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ABSTRACT

Crop yields and labour productivity have increased markedly over the past 70 years. In agriculturally advanced
countries, increases in labour productivity — that is, increases in the economic output per unit of labour input —
have been several-fold greater than corresponding increases in yield. The gap in labour productivity between the
Global North and the Global South is now much greater than the yield gap. This large labour productivity gap,
unless remedied, will: (i) condemn many farmers in the Global South to live in poverty; and (ii) make them less
competitive and force them to follow the well-established trend of exiting farming altogether, which (iii) will
contribute to greater dependence on imported food in many countries.

Despite this situation, agricultural development agencies tend to emphasise biological yield per unit area to
satisfy the increasing demand for more nutritious and varied food products. Policies are skewed towards low-cost
food for urbanites, often with benign neglect of the welfare of the rural populace, particularly the women who
produce the food.

We suggest R&D policies should pay more attention to enhanced labour productivity, while not neglecting
increased yield, to meet the dual needs of food for the overall population and prosperity in rural areas. Many
technology-based interventions exist to increase labour productivity, nevertheless, single technological fixes are
unlikely to bring about major changes. Furthermore, the adoption of new technologies and novel enterprises
required to increase labour productivity, particularly those related to high value crops for farmers with limited
access to land, depends on an inclusive innovation systems approach. Policies are needed that support the
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development of new enterprises, soft infrastructure, a stronger industrial base and inclusive partnerships with
education providers such as universities, research centres, secondary and tertiary education facilities. This is not
to say that producers in the Global South should follow the Global North, rather that policy should focus on
interventions that improve labour productivity of both women and men tailored to enhance ongoing develop-

ment within the local context.

1. Introduction

The world needs greater access to healthier, more diverse, and sus-
tainably produced food (Christiaensen et al., 2020). Increased yields
have contributed to increased food production over the past seventy
years (Fischer et al., 2014). Most public agencies still see increased crop
yields or land productivity (Van Ittersum et al., 2013; Fischer and
Connor, 2018; Fuglie et al., 2019) as the principal means to meet the
demand (see supplementary Information I) with little attention paid to
the welfare of the millions who eke out a living from farming.

Labour productivity, defined as the [economic] output per unit of
labour input (OECD, 2022), is rarely mentioned as major driver of
increased agricultural production even though it has made modern
agriculture remarkably efficient (Gallardo and Sauer, 2018). Labour
productivity has increased faster than yield in the Global North: from
1911 to 2000, yield in the USA increased fivefold while labour pro-
ductivity increased fifteenfold (Alston et al., 2009a). The pattern of
greater increases in labour productivity than in yield has not occurred in
the Global South (Benin and Nin-Pratt, 2016). Labour productivity in the
Global South is often an order of magnitude less than in the Global North
(Fig. 1).

Greater labour productivity coupled with higher crop yields has
contributed to a decline in field crop prices, which fell to 40% of 1949
prices by 2000 (Alston et al., 2009a). The large increases in both labour
productivity and yield in the richer countries makes it difficult for many
poorer countries to compete in a globalized world (Majid, 2004; Jambor
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and Babu, 2016; Supplementary Information III). Thus, Africa which
was a major food exporter after the Second World War increasingly re-
lies on food imports.

As a consequence of declining prices of basic staples and commod-
ities and low labour productivity, many farmers or farm workers face
lower incomes, become discontented, lose interest in farming and leave
for the cities to escape both poverty and drudgery; they look for better
opportunities for their children, even if they themselves suffer greatly
(see for example Agarwal and Agrawal, 2017; Saunders, 2010; Supple-
mentary information III & V). In those areas where farmers see little
future for themselves and their families, there is a clear and present
danger that total agriculture production will fall, food security will be
compromised, and dependence on imported food will increase. Thus,
low labour productivity is a driver of poverty, reduced food production
and greater dependence on imported foods. This paper addresses steps
required to rethink labour productivity in a context appropriate to better
support farmers throughout the Global South.

2. Low labour productivity in the Global South

We begin with the question of whether labour productivity is as low
as often reported. It has been suggested that labour productivity is
underestimated due to overestimates of time spent on farm work
(Christiaensen and Todo, 2014; Fuglie et al., 2019). However, even
considering the possible underestimates, farm labour productivity in the
poorest countries is at least an order of magnitude less than that of the
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Fig. 1. Labour productivity in 2017 (value added constant 2010 US$). Original data source World Bank. Map generated in Our World in Data. For dynamic rep-
resentation from 1991 to 2017 see https://ourworldindata.org/grapher/agriculture-value-added-per-worker-wdi?time=2017
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richest countries (see Fig. 1).

There is certainly a dearth of labour productivity enhancing tech-
nology and related interventions appropriate for the crops and cropping
system of the Global South. There are, however, examples of labour
productivity improvements in larger more industrialised countries such
as China, Brazil, India and South Africa. These countries will likely
become an increasing source of context appropriate interventions via
South-South exchange of technology and labour productivity innova-
tion. Despite this, lack of skills and capital may reduce farmers’ capacity
to adopt technologies that might improve labour productivity (Supple-
mentary information VI).

Two contrasting explanations of why labour productivity remains
low include the tendency for low biological yields and low value of
products in the Global South. While increased yields tend to increase
labour productivity this is not a universal truth (Craig et al., 1997;
Supplementary Information VII). Wherever rice, wheat, and maize are
grown their value is similar in a globalized world: the labour produc-
tivity of the top decile countries in income distribution for these crops
was 60-fold greater than the lowest decile, whilst yields were only 2-3-
fold greater (Gollin et al., 2014). This indicates that labour pro-
ductivities are inherently low in the low-income countries and are not
directly related to either low yields or low value products.

The single factor that best explains the differences between labour
productivity of countries and over time is the GDP of the country
(deduced from Our World in Data Agriculture value added per worker
vs. GDP per capita, 1991 to 2017 (http://ourworldindata.org). Farming
sustains the livelihoods of a substantial proportion of the population in
many countries in the Global South, with the highest proportions
generally in the poorer countries. Earnings from farm work will reflect
the labour productivity with farmers only working or employing others
to work if their labour productivity is sufficiently high to defray labour
costs. Thus, faced with declining prices of basic staples and commod-
ities, those who work on farms that produce them will inexorably face
declining incomes and less job opportunities unless they are able to in-
crease their labour productivity. This dire prediction is at its worst in the
poorest countries of the Global South.

3. Technology and related interventions that could increase
labour productivity in the Global South

An array of technologies and interventions exist to improve labour
productivity, but they are still largely confined to the Global North or the
larger scale farming operations in the Global South. Nevertheless, many
of these approaches could be adapted for use in the Global South and
coupled with novel value chains and partnerships could augment labour
productivity. These opportunities are briefly described:

(i) Mechanization, robots and digital technologies. Currently,
under modern mechanized agriculture 2-5 h of farm labour
produce the food consumed by a person in a year, whereas non-
mechanized systems require approximately 200 times more la-
bour (Ibarrola-Rivas et al., 2016). These massive differences
suggest that there are large opportunities for increased labour
productivity through mechanization, automation, and use of
digital technologies.

(ii) Weed Control. Notwithstanding the environmental concerns,
chemical weed control is a crucial pillar of labour productivity: it
has spread rapidly in industrialised countries but is still not
widespread in many parts of the Global South (Hossain, 2015).
The supply of herbicide resistant varieties and highly targeted use
of quality agrochemicals in a socially responsible manner that
obviates potential negative effects on farmer and environmental
health could greatly increase labour productivity. Furthermore,
there are exciting new options for automatised control with ro-
bots, but some question whether farmers will gain access to these
technologies, particularly given that these are capital-intensive
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technologies. However, others are optimistic about the future
use of robots and other advance technologies in the Global South
(Schlogl and Sumner, 2018; Lowenberg-DeBoer et al., 2020).

(iii) Agronomic practices. Agronomic practices can increase labour
productivity although they do not necessarily increase yield.
Historically, the development of the seed drill was “a stratagem to
circumvent an unruly labour force” through increased labour
productivity mediated by horse drawn hoeing with near or
equivalent yields to traditional systems (Sayre, 2010). As today,
there was opposition to labour-saving devices: the seed drill
threatened the existence of not just labourers but of yeoman and
small tenant farmers (Sayre, 2010). Reduced or minimum tillage
frequently produces no gain in yield. However, it increases labour
productivity, and, as an added benefit reduces soil erosion and
increases soil organic matter (Ekboir, 2003). Transplanting of rice
is extremely labour intensive and is increasingly being replaced
by direct seeding (Kumar and Ladha, 2011). Despite these op-
portunities, the agronomic emphasis in poorer countries focusses
on closing the yield gap with scant attention to labour
productivity.

(iv) Crop traits. Inherent plant traits are rarely discussed in terms of
labour productivity. However, they are important. Monogerm
seed revolutionized the sugar beet industry reducing labour costs
(Harveson, 2015) and, as one of us can attest, ended the mind-
numbing drudgery of chopping out beet! Plant breeders could
beneficially include labour productivity in their selection criteria
(Kholova et al. (2021); Supplementary Information VIII).
Yields. Higher yield per se often increases labour productivity.
For example, harvesting is extremely labour intensive in oil palm
(Euler et al., 2016) as harvesters walk through the fields at reg-
ular intervals identifying and harvesting only the ripe fresh fruit
bunches (FFB). As yields increase the time spent searching for
bunches relative to the time harvesting them decreases with a
consequent increase in labour productivity. Given the vast
amount of research addressing improved yield, we do not elab-
orate here. However, we do suggest that agronomists pay more
attention to the potential to increase labour productivity through
increased yield.

(vi) High value products. For the small farmers, with limited land
area, an attractive means to increase output, in monetary terms,
is participation in value chains associated with higher value crops
(Muyanga and Jayne, 2014; Supplementary Information IX). We
include livestock in high value farm products; unlike most agri-
cultural development programs many livestock programmes in
the lower-income countries emphasise income generation (Ran-
dolph et al., 2007; Supplementary Information X).

(v

—

4. Rural prosperity and a well-fed world

In the euphoria of the green revolution, production research was
often seen as the mainstay of agricultural development with the maxim
“to feed this world” (Wortman and Cummings Jr, 1978). The focus has
shifted towards “a well-fed world” with emphasis on both more food and
more nutritious food. The tacit role of farming is to ensure “a better fed
world” and to act as an employment reserve rather than as a driver of
rural prosperity. Policies still envisage the road to the modern world
paved with cheap food (Moore, 2010). Nevertheless, it is necessary to
consider rural livelihoods. As pointed out by Davis et al. (2022), unless
livelihoods are incorporated into approaches to transform food systems
there is a major risk of achieving environmental and nutritional objec-
tives on the backs of the rural poor. National leaders seem to be aware of
this, especially in Africa, with major directives to improve labour pro-
ductivity in the policy dialogue (African Union, 2014; Jayne et al., 2021;
https://www.un.org/osaa/ accessed 2020). Despite these directives,
agricultural research and development policies and initiatives in the
South still focus on increased yields of the staple food crops with
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minimal consideration of labour productivity.

Induced innovation is the process in which a change in relative prices
of the production factors spurs invention of specific technologies. In the
richer countries, labour-saving technology has largely been developed
by the private sector through induced innovation (Hayami and Ruttan,
1971). However, only 5% of global private R&D takes place within the
developing countries (Alston et al., 2009a). This limits their capacity to
develop appropriate labour productivity enhancing opportunities.
Hence, there is an urgent need for policies that focus on inclusive
innovation systems that improve local labour productivity. Further-
more, soft infrastructure, including universities, research centres, sec-
ondary and tertiary education facilities, and an industrial base that are
necessary to foster and sustain induced innovation (Terluin, 2003) are
lacking, especially for women and in the smaller and poorer countries.
Hence, even if there is an induced demand for innovations that increase
labour productivity, the capacity to answer the demand is fragile in
much of the developing world (Supplementary Information XII).

5. What is needed to improve labour productivity?

The first step on the road to increased labour productivity is the
recognition of its importance as a driver of inclusive agricultural
transformation. A fundamental policy change is needed to emphasise
inclusive rural prosperity per se, rather than seeing the rural population
as a residual source of cheap labour that produces cheap food.

These policy changes should be reflected in programmes that support
labour productivity improving technologies and interventions. Within
this framework, labour productivity of women should be emphasised as
it is frequently much lower than that of men in farming (see for example:
Palacios-Lopez and Lopez, 2015). Changes will require more and refo-
cussed research and development with an emphasis on the distinct
contexts of the Global South, improved hard and soft infrastructure, an
industrial base to facilitate greater endogenous development, and the
establishment of value chains for a diverse range of higher value prod-
ucts. Endogenous development is preferred as it provides solutions
adapted to local circumstances and fosters local industries and services.
These local services and industries will not only support agriculture but
will also contribute to increased local employment and acquisition of
new skills, defraying to some extent loss of employment that results from
increased labour productivity.

The need to increase labour productivity is most urgent in the
poorest countries of the Global South where many people depend on the
land and land holdings are small. In these instances, a shift to higher
value products is surely the most effective means to increase labour
productivity and improve rural welfare (Supplementary Information
IX). Research and development efforts to link the small farm to both
local and international markets is essential (Jayne et al., 2010). These
linkages include organizational arrangements, such as cooperatives,
availability of capital and inputs, and overall infrastructure along the
supply chain (see for example Hellin et al., 2009; Birthal et al., 2012).

A shift to high value crops has implications for production of staples.
Efficient production of staples is a critical pillar of food security in the
Global South. Widespread increases in both land and labour productivity
on the larger holdings can contribute to overall food security and at the
same time release labour and capital from staple crop production to
produce higher value crops (Jayne et al., 2010). Thus, we suggest in-
ternational and national agencies should pay greater attention to high
value crops which are currently neglected (Supplementary Information
XI). The greater emphasis on high value crops should go hand in hand
with increased land and labour productivity of the basic food crops with
policies supporting improvements in both, rather than one at the
expense of the other.

A source of contention around improvements in labour productivity
is that such improvements will lead to less employment on farm. Such
concerns must be nuanced, as the total value of production per unit land
area with high value crops can provide more gainful and rewarding on-
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farm employment per unit land area than staples while providing job
opportunities throughout the value chain, extending beyond the rural
sector (Christiaensen et al., 2021). Some may pessimistically argue that
if small scale farmers move into higher value crops, they will once again
be on the treadmill of declining prices. This seems unlikely as the price
of specialty crops, including vegetables and fruits, has only declined by
5.3% from 1949 to 2004 (Alston et al., 2009a, 2009b). Furthermore,
there are many examples that indicate it is possible to continually
differentiate products and maintain the high value status.

Any intervention used to increase labour productivity and improve
rural livelihoods must be considered within the context of the local food
system and should not be implemented in isolation. For technology to be
adopted and have the desired impact, a series of innovation-related
components must come together in a “perfect storm” (Clarke et al.,
2018; see XII Perfect Storm). The World Bank (2006) was early to
recognize that to foster development innovation systems must embrace
not only research organizations, but the also the multiple interactions
among actors involved in innovation. An inclusive innovation systems
approach that is accompanied by improvements in both hard and soft
infrastructures is necessary to foment the “perfect storms” that lead to
increased labour productivity, of both women and men, and to foster
inclusive agricultural development which redresses the rural-urban
balance (IFAD, 2022).

In this communication we do not attempt to provide prescriptive
details for policy components that need to be adopted to leverage
increased labour productivity to provide farmers and farm laborers with
greater prosperity. We simply point out that current policies stress cheap
food for the urban masses while themes addressing the welfare of
farmers and their workers are largely a sidebar in the global agricultural
research for development agenda. Unhappy, farmers, irrespective of
their gender, are unlikely to fulfil the policy functions tacitly assigned to
them by policy makers and development agencies. International support
and public sector investment beyond simply addressing technological
issues kept rice farmers happy in the green revolution (Supplementary
Information XIII and XI): similar multifaceted aid and assistance must be
directed towards labour productivity.

We realize that fostering a happy rural population and improving
their welfare includes many components above and beyond increasing
income. The “living wage” concept tackles this head-on and focuses on
the monetary value a household would need to live decently irrespective
of whether it is in the physical form of food, labour or money (van de
Ven et al., 2021). The living wage concept is likely to account for more
much of the hidden work done by women, which is often not considered
in estimates of labour productivity. Given little information is available
on the elements suggested for the living wage and as monetary income
represents a clear, albeit incomplete, gauge of farmer wellbeing, we use
it as the starting point for dialogue. Future analysis should incorporate
the living wage concept and other elements including health, drudgery,
and general job satisfaction.

6. Final reflection

Since 1700, mass poverty reduction is largely associated with
increased income due to higher productivity on small family farms
(Lipton, 2003). We will surely be criticized for promoting increased
labour productivity that leads to less employment and the demise of the
small farmer. However, if small farmers move into higher value crops
and adopt labour productivity improving technology, then history can
repeat itself with greater income for skilled farm workers, farmers, and
those involved in increasingly sophisticated off farm aspects of agri-food
systems. We expect less drudgery, more rewarding work, and greater job
satisfaction in ancillary support services along the supply chain, offering
opportunities for meaningful rural employment especially for women.
For this to occur, support for small farmers will have to shift to value
chains and those who farm will need to employ context appropriate
technologies that maximise labour productivity. This will also require
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strong policy support for education and knowledge generation, partic-
ularly in the more remote, rural regions.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

The authors wrote this in their own time as they fervently believe
that labour productivity should be higher on the agricultural agenda. We
thank the open-minded editor and reviewers who understood the
importance of the message we wish to transmit, which is not part of the
mainstream thinking, and who have helped us make it clearer and more
concise.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.agsy.2022.103452.

References

African Union, 2014. Malabo Declaration on Accelerated Agricultural Growth and
Transformation for Shared Prosperity and Improved Livelihoods. African Union. htt
ps://www.resakss.org/sites/default/files/Malabo%20Declaration%200n%20Agri
culture_2014_11%2026-.pdf.

Agarwal, B., Agrawal, A., 2017. Do farmers really like farming? Indian farmers in
transition. Oxf. Dev. Stud. 45 (4), 460-478. https://doi.org/10.1080/
13600818.2017.1283010.

Alston, J.M., Beddow, J.M., Pardey, P.G., 2009a. Mendel Versus Malthus: Research,
Productivity and Food Prices in the Long Run Staff Paper Series Staff Paper P09-1
InSTePP Paper 09-01. University of Minnesota.

Alston, J.M., Beddow, J.M., Pardey, P.G., 2009b. Agricultural research productivity and
food prices in the long run.pdf. Science 325, 1209-1210. https://doi.org/10.1126/
science.1170451.

Benin, S, Nin-Pratt, A, 2016. Chapter 2. Intertemporal trends in agricultural productivity.
Agricultural Productivity in Africa: Trends, Patterns, and Determinants.
International Food Policy. International Food Policy Research Institute, Washington,
DC., pp. 25-104

Birthal, P.S., Joshi, P.K., Roy, D., Prakash, D., Road, S., Delhi, N., 2012. Diversification in
Indian agriculture toward high-value crops : the role of small farmers. Can. J. Agric.
Econ. 00, 1-31. https://doi.org/10.1111/§.1744-7976.2012.01258.x.

Christiaensen, L., Todo, Y., 2014. Poverty reduction during the rural-urban
transformation—the role of the missing middle. World Dev. 63, 43-58.

Christiaensen, L., Rutledge, Z., Taylor, J.E., 2020. The future of work in agriculture. In:
The Future of Work in Agriculture. https://doi.org/10.1596/33704.

Christiaensen, L., Rutledge, Z., Taylor, J.E., 2021. Viewpoint: the future of work in agri-
food. Food Policy 99 (March). https://doi.org/10.1016/j.foodpol.2020.101963.
Clarke, E., Jackson, T.M., Keoka, K., Phimphachanvongsod, V., Sengxua, P., Simali, P.,
Wade, L.J., 2018. Insights into adoption of farming practices through multiple
lenses: an innovation systems approach*. Dev. Pract. 28 (8), 983-998. https://doi.

org/10.1080/09614524.2018.1504890.

Craig, B.J., Pardey, P.G., Roseboom, J., 1997. International productivity patterns:
accounting for input quality, infrastructure, and research. Am. J. Agric. Econ. 79 (4),
1064-1076. https://doi.org/10.2307/1244264.

Davis, B., Lipper, L., Winters, P., 2022. Do not transform food systems on the backs of the
rural poor. Food Sec. 1-12.

Ekboir, J.M., 2003. Research and technology policies in innovation systems: zero tillage
in Brazil. Res. Policy 32 (4), 573-586. https://doi.org/10.1016,/50048-7333(02)
00058-6.

Euler, M., Hoffmann, M.P., Fathoni, Z., Schwarze, S., 2016. Exploring yield gaps in
smallholder oil palm production systems in eastern Sumatra, Indonesia. Agric. Syst.
146, 111-119. https://doi.org/10.1016/j.agsy.2016.04.007.

Fischer, R.A., Connor, D.J., 2018. Issues for cropping and agricultural science in the next
20 years. Field Crop Res. 222 (March), 121-142. https://doi.org/10.1016/j.
fcr.2018.03.008pol.

Fischer, R.A., Byerlee, D., Edmeades, G., 2014. Crop Yields and Global Food Security,
2014. ACIAR, Canberra, ACT, pp. 8-11.

Fuglie, K., Gautam, M., Goyal, A., Maloney, W.F., 2019. Harvesting Prosperity:
Technology and Productivity Growth in Agriculture. World Bank. https://doi.org/
10.1596/978-1-4648-1393-1.

Agricultural Systems 201 (2022) 103452

Gallardo, R.K., Sauer, J., 2018. Adoption of labor-saving technologies in agriculture.
Ann. Rev. Resour. Econ. 10, 185-206. https://doi.org/10.1146/annurev-resource-
100517-023018.

Gollin, D., Lagakos, D., Waugh, M.E., 2014. Agricultural productivity differences across
countries. Am. Econ. Rev. 104 (5), 165-170. https://doi.org/10.1257/
aer.104.5.165.

Harveson, Robert M., 2015. The Story of Monogerm Sugar Beet Seed. Starherald, pp. 1-6.
February 22 2015. https://www.starherald.com/farm_ranch/the-story-of-monog
erm-sugar-beet-seed/article_80061002-06¢1-5420-989b-54434222321a.html.

Hayami, Y., Ruttan, V.W., 1971. Induced Innovation in Agricultural Development
Discussion Paper No.3, May 1971. Center for Economics Research Department of
Economics University of Minnesota Minneapolis.

Hellin, J., Lundy, M., Meijer, M., 2009. Farmer organization, collective action and
market access in Meso-America. Food Policy 34 (1), 16-22.

Hossain, M.M., 2015. Recent perspective of herbicide: review of demand and adoption in
world agriculture. J. Bangladesh Agril. Univ. 13 (1): 13(1), 19-30. https://doi.org/
10.22004/ag.econ.211172.

Ibarrola-Rivas, M.J., Kastner, T., Nonhebel, S., 2016. How much time does a farmer
spend to produce my food? An international comparison of the impact of diets and
mechanization. Resources 5 (4). https://doi.org/10.3390/resources5040047.

IFAD, 2022. How Inclusive Rural Transformation Can Promote Sustainable and Resilient
Societies b0d43331-3408-44b6-894e-f27e1c5296c¢a (ifad.org).

Jambor, A., Babu, S., 2016. The competitiveness of global agriculture. In:
Competitiveness of Global agricuLture. Springer, Cham, pp. 99-129.

Jayne, T.S., Mather, D., Mghenyi, E., 2010. Principal challenges confronting smallholder
agriculture in sub-Saharan Africa. World Dev. 38 (10), 1384-1398. https://doi.org/
10.1016/j.worlddev.2010.06.002.

Jayne, T.S., Fox, L., Fuglie, K., Adelaja, A., 2021. Agricultural Productivity Growth,
Resilience, and Economic Transformation in Sub-Saharan Africa. Association of
Public and Land-grant UniversitiesAPLU), p. 2021. https://www.usaid.gov/sites/de
fault/files/documents/BIFAD_Agricultural Productivity_Growth_Resilience_and_
Economic_Transformation_in_SSA _Final Report 4.20.21_2_2.pdf.

Kholova, J., Urban, M.O., Cock, J., Arcos, J., Arnaud, E., Aytekin, D., Azevedo, V., et al.,
2021. In pursuit of a better world: crop improvement and the CGIAR. J. Exp. Bot. 72
(14), 5158-51791. https://doi.org/10.1093/jxb/erab226.

Kumar, V., Ladha, J.K., 2011. Direct seeding of rice: recent developments and future
research needs. Adv. Agron. 111, 297-413.

Lipton, M., 2003. Impact of agricultural research on poverty reduction: messages from
the San José workshop. In: Mathur, Shantanu, Pachico, Douglas, Jones, Annie L.
(Eds.), Agricultural Research and Poverty Reduction: Some Issues and Evidence.
Centro Internacional de Agricultura Tropical (CIAT), Cali, CO, pp. 7-21.

Lowenberg-DeBoer, J., Huang, LY., Grigoriadis, V., Blackmore, S., 2020. Economics of
robots and automation in field crop production. Precis. Agric. 21 (2), 278-299.
https://doi.org/10.1007/5s11119-019-09667-5.

Majid, N., 2004. Reaching Millennium Goals: How Well Does Agricultural Productivity
Growth Reduce Poverty? Employment Strategy Papers, p. 38.

Moore, J.W., 2010. The end of the road ? Agricultural World-Ecology, 1450-2010.

J. Agrar. Chang. 10 (3), 389-413.

Muyanga, M., Jayne, T.S., 2014. Effects of rising rural population density on smallholder
agriculture in Kenya. Food Policy 48, 98-113. https://doi.org/10.1016/j.
foodpol.2014.03.001.

OECD, 2022. Glossary of Statistical Terms. https://stats.oecd.org/glossary/detail.asp?
ID=4819.

Palacios-Lépez, A., Lopez, R., 2015. The gender gap in agricultural productivity: the role
of market imperfections. J. Dev. Stud. 51 (9), 1175-1192. https://doi.org/10.1080/
00220388.2015.1028539.

Randolph, T.F., Schelling, E., Grace, D., Nicholson, C.F., Leroy, J.L., Cole, D.C., Ruel, M.,
2007. Invited review: role of livestock in human nutrition and health for poverty
reduction in developing countries. J. Anim. Sci. 85 (11), 2788-2800. https://doi.
org/10.2527/jas.2007-0467.

Saunders, D., 2010. Arrival City: How the Largest Migration in History Is Reshaping Our
World. Pantheon, New York, p. 356.

Sayre, L.B., 2010. The pre-history of soil science: Jethro Tull, the invention of the seed
drill, and the foundations of modern agriculture. Phys. Chem. Earth 35 (15-18),
851-859. https://doi.org/10.1016/j.pce.2010.07.034.

Schlogl, L., Sumner, A., 2018. The Rise of the Robot Reserve Army: Automation and the
Future of Economic Development, Work, and Wages in Developing Countries. Centre
for Global Development Working Paper, p. 487.

Terluin, 1.J., 2003. Differences in economic development in rural regions of advanced
countries: an overview and critical analysis of theories. J. Rural. Stud. 19 (3),
327-344. https://doi.org/10.1016/50743-0167(02)00071-2.

van de Ven, G.W., de Valenca, A., Marinus, W., de Jager, 1., Descheemaeker, K.K.,
Hekman, W., Mellisse, B.T., Baijukya, F., Omari, M., Giller, K.E., 2021. Living
income benchmarking of rural households in low-income countries. Food Sec. 13 (3),
729-749.

Van Ittersum, M.K., Cassman, K.G., Grassini, P., Wolf, J., Tittonell, P., Hochman, Z.,
2013. Yield gap analysis with local to global relevance—a review. Field Crop Res.
143, 4-17. https://doi.org/10.1016/j.fcr.2012.09.009.

World Bank, 2006. Enhancing Agricultural Innovation : How to Go beyond the
Strengthening of Research Systems. World Bank, Washington DC.

Wortman, S., Cummings Jr., R.W., 1978. To feed this world. In: The Challenge and the
Strategy. Johns Hopkins Univ. Press.


https://doi.org/10.1016/j.agsy.2022.103452
https://doi.org/10.1016/j.agsy.2022.103452
https://www.resakss.org/sites/default/files/Malabo%20Declaration%20on%20Agriculture_2014_11%2026-.pdf
https://www.resakss.org/sites/default/files/Malabo%20Declaration%20on%20Agriculture_2014_11%2026-.pdf
https://www.resakss.org/sites/default/files/Malabo%20Declaration%20on%20Agriculture_2014_11%2026-.pdf
https://doi.org/10.1080/13600818.2017.1283010
https://doi.org/10.1080/13600818.2017.1283010
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0015
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0015
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0015
https://doi.org/10.1126/science.1170451
https://doi.org/10.1126/science.1170451
http://refhub.elsevier.com/S0308-521X(22)00088-9/optyRChNkI5AF
http://refhub.elsevier.com/S0308-521X(22)00088-9/optyRChNkI5AF
http://refhub.elsevier.com/S0308-521X(22)00088-9/optyRChNkI5AF
http://refhub.elsevier.com/S0308-521X(22)00088-9/optyRChNkI5AF
https://doi.org/10.1111/j.1744-7976.2012.01258.x
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0030
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0030
https://doi.org/10.1596/33704
https://doi.org/10.1016/j.foodpol.2020.101963
https://doi.org/10.1080/09614524.2018.1504890
https://doi.org/10.1080/09614524.2018.1504890
https://doi.org/10.2307/1244264
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0055
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0055
https://doi.org/10.1016/S0048-7333(02)00058-6
https://doi.org/10.1016/S0048-7333(02)00058-6
https://doi.org/10.1016/j.agsy.2016.04.007
https://doi.org/10.1016/j.fcr.2018.03.008pol
https://doi.org/10.1016/j.fcr.2018.03.008pol
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0075
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0075
https://doi.org/10.1596/978-1-4648-1393-1
https://doi.org/10.1596/978-1-4648-1393-1
https://doi.org/10.1146/annurev-resource-100517-023018
https://doi.org/10.1146/annurev-resource-100517-023018
https://doi.org/10.1257/aer.104.5.165
https://doi.org/10.1257/aer.104.5.165
https://www.starherald.com/farm_ranch/the-story-of-monogerm-sugar-beet-seed/article_80061002-06c1-5420-989b-54434222321a.html
https://www.starherald.com/farm_ranch/the-story-of-monogerm-sugar-beet-seed/article_80061002-06c1-5420-989b-54434222321a.html
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0100
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0100
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0100
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0105
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0105
https://doi.org/10.22004/ag.econ.211172
https://doi.org/10.22004/ag.econ.211172
https://doi.org/10.3390/resources5040047
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0120
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0120
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0125
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0125
https://doi.org/10.1016/j.worlddev.2010.06.002
https://doi.org/10.1016/j.worlddev.2010.06.002
https://www.usaid.gov/sites/default/files/documents/BIFAD_Agricultural_Productivity_Growth_Resilience_and_Economic_Transformation_in_SSA_Final_Report_4.20.21_2_2.pdf
https://www.usaid.gov/sites/default/files/documents/BIFAD_Agricultural_Productivity_Growth_Resilience_and_Economic_Transformation_in_SSA_Final_Report_4.20.21_2_2.pdf
https://www.usaid.gov/sites/default/files/documents/BIFAD_Agricultural_Productivity_Growth_Resilience_and_Economic_Transformation_in_SSA_Final_Report_4.20.21_2_2.pdf
https://doi.org/10.1093/jxb/erab226
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0145
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0145
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0150
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0150
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0150
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0150
https://doi.org/10.1007/s11119-019-09667-5
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0160
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0160
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0165
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0165
https://doi.org/10.1016/j.foodpol.2014.03.001
https://doi.org/10.1016/j.foodpol.2014.03.001
https://stats.oecd.org/glossary/detail.asp?ID=4819
https://stats.oecd.org/glossary/detail.asp?ID=4819
https://doi.org/10.1080/00220388.2015.1028539
https://doi.org/10.1080/00220388.2015.1028539
https://doi.org/10.2527/jas.2007-0467
https://doi.org/10.2527/jas.2007-0467
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf5000
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf5000
https://doi.org/10.1016/j.pce.2010.07.034
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0200
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0200
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0200
https://doi.org/10.1016/S0743-0167(02)00071-2
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0210
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0210
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0210
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0210
https://doi.org/10.1016/j.fcr.2012.09.009
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0220
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0220
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0225
http://refhub.elsevier.com/S0308-521X(22)00088-9/rf0225

	Labour productivity: The forgotten yield gap
	1 Introduction
	2 Low labour productivity in the Global South
	3 Technology and related interventions that could increase labour productivity in the Global South
	4 Rural prosperity and a well-fed world
	5 What is needed to improve labour productivity?
	6 Final reflection
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supplementary data
	References


