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The underlying problem in Africa - poor soil fertility



Potential solutions - Nitrogen fixing legumes

Grain legumes

Legume tree 
fallows

Legume green manures

Legume forages



Green manures on smallholder farms

…there are no silver bullets….



Gradients of soil fertility 
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Infield Outfield

Fertilizer N use efficiency 
<5 kg grain/kg N

Fertilizer N use efficiency 
= 50 kg grain/kg N

Fertilizer N use efficiency 
= 30 kg grain/kg N



Multiple nutrient deficiencies (Ca, Zn, P)



Farm(er)s are not all the same!

Resource-rich farm

Resource-
poor farm

Photo – Pablo Tittonell
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Reducing complexity – farm and field types





CA in Central Kenya on diverse fields over four seasons

Guto, de Ridder, Pypers Vanlauwe & Giller (2012) Agron. J. 104, 188-198.



Competition for crop residues



Legume technologies in Western Kenya

�But what can we use these crops 
for?



Cropping system

Climate

Soil fertility

The �niche� for legumes
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The niche as an �n�-dimensional hyperspace
Hutchinson (1957)

Economic yield
Labour

Substitution

Investment

The legume �niche� has agroecological and 
socioeconomic dimensions

The socio-ecological niche

Ojiem, de Ridder, Vanlauwe & Giller (2006) Int. J. 
Agric. Sust. 4, 79-93.







Unexpected consequences of promoting CA
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Herbicides, hunger and hired labor
in Malawi 
How herbicides help better-off households and aggravate hunger 
for poorer households 

Tristin Bouwman – MSc Thesis based on 5 
months intensive field work including 
questionnaires, detailed individual interviews 
and focus groups discussions and aerial surveys 
(drones).

With Jens Andersson (CIMMYT)



Which 
months do 
you go 
hungry?
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Jan

Feb

March



What do you do when you run out of maize?
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What is the main piece work task?
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Most important reason for doing piecework?
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For food



Most important consequence of not finding piecework?
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Did not get food so I 
went hungry

For food



Why the poorer farmers find it harder to 
find work
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People are using herbicides and hire less



For the wealthier farmers hiring labour:
The reason it is easier to find piecework
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More people are experiencing food shortages



Two decades of change in southern Mali: 
The rich get richer and the poor stay poor

Adapted from Falconnier, Descheemaeker, 
Van Mourik, Sanogo, Giller (2015) Agric. 
Syst. 139, 210–222
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Food self sufficiency and land gaps – where will a 
value chains approach work?

Farm land gaps

Small farms and poor soils are double poverty traps!

Hengsdijk, Franke, van Wijk, Giller 2014. How small is beautiful? Wageningen PRI Report 68.



Putting nitrogen fixation to work for smallholder farmers in Africa

Climbing beans in Rwanda

No 
manure

With
Manure
and P



maize following maize maize following climbing beans



Putting nitrogen fixation to work for smallholder farmers in Africa



Putting nitrogen fixation to work for smallholder farmers in Africa

Yellow beans in Tanzania



Putting nitrogen fixation to work for smallholder farmers in Africa

Short-duration cowpea in West Africa

• Yields during 
hunger period

• Allows two 
crops within 
the season

• Energy, 
protein, 
minerals and 
B vitamins 



Pigeonpea-maize relay intercropping in Malawi

Legume residues removed from the field



Residual effects of pigeonpea intercrops and sole crops on maize

Rusinamhodzi, Corbeels, Nyamangara, Giller 2012 Field Crop Res 136, 12-22



Food availability across >13,000 small farms

Frelat et al. (2016) PNAS, 201518384-10.

93 sites
17 countries

Rolling mean – individual households



Livelihood diversification
§ Staple crops (maize and beans) on rainfed

land important but lack investment

§ Focus on vegetable production in valleys

§ Reliance on remittances from Tanga and 
Dar es Salaam

§ Yet the population will double within the 
next 20 years…
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An extra billion people by 2030

Year

To
ta

l P
op

ul
at

io
n 

(b
illi

on
s)

6

5

4

3

2

1

01950               2000                 2050                 2100   

Asia

Africa

Europe     
Latin America &

Caribbean
N America

Gerland et al. (2014) World population stabilization unlikely this century 
Science 346, 6206, 234-237 
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+ UN World Population Report (2017)



The Food Security Conundrum

§ National food security requires an abundant supply of 
cheap and nutritious food for the burgeoning urban 
population

§ Agriculture is a major contributor to the balance of 
payments for African economies

§ Rural households (reluctant farmers) lack sufficient land 
or economic incentives to invest in agriculture



Conclusions

• An abundance of technologies is available for sustainable 
intensification

• Despite the millions of Euros invested there is little evidence 
for uptake or benefits of CA

• Farmers need to diversify to make a living income 
• Off-farm income (and/or subsidies) appear to be key for 

economic farming
• The capital needed for farming comes from outside the farm
• Urban employment and rural development are 

interdependent and need to develop hand in hand
• The burgeoning urban and rural population provides both an 

opportunity and a threat to achieving food security



More efficient 
production 
requires less 
land!

Space for agriculture and nature?


