
Governance and Economics of 

Mechanizing Africa’s 

Smallholder Agriculture

Regina Birner and Thomas Daum

Hans-Ruthenberg-Institute

University of Hohenheim
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Why has labor productivity remained 

so low in African agriculture?

3

Foto: Hannes Buchwald

Foto: Hannes Buchwald

Foto: Thomas Daum

Source: Sheahan and Barrett (2017: 16) 
based on a literature review

80% of the land area

15%

5%



Trends and current status

• Mechanization in crop production

– Relative decline in use of tractor power 

• Tractors per 1,000 ha: 2.0 in 1980 vs. 1.3 in 2003

• Relative decline of both tractor use and animal traction
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Current status - based on LSMS-ISA data 
Living Standard Measurement Survey - Integrated Survey on Agriculture 
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Are there opportunities for change?

• Neglected field from the 1990s onwards

– Lack of success of state-driven mechanization projects of 

the 1970s/1980s (Pingali et al., 1991)

• Renewed interest in recent years

– Strong interest by policy makers in Africa

• Narrative: Need to overcome the “hoe and cutlass” 

culture to make agriculture attractive for the youth 
(Birner and Mockshell, 2015)

– Interest by private sector (manufacturers of machinery)

• have identified Africa as a major future market

• have started to invest

– New technological options

• Smallholder farming in the digital age
6



Mechanization along the value chain
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Economics of mechanization

Tractor hiring services

Findings from a case study in Zambia
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Analysis of tractor hiring schemes supported by John Deere, 

AFGRI, MUSIKA, Conservation Farming Unit and ZANACO

(Survey of 250 households combined with qualitative methods)

Private sector initiative - no government subsidies involved!



Insights from the case study

• Experimentation required to establish a scheme that works 

– John Deere & AFGRI tried different models over several years

– Key: Sustainable financing options that work in spite of high 

interest rates and high price and exchange rate fluctuations

• Hiring tractor services can be highly profitable for 

smallholders

– allowed them to double their income, mainly by expanding the 

cultivated area 

• Challenges faced by tractor owners

– Large variation in profitability (IRR from – 28% to 350%)

– Less than half of the tractor owners provide tractor services 

• Those who do serviced between 9 and 157 smallholders.

• Intermediaries were essential to organize smallholders!
Source: Adu-Baffour, Daum & Birner; see presentation on Wednesday, 16:30 (Ballroom E) 9



Lower female workload continued 

throughout the season despite land 

expansion

Intra-household time use data collected 

with the “Time Tracker App”
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“Uberization” of tractors?

• Much enthusiasm on Uber-

like apps to access 

mechanization in academia 

and media

• Do they improve the access 

of smallholder farmers to 

tractor services? 

• Two ongoing case studies

 EM3 Agri-Services India

 Hello Tractor, Nigeria 

(and more recently 

Kenya)

https://www.nytimes.com/2016/10/18/world/what-in-the-
world/trringo-app-india.html 11



It’s not Uber, yet

• EM3 Agri-Services in  India

 32 custom hire franchise centres

(Samadhan) in Rajasthan

 Benefit from a 40% machinery subsidy by the state

 Some centres use an app to mange their fleet 

but there is no app for farmers (use call centres and walk-in)

• Hello Tractor, Nigeria

 800 tractors with Hello-Tractor devices owned by 12 

contractors

 Use of an app to manage fleet but apps are not used by 

farmers

 Use of an app by booking agents
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Problems of mechanization 

observed in the field

Low quality 

of work

Soil erosion

(wrong choice 

of equipment)

Foto: T. Daum Foto: T. Daum

Inadequate

repair facilities
Fotos: J. Thoelen
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Lack of maintenance
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See Daum 
& Birner (2017)
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Governance challenges

• Governments focus on importing and subsidizing 

machinery, but not on skills development

Country Number of machines

imported under major 

programs since 2008

Number of people 

trained on 

mechanization

Benin 1,360 100

Mali 1,500 None

Burkina Faso 800 300

Source: Information provided by partners in the PARI program (2018)
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• Question of political economy!



Creating an enabling environment for 

mechanization

• What did countries do that are now mechanized?

– Insights from the history of Germany and the USA

General training of farmers

Specific training of operators

Training of technicians

Extension services

Use of media (eg. magazines)

Machinery exhibitions

Award of innovation medals

Ploughing competitions

Machinery testing

Provision of

information

Developing

knowledge and skills

Quality assurance

Promotion of sales

Promotion of

competition

Promotion of

innovation
Source: Daum, Huffmann and Birner (2018) 15



Conclusions

• New opportunities for smallholder mechanization in 

Africa – after decades of neglect

• Emerging evidence that service provider models are 

feasible and offer unique opportunities for 

smallholders 

– Role for the private sector!

• “Digital age” offers new opportunities (“Uberization”)

– Entrepreneurs have started to develop digital solutions

• Renewed political will of African governments to 

support mechanization

– How to channel this political will into creating a 

conducive environment for mechanization?
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Thank you!
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Back-up slides
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The case for mechanization

• Defining mechanization

– Replacing human labor by other sources of energy

• Animal power, fossil energy or renewable energy

– Replacing labor by capital

• Increasing the productivity of labor

• Potential in agriculture is enormous

– Example: Output of maize per hour of labor

» Kenya: 1.2 kg;  US (Iowa): 1470 kg (Gollin, 2018)

• Why does productivity of labor matter?

– Direct link to poverty

• Mechanization along the value chain

– Farm production – crop and livestock

– Transport; preservation; storage; processing; 
19



Mechanization: Myths and realities

• Myth: Mechanization should not be promoted in Africa 
as it will further increase unemployment

– Reality: Poverty reduction is not possible without 
increasing the productivity of labor

– Reality: Reducing the drudgery of labor can have 
significant welfare benefits (nutrition, health, well-being) 
(Ado-Baffour et al. 2018)

– Reality: If land expansion is possible, mechanization 
can increase rather than reduce employment 
(Binswanger, 1986)

• Myth: Smallholder farmers cannot benefit from 
mechanization

– Reality: Smallholder farmers can also benefit, if 
appropriate business models (e.g., service providers; 
cooperatives) are developed 
(Olmstead and Rhode, 1995) 20



Agricultural innovation system for 

mechanization

Source: Daum and Birner (2017)



Time and costs for tractor type 

approval across regions

Source: World Bank (2017: 43) 22



Example: Solar-based milk cooling 

in Kenya
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Hohenheim



Descriptive statistics

24

Selected Characteristics Participants 

(N=121)

Non

participants

(N=129)

Significance 

(5 % level)

Arable land owned 7.1 ha 6.1 ha No

Arable land cultivated 6.5 ha 3.7 ha Yes

% of owned land cultivated 91% 60%

Beginning of land preparation 30-Sep 6-Nov

Fertilizer use for maize 260 kg/ha 190 kg/ha Yes

Percentage of farmers using 

herbicides
63% 24%

Pesticides use for maize 0.2 l /ha 0.1 l /ha Yes

Maize yield 3.2 t /ha 2.5 t /ha Yes

Source: Baffour et al. (2017)



Descriptive statistics
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Income and expenditures in 
ZMW

Participa
nts

(N=121)

Control 
group

(N=129)

D
if

fe
re

n
c1 Statistical 

significance 
(5%)

Farm income total 16,999 7,323 132% yes

Farm income per hectare 2,839 2,045 39% no

Health expenditure per year 270 340 -21% no

Education expenditure per 
term

1,730 842 105% yes

Food expenditure per month 561 299 88% yes

Food diversity score 6.4 5.8 10% no

1 Difference is calculated as the difference between the values for participants and

control group divided by the value of the control group

Note: 1 USD equals approx. 10 Zambian Kwacha (ZMW)

Source: Baffour et al. (2017)



Results of a propensity score matching

analysis

Outcome Variable Average Treatment 

effect of the Treated

Standard 

Error

Net on-farm income (ZMW) 10,000*** 3460

On-farm income per hectare (ZMW) 685 493

On-farm income per household (ZMW) 1500*** 557

Yield (Mt/Ha) 0.41* 0.25

Yearly Expenditure on food (ZMW) 225*** 69

Expenditure on Education (ZMW per 

term)
850** 305

Expenditure on basic household non-

food household needs (ZMW)
770*** 251

Health Expenses (ZMW) -57 117

Skipping Meals -0.16** 0.06

Note: *Statistical significance at the 10% level, ** 5% level, ***1% level
Source: Adu-Baffour et al. (2017)



Impact of mechanization on intra-

household labour allocation

• Development of a picture-based

smartphone app

– can be used off-line

• Pilot project

– 62 households: 20 manual, 20 

animal & 22 mechanical traction

– Data collection at five points of 

2016/2017 farming season for 

for 3 days each

– Smartphone provided to 

households: husband, wive and 

one child
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