Economics as well as Resource and Labor Input in Traditional Rice 

Farming Systems 

 

Land tenure arrangement often determines success or failure of the 

project. The type of land tenure may influence investment in land 

improvement and, in turn, the rice productivity in inland valleys (Sakurai, 

2006). This study will assess the effect of land tenure (tenant system) on 

resource and labor input, rice productivity and income generation in rice 

production, and will seek an optimal land tenure arrangement for SSD 

implementation in inland valleys. Case studies will be conducted in 

Ghana and Nigeria as well as in Benin and Togo. 

 

3.4.4. The role of Women in Rice cultivation, Post-Harvest Processing and 

Market Arrangement 

 

Recognition of gender roles and the specific needs of both men and 

women is a key to effective and productive rice farming. Men’s and 

women’s roles in rice farming vary considerably from region to region. 

However, planting, weeding, harvesting and processing are usually the 

domain of women. Regardless of the significant contribution of women to 

rice production, women can often gain only a subtle portion of the 

benefits from rice farming. Access by women to agricultural resources, 

technical knowledge and support services is more limited than that for 

men, and this issue needs to be resolved if rice production is to be 

increased sustainably. An understanding of gender roles makes it possible 

to design and adapt new farming technologies that will benefit both men 

and women in rice producing areas. 
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3.4.5. Process of Spontaneous Rice Technology Transfer 

 

In Zangananado commune, seven villages out of 26 are currently 

engaged in rice production, including two villages (Bame and Zomon) 

whose rice production was initiated by the Chinese. Besides these 

Chinese initiatives in the 1970s, five of the surrounding villages (Zoumou, 

Klobo, Sagovi, Dovi, Zakwodo) are currently producing rice under the 

governmental project. Since these five villages started rice production 

before the project was implemented, we assume that there might have 

been a spillover effect of rice production from the two Chinese village 

projects. By evaluating those spillover effects of rice production around 

the project site, the potential of rice production might be broadly 

recognized not only in the project site but at the regional level.   

 

3.4.6. Factors Affecting Adoption Levels of New Rice Technology 

 

The Chinese development cooperation from the late 1960s to the early 

1980s targeted wide areas of Benin, resulting in some areas retaining 

improved water management whereas other areas abandoned or failed 

to adopt the technical cooperation. It is worthwhile to investigate the 

factors influencing these adoption differences in the same region, but 

different villages, to help in estimating the long-term impact of the 

SMART-IV Project, and to add precision to our plan for implementation of 

the sawah system. 

 

Apart from labor availability in households, other household 

demographic characteristics would also be assumed to impact on 

decision-making. Those indicators will be used in the application of the 

estimate of determinants of participation in the data analysis. 

Socio-cultural factors also can be influential on the decision of 

participating in rice production, such as local traditional beliefs and 

farmers’ subjective beliefs with respect to physical activities in inland 

valleys. Furthermore, expenditure-based data will be applied to measure 

the relative poverty status of each household, which will help us to 

understand the levels of living standards held by rice-producing 

households. In addition, the data will be applicable for measuring impact 
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of the project on their livelihood in the longer term. 

 

Notes 
 

1) The section originates from the previous data but is written and/or 

revised in SMART-IV Project 

2) Elinor (1992) emphasized the importance of institutional arrangement 

for long-enduring, self-organized irrigation systems. 

3) Apart from the system chosen for detailed case study, systems located 

in Nasarafu village, Emisheshinatsu village, Gadza village, Kpatagi 

village, and Makwa villages were briefly studied by interviewing 

farmers and secondary landlords. 

4) The term ‘toposequence’ refers to a topographic catena. In this case 

the toposequence indicates a consolidated area from an upland 

plateau to seasonally submerged valley bottom in an inland valley. 

 

Notes 
 

5) The section originates from the previous data but is written and/or 

revised in SMART-IV Project 

6) Elinor (1992) emphasized the importance of institutional arrangement 

for long-enduring, self-organized irrigation systems. 

7) Apart from the system chosen for detailed case study, systems located 

in Nasarafu village, Emisheshinatsu village, Gadza village, Kpatagi 

village, and Makwa villages were briefly studied by interviewing 

farmers and secondary landlords. 

8) The term ‘toposequence’ means a topographic catena. In this case 

the toposequence indicates a consortium from an upland plateau to 

seasonally submerged valley bottom in an inland valley. 
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CHAPTER 6: Workshop Organization 
 
1. Annual Workshop: SMART-IV Project Kickoff Workshop 
 

The first annual workshop of the SMART-IV Project took place on 16–17 

August 2010 in the form of a kickoff workshop with the objectives of 

launching the SMART-IV Project and to exchange knowledge and 

experience among the on-going rice development projects in West 

Africa. Forty-two (42) participants from 12 countries (Japan, Benin, Burkina 

Faso, Côte d’Ivoire, Ethiopia, Ghana, Nigeria, Togo, Belgium, France, 

India, and The Netherlands) were officially registered (Table 17), although 

including unregistered participants brings the total number of participants 

to more than 50. The workshop included five complimentary speeches, 

three keynote lectures and 18 technical presentations (Table 18 and 19). 

The complimentary speeches were given by H.E. Ambassador Masahiro 

Bamba (Japanese Ambassador to Benin), Mr Akihiko Udoguchi (the 

representative from the MAFF, Japan), Mr Celestin Danvi (the 

representative from the Ministry of Agriculture, Breeding and Fishery 

(MAEP), Benin / Director of CBF-DGR), Dr Comlan Agbobli (Director 

General of ITRA), and Dr Tetsuji Oya (Regional Coordinator of 

JIRCAS-Africa) during the opening ceremony, while the keynote lectures 

were made by Prof. Toshiyuki Wakatsuki (Kinki University, Japan), Prof. 

Takeshi Sakurai (Hitotsubashi University, Japan) and Dr Yoko Kijima 

(University of Tsukuba) in the symposia, which were followed in turn by the 

presentations from several rice development projects in West Africa. The 

abstracts, as well as PowerPoint slides of the workshop presentations, are 

shown in Appendix A. 

 

The workshop was reported by a Beninese national TV program and 

newspapers (see Appendix B), as well as in web news. These releases to 

media were made to obtain publicity for the SMART-IV Project and 

Japan’s efforts towards rice production enhancement in inland valleys in 

Benin and Togo. 
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Figure 19: Selected photographs from the SMART-IV Project kickoff 

workshop. Photos by Yoshiko Saigenji 

 

H. E. Ambassador Masahiro 

Bamba, making his speech 

in the opening ceremony 

Mr. Akihiko Udoguchi, 

making his speech on 

behalf of MAFF (Japan) in 

the opening ceremony 

Participants: HE Bamba, Mr. 

Usui, Mr. Danvi, Mr. Gbaguidi 

(from right in front); Mr. Dr. 

Adoh Rahim Alimi, Mrs. 

Houngbedji, Dr. Bam, Dr. 

Namara (from right in back) 

Participants: Prof. Wakatsuki, 

Prof. Sakurai, Dr. Futakuchi, Dr. 

Kijima, Dr. Kikuno (from left) 



SMART-IV Annual Report 2009 – 2010 

 — 90 —

Table 17: List of Workshop Participants* 

 

No. Name Position Affiliation Location 

1 Bamba, Masahiro Ambassador Embassy of Japan Cotonou, Benin 

2 Usui, Hiroshi Third Secretary Embassy of Japan Cotonou, Benin 

3 Udoguchi, Akihiko Senior Policy Advisor on World Food 

and Agriculture 

MAFF Tokyo, Japan 

4 Murai, Kodai Section Chief of International 

Cooperation Division 

MAFF Tokyo, Japan 

5 Danvi, Celestin Director General DGR-MAEP Porto Novo, Benin 

6 Agbobli, Comlan Director General ITRA Lome, Togo 

7 Kiepe, Paul  P2 Leader / IVC Coordinator AfricaRice Cotonou, Benin 

8 Kumashiro, Takashi P1 Leader AfricaRice Cotonou, Benin 

9 Abe, Shin SMART-IV Coordinator AfricaRice Cotonou, Benin 

10 Saigenji, Yoshiko Consultant (SMART-IV) AfricaRice Cotonou, Benin 

11 Schmitter, Petra Consultant (SMART-IV) AfricaRice Cotonou, Benin 

12 Zwart, Sander GIS/RS Specialist AfricaRice Cotonou, Benin 

13 Huat, Joel RAP Coordinator CIRAD / AfricaRice Paris, France 

14 Futakuchi, Koichi Head of Genetic Resources AfricaRice Cotonou, Benin 

15 Mohapatra, Savitri Communication Manager AfricaRice Cotonou, Benin 

16 Adda, Cyrille Training Officer AfricaRice Cotonou, Benin 

17 Toure, Amadou Research Assistant AfricaRice Cotonou, Benin 
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No. Name Position Affiliation Location 

18 Gbaguidi, Felix SMART-IV Benin Coordinator CBF-DGR Porto Novo, Benin 

19 Adoh, Assimiou SMART-IV Togo Coordinator ITRA Lome, Togo 

20 Buri, Moro Sawah Project Coordinator (SRI) CSIR-SRI Kumasi, Ghana 

21 Bam, Ralph Sawah Project Coordinator (CRI) CSIR-CRI Kumasi, Ghana 

22 Namara, Regassa Impact Assessment Economist IWMI-Ghana Accra, Ghana 

23 Kikuno, Hidehiko Hirose Project Coordinator IITA Ibadan, Nigeria 

24 Katafuchi, Shota JICA Expert JICA Accra, Ghana 

25 Oya, Tetsuji Regional Coordinator for Africa JIRCAS Accra, Ghana 

26 Kawano, Naoyoshi Assistant Engineer JIRCAS Tsukuba, Japan 

27 Fukuo, Ayumi Assistant Engineer JIRCAS Tsukuba, Japan 

28 Takita, Tadashi Seed Multiplication Specialist JICA / AfricaRice Cotonou, Benin 

29 Yoshimi Sokei ARI Agronomist JICA / AfricaRice Cotonou, Benin 

30 Hayakawa, Shoko PBF Regional Coordinator WFP Dakar, Senegal 

31 Niodgo, Mahamoudou PBF National Coordinator WFP Ouagadougou, Burkina Faso 

32 Yamamoto, Rumiko Resident Representative JICA-Benin Cotonou, Benin 

33 Vido, Armel Local officer JICA-Benin Cotonou, Benin 

34 Wakatsuki, Toshiyuki Professor Kinki Univ. Nara, Japan 

35 Sakurai, Takeshi Professor Hitotsubashi Univ. Tokyo, Japan 

36 Kijima, Yoko Associate Professor Univ. Tsukuba Tsukuba, Japan 

37 Sintonji, Luc Assistant Professor Univ. Abomey-Calavi Cotonou, Benin 

38 Dagbenonbakin, Gustave IVC Coordinator - Benin INRAB Cotonou, Benin 
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No. Name Position Affiliation Location 

39 Houndbedgi, Tossimide  Researcher ITRA Lome, Togo 

40 Ademiluyi, Segun Sawah Project Collaborator NCAM Irolin, Nigeria 

41 Aliyu, Joshua Sawah Extension Officer WIN2001 Bida, Nigeria 

42 Agboola, Adeniyi Sawah Extension Officer IITA Ibadan, Nigeria 

* Participants with registration only. 

† Abbreviations and acronyms: INRAB, Institut National de Recherche Agronomique du Benin (Beninese National 

Agricultural Research Institute); CIRAD, Centre de Coopération Internationale en Recherche Agronomique pour le 

Développement (French Agricultural Research Centre for International Development); WFP, World Food Program; NCAM, 

Nigerian National Center for Agricultural Mechanization; WIN2001, Watershed Initiative in Nigeria 2001 (local NGO) 

 

 



SMART-IV Annual Report 2009 – 2010 

 — 93 —

Table 18: Workshop Programmes (Day 1st / 16 August 2010) 

 

No. Programme Rapporteur Time 

      Opening Ceremony 

1 Opening remarks Paul Kiepe 9:00 

2 Speech―JIRCAS Tetsuji Oya 9:05 

3 Speech―ITRA Comlan Agbobli 9:10 

4 Speech―CBF-DGR Celestin Danvi 9:15 

5 Speech―MAFF Akihiko Udoguchi 9:20 

6 Speech―Embassy of Japan (Benin) Masahiro Bamba 9:25 

      Workshop Launching 

7 Objectives of the workshop Shin Abe 9:30 

8 Self introduction of participants All participants 9:40 

     Coffee break  10:00 

      Symposium   Chair: Paul Kiepe 

8 Multi functionality of Sawah systems: Why Sawah-based rice farming is 

critical for Africa's green revolution? 

Toshiyuki Wakatsuki 10:20 

9 Inland valley rice production in West Africa: Potential and constraint Takeshi Sakurai 10:50 

10 On the possibility of lowland rice Green Revolution in Sub-Saharan 

Africa: Evidence from sustainable irrigated agricultural development 

(SIAD) project in Eastern Uganda 

 

Yoko Kijima 11:20 
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No. Programme Rapporteur Time 

11 Panel Discussion Toshiyuki Wakatsuki; Takeshi 

Sakurai; Yoko Kijima; Tetsuji 

Oya; Regassa Namara; Shin 

Abe 

11:50 

     Luncheon  12:20 

      Session 1   Inland Valley Research and Development Project Outlines - 1 Chair: Takeshi Sakurai 

14 The Inland Valley Consortium: Its history and future Paul Kiepe 13:20 

15 SMART-IV Project―General concept, objectives and expected 

outcomes 

Shin Abe 13:50 

16 Realizing the agricultural potential of inland valley lowlands in 

sub-Saharan Africa while maintaining their environmental services 

Joel Huat 14:20 

     Coffee break  15:20 

      Session 2    Inland Valley Research and Development Project Outlines - 2   Chair: Joel Huat 

17 Sustainable development of inland valleys for rice cultivation: towards 

crafting viable decision support system for agricultural policy makers 

and planners 

Regassa Namara 15:50 

18 JICA technical cooperation project in Ghana "sustainable 

development of rain-fed lowland rice production" 

Shota Katafuchi 16:20 

19 The study on development of improved infrastructure and technologies 

for rice production in Africa project in Ghana by JIRCAS 

Naoyoshi Kawano 16:50 
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Table 19: Workshop Programmes (Day 2nd / 17 August 2010) 

 

No. Programme Rapporteur Time 

      Session 3    Inland Valley Rice Research and Development Project Outlines - 3     Chair: Tetsuji Oya 

20 Farmers' personal irrigated Sawah systems to realize the green 

revolution and Africa's rice potential 

Toshiyuki Wakatsuki 9:00 

21 Japanese bilateral project (PBF/BKF/104160) for increase rice 

production through low-cost land reclamation in Burkina Faso 

Mahamoudou Niodgo 9:30 

22 Bilateral project (104160) in West Africa funded by the Ministry of 

Agriculture, Forestry and Fisheries (MAFF) of Japan 

Shoko Hayakawa 10:00 

     Coffee break  10:30 

      Session 4  Exploring Rice Production Potential in Inland Valleys - 3  Chair: Toshiyuki Wakatsuki 

No. Programme Rapporteur Time 

23 Inland valley characteristics and rice production potential in Benin Felix Gbaguidi 10:50 

24 Inland valley characteristics and rice production potential in Togo Assimiou ADOU RAHIM ALIMI 11:20 

25 Soil fertility potential for rice production in West African lowlands Moro Buri 11:50 

     Luncheon  12:20 

      Session 5  Exploring Rice Production Potential in Inland Valleys - 3  Chair: Yoko Kijima 

26 Diversifying rice-based production system in inland valleys: Sustainable 

rice-yam rotation system 

Hidehiko Kikuno 13:20 

27 The productivity of Sawah rice production system in Ghana Ralph Bam 13:50 

28 Traditional rice farming system of Nupe, Central Nigeria Shin Abe 14:20 
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No. Programme Rapporteur Time 

     Coffee break  14:50 

      Session 6   Learning from External Experience    Chair: Regassa Namara 

29 Response of lowland rice to agronomic management under different 

hydrological regimes in an inland valley of Ivory Coast 

Amadou Toure 15:10 

30 Impact of sediment redistribution through irrigation on rice production 

in valley bottoms 

Petra Schmitter 15:40 

31 Using remote sensing technology to analyse the performance of a 

large scale irrigated rice system in Mali 

Sander Zwart 16:10 

      Closing Session 

32 Summary of the workshop Shin Abe 16:40 

34 Closing remarks Paul Kiepe 16:50 
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CHAPTER 7: Capacity Building and Training Programmes 
 

Both qualitative and quantitative capacities in rice research and 

extension services in SSA countries are substantially limited 

(Balasubramanian et al., 2007; Seck et al., 2010). Furthermore, smallholder 

rice farmers in SSA are much less mature than Asian rice farmers in terms 

of their knowledge and experience of plant characteristics and of 

cultivation techniques for rice. This is particularly true of wetland rice 

farming rather than in upland rice cultivation. The limited capacity in rice 

farming is a bottleneck creating low rice productivity in SSA. Therefore, 

capacity development training for researchers, technicians and 

extension officers as well as for rice farmers is prerequisite to boosting rice 

production through rice productivity enhancement while avoiding 

environmental degradation and pollution. CARD has been committing to 

improve the quality of BSc, MSc and PhD graduates and postgraduates in 

agricultural sciences and to provide practical training in agronomy, 

breeding and water management at research institutes, including 

AfricaRice, in collaboration with universities and other institutes around 

the world (JICA/AGRA, 2008). AfricaRice and SMART-IV Project have a 

commitment to the capacity building and training program for African 

researchers, extension officers and smallholder rice farmers (WARDA, 

2004; SMART-IV Project, 2009a, 2009b). 

 

On the other hand, there is some concern about a dearth of Japanese 

researchers and experts who can teach and train Africans in rice 

production. It is foreseeable that this problem will become more serious in 

the near future because the Government of Japan is striving to ensure 

that rice production in SSA in 2018 will be twice as much as in 2008 (MOFA, 

2008). The SMART-IV Project, as a Japan-funded project, commits to 

contribute to the capacity development of Japanese postgraduate 

students and young researchers in the rice production sector. 

 

In 2009–2010, SMART-IV Project trained three African students and 

researchers and four Japanese students (Table 19). 
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Table 19: List of postgraduate trainees in SMART-IV Project 2009 – 2010 

 

No. Name Country Affiliation Period Study Theme 

Japan Capacity Building Program for African Agricultural Researchers (Nagoya Training) 

1 Tossimidé 

HOUNGBEDJI 

Togo ITRA 

Togo 

Sep – Dec 

2010 

Exploring an Integrated Weed Management System for Wetland 

Paddy Fields in West Africa 

Japan-CGIAR Fellowship Programme (JIRCAS Fellowship)* 

2 Shogo 

HAMASAKI 

Japan Nagoya Univ., 

Japan 

Nov 2010 

– Feb 2011 

Fertility Capability Soil Classification for Decision Making Support in 

Rice Production in West Africa 

3 Keisuke 

YANAKA 

Japan Tokyo Univ. 

Agric., Japan 

Nov 2010 

– Feb 2011 

Socio-economic Factors Affecting Productivity, Profitability and 

Sustainability of Traditional Flood Recession Agricultural System in 

West Africa 

Internship Programme (African Students) 

4 Hernaude 

AGOSSOU 

Benin Univ. Parakou, 

Benin 

Jul – Dec 

2010 

Analysis of Water Use Efficiency in Inland Valley Cropping Systems: 

Case Study of “Bame” in Zagnanado Commune 

5 Evans 

AGBOSSOU 

Benin Univ. Abomey 

-Calavi, Benin 

May – Aug 

2010 

Investigate the Rice Marketing System and Local Institutional Settings 

of Vertical Coordination in Benin 

Internship Programme (International Students) 

6 Akiko 

HARUNA 

Japan Duke Univ., 

USA 

Jul – Oct 

2010 

Analysis of Land Tenure and Water Right Structure and their 

Economic Impact in Inland Valley Rice Farming in West Africa 

7 Shiho 

SAKYU 

Japan Univ. East 

Anglia, UK 

Oct 2010 

– Feb 2011 

Women’s Bargaining Power in Rice Production and its Selling Process 



SMART-IV Annual Report 2009 – 2010 

 — 99 — 

References 
 

Balasubramanian, V., Sie, M., Hijmans, R. J., Otsuka, K. (2007) Increasing 

rice production in Sub-Saharan Africa: Challenges and opportunities. 

Advances in Agronomy 94: 55–133. 

MOFA (2008) Yokohama Action Plan. MOFA, Tokyo 

JICA/AGRA (2008) Coalition for African Rice Development (CARD). JICA, 

Tokyo 

Seck, P. A., Tollens, E., Wopereis, M. C. S., Diagne, A., Bamba, I. (2010) 

Rising trends and variability of rice prices: Threats and opportunities for 

sub-Saharan Africa. Food Policy 35: 403–411. 

WARDA (2004) Strategic Plan: 2003–2012. WARDA, Bouake, Côte d’Ivoire. 

 



SMART-IV Annual Report 2009 – 2010 

 — 100 —

CHAPTER 8: List of Publications 
 

1. Articles Published in Peer-Reviewed Journals in 2009 
 

1) *Abe, S. S.†, Mueller, C. W., Steffens, M., Koelbl, A., Knicker, H., 

Koegel-Knabner, I. (2009) Effects of land-use change on chemical 

composition of soil organic matter in tropical lowland Bolivia. 

Grassland Science 55: 104–109 (Impact Factor = N/A‡) 

 

2) *Abe, S. S., Oyediran, G. O., Masunaga, T., Yamamoto, S., Honna, T., 

Wakatsuki, T. (2009) Soil development and fertility characteristics of 

inland valleys in the rain forest zone of Nigeria: mineralogical 

composition and particle-size distribution. Pedosphere 19: 505–514 

(Impact Factor = 1.103§) 

 

3) *Abe, S. S., Yamamoto, S., Wakatsuki, T. (2009) Physicochemical and 

morphological properties of termite (Macrotermes bellicosus) 

mounds and surrounding pedons on a toposequence of an inland 

valley in the southern Guinea savanna zone of Nigeria. Soil Science 

and Plant Nutrition 55: 514–522 (Impact Factor = 0.989) 

 

4) *Abe, S. S., Yamamoto, S., Wakatsuki, T. (2009) Soil-particle selection 

by the mound-building termite Macrotermes bellicosus on a sandy 

loam soil catena in a Nigerian tropical savanna. Journal of Tropical 

Ecology 19: 449–452 (Impact Factor = 1.318) 

 

2. Articles Published in Peer-Reviewed Journals in 2010 
 

5) Abe, S. S., Buri, M. M., Issaka, R. N., Kiepe, P., Wakatsuki, T. (2010) Soil 

fertility potential for rice production in West African lowlands. 

JARQ–Japan Agricultural Research Quarterly 44: 343–355 (Impact 

Factor = 0.393) 

 

6) *Abe, S. S., Hashimoto, S., Umezane, T., Yamaguchi, T., Yamamoto, S., 

Yamada, S., Endo, T., Nakata, N. (2010) Agronomic and 

environmental performance of rapeseed oilcake in the lowland rice 
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farming of Japan. Communications in Soil Science and Plant 

Analysis 41: 1944–1958 (Impact Factor = 0.397) 

 

7) *Abe, S. S., Wakatsuki, T. (2010) Possible influence of termites 

(Macrotermes bellicosus) on forms and composition of free 

sesquioxides in tropical soils. Pedobiologia 53: 301–306 (Impact 

Factor = 2.414) 

 

8) Fu, R. H. Y., Abe, S. S., Wakatsuki, T., Maruyama, M. (2010) Traditional 

farmer-managed irrigation system in Central Nigeria. JARQ–Japan 

Agricultural Research Quarterly 44: 53–60 (Impact Factor = 0.393) 

 

9) *Schmitter, P., Dercon, G., Hilger, T., Thi Le Ha, T., Huu Thanh, N., Lam, 

N., Duc Vien, T., Cadisch, G. (2010) Sediment induced soil spatial 

variation in paddy fields of Northwest Vietnam. Geoderma 155: 

298–307 (Impact Factor = 2.461) 

 

10) *Zwart, S. J., Bastiaanssen, W. G. M., de Fraiture, C., Molden, D. J. 

(2010) WATPRO: A remote sensing based model for mapping water 

productivity of wheat. Agricultural Water Management 97: 1617–1627 

(Impact Factor = 2.016) 

 

11) *Zwart, S. J., Bastiaanssen, W. G. M., de Fraiture C., Molden, D. J. 

(2010) A global benchmark map of water productivity for rainfed 

and irrigated wheat. Agricultural Water Management 97: 1628–1636 

(Impact Factor = 2.016) 

 

12) *Zwart, S. J., Leclert, L. M. C. (2010) A remote sensing-based irrigation 

performance assessment: a case study of the Office du Niger in Mali. 

Irrigation Science 28: 371–385 (Impact Factor = 1.753) 

 

3. Articles in Press or Accepted in Peer-Reviewed Journals 
 

13) Abe, S. S., Wakatsuki, T. Sawah ecotechnology triggers rice Green 

Revolution in Sub-Saharan Africa. Outlook on Agriculture (Impact 

Factor = 0.375) 
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14) *Schmitter, P., Dercon, G., Hilger, T., Hertel, M., Treffner, J., Lam, N., 

Duc Vien, T., Cadisch, G. Linking spatio-temporal variation of crop 

response with sediment deposition along paddy rice terraces. 

Agriculture Ecosystems & Environment (Impact Factor = 3.130) 

 

4. Articles under Review (Submitted to Academic Journals) 
 

15) *Abe, S. S., Kotegawa, T., Onishi, T., Watanabe, Y., Kiepe, P., 

Wakatsuki, T. Soil particle accumulation in termite (Macrotermes 

bellicosus) mounds and its implications for soil particle dynamics in a 

Typic Kandiustult. Ecological Research (Impact Factor = 1.485) 

 

16) *Abe, S. S., Wakatsuki, T. The influence of the mound-building termite 

(Macrotermes bellicosus) on soil clay mineralogy. European Journal 

of Soil Biology (Impact Factor = 1.247) 

 

17) *Abe, S. S., Watanabe, Y., Onishi, T., Kotegawa, T., Kiepe, P., 

Wakatsuki, T. Nutrient storage in termite (Macrotermes bellicosus) 

mounds and its implications for soil nutrient dynamics in a Typic 

Kandiustult. African Journal of Ecology (Impact Factor = 0.692) 

 

18) *Immerzeel, W. W., Droogers, P., Bastiaanssen, W. G. M., Zwart, S. J. 

Calibrating hydrological models using remotely sensed 

evapotranspiration: the importance of scale. Water Resources 

Research (Impact Factor = 2.447) 

 

19) *Schad, I., Schmitter, P., Saint-Macary, C., Neef, A., Lamers, M., 

Nguyen, L., Hilger, T., Hoffmann, V. Why do people not learn from 

flood disasters? Evidence from Vietnam’s northwestern mountains. 

Natural Hazards (Impact Factor = 1.217) 

 

20) *Schmitter, P., Fröhlich, H., Dercon, G., Hilger, T., Huu Thanh, N., Lam, 

N., Duc Vien, T., Cadisch, G. Redistribution of carbon and nitrogen 

through irrigation in intensive cultivated mountainous regions. 

Biogeochemistry (Impact Factor = 2.771) 
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5. Other Publications (without Peer Review) in 2009 
 

Not Available 

 

6. Other Publications (without Peer Review) in 2010 
 

21) *Saigenji, Y. (2010) Microeconomic analysis of effect of contract 

farming in North Western Vietnam. Ajiken World Trend [published by 

Institute of Developing Economies, Japan External Trade 

Organization (IDE-JETRO), Chiba, Japan] 177: 28–31 (in Japanese) 

 
* indicates a publication which does not directly originate from SMART-IV Project 

† Names with underlines represent SMART-IV Project members 

‡ ‘Grassland Science’ is indexed in Science Citation Index Expanded in 2010 and 

will be given an impact factor in Journal Citation Report 2012 (Thomson Reuters, 

2013) 

§ Impact Factor is given by Journal Citation Report 2009 (Thomson Reuters, 2010).  
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CHAPTER 9: Overall Summary 
 

1) Partnership with 3 partner institutes and 7 collaborative institutes was 

enhanced through the project planning and implementation. 

 

2) The first group of the project sites was selected over agroecological 

zones of Benin (five sites) and Togo (two sites) 

 

3) SSD was started in two sites (Ayize and Bame) by the establishment of 

demonstration experimental farms 

 

4) Some capitals that are necessary for the project implementation were 

made available, e.g., Toyota pickups and Kubota power tillers. 

 

5) Sawah system dissemination concept in sub-Saharan Africa was 

presented in the couple of the international workshops and a working 

paper was submitted and accepted to an academic journal 

 

6) Lowland soil fertility potential in 13 countries of West Africa was 

reviewed in comparison with sawah soils that of sawah fields in 

tropical Asia 

 

7) A traditional irrigation system as affected by land tenure institution was 

described in central Nigeria. 

 

8) The SMART-IV Project launching workshop took place having more 

than 50 participants from seven countries. 

 

9) Over 30 farmers and 7 post-graduate students (3 Africans and 4 

Japanese) were trained in relation to SSD. 


