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1. Contents and justification 
 
1.1  Scope 
 
The PROTA Handbook volume, PROTA 1: 'Cereals and Pulses', was published in 
February 2006, comprising 73 review articles on the cereals and pulses producing 
plants of tropical Africa. The information (in English and French) is freely accessible 
online (www.prota.org) and can be obtained as a low-cost book with CD-Rom (for 
information see cover). 
 
Cereals and pulses are the most important source of calories and protein for humans 
and their livestock. The most valuable of these species have received generous  
attention from research and extension workers, and an overwhelming number of 
documents are available for crops like maize, sorghum and beans. PROTA 1:  
‘Cereals and Pulses’ forms a synthesis of thousands of scattered publications,  
reducing literature from around the world to manageable proportions; however, 73 
review articles (160,000 words) remains an enormous amount of information not 
easily digested. 
 
This Special Product 'Cereals and pulses' is the first step towards making the  
information in PROTA 1 more accessible to key players in the sector. It presents the 
conclusions and recommendations drawn from closely analyzing the information 
contained in PROTA 1: ‘Cereals and Pulses’. 
 
Impact on the end-users (farmers, forest communities, cottage entrepreneurs) is the 
ultimate aim of the PROTA knowledge synthesis. However, this impact has to be 
realized through intermediate target groups. The conclusions and recommendations 
are aimed at six target groups: 
• Rural development agencies (including the Extension Services), who must be 

made aware of ‘Candidate technologies’ that are ready to be tested or to be  
applied in farmer fields. 

• Vocational training centres that need to incorporate ‘Candidate technologies’ 
in their training programmes. 

• Private enterprises that play an important role in overcoming the numerous 
‘Development gaps’. 

• Researchers who may tackle the ‘Research gaps’ and become aware of  
instances where diversity is endangered and ‘Conservation needs’ exist. 

• Students in Higher Education, who can make a meaningful contribution to the 
cereals and pulses subsector through their ‘Thesis research’. 

• Policy makers whose responsibility it is to address ‘Policy issues’, providing 
favorable conditions for all of these issues to be addressed. 
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1.2  Methodology 
 
A general overview of details related to the botany, geography, ecology, cultivation 
and use of the species in PROTA 1: Cereals and Pulses is given in Chapter 2.  
Individual species reference data are presented in Chapter 9. 
Subsequently, about 45 stakeholders were asked to give ideas and suggestions on 
six key issues for each of the 73 species: 
• candidate technologies 
• development gaps 
• research gaps 
• thesis subjects 
• conservation needs 
• policy issues. 
 
About 25 stakeholders were invited to a Brainstorm Workshop (Nairobi, 31 October –
2 November 2006) to finalize the conclusions and recommendations presented here. 
These are briefly highlighted in Chapters 3–8 and indicate what the various target 
groups can do with regard to specific cereal and pulse species, and to issues relevant 
to the cereals and pulses sector as a whole. The complete matrix based on responses 
and the outcome of the workshop is presented as Chapter 10. 
 
The ‘Conclusions and recommendations’ presented here will be followed up by a 
number of small 'grassroots'-level projects, to ensure the information in PROTA 1: 
Cereals and pulses impacts on the people using plants, such as farmers, forest com-
munities and village entrepreneurs in Africa. 
 
 
1.3  Contributors 
 
• E.G. Achigan-Dako, Genebank Department, IPK, Gatersleben, 06466 Gaters-

leben, Germany (dachigan@gmail.com). 
• S. Adimado, Ghana Organic Agriculture Network, P.O. Box 6342, Kumasi, 

Ashanti, Ghana (adimadosam@yahoo.com). 
• S.A. Ajayi, Department of Plant Science, Crop Science Resource Centre, 

Obafemi Awolowo University, le-Ife 220005, Nigeria, (sajayi@oauife.edu.ng). 
• L. Akanvou, Centre National de Recherche Agronomique (CNRA), 07 BP. 13 

Abidjan 07, Côte d’Ivoire (lakanvou@yahoo.fr). 
• R. Akromah, Department of Crop and Soil Sciences, College of Agriculture and 

Natural Resources, KNUST, Kumasi, Ghana (rakromah@yahoo.com). 
• I.K. Asante, Department of Botany, University of Ghana, P.O. Box LG55,  

Accra, Ghana (ikasante@ug.edu.gh). 
• T.V. Balole, Botswana College of Agriculture, Private Bag 0027, Gaborone, 

Botswana (tvbalole@bca.bw). 
• J.P. Baudoin, Faculté Universitaire des Sciences Agronomiques de Gembloux 

(FUSAGx), Gembloux Agricultural University, Unité de Phytotechnie  
tropicale et d’Horticulture, Passage des Déportés 2, 5030 Gembloux, Belgium 
(baudoin.jp@fsagx.ac.be). 
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• G. Bejiga, Green Focus Ethiopia, P.O. Box 802, 1110 Addis Ababa, Ethiopia, 
(geletub@hotmail.com). 

• G. Belay, Ethiopian Institute of Agricultural Research (EIAR), Debre Zeit  
Agricultural Research Centre, P.O. Box 32, Debre Zeit, Ethiopia 
(getab62@yahoo.com). 

• M.K. Ben-Bala, Research on Innovative & Appropriate Technology for  
sustainable Development (RINATED), B.P. 982 Bangui, Central African  
Republic (Kd_bbala@yahoo.co.uk). 

• D.J. Borus, PROTA Network Office Africa, World Agroforestry Centre 
(ICRAF), P.O. Box 30677, 00100 Nairobi, Kenya (d.borus@cgiar.org). 

• C.H. Bosch, PROTA Network Office Europe, Wageningen University, P.O. Box 
341, 6700 AH Wageningen, Netherlands (chris.bosch@wur.nl) 

• M. Brink, PROTA Network Office Europe, Wageningen University, P.O. Box 
341, 6700 AH Wageningen, Netherlands (martin.brink@wur.nl). 

• J. Chege, PROTA Network Office Africa, World Agroforestry Centre (ICRAF), 
P.O. Box 30677, 00100 Nairobi, Kenya (j.chege@cgiar.org). 

• O.A. Denton, Department of Agriculture and Industrial Technology, Babcock 
University, P.M.B. 21244, Ikeja, Lagos, Nigeria (lanredenton@yahoo.com). 

• M.A.B. Fakorede, Department of Plant Science, Obafemi Awolowo University, 
Ile-Ife 220005, Nigeria (dele_fakorede@yahoo.com). 

• E.N. Githinji, Baraka Agricultural College, P.O. Box 52, Molo 20106, Kenya 
(baraka@sustainableag.org). 

• T.T. Kambikambi, Crop Science Department, School of Agricultural Sciences, 
University of Zambia, P.O. Box 32379, Lusaka, Zambia  
(tkambikambi@agric.unza.zm). 

• F. Kanampiu, CIMMYT, World Agroforestry Centre (ICRAF), P.O. Box 1041, 
00621 Nairobi, Kenya (f.kanampiu@cgiar.org). 

• D. Kanyerere, World Vision, Private Bag 30, Lilongwe, Malawi 
(daniel_kanyerere@wvi.org). 

• V.K. Kawanga, Commonwealth Forestry Association (CFA), Zambian Branch 
Coordination Office, Private Bag RW 359X, Ridgeway, 15102 Lusaka,  
Republic of Zambia (kawangavik@yahoo.co.uk). 

• G.M. Legwaila, Department of Crop Science and Production, Botswana  
College of Agriculture (BCA), Private Bag 0027, Gaborone, Botswana  
(glegwail@bca.bw). 

• D. Luseesa, USAID Agricultural Productivity Enhancement Program (APEP), 
P.O. Box 7856, Kampala, Uganda (david@apepuganda.org). 

• J. Mbugua, National Genebank of Kenya, Kenya Agricultural Research  
Institute, P.O. Box 30148, 00100 Nairobi, Kenya (ngbk@wananchi.com). 

• W.K. Mburu, ICRISAT, World Agroforestry Centre (ICRAF), P.O. Box 39063, 
Nairobi, Kenya (m.w.mburu@cgiar.org). 

• D.M. Modise, Crop Science and Production Department, Botswana College of 
Agriculture, Private Bag 0027, Gaborone, Botswana (modisedm@unisa.ac.za). 

• K.K. Mogotsi, Botswana College of Agriculture, Private Bag 0027, Gaborone, 
Botswana (kmogotsi@bca.bw). 

• T.E. Nyongesa, Food Crop Sub-Division, Ministry of Agriculture (MOA), P.O. 
Box 30028, 00100 Nairobi, Kenya, (tenyogesa@yahoo.com). 
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• B. Obongoya, PROTA Network Office Africa, World Agroforestry Centre 
(ICRAF), P.O. Box 30677, 00100 Nairobi, Kenya (b.obongoya@cgiar.org). 

• N.I. Odiaka, Crop Production Department, College of Agronomy, University of 
Agriculture, PMB 2373, Makurdi, Nigeria, (niodiaka@yahoo.com). 

• E.A. Omino, PROTA Network Office Africa, World Agroforestry Centre 
(ICRAF), P.O. Box 30677, 00100 Nairobi, Kenya (e.omino@cgiar.org). 

• C. Onyango, Kenya Industrial Research Development Institute (KIRDI), P.O. 
Box 30650, 00100 Nairobi, Kenya (calonyango@yahoo.com). 

• L.P.A. Oyen, PROTA Network Office Europe, Wageningen University, P.O. 
Box 341, 6700 AH Wageningen, Netherlands (leo.oyen@wur.nl). 

• V. Rabemananjara, CTHA, B.P. 7697, Antananarivo 101, Madagascar 
• R. Rajerison, Centre National de Recherche sur l’Environnement (CNRE), B.P. 

1739, Fiadanana, Antananarivo 101, Madagascar. 
• L.R. Ramiarandraisoa, FOFIFA, B.P. 1444, Antananarivo 101, Madagascar, 

(fofifa-atobe@wanadoo.mg). 
• J.S. Siemonsma, PROTA Network Office Europe, Wageningen University, 

P.O. Box 341, 6700 AH Wageningen, Netherlands (jan.siemonsma@wur.nl). 
• C. Tunanukye, Makerere University (MSc student), Uganda 

(tkrisso@hotmail.com). 
• S.R. Vodouhè, Bioversity International, West and Central Africa, 08 B.P. 

0932, Cotonou, Benin (r.vodouhe@cgiar.or). 
• S.S. Yadav, Pulse Research laboratory, Division of Genetics Indian  

Agricultural Research Institute, New Delhi 110012, India  
(shyamsinghyadav@yahoo.com). 

 
 
1.4  Abbreviations 
 
ASARECA Association for Strengthening Agricultural Research in Eastern Africa 
AVRDC World Vegetable Centre 
BIOVERSITY International Plant Genetic Resources Institute (formerly IPGRI) 
CGIAR Consultative Group on International Agricultural Research 
CIAT Centro Internacional de Agricultura Tropical 
CIMMYT Centro Internacional de Mejoramiento de Maíz y Trigo  
COMESA Common Market for Eastern and Southern Africa 
ECARSAM Eastern and Central Africa Regional Sorghum and Millet Network 
FAO Food & Agricultural Organisation 
FARA  Forum for Agricultural Research in Africa 
GMO Genetically Modified Organism 
ICARDA International Center for Agricultural Research in the Dry Areas 
ICRISAT International Crops Research Institute for the Semi-Arid Tropics 
IITA International Institute of Tropical Agriculture 
ILRI International Livestock Research Institute 
IPM Integrated Pest Management 
IPR Intellectual Property Right 
IRRI International Rice Research Institute 
NARS National Agricultural Research System 
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NERICA New Rice for Africa (WARDA rice cultivars) 
OPV Open Pollinated Variety 
SADC Southern African Development Community 
WARDA Africa Rice Center 
 
 
1.5  Literature 
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and pulses. PROTA Foundation, Wageningen, Netherlands / Backhuys Publishers, 
Leiden, Netherlands / CTA, Wageningen, Netherlands. 298 pp. 
 
ECARSAM, 2005. Sorghum and millet research for development in Eastern and 
Central Africa 2005–2010: Regional priorities. ASARECA/ Ecarsam, Nairobi, Kenya. 
55 pp. 
 
FAO, 2006. FAOSTAT Online Statistical Service. Rome, Italy. http://apps.fao.org, 
Accessed May 2007. 
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2. Cereals and pulses: a general overview 
 
This overview provides a summary of information about African cereals and pulses 
and their botany, geography, ecology, cultivation and use. Species data in Chapter 9 
are intended to serve as a quick reference guide. 
 
2.1  Primary Use cereals and pulses 
 
PROTA 1: Cereals and Pulses includes information about 250 plant species used as 
cereals, pseudo-cereals and pulses of tropical Africa. Among these are 82 species for 
which this is their Primary Use, for which detailed information is available on 73 
species. The 168 Secondary Use cereals and pulses are not discussed here, but will 
be covered in other PROTA publications. Their discussion is referred to the relevant 
Commodity groups, in order to avoid duplication. 
 
 
2.2  Botanical families 
 
The 73 species of cereals and pulses belong to only 7 different botanical families. 
Just 3 families account together for more than 95% of the species: Poaceae (37), 
Papilionaceae (29) and Caesalpiniaceae (4). The other 3 are the pseudocereals: grain 
amaranth (Amaranthus caudatus, Amaranthaceae), buckwheat (Fagopyrum  
esculentum, Polygonaceae) and Limeum obovatum (Molluginaceae). 
 

Figure 1. Cereals/pulses species by 
botanical family
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2.3  Origin 
 
Of the 73 cereals and pulses, 43 are indigenous to Africa and 30 are introduced. 
Among the latter, 19 were introduced long ago and have become ‘adapted’ (local  
cultivars or eco-types have developed in the course of time), the remaining 11 are  
‘exotic’ (cultivation depends on foreign cultivars). 
 

Figure 2. Cereals and pulses by origin
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2.4  Distribution in tropical Africa 
 
The regional occurrence of species (Figure 3) is important in formulating  
recommendations for the national, regional or continental level. It appears that 38 
out of 73 species are more or less pan African, occurring in all five (26 species) or in 
four (12) of the regions (Central, East, Indian Ocean Islands, Southern, West). 
Eighteen species are more localised, occurring in only one (9) or two (9) regions. 
 

Figure 3. Cereals/pulses species 
distribution by number of regions
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The number of endemics is highest (4 species) in East and Southern Africa. In West 
Africa, a single endemic is found (fonio (Digitaria exilis)). None of the 73 cereals and 
pulses is endemic to the Indian Ocean Islands or Central Africa. 
The number of species by region varies considerably, as shown in Figure 4. Of the 73 
cereals and pulses species, many occur in East Africa (65 species) and only 41 in the 
Indian Ocean Islands and West Africa each. 
 

Figure 4. Number of species by region
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2.5  Cultivation status 
 
Of the 73 species, more than 60% (45) are only collected from the wild, 18 are  
collected from the wild but are also cultivated, and 10 are only cultivated. 
 
 
2.6  Primary uses 
 
The botanical family a species belongs to can indicate their use; 37 of the 73 species 
are cereals in the family Poaceae, 33 are pulses (Papilionaceae and Caesalpiniaceae) 
and 3 species are pseudocereals, species that do not belong to the Poaceae but  
produce seeds used as flour. 
 
 
2.7  Secondary uses 
 
The Primary Use cereals and pulses are often multipurpose species and have an av-
erage of 2.9 recorded Secondary Uses. Not surprising, the most important is the 
Commodity group ‘Forages’ (64 species), followed by ‘Medicinal plants’ (42),  
Auxiliary plants (30) and ‘Vegetables’ (30). ‘Fibre plants’ (24) are also important. 
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2.8  Growth form 
 
The majority of the 73 cereals and pulses are herbs and grasses (27 and 37 species, 
respectively). The remaining species are lianas / shrubs (6), shrubs/trees (2) and 
trees (1). 
 
 
2.9  Life cycle 
 
Most cereals and pulses are annual (48 species), whereas 21 are perennial. Four 
species behave as annuals or perennials depending on growing conditions and  
management. 
 
 
2.10  Altitude 
 
Ecological information in the literature is frequently too vague to subdivide the ce-
reals and pulses covered here into Lowland and Highland species. An attempt has 
been made, however, using the elevation of 1000 m a.s.l. as the limit. Forty-six of 
the 73 cereals and pulses can be grown below 1000 m; 16 cannot be grown below 
1000 m. Many wild species have wide ecological adaptation, for others the ecological 
preference is not evident from the review articles. 
 
 
2.11  Propagation 
 
Most species are exclusively propagated by seeds (43 species). The remainder is 
propagated by generative means but can be propagated vegetatively (7) and 4 are in 
practice propagated by both methods. For 19 species no specific information is  
available on propagation. 
 
 
2.12  Production and trade 
 
Cereals are the staple food of most of sub-Saharan Africa although roots, tubers or 
bananas are more locally important. The amounts of cereals produced are  
tremendous. Pulses are still the most important source of protein in most of  
sub-Saharan Africa. As storage and transport are relatively simple for both cereals 
and pulses, trade over long distances is well feasible. 
Table 1 summarizes production and trade statistics of cereals and pulses in tropical 
Africa. Important cereals included in the statistics are maize, rice, wheat, millets, 
sorghum, barley and fonio. Foodaid, also included in the Table under Imports,  
relates to amounts supplied on a total-grant basis or on highly concessional terms. 
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Table 1. Annual production and amounts traded of cereals and pulses 
(1,000 t) in sub-Saharan Africa (2003–2004) 
 

  Cereals Pulses1 
Production 94,872 8,818 
Imports 21,441 464 
Exports 1,717 208 
Foodaid 3,085 ?? 

       Source: FAO, 2006. 
 
The monetary value of the annual cereals imports into tropical Africa is approxi-
mately US$ 4 billion. Figures show that cereal production in tropical Africa is 
roughly 20% below consumption. For the pulses the deficit is apparently less (c. 5%). 
The statistics, however, do not take into account undernourishment (both  
quality- and quantity-wise) in many countries of tropical Africa. There is obviously 
scope for increased production, especially for tropical crops like maize and rice. 
Temperate crops like wheat and barley can only be produced in the highlands and 
production is therefore not feasible in many African countries. 
 
The use of cereals for animal nutrition plays a minor role in most parts of tropical 
Africa, and accounts for 0–2% of total consumption in most countries. In relatively 
wealthy countries like Botswana and Rwanda, this percentage, however, is close to 
10%. The demand for animal products increases with growing incomes and drives 
the demand for cereals to be used as livestock feed.  
 
Large differences in trade balances exist between countries in tropical Africa. Data 
for selected countries are compiled in Table 2. 
 
Table 2. Annual production and amounts traded of cereals (1,000 t) in 

some selected countries of sub-Saharan Africa (2003–2004) 
 

  Production Imports Exports Foodaid 
Côte d'Ivoire 1,810 1,060 2 24 
Ethiopia 8,720 1,730 7 942 
Nigeria 22,615 3,800 12 - 
Zimbabwe 1,260 580 200 343 

       Source: FAO, 2006. 
 
Ethiopia and Nigeria imported modest volumes of cereals compared to total  
consumed (17% and 14%, respectively) while Côte d’Ivoire and Zimbabwe imported 
considerable amounts (37% and 35%). Whereas imports were largely on commercial 
terms in Côte d’Ivoire and Nigeria, in Ethiopia and Zimbabwe, a substantial part of 
total consumption (9% and 19%, respectively) was imported as Foodaid. 

                                                               
1 Groundnuts (Arachis hypogaea) are not included as they are classified as ‘oil-seeds’. 
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Table 3. Estimates of annual production (1,000 t) and areas planted (1,000 ha) 
of the most important cereals and pulses in sub- Saharan Africa 

 
  Production Area 
Maize 26,600 21,200 
Sorghum 20,000 25,000 
Rice 11,900 7,700 
Pearl millet 10,500 16,000 
Groundnut 8,200 9,500 
Cowpea 3,300 9,300 
Common bean 2,000 3,500 

       Source: FAO, 2006. 
 
 
2.13  Cereals, pulses and the CGIAR Institutes 
 
The Consultative Group on International Agricultural Research (CGIAR) has 5  
focus areas: 
• sustainable production of crops, forests and natural resources etc. 
• enhancing National Agricultural Research Systems (NARS) through joint  

research, policy support, training and knowledge-sharing 
• germplasm improvement for priority crops, livestock, trees and fish 
• germplasm collection (collecting, characterization and conservation) 
• policy: fostering research on policies that impact on agriculture, food, health, 

dissemination of new technologies etc. 
 
A large number of cereal and pulse species that are of importance in tropical Africa 
have special attention of 1 or more GIAR Institutes (summarized in Table 4). 
 
Table 4. Mandate crops and species of special interest by CGIAR Institute 
 

Species English 
name 

AVRDC CIAT CIMMYT ICARDA ICRISAT IITA IRRI 

Arachis 
hypogaea Groundnut         +     

Avena 
sativa Oat       +       

Cajanus 
cajan Pigeon pea         + +   

Cicer 
arietinum Chickpea       + +     

Eleusine 
coracana 

Finger 
millet         +     

Glycine 
max Soya bean +         +   
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Table 4. Mandate crops and species of special interest by CGIAR Institute 
      (Continued) 
 

Species English 
name 

AVRDC CIAT CIMMYT ICARDA ICRISAT IITA IRRI 

Hordeum 
vulgare Barley       +       

Lathyrus 
sativus 

Grass 
pea       +       

Lens  
culinaris Lentil       +       

Oryza gla-
berrima 

African 
rice   +         + 

Oryza  
sativa Rice   +         + 

Panicum 
miliaceum 

Proso 
millet         +     

Pennisetum 
glaucum 

Pearl 
millet         +     

Phaseolus 
acutifolius 

Tepary 
bean   +           

Phaseolus 
coccineus 

Scarlet 
runner 
bean 

  +           

Phaseolus 
lunatus 

Lima 
bean   +           

Phaseolus 
vulgaris 

Common 
bean   +           

Pisum  
sativum 

Field 
pea       +       

Setaria 
italica 

Foxtail 
millet         +     

Sorghum 
bicolor Sorghum         +     

Triticum 
aestivum 

Bread 
wheat     + +       

Triticum 
turgidum 

Durum 
wheat     + +       

Vicia faba Faba 
bean       +       

Vicia  
hirsuta 

Hairy 
tare       +       

Vigna 
mungo 

Black 
gram +             
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Table 4. Mandate crops and species of special interest by CGIAR Institute 
      (Continued) 
 

Species English 
name 

AVRDC CIAT CIMMYT ICARDA ICRISAT IITA IRRI 

Vigna 
radiata 

Mung 
bean +             

Vigna 
unguiculata Cowpea +         +   

Zea mays Maize     +     +   
 
AVRDC, the World Vegetable Centre, is included in Table 4 although it is not a 
CGIAR Institute in the strict sense. WARDA (the Africa Rice Center) concentrates 
on the same species as IRRI does. 
 
 
2.14  Conclusion 
 
Botanical, geographical, ecological, agronomical and utilization are important  
factors to be taken into account in making recommendations for the cereals and 
pulses sector in tropical Africa. Chapter 9 gives a number of these characteristics at 
the species level. 
 
 



CANDIDATE TECHNOLOGIES   21 

3. Candidate technologies 
 
3.1  Promote use of recommendations 
 
Much research attention has been devoted to cereals and pulses in sub-Saharan  
Africa, often at the national level by National Agricultural Research Systems 
(NARS), and with support of the Consultative Group on International Agricultural 
Research (CGIAR) Institutes.  
 
Improved cultivars are available for many of the important crop species. Allowing 
farmers to verify their performance by growing these cultivars in their fields has 
proved an effective participatory method to promote the use of new cultivars. The 
result is that farmers may accept the new cultivars, but equally important is their 
feed-back to breeders about perceived shortfalls and desired characteristics.  
 
Optimal crop management protocols have been formulated and validated in local 
conditions for some important crops. There is a need to pass on information to  
farmers through participatory verification and extension. Integrated Pest  
Management (IPM) options are available for species such as: 
• groundnut (Arachis hypogaea), 
• common bean (Phaseolus vulgaris), 
• pea (Pisum sativum), 
• cowpea (Vigna unguiculata). 
The use of perennial leguminous crops (e.g. cultivars of pigeon pea, Cajanus cajan) 
in agroforestry systems has potential for development. 
Leguminous crops, whether grown for pulses, fodder or green manure, are  
important in rotation. Cropping patterns require critical review to reveal  
opportunities; examples include the use of residual moisture following a rice crop by 
a relay pulse crop. 
 
Farmers should be made aware of the risks of abruptly changing from one crop (or 
cultivar) to another. New cultivars of maize (Zea mays) or common bean (Phaseolus 
vulgaris) may be attractive options for their yield potential, but – unlike old  
landraces – may not yield at all in poor growing years. For many farmers food  
security is essential and cultivation of drought resistant crops like millets and  
sorghum advisable, rather than to be judged as backward.  
 
Up-to-date guides on the cultivation and use of cereals and pulses of different  
countries or regions are needed. In the preparation of this publication, respondents 
specifically mentioned such a guide for Crotalaria lachnophora, but for other crops 
practical up-to-date guides with local scope are useful as well. To produce these 
guides, relevant parts of PROTA review articles can be combined with additional  
information from some of the sources they cite and information relevant to the local 
situation. 
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3.2  Expansion 
 
Several species have potential for market expansion. An existing local market niche, 
either to substitute import products or to satisfy local demand, is essential. The 
most promising candidates (several with possibilities for export as well) are: 
• oat (Avena sativa), 
• pigeon pea (Cajanus cajan), 
• chickpea (Cicer arietinum), 
• fonio (Digitaria exilis), 
• barley (Hordeum vulgare), 
• lentil (Lens culinaris), 
• proso millet (Panicum miliaceum), 
• pearl millet (Pennisetum glaucum), 
• field pea (Pisum sativum), 
• bread wheat (Triticum aestivum). 
Candidates for expansion as an export crop are: 
• faba bean (Vicia faba) – high demand in the Arab world, 
• mung bean (Vigna radiata) – high demand in tropical Asia. 
 
The production of pulses for export markets offers greater opportunities than the 
production of cereals, owing to differences in yield margins. For example, the  
difference in mean yield of wheat between tropical Africa and North America is 
enormous (mean yields of 1.5 t/ha and 10 t/ha respectively). For common bean 
(Phaseolus vulgaris), however, the difference is slim, with a mean yield in tropical 
Africa of 0.6 t/ha and yields of 1–1.5 t/ha in the Western world. Mechanization and 
nitrogen fertilization give higher returns in cereal crops than in pulse crops and, 
combined with high labour efficiency and export subsidies, this results in relatively 
low prices for cereals on the world market. 
 
 
3.3  Mechanization 
 
Mechanization possibilities exist for small-scale farmers for ploughing, sowing, 
weeding, harvesting, threshing and winnowing. Oxen-drawn implements have been 
designed for specific soil types, whilst small motorized threshers have been  
developed for certain crops, such as rice. The advantage of mechanized ploughing is 
that it allows farmers to prepare their land timely, at the start of the rains, which 
helps to realize a higher yield. Also, the poor labour efficiency, one of the biggest 
problems in African agriculture, improves and larger surfaces can be covered. The 
laborious threshing and winnowing required for small-grained millets is a reason 
that farmers replace them with other cereal species. Mechanized threshing and 
winnowing would help to continue production of these valuable crops in a profitable 
way. 
 
Mechanization in large-scale farming is a possibility to increase productivity. Wheat 
farms in Kenya and Tanzania and maize farms in Zimbabwe provide examples of 
the profitability of such undertakings. The economy of scale gives these larger  
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production units an advantage. However, the political and social dimensions of 
large-scale farming may detract from the desirability of large-scale production.  
Cooperatives, farmer groups and the like, may be better placed to benefit more 
farmers with the profits of large scale production by combining efforts in production 
(e.g. mechanization) and marketing. 
 
 
3.4  Production and storage of seed for multiplication 
 
Farmers can not always rely on seed supply from commercial sources and although 
this is an impediment, it also provides a challenge. Farmers should be made aware 
of how to best produce seed themselves. Individual farmers may, to some extent, be 
able to produce their own seed but sharing responsibilities for seed production 
among communities of specialized farmers is probably more efficient. Preserving the 
integrity of open-pollinated cultivars means that the distance between fields of  
different cultivars of the same crop should be respected. Selection of seeds from 
plants free of seed-borne diseases is essential. Rigorous selection of seeds (size,  
appearance) at the time of harvest is needed.  
Quality maintenance is even more crucial in the case of seeds for multiplication 
than in the case of seeds for consumption and effective and appropriate measures 
for their storage are critically important. 
 
 
3.5  Storage for consumption or trade 
 
Due to the risk of excessive losses during storage, farmers tend to sell any produce 
beyond the expected consumption needs of the family until the next harvest. Selling 
shortly after harvest, when prices are lowest, means that farmers lose an  
opportunity to take a risk and sell their produce later at a far better price. Farmers 
also risk having to buy food at inflated prices after some months if their stored food 
is damaged by storage pests. Effective storage is, therefore, essential for household 
food security.  
 
Appropriate methods for storage can give farmers huge benefits. Locally-used  
storage structures should be critically compared to those used elsewhere. Losses 
caused by rodents can be avoided by improved sanitation, setting traps, etc.  
Methods to protect stored grain/seed may include using local materials as pest  
repellent, insecticide or mechanical repellent: 
• repellents: unpleasant-smelling repellents applied to grains help to reduce 

infestation provided they are applied prior to infection. 
• insecticides: treatment with products containing local plants or with  

industrial products (‘dusts’) may be effective to control storage pests but may 
have serious effects on human health when the treated product is consumed. 

• mechanical repellents: mixing seeds/grains with sand or wood-ash and coating 
them with clay or loam provides a physical barrier to storage pests by either 
filling the gaps between the grains/seeds, preventing movement of storage  
insects, or physically damaging the insects. 
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Participatory activities on storage methods may encourage farmers to look critically 
at harvest losses and their causes. Distinguishing between infestation in the field 
and infestation in storage can be an eye-opener to farmers. The main bruchids  
affecting pulses are Zabrotus subfasciatus, that infests harvested seeds, and  
Acanthoselides obtectus that infests already in the field. Use of a repellent on har-
vested seeds that are already infested by Acanthoselides is ineffective, but may be 
effective when Zabrotus is the main cause of problems. 
 
Whenever longtime storage is difficult, farmers can consider diversifying and 
change partly from difficult to store crops like foxtail millet (Setaria italica),  
sorghum (Sorghum bicolor), soya bean (Glycine max), lentil (Lens culinaris),  
Kersting’s groundnut (Macrotyloma geocarpa), bambara groundnut (Vigna  
subterranea) and cowpea (Vigna unguiculata), to crops that are less demanding:  
fonio (Digitaria exilis), finger millet (Eleusine coracana), tef (Eragrostis tef), proso 
millet (Panicum miliaceum) and tepary bean (Phaseolus acutifolius). 
 
 
3.6  Auxiliary uses 
 
The use of residues from cereal and pulse crops for animal production and other  
important purposes is widespread in tropical Africa. The use of straw for feed and 
construction is often a barrier for the introduction of short-statured cultivars, as 
these cultivars produce considerably less straw.  
Demand for sorghum grain for animal feed purposes has been the main driving force 
in raising global production and international trade of sorghum since the early 
1960s. In tropical Africa it may become important in the near future for poultry 
feed. 
 
Many of the minor cereals have primary importance as a famine food, and are  
otherwise important for pasture or fodder. 
Crotalaria lachnophora is used as green manure.  
Several species are potential sources of natural dyes for colouring food or textiles. In 
view of the shift towards natural food additives, the most promising for large scale 
production are grain amaranth (Amaranthus caudatus) and sorghum (Sorghum  
bicolor). Kalahari white bauhinia (Bauhinia petersiana) and yeheb nut (Cordeauxia 
edulis) are used locally for dyes but their cultivation and sustainable harvesting still 
present problems that make it difficult to evaluate their potential. 
 
 
3.7  Health aspects 
 
Cereals and pulses form the bulk of the food consumed by humans and their  
nutritional value is therefore important. Milling/polishing grain, for instance with 
rice and maize, leads to losses of protein, fat, minerals and vitamins. In contrast, 
the grains of many millets are consumed whole and contain more proteins, fibre and 
minerals than those of the large-grained cereals. Pulses are well-known for their 
high protein content. Farmers should be made aware of the nutritional value of the 
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different food crops and the importance of a balanced diet, especially in weaning 
food. Species worthy of promotion for their nutritional value are: 
• grain amaranth (Amaranthus caudatus), 
• pigeon pea (Cajanus cajan), 
• chickpea (Cicer arietinum), 
• buckwheat (Fagopyrum esculentum), 
• soya bean (Glycine max), 
• lentil (Lens culinaris), 
• mung bean (Vigna radiata), 
• cowpea (Vigna unguiculata). 
When species are new to farmers, their introduction to the farm should be  
accompanied with recipes for preparation. 
 
Improvements to human nutrition could be achieved with, for instance, introduction 
of QPM (Quality Protein Maize) cultivars of Zea mays and from the introduction of 
new uses, such as the use of immature pods of the scarlet runner bean (Phaseolus 
coccineus) as a vegetable. 
 
Many pulses contain anti-nutritional components that may cause disease and even 
fatal poisoning. In some species these anti-nutritional components are easily  
removed by thorough cooking (e.g. common bean (Phaseolus vulgaris) and field pea 
(Pisum sativum)), but in others, for example grass pea (Lathyrus sativus), toxin free 
cultivars must be used. 
 
Other health problems can be caused by infection by fungi of grains and seeds.  
Aspergillus is responsible for the production of aflatoxins and commonly infects 
groundnut (Arachis hypogaea). Mycotoxin contamination is also caused by ergot 
(Claviceps purpurea) and Fusarium in cereals. Timely harvesting and appropriate 
storage at the correct humidity can reduce their incidence but infection may occur 
when it rains during the ripening stage. It is important that farmers are aware of 
the causes and symptoms of fungal infections and reject infested grains for  
consumption. 
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Table 5. Candidate technologies by species 
 
Species name English name Candidate technologies 
Amaranthus 
caudatus 

Grain  
amaranth 

Introduce/promote/expand /commercialize 
production of high yielding cultivars (source 
of quality protein) 
Introduce new products & recipes 

Arachis hypogaea Groundnut Promote as multipurpose crop 
Promote use of improved cultivars &  
technologies (IPM, harvesting, shelling) 

Avena sativa Oat Expansion of cultivation in highland areas 
Promote use of improved cultivars &  
technologies 

Cajanus cajan Pigeon pea Expand/introduce cultivation in traditional 
& non traditional areas (multipurpose crop 
for drier areas) 
Promote use of improved cultivars &  
technologies & in agroforestry systems 
Promote diverse processing & utilization 
methods. 

Cicer arietinum Chickpea Introduce/expand cultivation in dry/highland 
regions 
Promote use of improved cultivars &  
technologies 
Introduce new products & recipes 
Mechanization options and appropriate 
processing 

Cordeauxia 
edulis 

Yeheb nut Introduce/expand cultivation in dry regions 
Re-establishment of natural stand in areas 
where it has been overgrazed 

Crotalaria 
lachnophora 

  Cultivation guide 

Digitaria exilis Fonio Expand production  
Promote use of appropriate agronomic  
practices 

Eleusine  
coracana 

Finger millet Promote/expand production as food & fodder 
in drier areas 
Promote use of improved cultivars &  
technologies & appropriate processing 
Mechanization options 

Eragrostis tef Tef Promote use of improved cultivars &  
technologies 
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Table 5. Candidate technologies by species (Continued) 
 
Species name English name Candidate technologies 
Fagopyrum  
esculentum 

Buckwheat Promote/introduce as healthy food (excellent 
nutritional quality, high protein, fibre &  
essential amino acids) 
Commercial production for local, industrial 
& export markets  

Glycine max Soya bean Promote local processing and consumption 
Promote use of improved cultivars &  
technologies  
Introduce mechanization in large scale areas  
Promote as excellent source of protein & 
quality oil 
Promote new methods of utilization: e.g. 
recipes as 'Faffa' in Ethiopia 

Hordeum vulgare Barley Promote use of recommended agronomic 
practices & improved cultivars 
Expand production of malt cultivars for local 
& export market  

Lathyrus sativus Grass pea Promote cultivation of cultivars with low 
ODAP content 
Introduce mechanization of post-harvest 
handling 

Lens culinaris Lentil Promote/expand cultivation in various  
agro-ecological zones 

Oryza glaberrima African rice Promote use of recommended agronomic 
practices & improved cultivars 
Promote/introduce NERICA rice 

Oryza sativa Rice Promote use of recommended agronomic 
practices, improved cultivars & use of  
by-products 
Promote proper water use through  
Integrated Soil Fertility Management 
(ISFM) e.g. pulses in rotation to use residual 
moisture 

Panicum  
miliaceum 

Proso millet Promote as food security crop: expand in  
regions with very short rainy season 
Promote use of improved cultivars,  
agronomic practices (i.e. dense planting) & 
diversified uses 

Pennisetum  
glaucum 

Pearl millet Promote/expand in saline & drier areas 
Promote use of recommended agronomic 
practices & improved cultivars 
Mechanization options 
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Table 5. Candidate technologies by species (Continued) 
 
Species name English name Candidate technologies 
Phaseolus  
acutifolius 

Tepary bean Alternative for Phaseolus vulgaris in much 
drier areas 
Promote use of recommended agronomic 
practices e.g. rotation, intercropping 
Cover crop & green manure 

Phaseolus  
coccineus 

Scarlet runner 
bean 

Promote as dual purpose plant: pulse & 
vegetable 
Promote production in high altitudes for  
local market 

Phaseolus  
lunatus 

Lima bean Promote appropriate processing 
Promote use of recommended agronomic 
practices & improved cultivars  

Phaseolus  
vulgaris 

Common bean Promote use of recommended agronomic 
practices (IPM) & improved cultivars 
Diversified use 

Pisum sativum Field pea Promote/expand production for export (high 
demand) & local market 
Promote use of recommended agronomic 
practices (IPM) & improved cultivars 

Secale cereale Rye Promote use of recommended agronomic 
practices & improved cultivars (E. Africa) 

Setaria italica Foxtail millet Promote as household food security crop 
Sorghum bicolor Sorghum Promote as food security crop in drier areas 

(short production cycle) 
Commercial production for industrial use 
Promote use of recommended agronomic 
practices & improved cultivars 
Mechanization options 

Sporobolus  
fimbriatus 

Dropseed Potential as a soil stabilizer & pasture plant 

Triticum  
aestivum 

Bread wheat Promote use of recommended agronomic 
practices & improved cultivars (export quality) 
Mechanization options 
Expansion into non- traditional areas 

Triticum  
turgidum 

Durum wheat Promote use of recommended agronomic 
practices & improved cultivars (export quality) 
Mechanization options 

Urochloa  
mosambicensis 

Sabi grass Potential for land reclamation 

Vatovaea  
pseudolablab 

- Domestication  

 



CANDIDATE TECHNOLOGIES   29 

Table 5. Candidate technologies by species (Continued) 
 
Species name English name Candidate technologies 
Vicia faba Faba bean Commercial production for export (demand 

is high) & local market as food/fodder  
Promote use of recommended agronomic 
practices & improved cultivars (export quality) 
Mechanization options 

Vigna radiata Mung bean Commercialize/expand production in drier 
areas for export (demand for sprouts) & local 
market 
Promote use of recommended agronomic 
practices & improved cultivars 
Mechanization options 
Introduce new products & recipes 
Local processing 

Vigna  
subterranea 

Bambara 
groundnut 

Introduce/expand production in areas less 
suitable for groundnut 
Promote use of recommended agronomic 
practices & improved cultivars  
Diversify processed products 
Commercialization of the seed & value 
added products 

Vigna umbellata Rice bean Promote/introduce/expand production 
Vigna  
unguiculata 

Cowpea Promote use of recommended agronomic 
practices (IPM) & improved cultivars  
Introduce new products & recipes 

Zea mays Maize Promote use of recommended agronomic 
practices & improved cultivars (a.o. Quality 
Protein Maize (QPM)) 
Mechanization options 

 



30 

 
 



DEVELOPMENT GAPS   31 

4. Development gaps 
 
4.1  Selection and breeding 
 
In many countries of tropical Africa, the breeding and selection of cereals and pulses 
is the mandate of national research and the role of private enterprise is less  
important than for breeding and selection of e.g. vegetables. Indeed, cereals and 
pulses have received more attention than most other plant commodity groups. For 
the most important crops, efforts at the national level are generally backed up by 
Consultative Group on International Agricultural Research (CGIAR) Institutes,  
facilitating access to parent material, training, capacity building and other benefits. 
Coordination is especially important to avoid duplication of efforts and to learn from 
experiences elsewhere. 
 
Most countries have several ecological zones that require different cultivars to  
optimize production. This poses a heavy burden on national research organizations. 
As ecological zones usually extend across several countries, regional research  
organizations such as the Eastern and Central Regional Sorghum and Millet  
Network (ECARSAM) and the Africa Rice Centre (WARDA) or private companies 
are best placed to develop cultivars and technologies suitable for application across 
national borders. The breakthrough of New Rice for Africa (NERICA) cultivars, bred 
and released by WARDA, is a poignant example of what can be achieved through 
regional initiatives.  
 
Farmers in tropical Africa are often reluctant to change from the old landraces  
familiar to them, to new and more productive Open Pollinated Varieties (OPVs) and 
hybrids. This is often a matter of not being able or willing to purchase seed.  
Breeding programmes to produce improved, affordable OPVs from popular  
landraces of important crops, with desired qualities such as disease- or heat  
tolerance, may be the most effective way to overcome farmers’ reluctance to grow 
them. Hybrid varieties will become increasingly valuable to farmers as market are 
established and demand higher volumes, better quality and a more uniform product. 
Hence, a gradual move from (combinations of) landraces through affordable OPVs to 
valuable hybrids may be expected. 
 
The list of species that could benefit from breeding and selection, and the  
characteristics required in new cultivars, is long. High yield and resistance to pests 
and diseases are important in all crops. Quality aspects such as taste, oil content 
and low toxin content are important to the success of new cultivars. Tolerance to 
adverse conditions is required in crops for harsh climates. For instance, in sorghum 
and millets, cold-tolerance is required to be able to grow them at higher altitudes. In 
tef (Eragrostis tef) and Mediterranean cereals, heat tolerance is required to grow 
them at lower altitudes. Non-lodging and non-shattering are important  
characteristics for minor cereals and some pulses, and are targets for breeding.  
Table 5 gives details of desired traits of some new cultivars by species. 
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4.2  Seed production, seed distribution and input supply 
 
The production of cereals and pulses is largely based on the use of seed produced by 
the farmers themselves or obtained from a specialized neighbouring farmer,  
perpetuating the cultivation of landraces. Among the reasons that farmers favour 
landraces is because locally produced seed is far cheaper than other sources.  
Another reason is that farmers find local seed sources more dependable, and feel 
they cannot take for granted that seed of the desired cultivar will be available from 
suppliers when it is needed. Changing to hybrids means the farmer must buy seed 
each season and relying on seed firms and stockists.  
A third reason for farmers to favour local landraces is that, although cultivars are 
promoted for being superior to landraces under optimal conditions, they are not  
necessarily so under poor growing conditions. A yield increase of 10% from an  
improved cultivar on a farm with a yield of 1000 kg/ha is usually not worth the  
additional investment in commercial seed, whilst at a yield level of 6000 kg/ha it 
may be profitable. Furthermore landraces may be hardier than improved cultivars 
and even outyield them under adverse conditions thus providing more food security 
to farmers. 
 
The volumes of seed traded and the prices paid for them make seed production for 
minor crops an unattractive enterprise for private investors. For most cereals and 
pulse crops, farmers are likely to remain dependent on national research  
organisations and parastatals for seed production and distribution. 
Success stories about the introduction of hybrids in Africa illustrate that, despite 
possible farmer reluctance, it is feasible. In southern Africa, for example, maize  
hybrids were successfully introduced by employing commercial, large-scale farmers 
to produce seed of hybrids bred for local conditions by international seed firms.  
Other successes in tropical Africa are the vegetables French bean (Phaseolus  
vulgaris) and garden pea (Pisum sativum) and the dye paprika (Capsicum annuum). 
In cases such as these, where high-value crops are concerned and inputs are  
supplied by the trader, the chain is entirely controlled by the farmer and trader; this 
approach could be used for crops and products for which a ready market exists like 
maize on the cob for urban markets. 
 
In recent years, small plant breeding companies have been set up in many tropical 
Africa countries. Their core business usually is in a small number of vegetable  
species or in hybrid maize. Breeding a good cultivar is a first step, organizing seed 
production and marketing are the next. It will be profitable for such firms to have a 
wider range of crops and cultivars available, possibly producing and distributing of 
seed of cultivars developed by National Agricultural Research Systems (NARS) and 
CGIAR Institutes. Such a public-private partnership could help to overcome the 
problems in seed production and distribution that affect farmers in tropical Africa. 
 
Although the use of inputs such as fertilizers and pesticides is low in tropical Africa, 
input supply will become more important as commercialisation increases. Especially 
the increased availability and use of fertilizers are necessary for increasing yields 
and to counteract the loss of soil fertility.  
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4.3  Industrial processing 
 
Locally produced products have distinct advantages to the food industry over  
imported raw ingredients, and the industry’s requirements for quality should be 
taken into consideration by the research and development sectors (see 5.5).  
Potential already exists for processing local cereals and pulses in products, such as: 
• alcoholic and non-alcoholic drinks, 
• malt, 
• fortified food,  
• baby foods,  
• flour from locally produced cereals and pulses, 
• canned food (beans, sweet corn etc.), 
• bioethanol. 
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Table 6. Development gaps by species 
 
Species name English name Development gaps 
Amaranthus 
caudatus 

Grain  
amaranth 

Selection/breeding for desired traits 
Commercial seed production 
Use as food colourant 

Arachis  
hypogaea 

Groundnut Selection/breeding: yield, disease & pest resistance, 
oil content, dormancy & low toxin levels 
Commercial seed production 
Marketing & distribution 

Avena sativa Oat Selection/breeding of cultivars for food & forage 
(rust resistance & consumer preference) 

Brachiaria 
deflexa 

Guinea  
millet 

Selection/breeding 

Cajanus  
cajan 

Pigeon pea Selection/breeding: taste, determinate growth, 
photo-period insensitivity, soft seed coat, drought 
resistance, short duration, low toxin, harvest index, 
adaptation to intercropping 
Commercial seed production & marketing  
infrastructure 

Cicer  
arietinum 

Chickpea Selection of cultivars with desired traits (yield,  
export quality, mechanization) 
Development of new products & recipes 
Seed production, marketing & distribution 

Coix 
lacryma-jobi 

Job's tears Breeding for smut resistance, high quality grain & 
short production cycle 

Cordeauxia 
edulis 

Yeheb nut Breeding & selection 
Commercial planting 

Digitaria 
exilis 

Fonio Seed production, marketing & distribution 
Breeding: yield, adaptation, export quality,  
resistance to lodging, Al-toxicity, diseases, pests & 
Striga 
Fortification (Fe, Zn) 

Digitaria 
iburua 

Black fonio Selection for desirable traits (yield, seed colour) 

Eleusine 
coracana 

Finger  
millet 

Commercial seed production  
Breeding (synchronized ripening, resistance to  
diseases, less lodging, short growth cycle, drought 
tolerance, yield) 

Eragrostis 
tef 

Tef Selection/ breeding: resistance to lodging, yield 
Seed production, marketing & distribution 
Develop new products 

Fagopyrum 
esculentum 

Buckwheat Selection/breeding for yield, adapted to the tropics, 
non-shattering, non-lodging 
Develop/introduce new products & recipes 
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Table 6. Development gaps by species (Continued) 
 
Species name English name Development gaps 
Glycine max Soya bean Selection/breeding for resistance to diseases & 

pests, Al-toxicity, lodging, high yield, oil content, 
adaptation, long shelf life & promiscuous nodulation 
Seed production, marketing & distribution 
Mechanized post-harvest handling 

Hordeum 
vulgare 

Barley Selection/breeding for yield, resistance to lodging, to 
diseases, early maturing, drought tolerant, high 
malt quality 

Lathyrus 
sativus 

Grass pea Selection/breeding for yield, low ODAP content,  
resistance to diseases & pests, early maturity 

Lens 
culinaris 

Lentil Seed production, marketing & distribution 
Selection/breeding for resistance to diseases & 
pests, yield 

Lupinus  
albus 

White lupin Selection/ breeding for low alkaloid content and  
adaptation to highlands 
Seed production, marketing & distribution 

Macrotyloma 
geocarpum 

Kersting's 
groudnut 

Selection & breeding for yield, seed size, resistance 
to pests & diseases 

Oryza 
glaberrima 

African rice Selection/breeding (glaberrima & NERICA types): 
yield, less seed scattering, resistant to lodging & 
grain quality 

Oryza sativa Rice Selection/breeding: tolerance to Fe toxicity, salinity, 
alkalinity, acid sulphate soils & extreme temperature 
Seed production, marketing & distribution 
Develop/introduce new products (flour) 

Panicum 
miliaceum 

Proso millet Breeding for uniform maturity, gluten content & 
export quality 
Seed production, marketing & distribution 

Panicum 
turgidum 

Desert grass Breeding/selection 

Pennisetum 
glaucum 

Pearl millet Seed production, marketing & distribution 
Input supply 
Develop/introduce new products & recipes 

Phaseolus 
acutifolius 

Tepary bean Selection/breeding for seed size, less flatulent, 
smell, yield, fast cooking & adaptation 
Develop/introduce new products & recipes 
Seed production, marketing & distribution 

Phaseolus 
coccineus 

Scarlet  
runner bean 

Selection/breeding for yield, low anti-nutritional 
factors, taste, adaptation, cooking time, bush-type, 
uniform ripening 

Phaseolus 
lunatus 

Lima bean Selection/breeding for growth habit, low HCN  
content, disease & pest resistance & adaptation 
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Table 6. Development gaps by species (Continued) 
 
Species name English name Development gaps 
Phaseolus 
vulgaris 

Common 
bean 

Seed production, marketing & distribution 
Breeding: resistance to diseases & pests & tolerance 
to abiotic constraints e.g. drought, Al-toxicity &  
nutrients 

Pisum  
sativum 

Field pea Breeding: disease & pest resistance, heat tolerance 
Seed production, marketing & distribution 

Secale  
cereale 

Rye Selection/breeding: yield & adaptation in new areas 
Seed production, marketing & distribution 

Setaria 
italica 

Foxtail  
millet 

Selection/breeding: pest, disease & tolerance to  
lodging 

Sorghum 
bicolor 

Sorghum Selection/breeding: yield, Striga, disease & pest  
resistance, adaptation, tolerant to abiotic stresses, 
high lysin & low dhurrin content 
Seed production, marketing & distribution 
Industrial products (brewing, ethanol) 

Triticum 
aestivum 

Bread wheat Selection/breeding: yield, disease & drought  
resistance, adaptation 
Seed production, marketing & distribution 

Triticum 
turgidum 

Durum 
wheat 

Selection/breeding: yield, resistant to diseases,  
industrial quality 

Tylosema 
esculentum 

Marama 
bean 

Selection/breeding for desired traits 
Commercial production 

Vatovaea 
pseudolablab 

- Selection/breeding for desired traits 

Vicia faba Faba bean Selection/breeding: yield, export quality, low  
anti-nutritional factors, disease & pest resistance, 
plant habit, less shattering, adaptation 
Seed production, marketing & distribution 

Vigna  
aconitifolia 

Moth bean Selection/breeding: erect, early maturing, resistant 
to diseases & drought, nutritional quality 

Vigna  
angularis 

Adzuki bean Selection/breeding for adaptation 

Vigna 
mungo 

Black gram Selection/breeding: yield, resistant to diseases, pests 
& adaptation 
Seed production, marketing & distribution 

Vigna  
radiata 

Mung bean Selection/breeding: yield, resistant to diseases & 
pests, uniformity in pod/seed maturity,  
non-shattering 
Seed production, marketing & distribution 
Mechanized harvesting (difficult because of the 
length of the pods) 
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Table 6. Development gaps by species (Continued) 
 
Species name English name Development gaps 
Vigna  
subterranea 

Bambara 
groundnut 

Selection/breeding: yield, resistance to diseases, 
tolerant to drought, early maturing,  
anti-nutritional factors, shorter cooking time  
Seed production, marketing & distribution 
Develop/introduce food products & recipes 

Vigna  
umbellata 

Rice bean Selection/breeding: yield, erect, day-neutral, early 
maturing, non-scattering, resistant to nematodes, 
low anti-nutritional factors 

Vigna  
unguiculata 

Cowpea Selection/breeding: growth habit, scattering,  
adaptation, storage quality, resistance to diseases 
& pests, uniform pod/seed maturity 
Seed production, marketing & distribution 

Zea mays Maize Seed production, marketing & distribution  
(especially in C. & W. Africa) 
Improved access to inputs, e.g. fertilizer 
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5. Research gaps 
 
Many species of cereals and pulses in tropical Africa are valuable crops, or  
potentially so, and therefore require the focus of research in that sector in tropical 
Africa. Many species are subject of research undertaken or coordinated by CGIAR  
Institutes (see Table 4). National and regional initiatives should take this into  
account to avoid duplication of efforts and to obtain collaboration and assistance of 
the CGIAR Institutes wherever meaningful. 
 
The Eastern and Central Africa Regional Sorghum and Millet Network 
(ECARSAM), in collaboration with the International Crops Research Institute for 
the Semi-Arid Tropics (ICRISAT), recently produced a compendium of regional  
priorities for research on sorghum and millets in Eastern and Central Africa 
(ECARSAM, 2005). It can serve as an example for other cereal crops and other  
regions in tropical Africa as it clearly indicates problem areas. A major cause for 
research concern regarding sorghum and millets is that they are subsistence crops. 
Whilst enormous volumes are produced, most of the production is for  
home-consumption and the little excess for local trade. As little revenue is generated 
from producing both sorghum and millets, investment in their production is mini-
mal and, consequently, productivity is low. Farmers do not have the capital to  
purchase seed of improved cultivars, insecticides or fertilizers even where they are 
available. The problems identified for sorghum and millets apply to other minor  
cereal crops as well. What is needed is a more extensive market in tropical Africa for 
cereals other than rice, maize and wheat, on which urban populations in Africa de-
pend for their calorie intake, and products made from these cereals. 
 
5.1  Agronomy 
 
For most species of cereals and pulses, cultivation practices for sole cropping are 
well established, but refining these practices for different environments and  
conditions, through research attention, remains important. Furthermore there is 
great potential to improve mixed cropping, intercropping and rotation practices.  
Labour efficiency is often a bottleneck and mechanization deserves attention.  
Mechanization could also solve problems in crops like: 
• tef (Eragrostis tef), 
• lentil (Lens culinaris), 
• rice (Oryza sativa), 
• proso millet (Panicum miliaceum). 
 
Weeding is very labour intensive, e.g. in pearl millet (Pennisetum glaucum). For 
many species water use efficiency can be improved by ridging and terracing.  
Fertilizer recommendations often apply only to the soil type the trial was executed 
on.  
Continuing research efforts, taking into account local conditions, fertilizer and 
product prices are needed to establish optimal fertilizer rates for different cultivars 
and production systems. 
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5.2  Diseases and pests 
 
Diseases and pests are important constraints affecting the production of cereals and 
pulses. Breeding for resistance is perhaps the most effective means to reduce losses 
caused by disease and pests. Resistance is thought to be essential for: 
• leaf spots and rust in groundnut  (Arachis hypogaea), 
• insect pests in pigeon pea (Cajanus cajan),  
• insect pests in chickpea (Cicer arietinum), 
• fungal disease in buckwheat (Fagopyrum esculentum),  
• fungal disease in Kersting’s groundnut (Macrotyloma geocarpum), 
• ergot, e.g. in rye (Secale cereale) and sorghum (Sorghum bicolor), 
• stem borers, e.g. in maize (Zea mays). 
In many cases, resistance has already been identified. In other cases (e.g. pigeon 
pea, chickpea and rice) screening of wild relatives may reveal useful resistance 
traits. 
 
Chemical controls for pests and diseases are known for many cereal and pulse crops 
and may, indeed, be appropriate, but Integrated Pest Management (IPM) packages 
are lacking. Resistant lines, timely planting and rotation are some of the common 
integrated approaches to reduce yield loss by pests and diseases. Research on IPM is 
specifically recommended for: 
• pigeon pea (Cajanus cajan), 
• chickpea (Cicer arietinum), 
• soya bean (Glycine max), 
• rice (Oryza sativa), 
• field pea (Pisum sativum), 
• mung bean (Vigna radiata), 
• cowpea (Vigna unguiculata). 
 
Infestation with witchweeds (Striga spp.) is a serious problem in many cereal crops 
and in groundnuts. Various cultural methods, chemical control and resistant  
cultivars are possible solutions. Bird damage is a widespread problem in cereals in 
tropical Africa, and especially troublesome in finger millet (Eleusine coracana), 
pearl millet (Pennisetum glaucum) and sorghum (Sorghum bicolor). 
 
 
5.3  Harvesting and post harvest technology 
 
Harvesting at the appropriate time and under the best conditions is necessary for a 
quality product. Unripe, moist seeds are likely to be infected by fungi that will make 
them non-viable and unsuitable for consumption. Delayed harvesting exacerbates 
yield losses in small grained cereal crops as the seeds shatter easily, and can lead to 
bruchid infestation. Mechanization may help to ensure timely harvests. Shelling, 
threshing, dehusking and winnowing pose problems in many crops. Mechanized  
alternatives are required to the still widely-used manual methods. Small scale  
machinery will be appropriate in most conditions. Examples of problems in specific 
crops are: 
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• shelling and storage in groundnut (Arachis hypogaea), 
• harvesting, dehusking, winnowing in fonio (Digitaria exilis), 
• dehusking in black fonio (Digitaria iburua), 
• harvesting and threshing in lentil (Lens culinaris). 
Improved cost-effective storage methods need to be developed for most crops to  
reduce losses, maintain seed viability and to preserve their nutritional value. 
 
 
5.4  Nutritional value and toxicity 
 
The nutritional value of domesticated cereals and pulses is, generally, well  
understood. However, data are lacking for the following wild-harvested cereals: 
• Guinea millet (Brachiaria deflexa), 
• Cenchrus prieurii, 
• Echinochloa obtusiflora and hippo grass (E. stagnina), 
• lovegrass spp. (Eragrostis spp.) except tef (E. tef), 
• desert grass (Panicum turgidum), 
• dropseed (Sporobolus fimbriatus) and famine grass (S. panicoides), 
• sabi grass (Urochloa mosambicensis) and U. trichopus. 
The influence of environmental factors on nutritional value in tef needs further 
study. 
Data are lacking for several pulses collected from the wild regarding nutritional 
value: 
• Craibia brownii, 
• Crotalaria karagwense and C. lachnophora, 
• hairy tare (Vicia hirsuta), 
• moth bean (Vigna aconitifolia). 
The nutritional value of the pseudo-cereal Limeum obovatum is also unknown. 
Many pulses contain toxins or antinutritional components. Appropriate methods to 
eliminate toxicity are needed. Breeding and selection is one approach to reduce  
toxicity (e.g. in grass pea (Lathyrus sativus) and chickpea (Cicer arietinum)).  
Special preparation (e.g. cooking or heating) to reduce toxicity is possible in others 
(e.g. pea (Pisum sativum) and common bean (Phaseolus vulgaris)). 
Infection with mycotoxins is a critical limitation in both cereals and pulses infested 
by fungi in the field during wet periods or during storage in humid conditions. The 
widely-known aflatoxin caused by Aspergillus is especially dangerous in groundnut 
(Arachis hypogaea) and is a common cause of liver cancer (see also 8.3). Appropriate 
pre-harvest and post-harvest technologies are needed to control infestations. 
 
 
5.5  Processing 
 
A secure market, for instance in the food and beverage industry, will lead to greater 
productivity in the cereals and pulses sector. Several cereals have potential for the 
industrial production of bread, alcoholic and non-alcoholic drinks and animal feeds. 
For example, sorghum is already used as such but only on a small scale. Fairly  
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recent additions to the uses of sorghum are the production of sorghum biscuits and 
bioethanol from sweet sorghum.  
Production of fortified food, baby foods and flour from locally produced cereals and 
pulses offers opportunities. 
Consultation with the industry will reveal the desired traits of cereals and pulses 
for the industry. The outcome will guide breeding for specific end uses but will also 
require adjusted crop management to arrive at a product of the desired quality. 
The use of by-products requires research attention. The value of, for example, bran 
and stover as widely-used animal feeds, is well-known. Enormous potential exists 
for by-products in novel commercial applications, such as bio-energy, dye and fibre. 
The bagasse of sorghum, a by-product of bioethanol production, is a suitable source 
of paper pulp for the production of kraft paper, newsprint and fibre board 
 
 
5.6  Pharmacological and medicinal research 
 
As many as 42 out of the 73 species of cereals and pulses treated have medicinal 
uses. Interesting species for pharmacological and/or medicinal research are: 
• Ethiopian oat (Avena abyssinica), 
• Kalahari white bauhinia (Bauhinia petersiana), 
• Job’s tears (Coix lacryma-jobi), 
• buckwheat (Fagopyrum esculentum), 
• Kersting’s groundnut (Macrotyloma geocarpum) and horse gram  

(M. uniflorum), 
• wild bean (Vigna adenantha), black gram (V. mungo) and rice bean  

(V. umbellata). 
 
 
5.7  Support to breeding 
 
Basic research can help to lay the foundation for future breeding work. Mapping 
genetic diversity and variation is needed for many of the lesser known species, such 
as: 
• grain amaranth (Amaranthus caudatus), 
• fonio (Digitaria exilis) and black fonio (D. iburua), 
• Panicum kalaharense and desert grass (P. turgidum). 
The use of biotechnology for breeding requires further study in species such as  
barley (Hordeum vulgare), grass pea (Lathyrus sativus), common bean (Phaseolus 
vulgaris) and bambara groundnut (Vigna subterranea). 
 
In several genera, the possibilities of gene transfer from one species to others and 
the viability of transgenic crops requires attention: 
• hybridization barriers need to be identified in Amaranthus, 
• scope for transfer of resistance in Phaseolus and Vigna. 
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5.8  Ecological requirements and potential for expansion 
 
Little is known of the ecological requirements of various crop species of limited  
distribution. Growing these crops beyond their present sphere would become  
possible if they have a wide adaptation; examples include: 
• Guinea millet (Brachiaria deflexa), 
• black fonio (Digitaria iburua), 
• foxtail millet (Setaria italica), 
• several species of the genus Vigna. 
In tef (Eragrostis tef) cultivars have been developed that can be grown at lower alti-
tudes; cultivation trials outside its present range (Eritrea and Ethiopia) would be 
worthwhile. These cultivars in particular hold promise for semi-arid areas. 
 
 
5.9  Candidates for domestication 
 
Very little is known about some species used as cereals or pulses, and several  
aspects of their production need to be evaluated before cultivation on any scale can 
be recommended. These aspects range from propagation, vulnerability to grazing, 
commercial potential of dye properties, genetic diversity to potential uses and  
markets. 
• yeheb nut (Cordeauxia edulis), 
• Limeum obovatum, 
• desert grass (Panicum turgidum), 
• marama bean (Tylosema esculentum) and sprawling bauhinia (T. fassoglense), 
• Vatovea pseudolablab. 
 
 



44 

Table 7. Research gaps by species 
 
Species name English name Research gaps 
Amaranthus 
caudatus 

Grain  
amaranth 

Distribution in tropical Africa 
Genetic variation 
Hybridization barriers in genus 

Arachis hypogaea Groundnut Reduce aflatoxin contamination i.e. process-
ing & storage 
Disease & pest resistance 
Locally appropriate harvesting, shelling, 
storage & processing technologies 

Avena abyssinica Ethiopian oat Prospects for brewing 
Nutritional properties 

Avena sativa Oat Prospects as health food 
Genomics 
Pharmaceutical & cosmetic markets 

Bauhinia  
petersiana 

Kalahari 
white  
bauhinia 

Agronomy  
Domestication 
Protection in grazing land 
Pharmaceutical properties 

Brachiaria  
deflexa 

Guinea millet Ecological requirements 
Agronomy 
Nutritional properties 

Cajanus cajan Pigeon pea Disease & pest resistance  
IPM 
Potential of wild African Cajanus spp. 
Host-symbiont relationship according to plant 
age 

Cenchrus biflorus Cram-cram Possibilities of breeding spineless types 
Cenchrus prieurii - Nutritional properties (grain) 

Possibilities as multipurpose crop for drier 
areas (200–500 mm rainfall) 

Cicer arietinum Chickpea Diseases & pests resistance 
Low anti-nutritional components 
IPM 
Use of wild Cicer spp in breeding for resistance 

Coix lacryma-jobi Job's tears Market studies 
Medicinal properties 

Cordeauxia 
edulis 

Yeheb nut Agronomy  
Propagation 
Dye properties 
Potential for other parts of Africa 
Genetic diversity 

Craibia brownii - Nutritional properties (grain) 
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Table 7. Research gaps by species (Continued) 
 
Species name English name Research gaps 
Crotalaria 
karagwensis 

- Nutritional & chemical properties, i.e. 
presence of toxins in seeds 
Appropriate processing 

Crotalaria 
lachnophora 

- Nutritional (toxins in seeds) properties 
Appropriate processing 

Digitaria exilis Fonio Genetic variation  
Agronomy (plant density, mixed cropping, 
fertilizer use etc.) 
Appropriate harvest & processing 
(tools/equipment) 

Digitaria iburua Black fonio Ecological requirements 
Agronomy 
Appropriate dehusking 
Genetic diversity 

Echinochloa  
obtusiflora 

- Nutritional & chemical properties 

Echinochloa 
stagnina 

Hippo grass Nutritional properties 

Eleusine 
coracana 

Finger millet Agronomy: weed control & harvesting  
techniques 
Bird control 
Small-scale threshers & winnowers 

Eragrostis 
aethiopica 

- Nutritional properties 

Eragrostis  
annulata 

Ringed  
lovegrass 

Nutritional properties 

Eragrostis  
nindensis 

Perennial 
lovegrass 

Nutritional properties 

Eragrostis plana Tough  
lovegrass 

Nutritional properties 

Eragrostis tef Tef Influence of environmental factors on  
nutritional quality 
Adaptation studies (Sahel) 
Mechanization in large scale areas 

Fagopyrum  
esculentum 

Buckwheat Potential in rotation systems 
Disease & pest resistance 
Medicinal properties 
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Table 7. Research gaps by species (Continued) 
 
Species name English name Research gaps 
Glycine max Soya bean Appropriate storage methods for humid tropics 

IPM 
Develop new food products & recipes  
Develop appropriate processing &  
preparation methods 
Agronomy for mixed farming systems 
Seed quality studies 

Hordeum vulgare Barley Genetic variation 
Genomics of malting genes 
Use of biotechnology for desired traits 

Lathyrus sativus Grass pea Effective detoxification methods 
Mutation breeding & biotechnology 

Lens culinaris Lentil Improved quality through processing  
Agronomic practices (a.o. mechanized  
harvesting & threshing) 

Limeum  
obovatum 

- Nutritional properties 
Propagation 
Potential for domestication 

Lupinus albus White lupin Effective detoxification methods 
Potential in rotation & on saline soils 

Macrotyloma 
geocarpum 

Kersting's 
groudnut 

Medicinal properties  
Diseases & pests resistance  
Possibilities to reverse downward trend 

Macrotyloma 
uniflorum 

Horse gram Distribution & importance in tropical Africa 
Agronomic requirements 
Potential for fodder/forage 
Diseases & pests resistance 
Medicinal properties 

Mucuna gigantea Sea bean Appropriate processing methods to eliminate 
toxicity 
Medicinal & pharmacological properties 

Oryza barthii Wild rice Genitor for resistance and taste for Oryza sativa 
Oryza glaberrima African rice Genitor for Oryza sativa (e.g. rice blast & 

RYMV resistance) 
Oryza  
longistaminata 

Wild rice Genitor for resistance genes for O. sativa 

Oryza punctata Red rice Genitor for resistance genes for O. sativa 
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Table 7. Research gaps by species (Continued) 
 
Species name English name Research gaps 
Oryza sativa Rice IPM 

Mechanization  
Fortification 
Develop appropriate methods for use of  
by-products 

Panicum  
kalaharense 

- Nutritional properties: food & fodder quality 
Genetic variation 

Panicum laetum Wild fonio Selection of promising genotypes 
Panicum  
miliaceum 

Proso millet Techniques to reduce labour requirements & 
increase yields 

Panicum  
turgidum 

Desert grass Nutritional properties  
Genetic diversity studies 
Potential for domestication 

Pennisetum  
glaucum 

Pearl millet Reduced labour requirements for weeding & 
bird scaring 
Improve storage quality of flour 

Phaseolus  
acutifolius 

Tepary bean Agronomy 
Genitor of resistance genes 
Comparative assessment between varieties 
with large & small-sized seed 

Phaseolus  
coccineus 

Scarlet  
runner bean 

Agronomy 
Genitor of resistance genes 

Phaseolus  
lunatus 

Lima bean Develop appropriate detoxification methods 

Phaseolus  
vulgaris 

Common bean Gene mapping to locate resistance genes 
Biotech tools for disease resistant cultivars 

Pisum sativum Field pea IPM 
Anti-nutritional factors 

Secale cereale Rye Disease & pest resistance (especially to ergot) 
Setaria italica Foxtail millet Prospects for tropical Africa 

Adaptation to mid- & high altitudes in Africa 
Sorghum bicolor Sorghum Control of parasitic weeds, diseases, pests & 

birds 
Agronomy 
Fortification (higher content of high-quality 
protein) 

Sporobolus  
fimbriatus 

Dropseed Nutritional & chemical properties 

Sporobolus  
panicoides 

Famine grass Nutritional properties 
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Table 7. Research gaps by species (Continued) 
 
Species name English name Research gaps 
Triticum  
aestivum 

Bread wheat Agronomy 
Physiology  
Disease & pest control 
Tolerance to abiotic stresses 
Fortification 

Triticum  
turgidum 

Durum wheat Adaptive research to increase yield 
Identification of suitable production areas 
Agronomy 

Tylosema  
esculentum 

Marama bean Domestication & agronomy 
Toxic/ anti-nutritional compounds in seeds & 
tubers 

Tylosema  
fassoglense 

Sprawling 
bauhinia 

Agronomy 

Urochloa  
mosambicensis 

Sabi grass Nutritional properties 

Urochloa 
trichopus 

- Nutritional properties 

Vatovaea  
pseudolablab 

- Field testing of accessions 
Agronomy 
Nutritional properties 

Vicia faba Faba bean Agronomy 
Vicia hirsuta Hairy tare Nutritional properties 

Appropriate processing (eliminate toxicity) 
Vigna  
aconitifolia 

Moth bean Ecological requirements 
Agronomy (optimal cultivation practices) 
Nutritional properties 

Vigna adenantha Wild bean Agronomy (optimal cultivation practices) 
Ecological requirements 
Pharmacological & nutritional properties 
Taxonomy (Vigna or Phaseolus) 

Vigna angularis Adzuki bean Actual distribution & use 
Potential for highlands 
Agronomy 

Vigna mungo Black gram Wider testing in tropical Africa 
Pharmacological studies 

Vigna radiata Mung bean Control of diseases & pests (a.o. IPM) 
Reduced labour requirements 

Vigna  
subterranea 

Bambara 
groundnut 

Reduced labour requirements 
Optimal combinations of genotypes &  
rhizobial strains 
Genetics & breeding methods 
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Table 7. Research gaps by species (Continued) 
 
Species name English name Research gaps 
Vigna umbellata Rice bean Agronomy (time of sowing, plant density,  

fertilizer requirement) 
Post-harvest technology 
Possibilities for industrial processing 
Medicinal properties 
Testing throughout tropics 

Vigna  
unguiculata 

Cowpea Develop new products & recipes (baby foods, 
cakes, flour) 
Management practices to reduce damage by 
pests & diseases (IPM) 

Zea mays Maize Diseases & pests resistance 
Control of Striga 
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6. Thesis subjects 
 
There is considerable overlap between Research gaps (Chapter 5) and Thesis sub-
jects identified for the 73 Primary Uses species in PROTA 1: Cereals and pulses. 
Relatively small questions could be researched by postgraduate students. Extensive 
problems, however, require substantially greater research attention. 
 
6.1  Taxonomy 
 
Problems of a taxonomic nature often are questions suitable to be tackled by  
students. For instance, introgression between species in the genera Echinochloa and 
Sporobolus affects species. The relatively large number of species in the genera  
(c. 35 and 160 respectively) make it a difficult subject and the limited potential of 
the species does not warrant priority research attention. In the genus Eragrostis 
with 350 species, the situation is even more complicated. However, tef (Eragrostis 
tef) has such potential that establishing relationships with its (sofar unknown) wild 
ancestors and relatives may be helpful for breeding. Other problems of a taxonomic 
nature are: 
• The present classification of cultivated sorghum (Sorghum bicolor) in five  

basic races and their hybrids would be better replaced by a system based on 
cultivar groups. A physical genome map is being constructed to aid this.  

• In faba bean (Vicia faba) the infraspecific variation is confusing. Classification 
in cultivar groups (‘tick beans’, ‘horse bean’ and ‘broad bean’) is based on seed 
size and shape. As cultivars from different cultivar groups can be freely 
crossed, a good infraspecific classification may not have practical value. 

• Cowpea (Vigna unguiculata) has a large gene pool with several cultivar 
groups, wild subspecies and closely related wild species. Cowpea breeding has 
a bright future both for use as a pulse as well as a vegetable crop. Its gene pool 
is far from well organized and many wild selections are not yet available for 
breeding. 

• The diversity in Guinea millet (Brachiaria deflexa) requires mapping. A  
starting point for breeding would be the cultivated types of the Fouta Djallon 
Highlands on the border of Mali and Guinea. 

 
 
6.2  Production and market statistics 
 
Relatively robust general statistics on production and trade are available for cereals 
and pulses, but for many species, except maize and sorghum, the quantities  
produced and traded in the various countries of tropical Africa remain unclear. 
There is scope for postgraduate students to fill these research gaps.  
National and international statistics use the categories ‘millets’ and ‘pulses’. In  
‘millets’ pearl millet (Pennisetum glaucum) and finger millet (Eleusine coracana) are 
the most important, but Guinea millet (Brachiaria deflexa), proso millet (Panicum 
miliaceum) and foxtail millet (Setaria italica) are all included in the broad category 
and the relative share of each of these ‘millets’ is unknown. For the category ‘pulses’ 
it is even more difficult to establish which species are included. For wheat (Triticum 
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spp.) and rice (Oryza spp.) the trade data presently available concern data on two 
species each.  
 
Local or national studies could provide insight into opportunities for farmers, 
whereas BSc and MSc research projects could provide basic statistical data and  
series of such studies could indicate developments that would justify further study. 
 
 
6.3  Ethnobotany 
 
The uses and value of many less important cereals and pulses are poorly  
understood. Information concerning yield, management, use and preparation, and 
economic value is lacking for many species. This is particularly true for wild grasses 
and legumes that are used as famine food (e.g. wild Eragrostis, Oryza, Vicia and  
Vigna species) of which little more is known than that they are collected when  
harvests fail. As most of these species are also used for grazing livestock, recording 
management aspects is of interest, particularly in the context of changing climates 
in tropical Africa.  
 
Ethnobotanical information is typically documented from only a single or a few sites 
for widespread species. Regional ethnobotanical studies may reveal differences in 
use, management and value. One example of a poorly-documents but locally  
important species is Kalahari white bauhinia (Bauhinia petersiana). The many 
other uses of cereals and pulses, including medicinal purposes (e.g. wild bean, Vigna 
adenantha) and green manure (e.g. Crotalaria lachnophora), deserve attention. 
 
 
6.4  Laboratory studies 
 
The chemical composition and nutritive value of most cereals and pulses is well-
known. Toxic compounds in the seeds of pulse species have been studied extensively, 
however, in the genus Crotalaria comparative studies are needed that cover toxicity 
as well as effects on nutrient availability. 
The recommended use of fonio (Digitaria exilis) for diabetic patients is not  
scientifically based and research into its chemistry is necessary. 
The production of injera from tef (Eragrostis tef) is widely practised but which  
species of bacteria and fungi are involved is unclear. For more efficient and  
commercial production of injera, the identification of species involved will be useful. 
Other studies could lead to improved understanding of food and brewing aspects of 
barley (Hordeum vulgare) and cooking length of bambara groundnut (Vigna  
subterranea). 
Seed quality aspects require investigation in groundnut (Arachis hypogaea), fonio 
(Digitaria exilis) and soya bean (Glycine max). Seed viability is problematic in yeheb 
nut (Cordeauxia edulis) and bambara groundnut (Vigna subterranea).The floral  
biology of species of Digitaria and Macrotyloma is poorly known and inhibits  
breeding programmes. 
Kalahari white bauhinia (Bauhinia petersiana) and finger millet (Eleusine  
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coracana) are just two of the species that would benefit from the development of 
value-adding products, new products and new recipes. 
Weed control aspects of rye (Secale cereale) require confirmation. 
 
 
6.5  Breeding aspects 
 
The possibilities of use of biotechnology in breeding should be explored for species 
such as groundnut (Arachis hypogaea), tef (Eragrostis tef) (targeting drought  
tolerance) and cowpea (Vigna unguiculata). 
Genotype–environment (G × E) interactions, specifically the combined effect of  
photoperiod and temperature on development, play an important role and require 
study for cultivars of maize (Zea mays) and a number of pulse crops: chickpea (Cicer 
arietinum), grass pea (Lathyrus sativus), lentil (Lens culinaris), field pea (Pisum 
sativum), faba bean (Vicia faba), mung bean (Vigna mungo). 
The potential of selection, breeding and domestication of Ethiopian oat (Avena  
abyssinica) and Kalahari white bauhinia (Bauhinia petersiana) require evaluation. 
Pigeon pea (Cajanus cajan) has received much research attention, especially from 
ICRISAT. Nonetheless, worthwhile subjects for study remain, such as the relation 
between earliness and resistance to insects, seed yield components in various 
growth habits and modelling will help for better understanding of growth and yield. 
In common bean (Phaseolus vulgaris) screening for aluminium and iron tolerance 
may yield rewarding results. 
The effect of defoliation on seed yield in different cultivars of cowpea (Vigna  
unguiculata) may have practical value where the crop is simultaneously used as a 
leaf vegetable and pulse crop. Investigating possibilities of crossing different species 
of Vigna of the subgenus Ceratotropis, is of value for breeding. 
 
 
6.6  Agronomy and ecology 
 
Opportunities of a number of crops need to be investigated. Examples include 
• intercropping with pulses e.g. groundnut (Arachis hypogaea) and field pea 

(Pisum sativum), 
• adaptation of buckwheat (Fagopyrum esculentum) and scarlet runner bean 

(Phaseolus coccineus), 
• use in low-input agriculture of barley (Hordeum vulgare), 
• screening existing crosses between common bean (Phaseolus vulgare) and  

tepary bean (P. acutifolius) in low rainfall areas. 
The agronomic potential of wild relatives of some crops requires evaluation, such as 
those of cowpea (specifically on pest and disease resistance). Yeheb nut (Cordeauxia 
edulis), marama bean (Tylosema esculentum), sprawling bauhinia (Tylosema  
fassoglense) and Vatovaea pseudolablab requires evaluation. The possibility of these 
species becoming invasive pests should be considered. 
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6.7  Auxiliary uses 
 
Cereals used in tropical Africa include a considerable number of species that are 
drought tolerant and therefore suitable for land rehabilitation. Leguminous species 
have the ability to fix nitrogen symbiotically and are therefore useful in improving 
soil fertility. Some examples of potential use of species are: 
• cram-cram (Cenchrus biflorus) against desertification 
• desert grass (Panicum turgidum) for the rehabilitation of degraded land 
• Crotalaria lachnophora and horse gram (Macrotyloma uniflorum) for green 

manure 
• soya bean (Glycine max) as a trap crop for witchweed (Striga). 
 
 
6.8  Miscellaneous aspects 
 
The compatibility of soya bean (Glycine max) with local strains of rhizobia for  
symbiotical nitrogen fixation needs to be investigated as a first step towards  
expansion of the crop. Aspects of production and storage of rhizobium need to be 
tackled as well.  
For fonio (Digitaria exilis) research could establish its photoperiod-sensitivity and 
ways to optimize its postharvest technology. 
Determining the origin and wild ancestors of grass pea (Lathyrus sativus)  may  
enhance breeding programmes for the species. 
The ability of pearl millet (Pennisetum glaucum) to suppress nematodes offers  
opportunities for research into the mechanisms involved. 
Vegetative propagation techniques for marama bean (Tylosema esculentum) need to 
be optimized. 
In East and Southern Africa the seed industry has had some success with  
production and distribution of maize (Zea mays) seed. The feasibility of a similar 
arrangement in West and Central Africa should be addressed. 
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Table 8. Thesis subjects by species 
 
Species name English name Thesis subjects 
Amaranthus 
caudatus 

Grain  
amaranth 

Taxonomy genus 

Arachis hypogaea Groundnut Use of biotechnology for crop improvement 
Seed quality 
Agronomy in intercropping 

Avena abyssinica Ethiopian oat Taxonomy (incl. A. sativa) 
Prospects for breeding (i.e. good agronomic 
traits) 
Production & market surveys 

Avena sativa Oat Taxonomy 
Bauhinia  
petersiana 

Kalahari white 
bauhinia 

Ethnobotany 
Prospects for selection, breeding &  
domestication 
Potential invasiveness 
Value added products 

Brachiaria  
deflexa 

Guinea millet Genetic diversity 
Monograph of Fouta Djalon cvs 

Cajanus cajan Pigeon pea Modeling growth & yield 
Relation between earliness and insect  
resistance 
Determination of seed yield components in 
various growth habits 

Cenchrus biflorus Cram-cram Potential for desertification control 
Cicer arietinum Chickpea G × E interactions: e.g. response of different 

cvs to photoperiod & temperature 
Cordeauxia 
edulis 

Yeheb nut Test production in new areas 
Production and market statistics 
Seed viability 

Crotalaria 
karagwensis 

- Levels of toxin in seed compared with other 
Crotalaria spp. 

Crotalaria 
lachnophora 

- Impact of green manure on next crop 
Ethnobotany 

Digitaria exilis Fonio Floral biology studies 
Photoperiod-sensitivity 
Chemical properties (related to diabetics) 
Physiology of seed quality 
Postharvest technology 

Digitaria iburua Black fonio Floral biology studies 
Echinochloa  
obtusiflora 

- Taxonomy 
Ethnobotany 

Echinochloa 
stagnina 

Hippo grass Taxonomy 
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Table 8. Thesis subjects by species (Continued) 
 
Species name English name Thesis subjects 
Eleusine  
coracana 

Finger millet Production & market statistics (separate 
from other millets) 
Develop new products & recipes 

Eragrostis 
aethiopica 

- Ethnobotany 
Taxonomy of Eragrostis 

Eragrostis  
annulata 

Ringed  
lovegrass 

Ethnobotany (food & fodder) 
Taxonomy of Eragrostis 

Eragrostis  
nindensis 

Perennial  
lovegrass 

Ethnobotany (food & fodder) 
Taxonomy of Eragrostis 

Eragrostis plana Tough  
lovegrass 

Ethnobotany (a.o. food & fodder) 
Taxonomy of Eragrostis 

Eragrostis tef Tef Explore the drought tolerance for biotech in 
crop improvement 
Identify bacteria & fungi responsible for 
fermentation of injera & improve the process  
Taxonomy of Eragrostis 

Fagopyrum  
esculentum 

Buckwheat Adaptation studies 

Glycine max Soya bean Trap crop for Striga 
Improve seed vigor 
Rhizobia studies (compatibility of local 
strains, production, storage) 

Hordeum vulgare Barley Production & market statistics 
Potential production in low-input agriculture 
Quality aspects for food and brewing 

Lathyrus sativus Grass pea Origin of Lathyrus sativus 
G × E interactions: cultivar specific response 
to photoperiod & temperature 

Lens culinaris Lentil G × E interactions: cultivar specific response 
to photoperiod & temperature  
Market surveys 

Limeum  
obovatum 

- Ethnobotany: importance as famine food & 
fodder in desert areas 

Lupinus albus White lupin Genetic diversity 
Production statistics & market surveys 

Macrotyloma 
geocarpum 

Kersting's 
groundnut 

Production statistics & market surveys 
Reproductive biology 
Agronomy 
Inventory of diversity & phylogenetic analysis 

Macrotyloma 
uniflorum 

Horse gram Potential as green manure 
Survey of acceptability 
Reproductive biology 
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Table 8. Thesis subjects by species (Continued) 
 
Species name English name Thesis subjects 
Mucuna gigantea Sea bean Production statistics & market surveys  

(acceptability) 
Oryza barthii Wild rice Ethnobotany: importance as famine food 

DNA mapping 
Oryza glaberrima African rice Production & market statistics separate 

from Oryza sativa 
Oryza  
longistaminata 

Wild rice Ethnobotany: importance as famine food 

Oryza punctata Red rice Ethnobotany: importance as famine food & 
fodder 

Panicum  
kalaharense 

- Ethnobotany 

Panicum laetum Wild fonio Potential for restoring degraded land 
Panicum  
miliaceum 

Proso millet Production & market statistics (separate 
from other millets) 

Panicum  
turgidum 

Desert grass Potential for control of soil erosion (also on 
saline soils) 

Pennisetum  
glaucum 

Pearl millet Mechanisms of nematode suppression 
Production & market statistics (separate 
from other millets) 

Phaseolus  
acutifolius 

Tepary bean Gene mapping for crop improvement 
Screen existing P. vulgaris × P. acutifolius 
lines in (semi-) arid Africa 
Yield determining factors 

Phaseolus  
coccineus 

Scarlet runner 
bean 

Production & market statistics 
Adaptation studies 

Phaseolus  
lunatus 

Lima bean Production & market statistics (separate 
from other pulses) 

Phaseolus  
vulgaris 

Common bean Screening for Fe- & Al-tolerance 
Production & market statistics (separate 
from other pulses & ‘french bean’) 

Pisum sativum Field pea Production & market statistics (separate 
from other pulses) 
G × E interactions: combined effect of  
photoperiod & temperature on development 
Role in cropping system 

Secale cereale Rye Production statistics & market surveys 
Role in weed control (allelopathic  
compounds) 

Setaria italica Foxtail millet Production & market statistics (separate 
from other millets) 
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Table 8. Thesis subjects by species (Continued) 
 
Species name English name Thesis subjects 
Sorghum bicolor Sorghum Taxonomy of Sorghum  

Genetic organization of landraces & hybrids 
Sporobolus  
fimbriatus 

Dropseed Ethnobotany: food & fodder plant 
Taxonomy of Sporobolus 

Sporobolus  
panicoides 

Famine grass Ethnobotany: famine food 
Taxonomy of Sporobolus 

Triticum  
aestivum 

Bread wheat Production & market statistics (separate 
from durum wheat) 

Triticum  
turgidum 

Durum wheat Production & market statistics (separate 
from bread wheat) 

Tylosema  
esculentum 

Marama bean Potential as a crop in hot, dry regions (crop 
monograph) 
Vegetative propagation 

Tylosema  
fassoglense 

Sprawling 
bauhinia 

Potential as a crop 

Vatovaea  
pseudolablab 

- Potential as a crop in dry regions  

Vicia faba Faba bean Taxonomy of Vicia faba 
G × E interactions: combined effect of  
photoperiod & temperature on development 
Use of biotech tools for crop improvement 

Vicia hirsuta Hairy tare Ethnobotany: Ethiopia & elsewhere 
Vigna  
aconitifolia 

Moth bean Ethnobotany: food, forage & soil  
conservation 

Vigna adenantha Wild bean Ethnobotany: food & medicine 
Vigna angularis Adzuki bean Production statistics & market surveys  
Vigna mungo Black gram G × E interactions: combined effect of  

photoperiod & temperature on development 
Vigna radiata Mung bean Production statistics & market surveys 

separate from other pulses  
Vigna  
subterranea 

Bambara 
groundnut 

Production statistics & market surveys 
Cooking length 
Seed viability studies 

Vigna umbellata Rice bean Production statistics & market surveys 
Crossing in subgenus Ceratotropis 

Vigna  
unguiculata 

Cowpea Gene pool organization among wild relatives  
Agronomic evaluation (pest/ disease  
resistance) of wild relatives 
Use of biotechnology for crop improvement 
Defoliation & seed yield 
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Table 8. Thesis subjects by species (Continued) 
 
Species name English name Thesis subjects 
Zea mays Maize Analysis of the potential success of a seed 

industry in West Africa 
Storage technology 
G × E interactions: combined effect of  
photoperiod & temperature on development 
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7. Conservation needs 
 
The main purpose of germplasm conservation is to maintain genetic diversity, for 
use in breeding or to re-establish otherwise extinct species. Gene banks have an  
important task in conservation, characterization, evaluation and documentation of 
germplasm. Important factors accelerating the loss of diversity are the  
disappearance of landraces, overexploitation and habitat destruction. Landraces are 
finely adapted to local conditions and may harbour interesting characteristics, such 
as resistance to drought and diseases and heat tolerance. The loss of landraces is a 
negative effect of introducing improved cereals and pulses, as more productive  
cultivars replace old selections and sometimes other crop species as well. 
Overexploitation is an important reason why species become scarce and threatened 
with extinction. Among the 73 cereals and pulses considered in PROTA 1: Cereals 
and pulses, overexploitation is less often the cause of loss of diversity than in other 
commodity groups. Many cereals and pulses are cultivated, whilst other, mostly  
annual species, are wild-harvested only in years when crops fail. Harvesting seeds, 
as is the case for cereals and pulses, is more sustainable than the harvest of roots 
and tubers for food, medicine and dyes, which pose significant threats to some  
perennial African pulses. 
Degradation of habitats due to recurrent bush fires, overgrazing, collection of  
construction and fuel wood, are factors only rarely relevant to cereals and pulses. 
Awareness of the need for biodiversity conservation is increasing. The signing and 
the ratification by many FAO member countries of the ‘International Treaty on 
Plant Genetic Resources for Food and Agriculture’, and the establishment of the 
‘Global Crop Diversity Trust’ are examples of this increased awareness. 
International efforts are presently focussed on the so-called Annex-1 species, a list 
covering 35 genera of crop plants (including cultivated species and their wild  
relatives) and some 80 forage species. Out of the 35 genera of crop plants in Annex-1, 
34 species in 18 genera are used as cereals and pulses in tropical Africa, (see Table 9; 
the 12 indigenous species are indicated in Bold). 
 
 
7.1  Germplasm conservation of Annex-1 species 
 
The conservation of germplasm of Annex-1 species has become an international  
responsibility. As the home of important crops like finger millet (Eleusine coracana), 
pearl millet (Pennisetum glaucum), field pea (Pisum sativum), sorghum (Sorghum 
bicolor) and cowpea (Vigna unguiculata), tropical Africa is an important region of 
diversity. Minor crops of tropical African origin are hairy tare (Vicia hirsuta) and 
bambara groundnut (Vigna subterranea). Wild, tropical African relatives of cowpea 
(Vigna unguiculata), for example Vigna vexillata, are of interest for breeding and 
hence need to be included in germplasm conservation efforts. 
 
Of the Annex-1 crop species that have been introduced in tropical Africa, often  
centuries ago, locally adapted types are the starting point of breeding programmes 
and therefore need to be collected and conserved. For the temperate/Mediterranean 
cereals barley (Hordeum vulgare) and wheat (Triticum spp.), the highlands of East 
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Africa are secondary centres of diversity. Ethiopia and Eritrea, in particular, are 
important sources of durum wheat (Triticum turgidum) genes for rust resistance, 
dwarfing, early heading and late maturity, and of barley genes for resistance to  
yellow dwarf virus (BYDV), powdery mildew, leaf rust, loose smut and stripe mosaic 
virus as well as for high lysine content in the seed. In Ethiopia, the availability of 
improved varieties of tef (Eragrostis tef) with a wider ecological adaptation has  
resulted in it replacing barley (Hordeum vulgare). Since the cereals oat (Avena  
sativa) and rye (Secale cereale) are recent introductions, variation in these crops is 
not unique to tropical Africa and they are of less conservation concern in Africa. 
Ethiopian oat (Avena abyssinica), a near-endemic, has not yet shown to be of  
interest for breeding but ensuring genetic diversity is conserved may prove  
worthwhile in future. 
In contrast, extensive germplasm collections exist for the introduced tropical cereals 
rice (Oryza sativa) and maize (Zea mays). Nevertheless, local selections are still of 
interest for collection. Wild relatives of rice have proved useful to breeding  
programmes: the NERICA rice varieties are derived from crosses of Oryza sativa 
and African rice (Oryza glaberrima). 
 
Several Annex-1 introduced pulses are now widely grown in tropical Africa. For  
instance, pigeon pea (Cajanus cajan), chickpea (Cicer arietinum), grass pea  
(Lathyrus sativa), lentil (Lens culinaris), several species of bean (Phaseolus spp.) 
and faba bean (Vicia faba) are well-embedded in African farming systems. Ethiopia 
is considered a secondary centre of diversity of lentil (Lens culinaris), and the bean 
(Phaseolus vulgaris) shows great diversity, especially in the Great Lakes region. Of 
the other Phaseolus-beans, the scarlet runner bean (Phaseolus coccineus) and the 
lima bean (Phaseolus lunatus) are widely spread and harbour considerable variation 
in tropical Africa. For the tepary bean (Phaseolus acutifolius), although the species 
is found in tropical Africa, germplasm collection is necessary in South America 
where all Phaseolus-species have their origin. Selection pressures are likely to differ 
in species such as pigeon pea, which occurs primarily as large-seeded varieties in 
tropical Africa, where unripe seeds are mainly used in sauce, while in India the 
small, dried seeds are used.  
 
 
7.2  Germplasm conservation of non-Annex-1 species 
 
For a number of species not on Annex-1, conservation efforts are required (see Table 
10). Groundnut (Arachis hypogaea) and proso millet (Panicum miliaceum) have 
been introduced in tropical Africa. Large collections of groundnut germplasm exist 
but these collections contain few landraces. This gap needs to be filled as landraces 
are disappearing rapidly with the introduction of improved varieties. Proso millet is 
not very widely grown in Africa and has been largely replaced by maize. A few  
collections of African germplasm are maintained in Kenya. 
The indigenous cereals fonio (Digitaria exilis) and black fonio (Digitaria iburua) 
have a limited distribution. Fonio, the more important of the two, is restricted to 
West Africa. Whereas other minor crops tend to be replaced with more productive, 
improved varieties of major crops, fonio seems to be of increasing importance. 
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Breeding and selection have long been neglected and a collection of landraces could 
be the basis of such work. 
Indigenous species like Guinea millet (Brachiaria deflexa), Cenchrus prieuri,  
bourgou (Echinochloa stagnina), Panicum kalaharense and desert grass (Panicum 
turgidum) are mainly wild-harvested and are considered ‘hunger crops’. As they are 
widespread and not heavily exploited, conservation measures are not urgent but 
their (potential) use as forage crops has resulted in some germplasm collection. 
Their drought tolerance makes many of these species interesting candidates for 
sandbinding and erosion control. The ‘bourgou’ grasslands in the inland delta of the 
river Niger have been reduced to about 3% of the area they occupied 100 years ago 
but this is not a significant threat to the species, although for livestock producers 
and migrant birds it is a large-scale disaster. 
The semi-domesticated varieties of Guinea millet from the Fouta Djallon area 
(Guinea-Mali) would deserve protection by including it in germplasm collections. 
The indigenous pulses Kalahari white bauhinia (Bauhinia petersiana), yeheb nut 
(Cordeauxia edulis), marama bean (Tylosema esculentum), sprawling bauhinia  
(Tylosema fassoglense) and Vatovaea pseudolablab have in common that they are 
perennial, are browsed by cattle and are (at best) poorly represented in germplasm 
collections. The roots of Kalahari white bauhinia can be harvested for use as a dye, 
the tubers of marama bean, sprawling bauhinia and Vatovaea are collected for food. 
Harvesting of these underground parts is often destructive. Populations of yeheb 
nut and Vatovaea are recorded as vulnerable and dwindling. In view of their uses, 
potential uses and drought tolerance, efforts should be made to assure the future of 
these species both in-situ and ex-situ. 
Kersting’s groundnut (Macrotyloma geocarpum) is an annual crop known only from 
cultivation. It is gradually being replaced by more productive crops like groundnut 
and cowpea. Although they are represented in genebanks, attention is required to 
ensure the survival of the species. 
Crotalaria lachnophora yields edible seeds but has future especially as a green  
manure and in soil conservation. Although it is widespread and as such not threat-
ened, collection and characterisation of germplasm will be useful for selection of 
suitable varieties. 
 
 
7.3  Coverage and management of collections 
 
Germplasm collections of Annex-1 species are apparently in good hands. Efforts to 
expand collections with additional landraces and wild relatives should be a priority. 
For example, dye producing cultivars of sorghum (Sorghum bicolor) are restricted to 
West Africa and Sudan and, when scientific interest was recently revived, several 
named landraces had probably disappeared. It is not clear if the large germplasm 
collections of sorghum contain dye cultivars. 
For the species not on Annex-1, the situation is insecure. These species depend to 
some extent on collections of national and regional organisations in tropical Africa. 
The necessity to regenerate the seeds regularly makes the functioning of these 
genebanks costly and budget cuts are a continuous threat. Other threats are  
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calamities like fires, earthquakes, inundations etc. Duplication of entries in more 
than one genebank is necessary to ensure the long term safety of the germplasm. 
The largest collection of tef (Eragrostis tef) germplasm is stored at the Institute of 
Biodiversity Conservation in Ethiopia, while outside Ethiopia only small numbers of 
samples are kept. A country like Ethiopia should be assisted to duplicate (prioritized 
parts of) its collections and store duplicates elsewhere for safekeeping, maintaining 
and repatriation when the need arises. 
 
 
7.4  Access to information and germplasm 
 
It is often difficult for breeders and researchers to determine the availability and  
accessibility of germplasm, especially for species not on Annex-1, because  
documentation is incomplete or inaccessible. A database maintained by 
BIOVERSITY (http://singer.cgiar.org/search/index.php?reqid=1178874708.8106) is 
presently the most reliable source of information about germplasm collections. 
The International Treaty on Plant Genetic Resources for Food and Agriculture 
(http://www.fao.org/ag/cgrfa/itpgr.htm), signed in 2004 and ratified by the majority 
of FAO member states, has made provisions through a ‘Multilateral System of  
Access and Benefit-sharing’ for all Annex-1 species. The principle of benefit-sharing 
should apply equally to species not listed on Annex-1. Intellectual Property Rights 
should be respected, as recognized by signatories to the FAO treaty.  
The website of the Global Crop Diversity Trust (http://www.croptrust.org/main/) 
contains useful information on the conservation of Annex-1 species. 
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Table 9. Conservation needs for Annex-1 species 
 
Species name English name Conservation needs 
Avena  
abyssinica 

Ethiopian oat Germplasm collection & conservation in  
Africa 

Avena sativa Oat   
Cajanus cajan Pigeon pea   
Cicer arietinum Chickpea Collection & conservation of African  

accessions 
Eleusine  
coracana 

Finger millet   

Hordeum vulgare Barley   
Lathyrus sativus Grass pea Germplasm collection (ongoing) 
Lens culinaris Lentil Germplasm collection & conservation (ongoing) 
Oryza barthii Wild rice Germplasm collection 

In-situ conservation 
Oryza  
glaberrima 

African rice In-situ conservation 

Oryza  
longistaminata 

Wild rice Germplasm collection 
In-situ conservation 

Oryza punctata Red rice Germplasm collection 
Oryza sativa Rice   
Pennisetum  
glaucum 

Pearl millet   

Phaseolus  
acutifolius 

Tepary bean Germplasm collection in Americas 

Phaseolus  
coccineus 

Scarlet runner 
bean 

Germplasm collection in Africa 

Phaseolus  
lunatus 

Lima bean Germplasm collection 

Phaseolus  
vulgaris 

Common bean Conservation of landraces (mandate list 
SADC (priority)) 

Pisum sativum Field pea Germplasm collection of lines of special in-
terest 

Secale cereale Rye   
Sorghum  
bicolor 

Sorghum Collection of landraces 

Triticum  
aestivum 

Bread wheat   

Triticum  
turgidum 

Durum wheat   

Vicia faba Faba bean Germplasm collection & characterization 
Vicia hirsuta Hairy tare   
Vigna  
aconitifolia 

Moth bean Germplasm collection, characterization & 
conservation 
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Table 9. Conservation needs by Annex-1 species (Continued) 
 
Species name English name Conservation needs 
Vigna adenantha Wild bean Germplasm collection characterization & 

conservation  
Vigna angularis Adzuki bean   
Vigna mungo Black gram Germplasm collection, characterization & 

conservation 
Vigna radiata Mung bean Germplasm collection, characterization & 

conservation 
Vigna  
subterranea 

Bambara 
groundnut 

  

Vigna umbellata Rice bean Germplasm collection & characterization 
(none in Africa) 

Vigna  
unguiculata 

Cowpea Germplasm collection (landraces & wild 
relatives) 

Zea mays Maize   
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Table 10. Conservation needs for non-Annex-1 species 
 
Species name English name Conservation needs 
Arachis hypogaea Groundnut Germplasm collection & conservation of 

landraces 
Bauhinia  
petersiana 

Kalahari white 
bauhinia 

Germplasm collection, in situ conservation & 
characterisation (Southern Africa) 

Brachiaria  
deflexa 

Guinea millet Germplasm collection & characterization 

Cenchrus 
prieurii 

- Germplasm collection & conservation 

Cordeauxia 
edulis 

Yeheb nut Listed as “rare” by IUCN 
Germplasm collection 

Crotalaria 
lachnophora 

- Germplasm collection with wide geographic 
coverage 

Digitaria exilis Fonio Germplasm characterization & conservation 
Digitaria  
iburua 

Black fonio Germplasm collection & characterization 

Echinochloa 
stagnina 

Hippo grass Germplasm collection 

Eragrostis tef Tef Duplication of collection for security 
Macrotyloma 
geocarpum 

Kersting's 
groundnut 

Germplasm collection 

Panicum  
kalaharense 

- Germplasm collection 

Panicum  
miliaceum 

Proso millet Germplasm collection in Africa  

Panicum  
turgidum 

Desert grass Germplasm collection 

Tylosema  
esculentum 

Marama bean Germplasm collection & characterization 

Tylosema  
fassoglense 

Sprawling 
bauhinia 

Germplasm collection & characterization 

Vatovaea  
pseudolablab 

- Germplasm collection, characterization & 
evaluation 
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8. Policy measures 
 
8.1  Markets 
 
Policy makers are considered key-role players in the grains and pulses markets. 
Well-performing markets are essential for producers if they are to play an important 
role in increasing production. Many cereals and pulses producers produce only for 
home-consumption and sell whatever excess they produce in the local market. Poor 
infrastructure is a major bottleneck for accessing distant, more profitable markets. 
The lack of cash income from cereals and pulses hampers investing in quality seed 
and other inputs, and in adequate storage facilities (hence storage losses) etc.  
 
For a healthy trade balance, national governments could look at possibilities for  
import substitution. Bread wheat (Triticum aestivum) is a major import product of 
many tropical African countries, where bread is a growing consumer product. Wheat 
could be promoted in countries with a possibility to expand and/or intensify the  
production of wheat, but alternatives are few in countries where growing temperate 
cereals is not viable. Tropical cereals that contain gluten, essential for producing 
leavened bread, are few. Proso millet (Panicum miliaceum) is one of them but is not 
very popular with farmers and it would require considerable effort to promote its 
production. Mixing wheat flour with locally produced cereals is another option. 
The large demand for malt barley (Hordeum vulgare) for beer brewing is covered 
almost entirely by imports. For example, a country like Ethiopia could satisfy its 
needs for malt by producing it locally and even export considerable quantities.  
Sorghum (Sorghum bicolor) is an alternative for barley; it has largely replaced  
barley in Uganda and has promise in other African countries. Finger millet 
(Eleusine coracana), Ethiopian oat (Avena abyssinica) and maize (Zea mays) are 
used for malt on a smaller scale. 
Tropical Africa imports about one third (5 million t) of its annual rice (Oryza sativa) 
consumption. Subsidies in the exporting countries, the high production cost in small 
scale production and a poor infrastructure make it unlikely that tropical  
Africa will be self-sufficient in the near future. Even so, the release of NERICA  
varieties will have impact on rice production, especially in West Africa, and  
promotion should receive support from policymakers. 
 
International markets exist for several cereals and pulses grown in Africa but, in 
general, prices have been too low for Africa to compete in these markets. To be able 
to compete, labour efficiency, use of inputs and scale of production must be in-
creased and infrastructure improved. There may be a market for specialty crops like 
fonio (Digitaria exilis) and tef (Eragrostis tef) in the Western world but promotion 
would be necessary. 
 
 
8.2  Conservation measures 
 
As explained in Chapter 7, the germplasm of many species of cereals and pulses is 
accommodated by CGIAR Institutes and their genebanks. These species can be  
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considered adequately represented although attention is still needed, especially for 
local landraces. For example, an estimated 80% of the global diversity of sorghum 
(Sorghum bicolor) is contained in both African and international germplasm  
collections. However, the absence of dye cultivars of sorghum in genebanks is  
apparent.  
For the species not on Annex 1, regional (e.g. SADC), pan African (e.g. FARA) and 
international institutions (e.g. BIOVERSITY) have a role to play in coordinating 
efforts, improving efficiency and avoiding unnecessary duplication in germplasm 
collections. Germplasm is needed not because of direct threats, but to capture the 
genetic diversity in these species. Availability of germplasm to breeders, including 
private seed companies, should be facilitated. 
Germplasm conservation is the responsibility of policy makers at the national level, 
who formulate and enforce laws and take care of national germplasm collections in 
botanical gardens, herbaria and gene banks. National policy makers should take 
measures to protect species in the wild. Such measures may include the regulation 
and control of the harvest and regulate grazing of grasslands to avoid overgrazing. 
Protective measures should be considered for yeheb nut (Cordeauxia edulis), 
marama bean (Tylosema esculentum), sprawling bauhinia (Tylosema fassoglense) 
and for Vatovaea pseudolablab. The drying-up of the inner delta of the river Niger 
should be a concern for the different countries bordering the river. Protection of this 
habitat is of importance and conserving the diversity of hippo grass (Echinochloa 
stagnina) would be only one of many benefits. 
In cases where Intellectual Property Rights (IPR) issues play a role, policy makers 
have a duty to ensure that correct procedures are followed and that benefits arising 
benefit the relevant people or communities. 
Policies on GMO crops should be formulated at national, regional and even  
continental level. This is a significant issue with the use of cotton (Gossypium spp.) 
but also affects crops like maize and soya bean and there are urgent decisions to be 
made. 
Intentional importation of new species of cereals or pulses that could become a weed 
is far less likely than the accidental import of a weed as a contamination of  
agricultural produce. Control of agricultural imports, especially seeds, are necessary 
to avoid importation of potentially invasive weeds. Wild rice (Oryza longistaminata) 
is a troublesome, perennial weed in rice fields and its introduction should be avoided 
at all cost. Witchweed (Striga gesneroides) is already widely distributed so the risk 
of introducing it in new areas is limited. Broomrapes (Orobanche spp.), serious 
parasitic weeds of cereals and pulses, are rare in tropical Africa and their  
introduction should be avoided. Hairy tare (Vicia hirsuta) is considered as a weed of 
cultivation in many countries while considered useful as pulse and vegetable in 
Ethiopia.  
 
 
8.3  Quality standards and human health 
 
Policy should take measures to protect the export trade by setting and enforcing 
quality standards. The presence of aflatoxins, a result of infection by Aspergillus, is 
a problem of plant products that have not received appropriate post-harvest  
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treatment. Groundnut (Arachis hypogaea) has a reputation of infection by  
Aspergillus but exporting and importing controls are generally rigorous. For local 
consumption, however, the risk of aflatoxin contamination is still serious. Another 
risk to consumers’ health is contamination of cereals with the fungus ergot 
(Claviceps purpurea). Cases in which ergot caused serious damage to human health 
were associated with consumption of Ethiopian oat (Avena abyssinica) and pearl 
millet (Pennisetum glaucum) but other cereals (e.g. proso millet, Panicum  
miliaceum)  are affected as well. Widespread outbreaks of ergotism have occurred in 
Ethiopia. Infection of grain with mycotoxins is a worldwide problem. 
 
 
8.4  Capacity building 
 
Capacity building is critical to alleviate the shortage of experts throughout tropical 
Africa. The distribution of scientists involved in research on sorghum and millets 
has been quantified in eight East African countries, where 83 researchers with a 
PhD or MSc level were involved, with a majority in agronomy and breeding. In  
Sudan, with an annual estimated production 600,000 t of millets and 400,000 t of 
sorghum, a total of 18 researchers are involved with agronomy, breeding and  
entomology of sorghum and millet. Especially problematic is that socio-economic, 
post harvest and weed aspects receive little attention. In general agricultural  
extension workers have considerable knowledge of the production of the major  
cereals and pulses. 
 
 
8.5  Extension and promotion 
 
Governments have great influence on how extension is organized and how extension 
messages are delivered. The Training & Visit system, introduced approximately 25 
years ago, is still in place in many countries while other countries have changed to 
Farmer Field Schools. Policy makers should make sure that the most appropriate 
and efficient methods of extension are used.  
When starting with a novel crop for the export market, policy makers have a  
contribution to make as this can only succeed with strong support. 
 
 
8.6  Seed production and distribution 
 
Quality seeds of robust and locally-adapted cultivars are a prerequisite for good 
yields. At national level a policy should be formulated to ensure that farmers can 
procure quality seeds at the right time. Measures could encompass stimulate seed 
producers, protect breeders rights with effective legislation and improve  
infrastructure. 
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Table 11. Policy measures by species 
 
Species name English name Policy measures 
Amaranthus 
caudatus 

Grain  
amaranth 

Creation of market awareness 

Arachis hypogaea Groundnut Facilitate export 
Avena sativa Oat Seed policy development 
Cajanus cajan Pigeon pea Facilitate export 
Cicer arietinum Chickpea Facilitate export 
Cordeauxia 
edulis 

Yeheb nut Regulate/control over-harvesting &  
overgrazing of natural stands  

Digitaria exilis Fonio Facilitate export 
Promotion for regional & international markets 

Echinochloa 
stagnina 

Hippo grass Protect natural stands 

Glycine max Soya bean Promote as an industrial crop 
Strategy on GMOs (controversial, COMESA) 

Hordeum vulgare Barley Improved market structure for malt barley 
Promote as an import substitution crop 

Lathyrus sativus Grass pea Raise awareness on the potential toxicity 

Oryza glaberrima African rice Support promotion of NERICA rice 
Oryza  
longistaminata 

Wild rice Control measures (noxious weed in rice 
fields) 

Oryza sativa Rice Import substitution 
Promote/expand production of NERICA rice 

Pennisetum  
glaucum 

Pearl millet Facilitate establishment of reliable grain 
markets 

Phaseolus  
acutifolius 

Tepary bean Facilitate creation of marketing infrastruc-
ture & protection measures 

Phaseolus  
vulgaris 

Common bean Facilitate export 

Pisum sativum Field pea Support export chain & specialty market 
production  

Sorghum bicolor Sorghum Facilitate development of market chain for 
grain & sorghum products 

Triticum 
aestivum 

Bread wheat Import substitution 

Triticum  
turgidum 

Durum wheat Establish attractive price & market structure 
Potential export crop 

Tylosema  
esculentum 

Marama bean Protection measures: control harvesting  
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Table 11. Policy measures by species (Continued) 
 
Species name English name Policy measures 
Tylosema  
fassoglense 

Sprawling 
bauhinia 

Protection measures: regulate/control  
harvesting 

Vatovaea  
pseudolablab 

- Protection measures regulate/control  
harvesting of wild plants 

Vicia faba Faba bean Potential export crop 
Vicia hirsuta Hairy tare Considered a weed in many countries  
Vigna radiata Mung bean Potential export crop 
Vigna  
subterranea 

Bambara 
groundnut 

Potential export crop 
Development of marketing strategies 

Vigna  
unguiculata 

Cowpea Marketing strategies 

Zea mays Maize Need for an effective marketing system incl. 
infrastructure & storage 
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9. Comparative data on 73 species of cereals and 
  pulses producing plants 
 
Key to the table columns 
 
Origin:      - indigenous, i.e. of African origin 
         - adapted, i.e. introduced but long ago (local cultivars or eco-types 
           have developed) 
         - exotic, i.e. introduced; cultivation depends on foreign cultivars 
 
Distribution   Distribution in tropical Africa (see PROTA map on inner backcover): 
         - C:  Central Africa 
         - E:  East Africa 
         - I:  Indian Ocean Islands 
         - S:  Southern Africa 
         - W: West Africa 
 
Status:      Cultivation status: 
         - wild 
         - cult. (cultivated) 
         - both 
 
SU:       Secondary Uses (Primary use = 1: Cereals and pulses) 
         2. Vegetables       10. Fuel plants 
         3.  Dyes and tannins    11. Medicinal plants 
         4. Ornamentals      12. Spices and condiments 
         5. Forages         13. Essential oils and exudates 
         6.  Fruits          14. Vegetable oils 
         7.  Timbers         15. Stimulants 
         8.  Carbohydrates     16. Fibres 
         9.  Auxiliary plants 
 
Cycle:      Life cycle: 
         - annual 
         - perennial 
 
Min – Max Alt.: Minimum and maximum altitude (in m above sea-level) 
 
Prop.:      Propagation: 
         - G: Generative 
         - V: Vegetative 
         - B: Both 
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10. Matrix ‘73 species × 6 key issues’ 
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Cereals and pulses of Tropical Africa
Conclusions and recommendations

based on PROTA 1: ‘Cereals and pulses’
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