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Abstract

This study provides country-level estimates of productive inputs and assets utilized by
farming households, including land, fertilizers, agrochemicals, water management
technologies, improved seeds, and mechanization in 19 countries across the world covering
the period 2014-2020, using the latest nationally representative survey. Additionally, we
explore inputs’ distribution across various dimensions such as household per capita
consumption, crop income specialization, and the gender of the household head, while
considering the level of agricultural productivity across countries as proxied by agricultural
value added per worker. Our descriptive analysis reveals that farming households continue
to face challenges in accessing inputs, assets, and water sources to support agricultural
production in most of the countries analysed regardless of their productivity level. A gender
gap persists in access to land and inputs, in all the countries analysed, regardless of their
rural transformation path. These findings highlight the need for targeted policies that promote
equitable access to agricultural inputs and strengthen complementary investments, such as
infrastructure and extension services aimed, to maximize productivity gains and
sustainability. Addressing gender disparities in resource access should also be prioritized to
foster inclusive rural development.

Keywords: agricultural assets; farming households; rural transformation; inputs inequality;
gender inequality

JEL codes: 012, 013, Q01, Q1, R2
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1. Introduction

Addressing farmers’ asset constraints is not only important for farmers’ incomes and breaking
poverty traps, but also for agricultural and rural transformation, two key drivers of structural
transformation. Key elements of rural transformation include an increase of agricultural
productivity, a shift from subsistence to commercial farming and the development of a diversified
production system and growth of off-farm employment opportunities (IFAD, 2016). Such
transformations, including increased market access, cannot be achieved without farmers having
access to key productive assets (Barrett, 2008).

To address these constraints at policy level, there is a need for better statistics at the household
level, and more analysis on the role of assets and inputs across different stages of agricultural
transformation. To our knowledge, only a handful of studies have produced empirical evidence
on the levels of access to productive assets using nationally representative data and employing
a cross-country approach. These studies (Sheahan and Barrett, 2017; Zezza et al., 2011) find
that farmers’ access and use of key productive assets and inputs remain low amongst
rural/farming households, particularly in sub-Saharan Africa (SSA).

Furthermore, other estimates on assets' can be accessed through macro-level statistics, such
as those provided by FAOSTAT database and FAO's Global Information System on Water and
Agriculture (AQUASTAT), which have also been used in the literature to estimate fertilizer usage
volumes and irrigation area at the national level (Minot and Benson, 2009; Svendsen, Ewing
and Msangi, 2009). However, these sources do not provide information on the distribution of
such assets across small and large farms. Additionally, more detailed information on the
adoption of agricultural technologies, including improved seeds and modern inputs, is typically
confined to project-level data or specific regions and crops (as seen in Sheahan and Barrett,
2017). Consequently, these sources do not offer a comprehensive national or global-level
overview of farmers' access.

Our study builds upon these previous efforts by utilizing harmonized household surveys. By
using this source of data, we aim to provide an updated assessment and contribute to closing
the knowledge gap regarding the utilization and ownership of key productive assets and inputs
among farming households in developing countries. We use household-level nationally
representative, and the most recent (from 2014 to 2020) datasets harmonized by the Food and
Agriculture Organization of the United Nation’s (FAO) Rural Livelihoods Information System
(RuLIS). In our study, we concentrate on the 19 most recent country-level surveys? within this
dataset. These countries vary in the agricultural sector's importance, which we account in our
analysis by using agriculture value added per worker as a measure of rural transformation.
However, we acknowledge that rural transformation is a multidimensional process that extends
beyond the agricultural productivity improvements captured by this measure, also
encompassing employment and income diversification (FAO, 2017), infrastructure development
(Berdegué, Rosada and Bebbington, 2013), and improvements in health and education
(Reardon and Timmer, 2014).

" In this paper, the term “asset” is used as an umbrella term to encompass productive assets, inputs and
technologies.

2 The surveys considered in this study are: Burkina Faso 2014, Cameroon 2014, Ecuador 2014, Ethiopia 2018—
2019, Georgia 2016, Ghana 2016-17, Guatemala 2014, Malawi 2019-20, Mali 2017-18, Nicaragua 2014, the
Niger 2014-15, Nigeria 2018—19, Pakistan 2013—14, Peru 2019, Rwanda 2013-14, Sierra Leone 2018,
Uganda 2013-14, United Republic of Tanzania 2014-15.
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Our focus primarily revolves around assessing natural and physical capital endowments crucial
for agricultural production. Along with traditional productive assets and inputs, we also include
access to Information and Communication Technologies (ICTs) for their recognized potential as
tools to achieve the SDGs (Mondejar et al., 2021) and in fostering a more sustainable and
resilient agriculture. Although our dataset lacks detailed information on digitalization, we do
present data regarding the utilization of mobile phones. Mobile phones serve as a key
instrument for accessing the internet and digitalization technologies, which are essential for
enhancing risk preparedness among farmers (Finger, 2023), and can influence decisions on
input use.

Additionally, we investigate the distribution of these assets across economic groups, crop
income specialization, and gender of household head to uncover potential inequalities often
masked by country averages, which are crucial to promote inclusive rural transformation.

The subsequent sections of the paper are structured as follows: Section 2 offers a literature
review guiding the analysis. Section 3 outlines the data sources and analytical tools employed.
Section 4 presents statistical insights into household asset ownership and input utilization,
examining variations across different dimensions. Lastly, Section 5 provides concluding
remarks.



2. Literature review

The extent to which asset endowment shapes the dynamics of poverty and rural development
is a widely debated issue in economic literature (Barrett and Carter, 2013; Carter and Barrett,
2006; De Janvry, 2010). A minimum level of access to a bundle of assets is necessary to engage
in farm production (Eswaran and Kotwal, 1986), to enter markets successfully and continue
accumulating assets over time (Adato, Carter and May, 2006), and avoid falling into poverty
traps (Barrett and Carter, 2013).

Farm household models and the rural livelihoods approach are two key frameworks highlighting
the role of assets’ endowment in analysing household decisions. On one hand, farm household
models conceptualize households as entities where inputs are procured and outputs are sold to
optimize utility, contingent upon their constrained capital endowment. Within this framework,
consumption and production decisions are influenced by farm profits (Singh, Squire and
Strauss, 1986). The Sustainable Livelihoods (SL) framework (Ellis, 1993, 2000) posits that
households make resource allocation decisions based on the endowment of assets which are
classified into five categories, natural capital (land, water), physical capital (agricultural and
household durables, livestock), financial capital (cash, credit or savings), human capital
(education, skills), and social capital (networks, group membership). The different activities in
which a household engages constitute a livelihood strategy, where diversification is essential
for survival and for improving living standards (Ellis, 2000). The Gender, Agriculture and Assets
Project (GAAP) expanded the SL framework to incorporate the gender dimension of asset
ownership, finding evidence that strengthening women’s ownership and control over assets
increases their role in decision-making about livelihoods strategies (Johnson et al., 2016).
Empirical research (Savath et al., 2014; Winters et al., 2009) has extensively employed these
models, revealing clear associations between asset endowment and the selection of economic
activities, as well as the corresponding income levels. In line with this, several rural development
strategies not only focus on improving farmers’ access to productive assets for on-farm
production, but also, on supporting transitions out of agriculture (Larson, Muraoka and Otsuka,
2020).

A fundamental aspect of farm household and SL models is their recognition that rural
households in developing countries grapple with market imperfections and failures. These
models highlight the non-separability of production and consumption decisions (Singh, Squire
and Strauss, 1986) where household’s production choices, such as input utilization, selection
of activities, and production goals, are influenced by consumption characteristics like
preferences and demographic composition. This interdependence illustrates how market
imperfections, such as those affecting consumption, can shape agricultural decisions (De
Janvry and Sadoulet, 2006).

Market imperfections manifest in several ways: missing or thin markets (e.g. for labour, food, or
credit), prohibitive transaction costs, and quantity constraints limit households' ability to engage
effectively in the market (De Janvry and Sadoulet, 2006). These conditions catalyse non-
separable behaviour, where households cannot distinctively prioritize profit maximization due to
the interlinked nature of their consumption and production decisions. Poverty and limited asset
holdings fundamentally alter the choices available to households, compelling them into non-
separable decision-making (Duflo, 2006). The absence of certain assets, like land or capital,
restricts their market participation and confines them to a cycle of low productivity and
investment (Barrett and Reardon, 2000).



Moreover, these asset constraints exacerbate households’ vulnerability to credit market failures,
where lack of collateral and heightened risk aversion impede access to credit (De Janvry and
Sadoulet, 2006). Without well-functioning credit markets, households facing income shocks
(due to weather, price fluctuations, or illness) might be forced to deplete their productive assets
(e.g. selling livestock or land) to smooth consumption or cover immediate needs, pushing them
further into poverty (Duflo, 2006). This scenario emphasizes the importance of "minimum asset
endowments," which are essential for smallholder farmers to engage in market-driven
production (De Janvry and Sadoulet, 2020).

The impact of economic growth on poverty reduction within agricultural households hinges on
their access to assets, their adoption and distribution and ultimately their ability to leverage them
for income generation (Christiaensen, Demery and Kuhl, 2011; De Janvry and Sadoulet, 2020;
Erumban and De Vries, 2024). This includes overcoming entry barriers in both agricultural and
non-agricultural markets (De Janvry, 2010). Indeed, in their conceptualization, de Janvry and
Sadoulet (2020) identify asset building, defined as access to land and human capital for
smallholder farmers and the Green Revolution, namely the diffusion of new seeds and fertilizers
for staple crops, as the first two steps of the Agriculture for Development Sequence, a trajectory
for using agriculture for development.

Recognizing the important role of assets and inputs in agriculture-led development within
theoretical economics and empirical studies, our research focuses on key productive assets.
We select key ones (driven by data availability), including land, livestock, agrochemicals,
fertilizers, seeds, mechanization, water access, together with selected ICTs.

Overall, effective utilization of these assets and inputs is crucial for driving agricultural
transformation, rural development, and poverty reduction. These elements boost productivity,
technological progress, income diversification, and ultimately, economic growth and structural
transformation. The transformative effects of these strategies are exemplified by Asia’s Green
Revolution, where a limited set of technologies — land, fertilizers, pesticides, mechanized
equipment, and irrigation — enhanced productivity in rural communities and food systems. Yet,
the Green Revolution also involved environmental degradation, increased greenhouse gas
emissions, water contamination, and human health risks stemming from the amplified and
inefficient utilization of inputs, notably agrochemicals and fertilizers (Pingali, 2023). More
broadly, developing regions have witnessed the most significant surge in greenhouse gas
emissions due to the mechanization of agricultural practices, which includes the extensive use
of fertilizers and pesticides (Crippa et al., 2021). Therefore, it is crucial that other transformation
processes incorporate a sustainability angle to mitigate such adverse effects.

Considering this, we hypothesize, first, a higher share of the population being involved in farming
(farm households) within countries with lower agricultural value added per worker (World Bank,
2024a) (hereinafter AVA/PW).3 However, we also expect farm households to have a lower level
of access to assets and inputs within this category of countries, as a higher level of access to
assets and inputs by farming households would be associated with more advanced levels of
structural transformation and lower levels of poverty. We assess the extent to which farm
households in countries with higher levels of transformation (or higher AVA/PW) use the
different assets and inputs for agricultural production, and in particular, the ones that require
higher upfront investments (i.e. mechanized equipment) or higher recurring annual cost (i.e.
agrochemicals).

3 See more details on this indicator in the descriptive analysis section.
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We anticipate variations in input utilization between wealthier and poorer households, with a
higher prevalence of input use among wealthier categories. We expect this discrepancy to be
more pronounced in countries with lower AVA/PW, gradually diminishing as rural transformation
processes unfold. Considering the existing literature on gender disparities in input access and
technology adoption (Anderson et al., 2021; Kosec et al., 2023; Sheahan and Barrett, 2017),
we anticipate women-headed households to face greater challenges in accessing these inputs,
particularly in countries with higher AVA. Additionally, looking at patterns of income generating
activities, we anticipate that households specializing in crop income may exhibit higher levels of
asset endowment. However, given that farm income specialization can also correlate with
poverty (De Janvry, Sadoulet and Zhu, 2005), we anticipate that income diversified households
may demonstrate greater asset endowment, particularly concerning expensive inputs.



3. Data and methods

3.1 Data: Rural Livelihoods Information System database

This study uses a set of country household survey datasets harmonized by the Rural Livelihoods
Information System (RuLIS) (FAO, 2023a) database which builds on nationally representative
agricultural and multi-purpose household surveys. Launched in 2021, this database was
developed by FAO in collaboration with the World Bank and the International Fund for
Agricultural Development (IFAD), currently covering 42 countries. The RuLIS database allows
comparing indicators on several assets, income, consumption, and crop production variables,
and it is representative of rural populations.

However, our study encounters three primary limitations, common of cross-country studies.
First, not all countries provide information on assets and inputs, resulting in information gaps for
cross-country and multi-variable studies. Second, the dataset lacks harmonized information on
both the quantity and quality of these assets, limiting the type of analysis that can be done.
Lastly, while variable comparability is generally ensured, some countries may exhibit differences
in measurement due to variations in survey question formulation. We highlight such instances
in the text when necessary.*

The analysis includes the most recent surveys (available in the platform as of September 2022)
resulting in a sample of 19 countries covering the period of 2014-2020. Although not
representative of all developing countries, the sample includes countries from different regions
of the world (11 from sub-Saharan Africa, five from Latin America, two from Europe/Central
Asia, and one from South Asia) and different economic classifications (eight low income, seven
lower-middle income and five upper-middle income countries).

Table 1 presents the list of countries, showing the sample size for each country used in the
analysis. Our sample totals 102 016 farming households, 80 percent of which are based in rural
areas. As expected, both the share of rural and farm households tends to decrease with higher
AVA/PW. This is also consistent with the results of recent work using a larger set of countries
(De la O Campos et al., 2023).

4 For more information about survey design, we recommend referring to the specific survey instruments and
enumerators manuals available in the technical documentation package of the RuLIS platform.
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Table 1. Overview of countries’ surveys: survey characteristics and shares of rural,
agricultural and farming households.

Agricult Share of households
griculture .
value added (with respect to overall survey sample)

per worker Rural
(USD) Rural | Agricultural* | Farming** and

farming

Country

Burkina

Faso 2014

10800 71.0 71.5 67.9 63.0

Cameroon 2014 964 10303 555 57.8 538 450

2014 5183 28970 311 39.3 19.3 9.8

2018/19 804 6770 675 62.7 578  57.8

Georgia 2016 1510 10858 41.2 39.8 342 291

2016/17 2807 14009 44.0 49.1 467 334

Guatemala 2014 3208 11536 456 44.6 31.8 24.8

2019/20 329 11434 837 92.0 81.2 75.6

2017/18 1421 3813 732 70.2 64.1 62.5

Mongolia 2018 5264 16454 355 34.9 3.4 2.4

Nicaragua 2014 2468 6851 401 67.5 60.4 33.0

2014/15 602 3617 832 77.4 74.1 70.2

2018/19 5 591 5052 68.4 68.6 538 459

2013/14 2347 17989 635 42.3 28.3 26.1

2019 3085 34565 19.8 32.4 245 16.1

Rwanda 2013/14 523 14419 829 90.9 89.2 80.6

pena 2018 2025 6840 547 68.6 54.2 46.4

Uganda 2013/14 774 3119 746 82.9 79.1 67.2

United

Republic of [PLLIL 803 3352 664 72.6 65.3 B6lE
Tanzania

Total 240230 537 516 425 33.9

Notes: (*) crop, livestock and agricultural wage income; (**) crop and livestock income (excluding livestock only
income). Shares reflect application of survey sampling weights.

Source: Authors’ own elaboration based on FAO. 2023. Rural Livelihoods Information System (RuLIS). [Accessed
on 1 September 2022]. https://www.fao.org/in-action/rural-livelihoods-dataset-rulis/en/. Licence: CC-BY-4.0; World
Bank. 2024. Databank: World Development Indicators. [Accessed on 1 March 2024].
https://databank.worldbank.org/source/world-development-indicators. Licence: CC-BY-4.

3.2 Descriptive analysis

Most of the descriptive analysis is based on a subsample of farm (or farming) households, that
we define as households engaged in on-farm income activities (crop and livestock, excluding
those who had only livestock income?®), regardless of their engagement in other income
generating activities. These range from three to 89 percent of the total sample, depending on
the country (Table 1). We focus on farming households regardless of their location (urban or

5 We exclude farming households that rely solely on livestock income, assuming that the assets we focus on
are less relevant to this type of farming.


https://databank.worldbank.org/source/world-development-indicators

rural) because our primary objective is to understand the asset levels of households engaged
in agricultural activities and their correlation with production, while ensuring consistency with the
AVA/PW indicator, which covers the entire agricultural sector. This also explains why some
countries show a larger share of agricultural households than rural households in column 6 of
Table 1.

In most of the analyses, countries are displayed by ascending order of AVA/PW¢ (World Bank,
2024a), of the country-survey year to capture heterogeneity of access over countries’ levels of
rural transformation. AVA/PW is used because it captures improvements in labour productivity,
which are central to the process of rural transformation. Higher AVA/PW reflects the ability of a
country's agricultural sector to produce more value with the same or fewer labour inputs, which
is often achieved through the adoption of technologies, mechanization, and as well as off-farm
and entrepreneurial opportunities (IFAD, 2016). This makes it a pertinent measure for
understanding shifts away from subsistence agriculture towards more commercialized and
efficient farming systems, and has been widely used in the literature as a measure for rural
transformation (Adamopoulos and Restuccia, 2020; Arslan, Cavatassi and Hossain, 2022;
IFAD, 2016; Peter Timmer, 1988; Reardon and Timmer, 2012).

The purpose of doing this is to detect potential trends in the different levels of asset
endowments, as it is assumed that in countries with a high AVA/PW, we expect farming
households to be more endowed (as fewer households are expected to work in agriculture);
while agricultural households in countries with a lower AVA/PW would show a lower level of
agricultural asset endowments, despite the relevance of the sector in household income
strategies (and as we expect a larger share of households are in the agricultural sector in these
countries). At the same time, another factor to consider is that the most successful farming
households that consolidate into larger units are more likely to be missed in the sample and
underrepresented, leaving smaller and subsistence farming households represented in the
sample. We categorize countries into three groups based the AVA/PW sample terciles (based
on Arslan et al. 2022) as follows: low agriculture value added, medium agriculture value added,
high agriculture value added when the value of agriculture value added per worker is USD 1 000
or below, between USD 1 000 and 3 000 and greater than USD 3 000 respectively, as shown
in Table 2. The reference AVA/PW corresponds to the year of the survey.

8 “Agriculture value added per worker is a measure of agricultural productivity. Value added in agriculture
measures the output of the agricultural sector (ISIC divisions 1-5) less the value of intermediate inputs.
Agriculture comprises value added from forestry, hunting, and fishing as well as cultivation of crops and
livestock production. Data are in constant 2015 United States dollars.” (World Bank, 2024b)
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Table 2. Agricultural value added per worker country classification

Low AVA/PW Medium AVA/PW High AVA/PW
(AVA < USD 1 000) (USD 1 000 - 3 000) (AVA > USD 3 000)

Cameroon Burkina Faso Ecuador
Ethiopia Georgia Guatemala
Malawi Ghana Mongolia

Niger Mali Nigeria
Rwanda Nicaragua Peru
Uganda Pakistan
United Republic of Tanzania Sierra Leone

Note: AVA/PW stands for agricultural value added per worker.

Source: Authors’ own elaboration based on World Bank. 2024. Databank: World Development Indicators.
[Accessed on 1 September 2022]. https://databank.worldbank.org/source/world-development-indicators. Licence:
CC-BY-4.

Ownership of assets is disaggregated by household characteristics and farming operations
including expenditure quintiles as a measure of household welfare, sex of household head, and
income specialization in crop production. Considering data availability, we examine agricultural
households’ access to productive assets and inputs focusing on: (i) land; (ii) use of inorganic
fertilizers;’ (iii) use of agrochemicals; (iv) ownership of mechanized equipment; (v) water control;
(vi) use of improved seeds. We also include livestock and ICT tools such as mobile phone and
internet for their policy relevance. All variables’ definitions are provided in Annex 1.

In our analysis, we use survey weights available in RuLIS. All monetary values (consumption
and income) are standardized to USD purchasing power parities (PPP 2017) using official
averaged exchange rates as calculated by the World Bank (2024c). A statistical summary of the
variables used in the analysis is available in Table A8 in the Annexes.

7 Although we recognize the importance of organic fertilizers alongside inorganic ones, and of traditional seeds
along improved ones, these are excluded in the analysis due to data limitations.
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4. Results

4.1 Country level asset ownership and input use by agricultural value
added per worker

Land and livestock

We start by presenting estimates of farming households’ levels of asset ownership and input
use by country. We begin with land, looking at two different measures, land ownership and farm
area cultivated by the household (see Table A1 for definitions). Access to land is an important
endowment for households’ livelihoods in developing countries. Land holds direct value in
agricultural production and can be utilized for different agricultural purposes. Its secure access
is critical for agricultural production and income (Winters et al., 2009) and has been associated
to poverty reduction in several contexts (Lipton, 2009). Additionally, it may have indirect value
in other economic activities, serving as collateral for credit, or enabling income diversification.
Land can also play a risk-management function (Dercon, 2002). The size of farms also matters,
with larger farm sizes appearing as a major determinant of food self-sufficiency and household
ability to rise above the living income threshold (see Giller et al., 2021 for SSA). In terms of
economic activities, Winters et al. (2009) find an association between larger land size and
agricultural production and a negative association with both agricultural and non-agricultural
wage employment, especially in Asia, holding across different levels of structural transformation,
also found by Admasu, De la O Campos, and Davis (forthcoming).

As expected, most farming households access land (second column in Table 3), with rates
exceeding 90 percent in nearly all countries examined (excluding Pakistan, Ghana, Nicaragua,
and Mongolia). However, Table 3 also shows some differences across landownership and level
of relevance of the agricultural sector in the economy. Land ownership is less prevalent overall
with respect to land available for farming (farm area), and with several countries with a low share
of farm households with tenure rights, difference particularly marked in Malawi. This may reflect
the nature of the Malawian customary tenure arrangements, which provide widespread access
but without formal ownership rights (FAO, 2022b). Table 3 also shows differences between the
average size of land owned and the average size of farm area (in hectares), suggesting that
households might have access to farming land through different or even weaker tenure rights.®
In all countries, most households farm more land than they own. These differences between
levels of land owned and farmed are less visible in the low AVA/PW countries. Land ownership
tends to be concentrated among the top quintile of landowners (see fifth column of Table 3 and
Table A2 in the Annexes), with the top 20 percent owning more than 40 percent of land in all
countries surveyed, and exceeding 50 percent in ten out of 16 countries. In contrast, the bottom
quintile holds less than five percent of agricultural land in all countries surveyed, except Ghana.

Livestock constitutes a significant and prevalent asset across developing countries, as observed
in our sample. In countries with low agricultural AVA/PW, a minimum of 40 percent of farming
households are identified as owning some livestock, with Ethiopia recording the highest

8 Tenure rights refer to the range of legal rights or claims households hold over land, affecting their control,
use, and transferability. In the harmonized RuLIS database, there are no variables on the specific forms of
tenure rights. However, the observed difference between land owned and farm area suggests some
households access additional land through mechanisms like sharecropping or renting. These arrangements
typically offer weaker tenure rights compared to full ownership, with potential limitations on long-term security,
decision-making autonomy, and investment incentives.
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ownership rate at 88 percent. Nonetheless, there exists variability in livestock ownership within
countries across agricultural productivity levels. There is a notable consistency between land
ownership and livestock ownership across the surveyed countries. Specifically, nations where
households exhibit higher percentages of land ownership also tend to have high percentages
of households owning livestock. The quantity of livestock owned, as measured by Tropical
Livestock Units (TLU),® typically falls below three in many countries, indicating smaller livestock
holdings including a prevalence of small-scale backyard livestock, such as chickens and goats.
Conversely, countries with elevated TLU values are often associated with pastoralism and
livestock rearing, such as the Niger (Pica-Ciamarra and Tasciotti, 2018), Mali (Amprako et al.,
2020), and Mongolia (Baroni et al., 2016; Kakinuma et al., 2024).

® The conversion factors applied by RuLIS to compute TLU are the following. Africa South of Sahara, Pakistan
and Mongolia: large ruminants 0.5, small ruminants 0.1, pigs 0.2, poultry 0.01, equine 0.45. South America:
large ruminants 0.7, small ruminants 0.1, pigs 0.25, poultry 0.01, equine 0.5.
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Table 3. Farming households that own land, operate farmland, land concentration and livestock holdings, by level of agricultural
value added per worker.

Share of farm households Land .
Hectares (average) : Livestock
that concentration

Country Own land Operate Land owned Farm area Land owned by Own any Tropical
farmland the top 20% of livestock Livestock
landowners (%) (%) Unit

Malawi 2020 21.1 98.6 0.1 0.7 47.6 46.0 0.55

Rwanda 2014 89.0 97.9 0.5 0.6 61.5 61.2 0.66

E Niger 2014 72.1 98.7 3.2 5.0 52.7 79.3 9.68

E Uganda 2014 87.2 100.0 0.7 1.1 45.5 70.9 1.14

;‘ United Republic of 79.2 99.8 1.3 1.7 56.9 62.6 2.95
9 Tanzania 2015

Ethiopia 2019 96.2 100.0 0.9 1.1 52.5 87.6 2.46

Cameroon 2014 80.3 98.7 1.6 1.9 51.1 40.4 1.38

Mali 2017 93.9 99.6 6.6 6.9 52.4 81.4 4.96

E Georgia 2016 98.7 98.5 0.6 0.6 41.3 73.2 1.87

E Burkina Faso 2014 78.6 99.7 2.7 3.6 47.7 n/a n/a

‘Er‘ Sierra Leone 2018 n/a n/a n/a n/a 49.5 71.6 0.55

% Pakistan 2014 61.9 82.4 1.0 3.2 64.8 12.5 1.13

§ Nicaragua 2014 29.3 48.1 24 2.8 44.3 n/a n/a

Ghana 2017 52.6 84.7 1.2 1.9 64.1 36.6 1.07

Peru 2019 79.1 100.0 1.3 1.6 67.4 n/a n/a

s Guatemala 2014 n/a 100.0 n/a 0.9 66.5 37.3 0.60

<>f. Ecuador 2014 96.9 93.1 2.7 2.8 47.6 n/a 4.59

-~ | Mongolia 18 61.3 34.9 1.1 26 n/a 64.8 23.98

T Nigeria 19 75.6 97.3 1.2 1.5 56.5 55.3 1.70

Notes: AVA/PW stands for agricultural value added per worker. Sample of farming households only. Survey weights applied. Average land owned and farm area is not
conditional on owning or farming land respectively. We highlight in bold the higher values to facilitate comparison. n/a= not available.

Source: Authors’ own elaboration based on FAO. 2023. Rural Livelihoods Information System (RuLIS). [Accessed on 1 September 2022]. https://www.fao.org/in-action/rural-
livelihoods-dataset-rulis/en/. Licence: CC-BY-4.0.
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Access to productive inputs is another key factor for households that depend on farming
activities for their livelihoods. Table 4 shows farming households’ use of productive inputs by
country’s level of AVA/PW. Looking at our sample of household across the various countries,
the input that is most utilized (from those analysed) is inorganic fertilizers (41 percent'?),
followed by agrochemicals (36.5 percent), improved seeds (22 percent), water control (20.5
percent) and mechanized equipment (18.4 percent). Contrary to expectations, we don’t observe
clear-cut trends across AVA/PW for all inputs, partly due to variations in country data availability
for some inputs (i.e. seeds and water control).

Fertilizers

Fertilizers are key to replenish soil nutrients, and fertilizers played, together with improved
seeds, a vital role in driving the Green Revolution, contributing up to for 50 precent of
productivity gains experienced during this period in Asia (Anderson, Herdt and Scobie, 1985;
Tomich, Kilby and Johnston, 1995, 2018). According to a World Bank report (Morris et al.,
2007), low fertilizers use is one of the major factors explaining lagging agricultural growth in
agricultural productivity in Africa relative to other regions.

The countries with the highest share of households using fertilizers in our sample are Guatemala
(71 percent), Malawi (67 percent), and Ethiopia (61 percent). A common thread among these
countries is the presence of policies and subsidies aimed at promoting fertilizer use,
underscoring the role of supportive government initiatives in boosting usage rates. Interestingly,
Malawi stands out for exhibiting the lowest agricultural productivity in the sample, followed
closely by Ethiopia.

Agrochemicals

A discernible trend emerges in the utilization of agrochemicals, indicating an increasing, albeit
non-linear, pattern. Agrochemicals can support crop yields by protecting crops from pests,
diseases and weeds, estimated to cause about 30 percent of crop losses (Oerke and Dehne,
2004). However, the exposure to pesticides and fertilizers has also been associated with
detrimental human health and environmental effects, including severe and long-term effects
(Pruss-Ustun et al.,, 2016; UNEP, 2022). In response to these concerns, there is a growing
advocacy for reducing the use of these chemicals to mitigate health risks and curb greenhouse
gas emissions and water pollution. Gerten et al., (2020) argue that the solution lies not in a
blanket reduction of usage globally, but rather in addressing the disproportionate use across
specific countries, and across farms/farming systems as well. While application of these
chemicals is excessive in countries like China, India, the United States, and Europe, access
and usage efficiency can be improved in contexts such as Bangladesh, Indonesia, Mexico,
Northeast Brazil, and sub-Saharan Africa. Davis, Lipper and Winters (2022), assert that
reducing inequality in access and simultaneously enhancing effective utilization would be key
to fostering an inclusive transformation of the food system.

9 This figure, along with specific country-level estimates, aligns with Sheahan and Barrett's (2017) findings in
their sample of six SSA countries. Their study also estimates organic fertilizer use, averaging 29 percent across
their sample, with a range from 3.4 percent in Nigeria to 66 percent in Ethiopia.

" While it is preferable to increase the utilization of organic fertilizer alongside inorganic fertilizer, the general
agreement among agronomists and soil scientists is that only a limited number of African farmers can rely
solely on organic fertilizer to sustain soil fertility levels amid the intensification of production (Morris et al., 2007).
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The use of agrochemicals is generally small in low productivity countries and increases with
AVA/PW, peaking in the set of countries categorized as medium AVA/PW, with Pakistan
households leading on its use followed by Ghana and Guatemala. The use of agrochemicals in
Pakistan has steadily increased since 1989, following the privatization of pesticide companies,
leading to exponential growth in imports and usage (Tariq et al., 2007). However, as in many
countries, pesticides in Pakistan are often sold without adequate training on their effective and
safe use (Elahi et al., 2019). Consequently, the expected efficiency gains from increased
agrochemical usage have not kept pace with their rising consumption. At the same time, harmful
effects on human health have been widely reported (including skin and eye irritation,
headaches, nausea, dizziness, diarrhoea, vomiting, and more severe conditions such as
cancer, asthma, diabetes, and other health complications) (Elahi et al., 2019).

Mechanized equipment

Other important assets include different types of machinery for agricultural production.
Mechanization, especially motorized ones, has the potential to transform rural livelihoods by
improving productivity and reallocating labour to other agricultural tasks or nonfarm income
activities. It has the potential to address labour constraints in agriculture, minimize drudgery in
farming operations, expand farm sizes in case of available land, and facilitate increased
intensification in labour-intensive farming activities (Diao, Takeshima and Zhang, 2020; FAO,
2022a).

Data on the use and ownership of mechanization is limited, but available data indicates that use
of mechanization has been increasing, though at an uneven pace across and within countries.
As an example, levels of tractor use'? per hectare of land in Europe, North Africa, Western Asia,
and North America have steadily grown since the 60’s and as of 2000 more than 20 tractors are
used per 1 000 hectares in most regions, with Latin America nearly reaching this threshold. In
contrast, sub-Saharan Africa remains the only region where there has been no growth in
mechanization since the 1960s (FAO, 2022a). Until recently, in SSA widespread adoption of
agricultural mechanization has been confined to specific regions, largely on large-scale
commercial farms (Diao, Jed and Takeshima, 2016) while generally agricultural production
predominantly relies on human power (FAO, 2022a; Kirui, 2019). Reliance on human power in
certain regions, particularly SSA, could be explained by some key constraints to mechanization,
such as small and fragmented farms, prohibitive costs for smallholder farmers and lack of
supporting infrastructure (Baudron et al., 2015).

Ownership of mechanized equipment — which is survey specific and includes assets such as
tractors, tractor ploughs, ridgers, cultivators, generators, motorized pumps, grain mills, and
others — is limited in most countries. Only in six countries, 20 percent or more of farming
households own any of these assets, with Burkina Faso, Ecuador, Guatemala and Mali showing
higher averages. These findings suggest that farms run by households, as captured by
household surveys, mostly operate with (wo)manpower or livestock which might also be driven
by lack of mechanization services.

2 Tractor use is provided as an example for mechanized equipment, as it is the asset with the most reliable
global data coverage (FAO, 2022a).

14



Improved seeds

A limited number of surveys (ten countries in our sample, all in sub-Saharan Africa) collected
information on the use of improved seeds. Their use remains limited within farming households
in the continent, and regardless of the level of importance of the agricultural sector.'® Ethiopia
(37 percent) and the United Republic of Tanzania (46 percent) show higher rates of improved
seeds use, likely due to both cultivation of specific crops and potentially by stronger policies in
place. For instance, in Ethiopia and the United Republic of Tanzania, large government
initiatives for technology adoption in maize are well known (Ariga et al., 2019; Sheahan and
Barrett, 2017). Estimates from the Diffusion and Impact of Improved Varieties in Africa (DIIVA)
Project show that in the United Republic of Tanzania, close to 50 percent of land cultivated with
pigeon peas and 38 percent of land cultivated with sorghum and in Ethiopia, up to 43 percent
of land under beans, and 28 percent under maize is cultivated with modified varieties (CGIAR,
undated).

Adoption of high quality, locally adapted and affordable seeds has been positively associated
with agricultural productivity and farmers’ incomes by means of increasing nutrient use
efficiency and improving plant immunities (Bezu et al., 2014a). The adoption of improved seeds,
together with fertilizers and irrigation, were at the heart of Asia’s Green Revolution (Hazell,
2009). Enhanced crop varieties can lead to increased crop productivity, elevating farmers’
incomes and directly contributing to poverty reduction. Additionally, both households that adopt
these improved varieties and those that do not can experience indirect benefits such as more
employment opportunities, higher wages, and reduced food prices due to the overall increase
in agricultural production resulting from the adoption of improved varieties (Garbero, Marion and
Brailovskaya, 2018). A systematic review found evidence linking fertilizers and seed subsidies
to increased use of inputs, but also, to higher agricultural yields and incomes among farm
households (Hemming et al., 2018). Yet, the increased use of inputs also raises concerns
regarding the environmental impact. Specifically, the use of fertilizers is linked to heightened
greenhouse gas emissions, stemming from both production and transport processes. Among
the various stages of the food system, the production stage (which includes crops, livestock,
fishing, aquaculture, as well as emissions from production inputs) bears the greatest
responsibility for emissions, contributing to 39 percent of total food system emissions (Crippa et
al., 2021).

Water control

Access to water and water control'* technologies for irrigation (see Sheahan and Barrett, 2017)
is another critical aspect for agricultural production. Some studies have estimated that irrigated
agriculture is on average at least twice as productive per unit of land compared to rainfed
agriculture (Fuglie, 2008). Investment in irrigation technologies has also been associated with
increased agricultural incomes (Hussain and Hanjra, 2004) and poverty reduction (Huang et al.,
2005). The Green Revolution's success in boosting agricultural productivity, particularly in Asia,
was largely driven by irrigation, which created favourable conditions for the widespread adoption
of high-yielding seed varieties (Pingali, 2012). However, the adoption of irrigation in developing

3 We acknowledge that the use of improved seeds may vary by crop type; however, our analysis examines
adoption at the household level, irrespective of the specific crops cultivated.

4 Consistently with (Sheahan and Barrett, 2017), we refer to irrigation as water control, defined as the use of
additional water used in agriculture to supplement rainfall.
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countries faces several constraints. Barriers such as high costs, limited credit, and poor
infrastructure hinder smallholder farmers' investment in irrigation. Technological adoption is
further constrained by lack of awareness, inadequate support services, and maintenance
challenges (Nakawuka et al., 2018).

Data availability about use and sources of water for irrigation is also very limited in household
surveys. This information is only available in the SSA countries, which tend to have richer
agricultural modules in household surveys thanks to the LSMS’ Integrated Surveys on
Agriculture (ISA), and in Pakistan and Peru, two countries with important irrigation presence.
Across the 11 SSA countries we find that access to any mean for water control is quite low. In
Pakistan, 68 percent of farming households use some form of water control, a figure supported
by the extensive Indus Basin Irrigation System (IBIS) which is considered the world’s largest
contiguous irrigation system (Basharat, Umair Ali and Azhar, 2014). Peru also shows a high
average of almost 48 percent of farming household using water control which could be attributed
to the national irrigation policies implemented since 2003 (Politica y estrategia nacional de riego
en Pert).
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Table 4. Farming households’ use of productive assets and inputs, by level of
agricultural value added per worker.

Share of farming households using inputs and tools

Country Fertilizers = Agrochemicals Mechanized Water Improved

equipment Control seeds
2"032'3"‘” 66.8 13.2 48 13.5 26.9
?g‘ﬁ”da 3538 28.8 0.9 12.6 19.3
Niger 2014 207 85 45 32 3.0

S

8 ggf:da 6.7 14.2 13.9 15 225

<>t United

§ $:§::rl:ic;0f 17.1 16.6 19.8 2.9 46.4
2015
Egl'gp'a 613 326 13 83 36.6
ggﬂeroon 46.1 49.0 25 n/a 28.3
Mali 2017 45.7 32.0 311 11.3 311
g;fgg'a nfa 13.8 7.0 n/a n/a

; .

2 E;’;‘g”;(‘n . 45.7 355 49.4 n/a 18.5

s .

; fg;ae 2018 10.5 26 0.2 8.8 nfa

3 .

E ;’gﬂstan n/a 949 n/a 68.3 n/a
l1\l‘|1caragua n/a n/a 3.7 n/a n/a
Ghana 2017 267 582 26.2 07 nfa
Peru 2019 n/a 48.1 n/a 47.7 n/a

= ng‘fma'a‘ 706 50.9 463 n/a n/a

o

g Eg‘;jdor 3538 423 39.0 n/a n/a

: .

= 2"001”890"6‘ nfa 12.4 87 n/a n/a
’2“691‘3”3 42.9 48.6 V)2 3.3 12.6

Sample
- mean 41 36.5 18.4 20.5 22.4

Notes: Sample of farming households only. Survey weights applied. n/a= not available. AVA/PW stands for
agricultural value added per worker

Source: Authors’ own elaboration based on FAO. 2023. Rural Livelihoods Information System (RuLIS). [Accessed
on 27 February 2024]. https://www.fao.org/in-action/rural-livelihoods-dataset-rulis/en/. Licence: CC-BY-4.0.
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ICTs

Finally, we also look at the information available in the RuLIS database regarding
communication technologies. In the context of agriculture, several studies find that their use is
effective in the provision of faster, cheaper and better-quality advisory services (Camacho and
Conover, 2019), and that these are associated to a higher probability of farmers purchasing the
recommended input and increased yields (Fabregas, Kremer and Schilbach, 2019). They also
play a role in improving input and market linkages for farmers and reduce information
asymmetries about prices which are likely to positively influence farmers’ profits and incomes
(Aker and Ksoll, 2016; Nakasone, Torero and Minten, 2014).

Unfortunately, few countries report beyond ownership of a cell phone, or internet access at
most. Given the rapid pace of technological advancement (probably faster than the other assets
included in the study), the data presented in Table 5 may no longer reflect the current state of
access to these technologies. In most countries (15 out of 19), at least 60 percent of the farming
households had access to a cell phone at the time the survey was conducted. Ethiopia and
Malawi, featuring some of the most recent surveys in the sample, show the lowest average
access to cell phones, compared to the other countries. This limited access can also be
attributed to access to electricity, which reaches less than half of the farming population in
Ethiopia and only 6 percent in Malawi. In terms of internet, higher access by farming households
is observed only in a few of the countries that provide this information, with Malawi showing the
highest prevalence. The discrete coverage of cell phones on the one hand may point to
infrastructural shortcomings, but on the other it could imply opportunities for reaching farmers
through access to extension and early-warning mechanisms.
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Table 5. Farming households’ use of information and communication technologies
and access to electricity.

Country Cell phone m Electricity

Malawi 2020 45.6 61.2 5.9
Rwanda 2014 60.8 6.1 12.9
Niger 2014 66.8 0.4 6.0
Uganda 2014 67.4 0.1 12.0
United Republic of Tanzania 2015 71.4 n/a 8.3
Ethiopia 2019 39.7 n/a 40.7
Cameroon 2014 65.9 2.2 39.2
Mali 2017 80.0 n/a 10.3
Georgia 2016 85.0 12.9 100
Burkina Faso 2014 78.4 0.2 9.1
Sierra Leone 2018 55.5 n/a 10.7
Pakistan 2014 n/a 2 88.1
Nicaragua 2014 87.8 1.3 731
Ghana 2017 88.1 27.2 71.4
Peru 2019 85.8 223 87.0
Guatemala 2014 75.0 1.0 70.2
Ecuador 2014 85.8 7.8 98.6
Mongolia 2018 971 26.6 100
Nigeria 2019 93.7 36.7 44.6

Notes: Sample of farming households only. Survey weights applied. n/a= not available.

Source: Authors’ own elaboration based on FAO. 2023. Rural Livelihoods Information System (RuLIS). [Accessed
on 1 September 2022]. https://www.fao.org/in-action/rural-livelihoods-dataset-rulis/en/. Licence: CC-BY-4.0.

Overall, findings on access to assets suggest, first, a persistent limitation in the available
information on family farming systems. Second, it also shows few differences in terms of access

sources to ensure crop production and increase agricultural income. In the following section we
look at these trends, looking for potential inequalities, before assessing the correlates for
access.

4.2 Distribution of asset ownership and input use

In the following sections, we disaggregate assets and input use statistics at the household level,
exploring a range of characteristics that are commonly associated with input use, namely levels
of welfare (proxied here with consumption per capita), crop income specialization, and gender
proxied here with the sex of the household head). A t-test is employed to determine whether
mean differences among these groups are statistically significant. While these statistical
associations do not control for other influencing factors or account for endogeneity, they provide
a preliminary basis for assessing potential inequalities in access and ownership of productive
assets.

—~~
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4.2.1 Country level asset ownership and input use by expenditure quintiles

Table A3 and Figure 1 examine the statistically significant differences in mean agricultural land
owned and farm area, comparing per capita consumption between the lowest (first) and highest
(fifth) quintiles to uncover disparities linked to economic status. We find that in half of our sample
of countries, farming households in the highest expenditure quintile own more agricultural land
on average, than farming households in the lower quintiles. In most countries, however, the
difference in the quantity of land owned between the poorer and better-off households, is not
very large in absolute terms, reflecting small size of land generally, but relatively large in some
cases (Mongolia and Peru). The largest difference between groups that own land is in the Niger,
where there is an average difference of one hectare between the first and fifth quintiles, with
households in the lowest quintile having more land. The small differences between groups in
our study is a noteworthy result, indicating that the pronounced disparities in farmland ownership
reported globally may not extend within the farming household population. Instead, these
disparities might be more pronounced between large commercial farms and smaller farming
households, highlighting a distinct division in agricultural land distribution (Cabrera et al.,
forthcoming).

In terms of farm area operated by households, in countries characterized by low productivity
(AVA/PW), there is a tendency towards a relatively higher farm areas for wealthier households
compared to poorer households, although differences in size are small. We find this pattern in
four (Malawi, Rwanda, Niger and Ethiopia) out of seven countries (three of these differences
are statistically significant — see Table A3 for coefficients). Conversely, in four (Burkina Faso,
Pakistan, Nicaragua, Ghana) out of five countries with medium AVA/PW, poorer households
show larger farm sizes (significant in all countries). Two out of five countries with higher AVA/PW
do not show any differences among the groups (Guatemala and Ecuador), while the difference
in size is marked in in Mongolia with 3 hectares of land on average for the richest households
against less than one hectare for the poorest quintile. The observed trends, though not fully
clear, may imply that in countries with low productivity and at earlier stages of transformation,
farming households generally have access to similar resources. As these countries undergo
transformation and productivity rises, we hypothesize that wealthier households may diversify
into off-farm activities, thereby reducing their reliance on land and a shift in land access needs
as economies evolve and diversify.
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Figure 1. Farming households’ average land owned, and average farm area operated, categorized by household per capita

consumption quintiles (first and fifth)
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Notes: Farming households only. Countries ordered by increasing level of agricultural value added" "per worker. “UR” = United Republic. Stars indicate the significance levels
in the difference of means (*** p<0.01, ** p<0.05, * p<0.1).

Source: Authors’ own elaboration based on FAO. 2023. Rural Livelihoods Information System (RuLIS). [Accessed on 27 February 2024]. https://www.fao.org/in-action/rural-
livelihoods-dataset-rulis/en/. Licence: CC-BY-4.0.
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Figures 2, 3 and 4 show the share of households that use productive assets and inputs in the
poorest and the wealthiest groups. As expected, households in the top quintile of the
consumption distribution have, on average, higher use of productive assets and inputs. This is
visible in most countries, except for some that are classified as having medium productivity.

For fertilizers, we find higher use for the highest quintile across nine of the 13 countries
analysed, all of which exhibit statistically significant differences (see Table A4). Specifically, six
out of seven countries with low productivity (all except Cameroon), two out of three in medium
productivity countries (Burkina Faso and Sierra Leone) and one out of three in high productivity
countries (Guatemala) demonstrate this trend. Regarding agrochemicals, significantly higher
use is found in 12 of the 17 countries assessed. This trend is observed in all countries except
one in low productivity (Cameroon); in all countries except one in medium productivity countries
(Ghana) and three out of five high productivity countries (Guatemala, Mongolia and Peru).

In terms of ownership of mechanized equipment, households in the highest quintile have on
average more ownership, in nine of the 16 countries examined. This trend is consistent for all
countries of low and medium productivity levels (except for Burkina Faso). Conversely, in high
productivity countries, we find only two statistically significant cases: Guatemala where we also
find the same trend as per the other groups, and Nigeria where more households in the lowest
quintile own mechanized equipment.

The use of water control is predominant among wealthier households in all countries where this
statistic is significant, except for Nigeria and Pakistan. A significant trend is observed mostly
among low productivity countries (a significant difference in four out of five cases), while for the
other categories there are important data gaps. Similarly, the use of improved seeds is also
observed more frequently in high income households in low productivity countries, while there
is no significant difference for the two countries with medium productivity levels. In high
productive countries, the usage of improved seeds is significantly higher for one country.

Some exceptions to the general trend include Nigeria, where farming households in the poorest
group report higher access/use of fertilizers, agrochemicals, and mechanized equipment. In
Ghana, the poorest households show higher access to fertilizers, while for the other inputs, the
differences between groups are not significant. In Pakistan, the poorest households report more
access to water control technologies. Finally, in Cameroon, we also observe that the poorest
households report higher use of fertilizers and agrochemicals, on average. Some of these
exceptions could be explained by geographic factors; for instance, in Pakistan, households
along the IBIS — particularly in regions such as Sindh and Punjab — are among the most asset-
poor in the country (Ullah and Chishti, 2023) yet benefit from proximity to established water
control systems. Ghana reintroduced input subsidies in 2008 through the Fertilizer Subsidy
Program (FSP), which, from 2013, specifically targeted farmers with 2 hectares or less (Pauw,
2022). In 2017, the programme was transformed into the 'Planting for Jobs' initiative, which
continued and expanded the scope of the previous programme. The Government of Nigeria
implemented the Growth Enhancement Support Scheme (GESS), a subsidy programme with
targeting criteria based on farmers’ socioeconomic characteristics, farm size, and other factors
(Michael, Tashikalma and Maurice, 2018).

Overall, Figures 2, 3 and 4 provide stark evidence on both low endowments of productive
resources and inequalities across the welfare distribution among farming households in
developing countries. Disparities exist in access to and utilization of productive resources,
especially in low productivity countries. Considering the critical role of the agricultural sector in
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these countries and given that the poorest segments within these contexts are also among the
poorest globally, their limited access to productive inputs is of critical concern (Bezu et al.,
2014b; Snapp et al., 2014). It also points to the urgent need to address their income
opportunities with alternative income generating activities, outside farming. The variability in
inequality observed in medium and high productivity countries suggests that access to
productive assets might be influenced by the availability of alternative income-generating
activities. This implies that for households with a more diversified income portfolio outside of
agriculture, more commonly found in countries at higher productivity levels, accessing
productive assets is less critical as they can count on various sources of income other than crop
income. This finding highlights the nuanced role of productive assets in the economic dynamics
of households with higher levels of income diversification (Davis et al., 2010; De la O Campos
et al., 2023). This is more clearly seen in the next section.
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Figure 2. Use of fertilizers and agrochemicals by farming households, categorized by household per capita consumption quintiles
(first and fifth).
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Notes: Farming households only. Countries ordered by increasing level of agricultural value added per worker. UR = United Republic. Stars indicate the significance levels in
the difference of means (*** p<0.01, ** p<0.05, * p<0.1).

Source: Authors’ own elaboration based on FAO. 2023. Rural Livelihoods Information System (RuLIS). [Accessed on 1 September 2022]. https://www.fao.org/in-action/rural-
livelihoods-dataset-rulis/en/. Licence: CC-BY-4.0.
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Figure 3. Ownership of mechanized equipment practice of water control by farming households, categorized by household per
capita consumption quintiles (first and fifth).

a) Ownership of mechanized equipment b) Practice of water control
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Notes: Farming households only. Countries ordered by increasing level of agricultural value added per worker. UR = United Republic. Stars indicate the significance levels in
the difference of means (*** p<0.01, ** p<0.05, * p<0.1).

Source: Authors’ own elaboration based on FAQO. 2023. Rural Livelihoods Information System (RuLIS). [Accessed on 1 September 2022]. https://www.fao.org/in-action/rural-
livelihoods-dataset-rulis/en/. Licence: CC-BY-4.0.
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Figure 4. Use of improved seeds by farming households, categorized by household
per capita consumption quintiles (first and fifth).
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Notes: Farming households only. Countries ordered by increasing level of agricultural value added per worker.
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Source: Authors’ own elaboration based on FAQO. 2023. Rural Livelihoods Information System (RuLIS). [Accessed
on 1 September 2022]. https://www.fao.org/in-action/rural-livelihoods-dataset-rulis/en/. Licence: CC-BY-4.0.

4.2.2 Country level asset ownership and input use by specialization in crop income

Figures 5 to 8 compare input utilization among households specialized in crop income and those
who are not specialized (see Table A5 for coefficients significance levels). We defined a
household as specialized in crop income if at least 75 percent of its total income is derived from
crop activity, following Davis et al. (2010; 2017) and De la O Campos et al. (2023).
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Figure 5. Farming households’ average land owned, and average farm area operated, categorized by specialization in crop income
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the difference of means (*** p<0.01, ** p<0.05, * p<0.1).

Source: Authors’ own elaboration based on FAO. 2023. Rural Livelihoods Information System (RuLIS). [Accessed on 1 September 2022]. https://www.fao.org/in-action/rural-
livelihoods-dataset-rulis/en/. Licence: CC-BY-4.0.
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Households specializing in crop income generally own and cultivate more land compared to
non-specialized households in most countries analysed. In Mali, Ethiopia, Pakistan, Burkina
Faso, Nigeria, Ghana, Peru, and Georgia, crop-specialized households have significantly larger
landholdings, suggesting an association between land access and specialization in crop
production. Similarly, farm areas are significantly larger for crop-specialized households in these
countries, further reinforcing the link between land availability and specialization in crop income.
However, in Nicaragua and Cameroon, the opposite pattern emerges, with non-specialized
households owning significantly more land, which may suggest that households with larger
landholdings tend to diversify their income sources rather than specializing in crop production.

Our analysis reveals a consistent positive association between crop income specialization and
the use of fertilizers, agrochemicals and water control technologies, and a negative one for
improved seeds. In eight out of 14 countries, we observe a higher share of specialized
households using fertilizers (statistically significant in four cases). Specialized households use
on average more agrochemicals in ten out of 18 countries (difference statistically significant in
eight cases), with a high concentration among high productivity countries; however, they use
less improved seeds in eight out of ten countries (this difference is significant in five cases). In
three countries we find a higher statistically significant difference in the share of specialized
households using water control with respect to non-specialized ones. Ownership of mechanized
equipment is significant only in four cases out of 18 and generally shows a higher use among
crop specialized households, except for Uganda.
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Figure 6. Use of fertilizers and agrochemicals by farming households, categorized by crop income specialization.

a) Use of fertilizers b) Use of agrochemicals
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Notes: Farming households only. Countries ordered by increasing level of agricultural value added per worker. UR = United Republic. Stars indicate the significance levels in
the difference of means (*** p<0.01, ** p<0.05, * p<0.1).

Source: Authors’ own elaboration, based on FAO. 2023. Rural Livelihoods Information System (RuLIS). [Accessed on 1 September 2022]. https://www.fao.org/in-action/rural-
livelihoods-dataset-rulis/en/. Licence: CC-BY-4.00
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Figure 7. Ownership of mechanized equipment and water control by farming households, categorized by crop income
specialization
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Source: Authors’ own elaboration based on FAQO. 2023. Rural Livelihoods Information System (RuLIS). [Accessed on 1 September 2022]. https://www.fao.org/in-action/rural-
livelihoods-dataset-rulis/en/. Licence: CC-BY-4.0.
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Figure 8. Use of improved seeds by farming households, categorized by crop income
specialization
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Notes: Farming households only. Countries ordered by increasing level of agricultural value added per worker.
UR = United Republic. Stars indicate the significance levels in the difference of means (*** p<0.01, ** p<0.05,
* p<0.1).

Source: Authors’ own elaboration based on FAQO. 2023. Rural Livelihoods Information System (RuLIS). [Accessed
on 1 September 2024]. https://www.fao.org/in-action/rural-livelihoods-dataset-rulis/en/. Licence: CC-BY-4.0.

This analysis suggests that households primarily reliant on crop income for their livelihoods tend
to depend more heavily on productive inputs such as fertilizers, agrochemicals, mechanized
equipment and water control measures. However, they also utilize improved seeds to a lesser
extent, which may be connected to welfare effects (being unable to purchase the input). This
discrepancy could be attributed to various factors, including cost implications, limited access to
credit, market availability of such inputs.

4.2.3 Country level asset ownership and input use by gender of household head

In addition to household consumption and crop income specialization, another factor that is
frequently linked to the use of modern agricultural inputs is gender. Our dataset is limited in
quantifying individual-level access to productive assets; however, disaggregating the data by
gender of the household head can provide insights to understanding gender-based
inequalities.’ Numerous studies suggest that women in LMIC experience restricted access to
inputs (including farm equipment, fertilizers, land, seeds) compared to men, hindering their
productivity capacity and derived economic benefits (Anderson et al., 2021; FAO, 2023b). Our
analysis corroborates these trends, revealing pervasive gender-based inequalities in access to

S While our analysis disaggregates asset ownership by the gender of the household head, based on data
availability, we acknowledge that this approach primarily reflects the circumstances of one specific group of
women (often some of the poorest and most disadvantaged women) while it does not capture the situation of
women in dual-headed households, where gender dynamics and asset ownership may differ significantly.
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resources across our sample, except for Mongolia where the difference is not statistically
significant. Independent of the country, the level of agricultural productivity, or the specific type
of input considered, male-headed households consistently demonstrate statistically significant
greater access to land and inputs as shown in Figures 9 to 11. The countries where the gap in
both land owned and farm area operated is most pronounced are Mali, Nicaragua, the Niger
and Pakistan. In these countries, male-headed households hold significantly larger land areas
and operate more extensive farm areas compared to female-headed household.
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Figure 9.
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Figures 10 and 11 also explores the disparities in access to and utilization of productive assets
and inputs between male and female-headed households. Mechanized equipment stands out
as the input exhibiting the most pronounced differences across countries. The only exception to
this trend is female headed households using more fertilizers in Sierra Leone potentially due to
the high proportion of women in polygamous marriages (62 percent at national level).
Particularly marked differences are found in Ghana (for fertilizers, agrochemicals and
mechanized equipment) and in Cameroon (particularly for agrochemicals).
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Figure 10.
of the household head
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Figure 11. Ownership of mechanized equipment and water control by farming households, categorized by sex

of the household head
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5. Conclusion

This paper provides country-level estimates of productive inputs and assets utilized by farming
households, including land, fertilizers, pesticides, water control, improved seeds, and
mechanization. Additionally, we explore their distribution across various dimensions such as
household per capita consumption, crop income specialization, and the gender of the household
head, while considering the level of agricultural productivity across countries as proxied by
agricultural value added per worker.

Our descriptive analyses of country-level data reveal that farming households continue to face
challenges in accessing inputs, assets, and water sources to support agricultural production.
Interestingly and contrary to our initial hypothesis, we did not find strong patterns relative to the
rural transformation or productivity of countries. While we initially hypothesized a correlation
between higher access to assets and inputs among farming households in more advanced
stages of rural transformation and lower levels of poverty, our analysis did not support this
hypothesis. We posit that this discrepancy may be attributed to the fact that the farming
population captured in our study does not fully represent the agricultural transition; instead, it
predominantly consists of smaller farms even in countries with more advanced levels of rural
transformation, where surveys did not capture more successful and commercial farms. This
observation suggests that in countries characterized by low productivity and in the early stages
of development, farming households typically have low access to resources and face similar
barriers. It is possible that, as these countries develop and agricultural productivity increases,
better-off households may diversify into off-farm activities, and more successful farming
enterprises could leave the sample, resulting in a higher proportion of more marginalized small-
scale producers.

In terms of distribution, we observe that in over half of the countries in our sample, farming
households in the lowest expenditure quintile own slightly more land on average compared to
those in higher quintiles. On the other hand, households in the top quintile of consumption
distribution generally exhibit higher use of productive assets and inputs. Regarding the
differential use based on the sex of the household head, our analysis confirms the existence of
a gender gap in terms of access to land and other productive inputs, which persists even in
countries that are more advanced in terms of rural transformation. Furthermore, we find that
households specializing in crop income tend to use more fertilizers, agrochemicals, and water
control technologies compared to non-specialized households. Conversely, households
diversifying their income tend to rely more on improved seeds, while only in few countries we
find significant difference in the ownership of mechanization. The findings partially support our
hypothesis that households specializing in crop production may prioritize inputs such as
fertilizers and agrochemicals to enhance yields.

Our analysis showed that countries with higher levels of household access to key agricultural
inputs often have policies or strategies in place to promote their use (i.e. Peru and Pakistan on
irrigation, Ethiopia and Malawi for fertilizers, Ethiopia and the United Republic of Tanzania for
improved seed usage). To catch up with similar countries in terms of rural transformation,
nations like Sierra Leone and Uganda should consider designing input subsidies tailored for
smallholders. However, higher usage of agricultural inputs does not always translate into
productivity gains. For instance, despite a large share of farming households using fertilizers,
Malawi remains the lowest productivity country in our sample. This underscores the need to
complement subsidies with capacity-building initiatives aimed at enhancing efficiency and

37



sustainability. This is especially critical for agrochemical use, as excessive application and
misuse can harm both human health and the environment. Equally important is the promotion
of organic fertilizers, which can improve soil health and sustainability over the long term.
Increasing support for smallholder access to irrigation is also essential, particularly in the context
of changing rainfall patterns. Moreover, investments in infrastructure and mobile phone
networks offer valuable opportunities to expand information dissemination on input availability
and proper usage.

Given the interrelation among various dimensions, potential strategies to enhance access to
inputs could include incentivizing off-farm activities while providing support for households
relying primarily on crop income, ensuring more equitable land access, and expanding market
opportunities. Additionally, targeted interventions to address gender disparities in access to
inputs and resources should be integrated into broader rural development strategies to ensure
equitable outcomes for all farming households.

This study also underscores the value of readily accessible harmonized data, exemplified by
the RULIS database, showcasing one of its practical applications. We advocate for the
continuation of such initiatives and emphasize the importance of expanding both the coverage
of countries and variables, with particular emphasis on assets and their ownership and value
which could be explored further with a cross-country approach. Additionally, there is a critical
need for individual-level data on asset ownership and use to better capture intra-household
dynamics and provide a more nuanced understanding of asset distribution and utilization.
Expanding data coverage for irrigation and improved seed use is also crucial, as current data
are available for only a limited number of countries.

While this study provides a comprehensive descriptive analysis of input use and asset
ownership among farming households, it is inherently limited by its non-causal approach. The
analysis does not establish the direction of relationships or the underlying mechanisms driving
differences across households and countries. Future research could build on these findings by
exploring the causal linkages between input access, production and productivity, and rural
transformation, as well as the welfare effects — such as food security, poverty, asset
accumulation, and health — associated with the use of productive inputs. Leveraging panel data
and experimental approaches would provide a deeper understanding of the effectiveness of
different policy interventions, helping to disentangle the role of input access from other structural
factors shaping rural livelihoods.

These findings could be useful to inform policies and programs that aim at improving crop
production and more broadly livelihoods of agricultural households by informing which countries
and which segments of the agricultural population are in most need of a given asset with a
purposeful targeting approach that includes poorest households and smallholder farmers for the
transformative effect it can have on their livelihoods.

38



References

Adamopoulos, T. & Restuccia, D. 2020. Land Reform and Productivity: A Quantitative
Analysis with Micro Data. American Economic Journal: Macroeconomics, 12(3). 1-39.
https://doi.org/10.1257/mac.20150222

Adato, M., Carter, M.R. & May, J. 2006. Exploring poverty traps and social exclusion in South
Africa using qualitative and quantitative data. Journal of Development Studies, 42(2): 226—-247.
https://doi.org/10.1080/00220380500405345

Admasu, Y., De la O Campos, A.P. & Davis, B. (forthcoming). Smallholders and household
diversification strategies around the world: towards sustainable economic transitions. Working
Paper. FAO Agricultural Development Economics. Rome, FAO.

Aker, J.C. & Ksoll, C. 2016. Can mobile phones improve agricultural outcomes? Evidence from
a randomized experiment in Niger. Food Policy, 60: 44-51.
https://doi.org/10.1016/j.foodpol.2015.03.006

Amprako, L., Karg, H., Roessler, R., Provost, J., Akoto-Danso, E.K., Sidibe, S. & Buerkert,
A. 2020. Vehicular Livestock Mobility in West Africa: Seasonal Traffic Flows of Cattle, Sheep,
and Goats across Bamako. Sustainability, 13(1): 171. https://doi.org/10.3390/su13010171

Anderson, C.L., Reynolds, T.W., Biscaye, P., Patwardhan, V. & Schmidt, C. 2021.
Economic Benefits of Empowering Women in Agriculture: Assumptions and Evidence. The
Journal of Development Studies, 57(2): 193-208.
https://doi.org/10.1080/00220388.2020.176907 1

Anderson, J.R., Herdt, RW. & Scobie, G.M. 1985. The Contribution of International
Agricultural Research to World Agriculture. American Journal of Agricultural Economics, 67(5):
1080-1084. https://doi.org/10.2307/1241376

Ariga, J., Mabaya, E., Waithaka, M. & Wanzala-Mlobela, M. 2019. Can improved agricultural
technologies spur a green revolution in Africa? A multicountry analysis of seed and fertilizer
delivery systems. Agricultural Economics, 50(S1): 63—74. https://doi.org/10.1111/agec.12533

Arslan, A., Cavatassi, R. & Hossain, M. 2022. Food systems and structural and rural
transformation: a quantitative synthesis for low and middle-income countries. Food Security,
14(1): 293-320. https://doi.org/10.1007/s12571-021-01223-2

ASTI (Agricultural Science and Technology Indicators). 2023. CGIAR’s DIIVA Project.
[Accessed on 20 October 2024]. https://www.asti.cgiar.org/diiva

Baroni, l., Gantulga, J.-O., Magail, J. & Yeruul-Erdene, C. 2016. Three Thousand Years of
Nomadism on the Tsatsyn Ereg Site in the Heart of Mongolia. In: S. Biagetti & F. Lugli, eds. The
Intangible Elements of Culture in Ethnoarchaeological Research. pp. 151-159. Cham,
Switzerland, Springer International Publishing. https://doi.org/10.1007/978-3-319-23153-2_10

Barrett, C.B. 2008. Smallholder market participation: Concepts and evidence from eastern and
southern Africa. Food Policy, 33(4): 299-317. https://doi.org/10.1016/j.foodpol.2007.10.005

Barrett, C.B. & Carter, M.R. 2013. The Economics of Poverty Traps and Persistent Poverty:
Empirical and Policy Implications. Journal of Development Studies, 49(7). 976-990.
https://doi.org/10.1080/00220388.2013.785527

39


https://www.asti.cgiar.org/diiva
https://doi.org/10.1016/j.foodpol.2007.10.005

Barrett, C.B. & Reardon, T. 2000. Asset, Activity and Income Diversification among African
Agriculturalists: Some Practical Issues. Report. New York, USA, Cornell University.

Basharat, M., Umair Ali, S. & Azhar, A.H. 2014. Spatial variation in irrigation demand and
supply across canal commands in Punjab: a real integrated water resources management
challenge. Water Policy, 16(2): 397—-421. https://doi.org/10.2166/wp.2013.060

Baudron, F., Sims, B., Justice, S., Kahan, D.G., Rose, R., Mkomwa, S., Kaumbutho, P. et
al. 2015. Re-examining appropriate mechanization in Eastern and Southern Africa: two-wheel
tractors, conservation agriculture, and private sector involvement. Food Security, 7(4): 889-904.
https://doi.org/10.1007/s12571-015-0476-3

Berdegué, J.A., Rosada, T. & Bebbington, A.J. 2013. The Rural Transformation. In: B. Currie-
Alder, and others, eds. International Development: Ideas, Experience and Prospects. Oxford,
England, Oxford University Press.
https://doi.org/10.1093/acprof.0s0/9780199671656.003.0028

Bezu, S., Kassie, G.T., Shiferaw, B. & Ricker-Gilbert, J. 2014a. Impact of improved maize
adoption on welfare of farm households in Malawi: A panel data analysis. World Development,
59: 120-131. https://doi.org/10.1016/j.worlddev.2014.01.023

Bezu, S., Kassie, G.T., Shiferaw, B. & Ricker-Gilbert, J. 2014b. Impact of improved maize
adoption on welfare of farm households in Malawi: A panel data analysis. World Development,
59: 120-131. https://doi.org/10.1016/j.worlddev.2014.01.023

Cabrera, C.E., Admasu, Y., De la O Campos, A.P., Moncada, L. & Pierri, F. (forthcoming).
Measuring Agricultural land Inequality — Conceptual and methodological issues. Agricultural
Development Economics Working Paper. Rome, FAO.

Camacho, A. & Conover, E. 2019. The impact of receiving SMS price and weather information
on small scale farmers in Colombia. World Development, 123.
https://doi.org/10.1016/j.worlddev.2019.06.020

Carter, M.R. & Barrett, C.B. 2006. The economics of poverty traps and persistent poverty: An
asset-based  approach. Journal of Development  Studies, 42(2): 178-199.
https://doi.org/10.1080/00220380500405261

Christiaensen, L., Demery, L. & Kuhl, J. 2011. The (evolving) role of agriculture in poverty
reduction — An empirical perspective. Journal of Development Economics, 96(2): 239-254.
https://doi.org/10.1016/j.jdeveco.2010.10.006

Crippa, M., Solazzo, E., Guizzardi, D., Monforti-Ferrario, F., Tubiello, F.N. & Leip, A. 2021.
Food systems are responsible for a third of global anthropogenic GHG emissions. Nature Food,
2(3): 198-209. https://doi.org/10.1038/s43016-021-00225-9

Davis, B., Di Giuseppe, S. & Zezza, A. 2017. Are African households (not) leaving agriculture?
Patterns of households’ income sources in rural Sub-Saharan Africa. Food Policy, 67: 153—174.
https://doi.org/10.1016/j.foodpol.2016.09.018

Davis, B., Lipper, L. & Winters, P. 2022. Do not transform food systems on the backs of the
rural poor. Food Security, 14(3): 729—-740. https://doi.org/10.1007/s12571-021-01214-3

40


https://doi.org/10.1093/acprof:oso/9780199671656.003.0028
https://doi.org/10.1038/s43016-021-00225-9
https://doi.org/10.1016/j.foodpol.2016.09.018

Davis, B., Winters, P., Carletto, G., Covarrubias, K., Quifones, E.J., Zezza, A., Stamoulis,
K., Azzarri, C. & Di Giuseppe, S. 2010. A Cross-Country Comparison of Rural Income
Generating Activities. World Development, 38(1): 48-63.
https://doi.org/10.1016/j.worlddev.2009.01.003

De Janvry, A., Sadoulet, E. & Zhu, N. 2005. The Role of Non-Farm Incomes in Reducing Rural
Poverty and Inequality in China. CUDARE Working Papers, No. 1001. Minnesota, USA, AgEcon
Search. https://doi.org/10.22004/AG.ECON.25043

De Janvry, A. & Sadoulet, E. 2006. Progress in the modeling of rural households’ behavior
under market failures. In: A. de Janvry, R. Kanbur, eds. Poverty, Inequality and Development,
Economic Studies in Inequality, Social Exclusion and Well-Being. Boston, USA, Springer.
https://doi.org/10.1007/0-387-29748-0_9

De Janvry, A. & Sadoulet, E. 2020. Using agriculture for development: Supply- and demand-
side approaches. World Development, 133: 105003.
https://doi.org/10.1016/j.worlddev.2020.105003

De Janvry, A. 2010. Agriculture for development: new paradigm and options for success.
Agricultural Economics, 41(S1): 17-36. https://doi.org/10.1111/j.1574-0862.2010.00485.x

De la O Campos, A.P., Adamasu, Y., Covarrubia, K.A., Davis, B. & Diaz, A.M. 2023.
Economic transformation and diversification towards off-farm income in rural and urban areas
— A global update with a focus on sub-Saharan Africa. FAO Agricultural Development
Economics Working Paper, No. 23-05. Rome, FAO. https://doi.org/10.4060/cc4796en

Dercon, S. 2002. Income Risk, Coping Strategies, and Safety Nets. The World Bank Research
Observer, 17: 141-166. https://www.jstor.org/stable/3986329

Diao, X., Jed, S. & Takeshima, H. 2016. Agricultural mechanization and agricultural
transformation. IFPRI Discussion Paper, No. 1527. Washington, DC, International Food Policy
Research Institute (IFPRI). http://ebrary.ifpri.org/cdm/ref/collection/p15738coll2/id/130311

Diao, X., Takeshima, H. & Zhang, X. 2020. An evolving paradigm of agricultural mechanization
development: How much can Africa learn from Asia? Synopsis. Washington, DC, IFPRI.
https://doi.org/10.2499/9780896293823

Duflo, E. 2006. Poor but Rational? In: Understanding Poverty. New York, USA, Oxford
Academic. https://doi.org/10.1093/0195305191.003.0024

Elahi, E., Weijun, C., Zhang, H. & Nazeer, M. 2019. Agricultural intensification and damages
to human health in relation to agrochemicals: Application of artificial intelligence. Land Use
Policy, 83: 461-474. https://doi.org/10.1016/j.landusepol.2019.02.023

Ellis, F. 1993. Peasant Economics: Farm Households in Agrarian Development. Cambridge,
UK, Cambridge University Press. https://research-portal.uea.ac.uk/en/publications/peasant-
economics-farm-households-and-agrarian-development

Ellis, F. 2000. Rural livelihoods and diversity in developing countries. Oxford, UK, Oxford
University Press. https://global.oup.com/academic/product/rural-livelihoods-and-diversity-in-
developing-countries-97801982969667?cc=bb&lang=en&#

Erumban, A.A. & De Vries, G.J. 2024. Structural change and poverty reduction in developing
economies. World Development, 181: 106674. https://doi.org/10.1016/j.worlddev.2024.106674

41


https://doi.org/10.1016/j.worlddev.2009.01.003
https://www.springer.com/series/7140
https://doi.org/10.1111/j.1574-0862.2010.00485.x
https://doi.org/10.4060/cc4796en
https://research-portal.uea.ac.uk/en/publications/peasant-economics-farm-households-and-agrarian-development
https://research-portal.uea.ac.uk/en/publications/peasant-economics-farm-households-and-agrarian-development
https://global.oup.com/academic/product/rural-livelihoods-and-diversity-in-developing-countries-9780198296966?cc=bb&lang=en&
https://global.oup.com/academic/product/rural-livelihoods-and-diversity-in-developing-countries-9780198296966?cc=bb&lang=en&

Eswaran, M. & Kotwal, A. 1986. Access to Capital and Agrarian Production Organisation. The
Economic Journal, 96(382): 482. https://doi.org/10.2307/2233128

Fabregas, R., Kremer, M. & Schilbach, F. 2019. Realizing the potential of digital development:
The case of agricultural advice. Science, 366(6471). https://doi.org/10.1126/science.aay3038

FAO (Food and Agriculture Organization of the United Nations). 2017. The State of Food
and Agriculture 2017. Leveraging food systems for inclusive rural transformation. Rome.
https://openknowledge.fao.org/handle/20.500.14283/i7658en

FAO. 2022a. The State of Food and Agriculture 2022. Leveraging automation in agriculture for
transforming agrifood systems. Rome. https://doi.org/10.4060/cb9479en

FAO. 2022b. Livestock sector report — A review of the livestock sector in Malawi in 2021.
Lilongwe. https://doi.org/10.4060/cc1073en

FAO. 2023a. Rural Livelihoods Information System (RuLIS). [Accessed on 1 September 2024].
https://www.fao.org/in-action/rural-livelihoods-dataset-rulis/en/. Licence: CC-BY-4.0.

FAO. 2023b. The status of women in agrifood systems — Overview. Rome.
https://doi.org/10.4060/cc5060en

Finger, R. 2023. Digital innovations for sustainable and resilient agricultural systems. European
Review of Agricultural Economics, 50(4): 1277-1309. https://doi.org/10.1093/erae/jbad021

Fuglie, K.O. 2008. Is a slowdown in agricultural productivity growth contributing to the rise in
commodity prices? Agricultural Economics, 39(s1): 431-441. https://doi.org/10.1111/j.1574-
0862.2008.00349.x

Garbero, A., Marion, P. & Brailovskaya, V. 2018. The Impact of the Adoption of CGIAR’s
Improved Varieties on Poverty and Welfare Outcomes: A Systematic Review. IFAD Research
Series, No0.33. Rome, International Fund for Agricultural Development (IFAD).
https://ssrn.com/abstract=3315425

Gerten, D., Heck, V., Jagermeyr, J., Bodirsky, B.L., Fetzer, I., Jalava, M., Kummu, M. et al.
2020. Feeding ten billion people is possible within four terrestrial planetary boundaries. Nature
Sustainability, 3(3): 200—208. https://doi.org/10.1038/s41893-019-0465-1

Giller, K.E., Delaune, T., Silva, J.V., van Wijk, M., Hammond, J., Descheemaeker, K., van
de Ven, G. et al. 2021. Small farms and development in sub-Saharan Africa: Farming for food,
for income or for lack of better options? Food Security, 13(6): 1431-1454.
https://doi.org/10.1007/s12571-021-01209-0

Hazell, P.B.R. 2009. The Asian Green Revolution. IFPRI Discussion Paper, No. 00911.
Washington, DC, IFPRI. http://www.ifpri.org/publication/asian-green-revolution

Hemming, D.J., Chirwa, E.W., Dorward, A., Ruffhead, H.J., Hill, R., Osborn, J., Langer, L.
et al. 2018. Agricultural input subsidies for improving productivity, farm income, consumer
welfare and wider growth in low- and lower-middle-income countries: a systematic review.
Campbell Systematic Reviews, 14(1): 1-153. https://doi.org/10.4073/csr.2018.4

Huang, Q., Dawe, D., Rozelle, S., Huang, J. & Wang, J. 2005. Irrigation, poverty and inequality
in rural China*. The Australian Journal of Agricultural and Resource Economics, 49(2): 159—
175. https://doi.org/10.1111/j.1467-8489.2005.00281.x

42


https://openknowledge.fao.org/handle/20.500.14283/i7658en
https://doi.org/10.4060/cb9479en
https://doi.org/10.4060/cc1073en
https://doi.org/10.4060/cc5060en

Hussain, I. & Hanjra, M.A. 2004. Irrigation and poverty alleviation: review of the empirical
evidence. Irrigation and Drainage, 53(1): 1-15. https://doi.org/10.1002/ird.114

IFAD (International Fund for Agricultural). 2016. Rural development report 2016: Fostering
inclusive rural transformation. Report. Rome.
https://www.ifad.org/documents/38714170/40724622/Rural+development+report+2016.pdf/34
7402dd-a37f-41b7-9990-aa745dc113b9?7t=1632401149187

Johnson, N.L., Kovarik, C., Meinzen-Dick, R., Njuki, J. & Quisumbing, A. 2016. Gender,
Assets, and Agricultural Development: Lessons from Eight Projects. World Development, 83:
295-311. https://doi.org/10.1016/j.worlddev.2016.01.009

Kakinuma, K., Tamura, K., Takikawa, H., Fujioka, Y., Kezuka, K. & Nakamura, H. 2024.
Economic inequality expanded after an extreme climate event: a long-term analysis of herders’
household data in Mongolia. Sustainability Science, 19(1): 275-283.
https://doi.org/10.1007/s11625-023-01429-7

Kirui, O. 2019. The agricultural mechanization in Africa: Microlevel analysis of state drivers and
effects. ZEF-Discussion Papers on Development Policy, No. 272. Bonn, Germany, University
of Bonn. https:// papers.ssrn.com/sol3/papers.cfm?abstract_id=3368103

Kosec, K., Hidrobo, M., Gartauka, H., Van Campenhout, B. & Carrillo, L. 2023. Making
Complementary Agricultural Resources, Technologies and Services More Gender Responsive.
CGIAR GENDER Impact Platform Working Paper #010. CGIAR GENDER Impact Platform.
Nairobi, Kenya.

Larson, D.F., Muraoka, R. & Otsuka, K. 2020. Rural Development Strategies and Africa’s
Small Farms. In: S. Gomez Y Paloma, L. Riesgo & K. Louhichi, eds. The Role of Smallholder
Farms in Food and Nutrition Security. pp. 45-77. Cham, Springer International Publishing.
https://doi.org/10.1007/978-3-030-42148-9_4

Lipton, M. 2009. Land Reform in Developing Countries: Property Rights and Property Wrongs
Front Cover Michael Lipton. London, Routledge. https://doi.org/10.4324/9780203876251

Michael, A., Tashikalma, A.K. & Maurice, D.C. 2018. Agricultural Inputs Subsidy in Nigeria:
an Overview of the Growth Enhancement Support Scheme (GESS). Acta Universitatis
Agriculturae et Silviculturae Mendelianae Brunensis, 66(3): 781-7809.
https://doi.org/10.11118/actaun201866030781

Minot, N. & Benson, T. 2009. Fertilizers subsidies in Africa - Are vouchers the answer? |IFPRI
Issue Brief No. 60. Washington, DC, IFPRI.

Mondejar, M.E., Avtar, R., Diaz, H.L.B., Dubey, R.K., Esteban, J., Gomez-Morales, A.,
Hallam, B. et al. 2021. Digitalization to achieve sustainable development goals: Steps towards
a Smart Green Planet. Science of The Total Environment, 794: 148539.
https://doi.org/10.1016/j.scitotenv.2021.148539

Morris, M., Kelly, V.A., Kopicki, R.J. & Byerlee, D. 2007. Fertilizers use in african agriculture.
Lessons learned and goos practice guidelines. Washington, DC, The World Bank.
https://openknowledge.worldbank.org/server/api/core/bitstreams/10e97b48-514d-561a-842e-
93c1ea348e02/content

43


https://doi.org/10.4324/9780203876251

Nakasone, E., Torero, M. & Minten, B. 2014. The power of information: The ICT revolution in
agricultural development. Annual Review of Resource Economics, 6(1): 533-550.
https://doi.org/10.1146/annurev-resource-100913-012714

Nakawuka, P., Langan, S., Schmitter, P. & Barron, J. 2018. A review of trends, constraints
and opportunities of smallholder irrigation in East Africa. Global Food Security, 17: 196-212.
https://doi.org/10.1016/j.9fs.2017.10.003

Oerke, E.C. & Dehne, H.W. 2004. Safeguarding production - Losses in major crops and the
role of crop protection. Crop Protection, 23(4): 275-285.
https://doi.org/10.1016/j.cropro.2003.10.001

Pauw, K. 2022. A review of Ghana'’s planting for food and jobs program: implementation,
impacts, benefits, and costs. Food Security, 14(5): 1321-1335. https://doi.org/10.1007/s12571-
022-01287-8

Peter Timmer, C. 1988. Chapter 8 The agricultural transformation. In: H. Chenery & T.N.
Srinivasan, eds. Handbook of Development Economics. Amsterdam, Kingdom of the
Netherlands, Elsevier. https://doi.org/10.1016/S1573-4471(88)01011-3

Pica-Ciamarra, U. & Tasciotti, L. 2018. Livestock and Livelihoods in Urban Niger. Journal of
Global South Studies, 35(1): 104—129. https://doi.org/10.1353/gss.2018.0006

Pingali, P. 2023. Are the Lessons from the Green Revolution Relevant for Agricultural Growth
and Food Security in the Twenty-First Century? In: J.P. Estudillo, Y. Kijima & T. Sonobe, eds.
Agricultural Development in Asia and Africa. pp. 21-32. Emerging-Economy State and
International Policy Studies. Singapore, Springer Nature Singapore.
https://doi.org/10.1007/978-981-19-5542-6_2

Pingali, P.L. 2012. Green Revolution: Impacts, limits, and the path ahead. Proceedings of the
National Academy of Sciences, 109(31): 12302-12308.
https://doi.org/10.1073/pnas.0912953109

Priiss-Ustiin, A., Wolf, J., Corvalan, C., Bos, R. & Neira, M. 2016. Preventing Disease
through Healthy Environments: A Global Assessment of the Burden of Disease from
Environmental Risks. Meeting report. Geneva, Switzerland, World Health Organization.
https://www.who.int/publications/i/item/9789241565196.

Reardon, T. & Timmer, C.P. 2012. The Economics of the Food System Revolution. Annual
Review of Resource Economics, 4(1): 225-264.
https://doi.org/10.1146/annurev.resource.050708.144147

Reardon, T. & Timmer, C.P. 2014. Five inter-linked transformations in the Asian agrifood
economy: Food security implications. Global Food Security, 3(2): 108-117.
https://doi.org/10.1016/j.9fs.2014.02.001

Savath, V., Fletschner, D., Peterman, A. & Santos, F. 2014. Land, Assets, and Livelihoods
Gendered Analysis of Evidence from Odisha State in India. IFPRI Discussion Paper, No. 01323.
Washington, DC, IFPRI.
https://ssrn.com/abstract=2405717 or http://dx.doi.org/10.2139/ssrn.2405717

Sheahan, M. & Barrett, C.B. 2017. Ten striking facts about agricultural input use in Sub-
Saharan Africa. Food Policy, 67: 12-25. https://doi.org/10.1016/j.foodpol.2016.09.010

44


https://en.wikipedia.org/wiki/Amsterdam
https://doi.org/10.1146/annurev.resource.050708.144147
https://doi.org/10.1016/j.gfs.2014.02.001
https://dx.doi.org/10.2139/ssrn.2405717

Singh, ., Squire, L. & Strauss, J. 1986. A Survey of Agricultural Household Models: Recent
Findings and Policy Implications. The World Bank Economic Review, 1(1): 149-179.
https://doi.org/10.1093/wber/1.1.149

Snapp, S., Jayne, T.S., Mhango, W. & Ricker-Gilbert, J. 2014. Maize Yield Response to
Nitrogen in Malawi’s Smallholder Production Systems. IFPRI Working Paper. Lilongwe, Malawi,
IFPRI. https://cgspace.cgiar.org/server/api/core/bitstreams/d32adc22-19f0-4e3a-92ca-
61calafc67a8/content

Svendsen, M., Ewing, M. & Msangi, S. 2009. Measuring Irrigation Performance in Africa. IFPRI
Discussion Paper, No. 00894. Washington, DC, IFPRI

Tariq, M.l.,, Afzal, S., Hussain, I. & Sultana, N. 2007. Pesticides exposure in Pakistan: A
review. Environment International, 33(8): 1107-1122.
https://doi.org/10.1016/j.envint.2007.07.012

Tomich, T.P., Kilby, P. & Johnston, B.F. 1995. Transforming Agrarian Economies:
Opportunities Seized, Opportunities Missed. New York, USA, Cornell University Press.
https://doi.org/10.7591/9781501717499

Tomich, T.P., Kilby, P. & Johnston, B.F. 2018. Transforming Agrarian Economies
Opportunities Seized, Opportunities Missed. New York, USA, Cornell University Press.

Ullah, K. & Chishti, M.Z. 2023. Spatial distribution of poverty in Pakistan: an asset-based
approach. Future Business Journal, 9(1): 2. https://doi.org/10.1186/s43093-022-00162-4

UNEP (United Nations Environment Programme). 2022. Synthesis Report on the
Environmental and Health Impacts of Pesticides and Fertilizers and Ways to Minimize Them.
Geneva, Switzerland.
https://wedocs.unep.org/xmlui/bitstream/handle/20.500.11822/38409/pesticides.pdf

Winters, P., Davis, B., Carletto, G., Covarrubias, K., Quiiones, E.J., Zezza, A., Azzarri, C.
& Stamoulis, K. 2009. Assets, Activities and Rural Income Generation: Evidence from a
Multicountry Analysis. World Development, 37(9): 1435-1452.
https://doi.org/10.1016/j.worlddev.2009.01.010

World Bank. 2024a. Databank: World Development Indicators. [Accessed on 1 March 2024].
https://databank.worldbank.org/source/world-development-indicators. Licence: CC-BY-4.0.

World Bank. 2024b. DataBank: Metadata Glossary. [Accessed on 1 March 2024]
https://databank.worldbank.org/metadataglossary/world-development-
indicators/series/NV.AGR.EMPL.KD. Licence: CC-BY-4.0.

World Bank. 2024c. Data: Official exchange rate (LCU per US$, period average). [Accessed
on 1 March 2024].
https://data.worldbank.org/indicator/PA.NUS.FCRF?name_desc=false&year=1965?. Licence:
CC-BY-4.0.

Zezza, A., Winters, P., Davis, B., Carletto, G., Covarrubias, K., Tasciotti, L. & Quiones, E.
2011. Rural household access to assets and markets: A cross-country comparison. European
Journal of Development Research, 23(4): 569-597. https://doi.org/10.1057/ejdr.2011.15

45


https://databank.worldbank.org/metadataglossary/world-development-indicators/series/NV.AGR.EMPL.KD
https://databank.worldbank.org/metadataglossary/world-development-indicators/series/NV.AGR.EMPL.KD
https://databank.worldbank.org/metadataglossary/world-development-indicators/series/NV.AGR.EMPL.KD
https://data.worldbank.org/indicator/PA.NUS.FCRF?name_desc=false&year=1965

Annexes

Annex 1: Additional tables

Table A1. Variables definition

Variable

Agricultural
household

Farming household

Definition
Household that has income from crop, livestock and agricultural wage
activities

Household that has income from crop and livestock activities (excluding
those who have only livestock)

Asset/input variables
Fertilizers use

Agrochemicals use

Mechanized
equipment ownership

Water control

Improved seeds used

Dummy variable indicating whether or not the household used any
inorganic fertilizer for crop production (1=yes, 0=otherwise).

Dummy variable indicating whether or not the household uses pesticides,
herbicides and other plant chemicals for crop production (1=yes,
O=otherwise).

Dummy variable indicating whether or not the household owned a
mechanized equipment for farming activities (i.e. tractors, tractor ploughs,
ridgers, cultivators, generators, motorized pumps, grain mills, etc.). (1=yes,
O=otherwise).

Dummy variable indicating whether or not the household uses any
irrigation on their cultivated land. Irrigation refers to purposely providing
land with water, other than rain (i.e. divert stream, bucket, hand pump,
treadle pump and motor pump etc.), for improving crop production. (1=yes,
O=otherwise).

Dummy variable indicating whether or not the household uses used any
improved seed variety for crop production (1=Yes, 0=Otherwise).

Farming operations
Farm area

Land owned

Farm area owned or cultivated by the household. Farmland includes
agricultural land, forest land, and land not elsewhere classified (in Ha).

Area of land owned by the household, in hectares, as constructed in
RuLIS. The definition refers to whether the household acquired the land
through purchase, inheritance or gift, or if they have the right to sell the
land (survey specific). It does not involve ownership of formal legal
documentation. Survey-specific definitions are as follows:

e Burkina Faso: includes land that was purchased, regardless of
formal title status.

e Cameroon: includes the land owned by the household

e Ecuador: covers all land owned, rented out, or given in usufruct
by the household.

o Ethiopia: based on how the household acquired the land,
including land granted by a local leader, inherited, or purchased.

e Georgia: includes land categorized as private property.
e Ghana: includes land owned with or without deed.

e Malawi: includes land acquired through inheritance, bride price, or
purchase.

e Mali: land ownership is recognized with or without a formal title.

e Nicaragua: covers both owned land (with or without title) and land
rented out by the household.



Variable

Definition

Livestock ownership

Tropical Livestock
Unit (TLU)

Specialization in farm
activities

o Niger: ownership is based on how the household occupies the
land and whether it is considered owned.

e Nigeria: land ownership is categorized by purchase, inheritance,
or community distribution.

e Pakistan: includes land owned, without further specification.

e Peru: ownership is determined based on the form of acquisition,
specifically whether the land is owned.

¢ Rwanda: defined by how the household obtained the land,
including purchase, inheritance, or gifting.

o Uganda: ownership is based on whether the land was purchased
or inherited.

e United Republic of Tanzania: land is classified based on how it
was acquired, including inheritance, gifting, purchase, or shared
(rented).

Dummy variable indicating whether or not the household owned any
livestock (1=yes, O=otherwise).

Total livestock number expressed in Tropical Livestock Units (TLUs). One
TLU corresponds to 250 kg live weight. Standardization of the TLUs is
obtained by multiplying the number of effective livestock units by species
and region-specific conversion factors.

Dummy variable indicating whether farm income is the main source of
income (equal or greater of 75 percent of total income) (1=yes,
O=otherwise).

Livelihoods
Off-farm income

Engagement in off-
farm activities

Consumption per
capita

Total household income derived from off-farm activities in the last 12
months, i.e. self-employment jobs and salaried jobs in sectors other than
agriculture, public and private transfers and income from financial and real
estate assets. The value is expressed in USD PPP.

Dummy variable indicating whether or not the household is engaged in off-
farm activities (1=yes, 0=otherwise).

Total household consumption expenditure divided by the household size.
This variable is directly retrieved from the survey data, and its computation
is survey-specific (in local currency units on an annual basis and USD
PPP)

Electricity

Ownership of cell
phones

Agriculture value
added per worker
classification

Dummy variable indicating whether or not the main dwelling has access to
electricity (1=yes, O=otherwise)

Dummy variable indicating whether or not there is at least one person in
the household owning a mobile phone (1=yes, 0=otherwise)

Categorical variable that groups countries based on their agricultural value
added per worker (1= AVA/PW<1 000 USD; 2= AVA/PW between 1 000-
3 000 USD; 3= AVA/PW > 3 000 USD)

Household demographic and human capital

Sex of the household
head

Dummy variable indicating whether or not the household head is a female
(1= female, 0= male).

Source: Authors’ own elaboration based on FAO. 2023. Rural Livelihoods Information System (RuLIS). [Accessed
on 27 February 2024]. https://www.fao.org/in-action/rural-livelihoods-dataset-rulis/en/. Licence: CC-BY-4.0.



Table A2. Land concentration: percentage of land owned by quintiles of landowners,
ordered from high to low average agricultural value added per worker

quantile quantile quantile quantile quantile
3.3 9.2 15.4 24.6 476
1.8 5.4 10.9 204 61.5
2.8 74 13.9 232 52.7
4.2 9.5 16.1 247 45.5
United Republi
1.8 6.2 11.9 23.1 56.9
2.0 7.5 14.1 23.9 52.5
04 13.6 19.8 15.2 51.1
1.8 6.5 13.7 25.6 52.4
3.3 13.6 15.2 26.6 413
45 12.0 14.3 215 477
4.2 9.0 212 16.1 49.5
44 1.6 7.1 22.0 64.8
7.7 7.8 17.9 222 44.3
2.2 43 11.2 18.2 64.1
0.6 5.0 6.4 20.6 67.4
3.3 9.2 15.4 24.6 476
1.8 54 10.9 204 61.5
n/a n/a n/a n/a n/a
2.0 6.2 12,5 22.9 56.5

Notes: Farming households only. n/a= not available.

Source: Authors’ own elaboration based on FAO. 2023. Rural Livelihoods Information System (RuLIS). [Accessed
on 27 February 2024]. https://www.fao.org/in-action/rural-livelihoods-dataset-rulis/en/. Licence: CC-BY-4.0.
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Table A3. Farming households’ land ownership and farm area by total household
consumption per capita, ordered from high to low agricultural value added
per worker

Land ownership Farm area
(average hectares) (average hectares)

First quantile | Fifth quantile | Firs quantile | Fifth quantile
Malawi 2020 0.1 0.1*** 0.6 0.7***

0.3 0.6*** 0.4 0.8***
3.4 2.4%* 4.7 4.9
0.7 0.8 1.2 1.1
12 12 17 17
n/a n/a n/a n/a
0.5 0.7+ 0.4 0.7+
n/a n/a n/a n/a
0.8 1,40 3.6 2.6
1.6 1.7 2.3 1.7
1.1 1.8+ 14 2.4
n/a n/a 0.9 0.9
2.8 2.3 2.7 2.7
0.9 13 0.7 344
1.8 0.9*** 2.1 1,37

Notes: Farming households only. Stars indicate statistically significant differences at the mean between the two
groups (*** p<0.01, ** p<0.05, * p<0.1). Bold figure highlights the higher significant mean. n/a= not available.

Source: Authors’ own elaboration based on FAO. 2023. Rural Livelihoods Information System (RuLIS). [Accessed
on 27 February 2024]. https://www.fao.org/in-action/rural-livelihoods-dataset-rulis/en/. Licence: CC-BY-4.0.
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Table A4. Farming households’ use of productive assets and inputs, by expenditure quintiles (first and fifth) ordered from high to low
agricultural value added per worker

54.8 75.8" 8.4 161+ 15 1.9 13.6 12.5 22.1 33.14%
26.8 38.2 16.7 33.8 0.3 2.0 7.9 1447 14.4 22.3
12,5 22,8 5.4 11.6** 1.2 6.4 15 7.7 23 6.0
4.7 9.9%+ 9.2 214 9.3 21.7% 15 2.4 21.1 23.8
8.9 26.7 10.3 25.2 15.7 23.4" 1.4 4.1 37.0 57.9
48.6 62.0°** 23.9 32.9% 0.9 2.1 5.3 9.9* 32.4 32.4
485 39.6™* 56.4 4317 0.9 4.8 n/a n/a 31.2 27.2
n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a
n/a n/a 8.9 15.8*** 4.2 9.5+ n/a n/a n/a n/a
40.4 50.0*** 28.9 43.4+ 50.6 46.6" n/a n/a 17.1 16.4
2.8 17.4 0.3 4.3 0.0 0.3 46 133 na na
n/a nla 93.9 95.1 nla na 80.5 48.7** na na
n/a n/a n/a n/a 1.7 6.1*** n/a n/a n/a n/a
34.7 24.2% 57.5 54.3 26.7 25.9 0.5 0.7 na na
n/a n/a 38.4 57.7** n/a n/a n/a n/a n/a n/a
55.2 7.9 48.9 56.0** 413 54,17 n/a n/a n/a na
37.2 33.1% 42.2 39.6 41.1 39.1 n/a n/a na na
n/a n/a 5.7 20.4* 7.6 3.8 n/a n/a na na
50.6 31.4 53.4 417+ 28.1 15,5+ 4.0 1.6* 6.7 15.8+

Notes: Farming households only. Stars indicate statistically significant differences at the mean between the two groups (*** p<0.01, ** p<0.05, * p<0.1). Bold figures highlight the
higher significant mean. n/a = not available.

Source: Authors’ own elaboration based on FAO. 2023. Rural Livelihoods Information System (RuLIS). [Accessed on 27 February 2024]. https://www.fao.org/in-action/rural-
livelihoods-dataset-rulis/en/. Licence: CC-BY-4.0.
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Table A5. Farming households’ use of productive assets and inputs, by specialization in crop income ordered from high to low
agricultural value added per worker

Agrochemicals Mechanized equipment Water control Improved seeds

Country . on- s Non- . Non- . Non- . Non-
Specialized Specialized Specialized Specialized Specialized
5 4

Malawi 2020 78.4 65.6** 224 12.3** 9. 4 25.7 12.3*** 26.1 26.9

335 36.0* 33.1 28.4% 06 0.9 15.1 12,3+ 18.4 19.4
19.8 21.0 6.3 9.0 35 47 3.0 33 1.0 3.6
47 7.2* 12.0 14.8 10.6 14.6* 1.7 1.4 17.1 23.7%
12.6 17.7* 17.6 16.4 18.1 20.0 33 2.9 396 47.4%
68.0 56.8% 36.4 30.1%* 1.2 1.4 9.3 7.6 4138 33.3%
43.0 49.7+ 45.6 52.9%* 2.7 29 n/a n/a 26.0 30.9+**
47.4 432 31.9 32.1 30.4 32.1 11.9 10.3 307 316
n/a n/a 10.9 14.4* 6.4 7.1 n/a n/a n/a n/a
48.5 42,55 353 357 53.7 44,6 n/a n/a 20.3 16.5%**
75 13,5 1.7 3.5 0.2 0.3 6.0 11.6"* n/a n/a
n/a n/a 98.3 93.4+ n/a n/a 89.7 60.7* n/a n/a
n/a n/a n/a n/a 6.6 3.4 n/a n/a n/a n/a
30.3 19.1%% 63.7 46.7 30.1 18.2 07 06 n/a n/a
n/a n/a 47.9 48.1 n/a n/a n/a n/a n/a n/a
83.0 69.9% 65.2 50.0%** 44.8 46.4 n/a n/a n/a n/a
47.2 35.6* 55.0 42.2% 38.0 39.0 n/a n/a n/a n/a
n/a n/a 51.7 11.0%** 8.4 8.7 n/a n/a n/a n/a
437 42.1 56.3 42.0% 28.0 19.0%* 35 3.2 10.5 14.5*

Notes: Farming households only. Stars indicate statistically significant differences at the mean between the two groups (*** p<0.01, ** p<0.05, * p<0.1). Bold figures highlight the
higher mean. n/a = not available.

Source: Authors’ own elaboration based on FAO. 2023. Rural Livelihoods Information System (RuLIS). [Accessed on 27 February 2024]. https://www.fao.org/in-action/rural-
livelihoods-dataset-rulis/en/. Licence: CC-BY-4.0.
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Table A6. Farming households’ land ownership and farm area by sex of the household head, ordered from high to low agricultural

value added per worker
(average hectares) (average hectares)

(01114113 Male head Female head Male head Female head

Malawi 2020 0.1 0.1*** 0.7 0.5%**
Rwanda 2014 0.5 0.4*** 0.6 0.5***
Niger 2014 34 1.5%** 5.2 3.3"**
Uganda 2014 0.8 0.6*** 1.2 1***
United Republic of Tanzania 2015 14 1> 1.9 1.2%%*
Ethiopia 2019 1 0.6*** 1.3 0.7***
Cameroon 2014 1.9 0.9*** 21 (O
Mali 2017 6.7 3.2%** 7 3.3%**
Georgia 2016 0.6 0.5*** 0.7 0.5***
Burkina Faso 2014 29 1.2%%* 3.8 1.8***
Sierra Leone 2018 n/a n/a n/a n/a
Pakistan 2014 1 0.4*** 3.4 0.9***
Nicaragua 2014 3.1 0.9*** 3.6 (i
Ghana 2017 1.4 0.7*** 2.2 1.7
Peru 2019 14 0.8.%** 1.8 1.1%*
Guatemala 2014 n/a n/a 1 0.6***
Ecuador 2014 2.8 2.4%* 29 2.7*
Mongolia 2018 1.2 0.9 2.7 1.2
Nigeria 2019 1.3 0.5*** 1.7 0.8***

Notes: Farming households only. Stars indicate statistically significant differences at the mean between the two groups (*** p<0.01, ** p<0.05, * p<0.1). Bold figure highlights the
higher significant mean. n/a= not available.

Source: Authors’ own elaboration.
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Table A7. Farming households’ use of productive inputs, by sex of the household head, ordered from high to low agricultural value
per worker

S N o W W £ = s e el W e N W e e N
L B B T e B N T TR T
69.3 61.6% 15.9 7.8% 6.7 1.1%% 15.2 10.0%** 30.2 20,1+
39.4 25.4%+ 31.7 20.4% 1.1 0.5%* 13.7 9.3% 21.0 14.2%%
20.9 19.5 8.3 9.8 5.0 0.5% 3.4 2% 2.9 44
7.8 447 15.8 11.0%** 15.8 9.8+ 16 1.2 23.7 19.8*
17.7 15.3 17.8 12.9%** 23.4 9.6% 2.9 3.0 493 38.2%*
63.7 51,35+ 34.8 23.5% 15 06 8.5 76 38.7 28.0%*
49.1 38.4%+ 55.1 33.5% 2.9 1.5+ n/a n/a 31.9 19.1%%
46.2 28.4* 32.2 235 315 14.6% 11.4 7.4 31.0 33.8
n/a n/a 16.1 10.7%** 10.0 3.4 n/a n/a n/a n/a
471 35,55+ 36.2 30.6% 53.9 16.2+* n/a n/a 19.8 9.3+
9.8 13.0* 26 26 0.3 0.2 8.2 10.9 n/a n/a
n/a n/a 95.3 87.9% n/a n/a 71.4 29.4%+ n/a n/a
n/a n/a n/a n/a 4.8 1.4%** n/a n/a n/a n/a
31.3 15.5%+ 64.8 42,55 33.2 9.7+ 0.9 0.2% n/a n/a
50.7 37.4%** n/a n/a n/a n/a
70.7 69.6 52.4 3654 483 26,6 n/a n/a n/a n/a
36.0 35.1 42.2 42.6 39.2 385 n/a n/a n/a n/a
n/a n/a 12.9 8.6 9.1 59 n/a n/a n/a n/a
45.8 24.2%+ 51.3 317 25.1 11.0%* 3.6 1.6* 12.3 14.4

Notes: Farming households only. Stars indicate statistically significant differences at the mean between the two groups (*** p<0.01, ** p<0.05, * p<0.1). Bold figure highlights the
higher significant mean. n/a= not available.

Source: Authors’ own elaboration.
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Table A8. Summary statistics of the variables used

a) Summary statistics of the variables used

. . Tropical
Land owned Farm area Inm_'ganlc Agrochemicals Water Improved Mect]anlzed Livestock
(hectares) (hectares) fertilizers control Seeds equipment Units

sl iz 0.10 0.67 66.77 13.24 13.50 26.87 4.83 0.55
Mean

Standard error 0.29 0.58 47 11 33.90 34.17 4433 21.44 1.49
Rwanda 2014 0.46 0.59 35.79 28.82 12.59 19.27 0.91 0.66
Mean

Standard error 0.96 1.04 47.94 45.29 33.18 39.44 9.48 0.58
Niger 2014 3.23 5.03 20.75 8.45 3.24 3.03 4.46 .68
Mean

Standard error 4.42 5.46 40.56 27.83 17.70 17.16 20.66 13.64
EELCCIEUE 0.73 1.13 6.72 14.24 1.47 22.45 13.88 1.14
Mean

Standard error 0.70 0.97 25.04 34.95 12.04 4174 34.58 1.76
United Republic

of Tanzania 2015 1.26 1.71 17.06 16.55 2.92 46.40 19.79 2.95
Mean

Standard error 173 1.84 37.62 37.17 16.84 49.88 39.85 4.54
SUILTL I 0.93 1.15 61.25 32.57 8.28 36.62 1.34 2.46
Mean

Standard error 0.97 1.09 48.73 46.88 27.56 48.19 11.52 2.25
S aeiceoi2Hls 1.65 1.86 46.12 49.02 28.28 2.47 1.38
Mean

Standard error 2.32 2.33 49.85 50.00 45.04 15.51 2.96
Mali 2017 6.64 6.90 4573 31.98 11.26 31.05 31.06 4.96
Mean

Standard error 6.97 6.91 49.83 46.65 31.62 46.28 46.29 7.88
Georgia 2016 0.59 0.59 13.78 6.97 1.87
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Mean

Standard error

Burkina Faso
2014

Mean
Standard error

Sierraleone 2018
Mean

Standard error

Pakistan 2014
Mean

Standard error
Nicaragua 2014
Mean

Standard error

Ghana 2017
Mean

Standard error
Peru 2019
Mean
Standard error

Guatemala 2014
Mean

Standard error

Ecuador 2014
Mean

Standard error

Nigeria 2019
Mean

Land owned
(hectares)

0.48

2.67

3.03

0.98
1.43
2.42
7.14
1.22
1.90
1.29

2.34

2.70
4.48

1.20

Farm area
(hectares)

0.97

3.57

3.26

3.19
3.38
2.80
7.11
1.90
2.09
1.65
2.50

0.93

2.83
4.46

1.58

Inorganic
fertilizers

45.72

49.82
10.53

30.69

26.66

44.22

70.64
45.55
35.79
47.94

42.87

Agrochemicals

55

34.47

35.49

47.85

2.63

15.99

94.91

21.97

58.19

49.33

48.09

49.97

50.91

50.00

42.33

49.41

48.65

Water
control

8.83

28.38

68.26

46.55

0.66

8.09

47.69

49.95

3.32

Improved

Seeds

18.53

38.86

12.62

Mechanized
equipment

2547

49.40

50.00
0.25

4.99

3.71
18.89
26.24

44.00

46.26
49.87
38.98
48.77

23.18

Tropical
Livestock
Units

3.51

0.55

1.57

1.13

0.96

1.07

1.72

6.34

10.93

0.60

1.00

4.59

5.72

1.70



Tropical
Livestock
Units

1.91 49.50 49.99 17.92 33.21 42.20 3.91

Land owned Farm area Inorganic
(hectares) (hectares) fertilizers

Water Improved Mechanized

Agrochemicals control Seeds equipment

Standard error 1.75

b) Summary statistics of the variables used (continued with different variables)

. . . Household
Farm income is main . . . Female head of
Cell phone Electricity expenditure per
source . household
capita

pekiggt 65.22 45.60 5.86 6.89 310.66 32.78
Mean
Standard error 47.63 49.81 23.48 25.32 299.81 46.94
ALELCEICUE 46.07 60.78 12.93 9.62 391.64 25.85
Mean

49.85 48.83 33.55 29.48 487.11 4378
Niger 2014 41.58 66.81 5.95 5.19 408.93 1112
Mean

49.30 4710 23.66 2218 236.85 31.45
WELCCIUE 51.93 67.42 12.03 15.02 281.11 31.72
Mean

49.97 46.88 32.53 35.73 664.97 46.55
United Republic of
Tanzania 2015 61.94 71.36 8.31 13.44 396.09 26.07
Mean

48.57 45.22 27.61 34.12 330.69 43.91
Ethiopia 2019 81.99 39.65 40.65 0.00 363.01 19.68
Mean

38.44 48.93 49.13 0.00 330.40 39.77
Cameroon 2014

85.26 65.89 39.18 16.31 1083.17 28.01

35.45 47.41 48.82 36.95 1135.17 44.91
Mali 2017 80.58 80.00 10.32 256 273
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. ) . Household
Farm income is main .. . Female head of
Cell phone Electricity expenditure per
source . household
capita

Standard error 39.57 40.01 30.43 15.78 16.30
Georgia 2016 71.16 85.01 100.00 14.84 1446 57 43.67
Mean

Standard error 45.30 35.70 0.00 35.55 1471.54 49.60
Burkina Faso 2014 86.01 78.36 9.06 7.26 42232 11.90
Mean

Standard error 34.69 41.18 28.71 25.96 255.68 32.38
Sierraleone 2018 47.84 55.50 10.70 14.43 360.09 22.93
Mean

Standard error 49.96 49.70 30.92 35.14 256.13 42.04
Pakistan 2014 72.62 88.11 8.06 388.81 7.56
Mean

Standard error 44.59 32.37 27.23 371.43 26.43
Nicaragua 2014 41.65 87.80 73.09 45.38 1238.67 29.87
Mean

Standard error 49.30 32.74 44 .35 49.79 1174.16 45.77
Ghana 2017 83.83 88.06 71.42 28.58 671.67 29.56
Mean

Standard error 36.82 32.42 45.18 45.18 1006.30 45.63
AICIZUE 71.00 85.11 87.02 34.42 1497 .54 19.72
Mean

Standard error 45.38 35.60 33.61 47.51 1054.99 39.79
Guatemala 2014 56.36 75.01 70.23 21.96 1129.75 9.21
Mean

Standard error 49.60 43.30 45.73 41.40 720.64 28.92
Ecuador2014 14.37 85.83 98.63 48.98 2132.26 27.63
Mean

Standard error 35.08 34.88 11.64 49.99 1919.19 44.72
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Household
Cell phone Electricity expenditure per
capita

Nigeria 2019 93.70 44.59 14.61 586.51 13.47
Mean
24.29 49.72 35.33 421.91 34.14

Source: Authors’ own elaboration.

Farm income is main Female head of

source

household
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