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Abstract

The government of Rwanda is promoting agricultural intensification focused on the production of a small number of targeted
commodities as a central strategy to pursue the joint policy goals of economic growth, food security and livelihood develop-
ment. The dominant approach to increase the productive capacity of the land, crops and animal resources has been through
large-scale land consolidation, soil fertility management, and the intensive use of biotechnology and external inputs. However,
evidence has shown that many Rwandan farmers, who employ various strategies and mixed farming practices based on their
specific economic, social, and environmental circumstances, face difficulties adopting the singular prescribed approach to
become more productive, modern commodity producers. To empirically explore diversity in smallholders’ strategies and
their contributions to livelihoods and compatibility with the recent intensification policies, we conducted household surveys
and in-depth qualitative interviews in rural and peri-urban zones in Rwamagana district in Eastern Rwanda. Our analysis
demonstrates how the dominant approach to intensification and specialisation overlooks the heterogeneity and dynamic nature
of smallholder strategies. Moreover, our findings illustrate that a comprehensive understanding of farmer heterogeneity is
necessary to explain the critical disjuncture between the government’s vision of modern agriculture and the ability of many
smallholders to engage with this agenda and may inform opportunities to adapt policies to better align productivity goals and
livelihoods. In doing so, we contribute to debates about the current framing of intensification policy that promotes Green
Revolution technologies and emphasise alternative pathways for more inclusive and resilient agricultural development in
sub-Saharan Africa.
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There is a renewed call for agricultural investment and
production intensification worldwide, especially in sub-
Saharan Africa, where the agriculture sector is a significant
contributor to the national economy and provides work and
food for most people living in poverty. Proponents of the
Green Revolution (GR) promote increasing growth in food
productivity through genetic improvements of crops and
livestock, greater public investments in agriculture, closer
integration of market value-chains and international trade
(Conway, 1998; World Bank, 2008). Rapid intensifica-
tion and commodification processes in parts of Asia and
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Latin America have indeed generated remarkable produc-
tion increases in the major staple crops such as wheat and
rice which were associated with strong national economic
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growth and increases in average incomes and living stand-
ards which contributed to the number of people living in
extreme poverty fall progressively in the last sixty years
(Pingali, 2012). In sub-Saharan Africa, this form of inten-
sification is also widely rationalised as an essential strat-
egy to support economic development and poverty reduc-
tion and to meet national demands for food in the face of
rapid population increase (The Abuja Summit, 2006; The
Malabo Summit, 2014). Governments, international agen-
cies, multinational agri-food corporations and philanthropic
donors have designed and implemented policies in pursuit
of a new Green Revolution through programmes such as the
Alliance for a Green Revolution in Africa (AGRA) and the
East Africa Dairy Development (EADD) (Ariga et al., 2019;
Otsuka & Muraoka, 2017). A further key aim of intensifica-
tion policies is to benefit the millions of smallholder families
whose livelihoods rely to a significant degree on farming
(Vanlauwe et al., 2014).

However, some scholars have argued and cautioned
against replicating a GR strategy without recognising
and correcting the limitations and unintended conse-
quences, particularly for smallholders focused on subsist-
ence or mixed farming geared towards local economies
(McMichael, 2009; Moorsom et al., 2020). Agricultural
intensification can take many forms (Pretty et al., 2018),
and a focus on a single blueprint GR strategy for intensi-
fication can limit attention to the inevitable social, eco-
nomic and environmental trade-offs (Struik et al., 2014).
This has been an important area of study for scholars of
agrarian change who have followed colonial and postco-
lonial agricultural policies in sub-Saharan Africa over
many years (Bates, 1987; Mkandawire, 2014; Patel, 2013),
cautioning against imposed efforts to bring about rapid
commercialisation because rural livelihoods are diverse
and driven by values and aims beyond short-term income
maximisation (Ellis, 1993; Scoones, 2009). Evidence from
the implementation of Green Revolution policies globally
has revealed that many initiatives have not been inclusive
or widely taken up by smallholders and have resulted in
increasing inequality and negative environmental impacts
(Bernstein, 1990; Evenson & Gollin, 2003; Griffin, 1979;
Wanmali & Bayliss-Smith, 1984). A key reason for GR
policies having been less successful in generating inclusive
development and livelihood support has been identified as
an over emphasis on a singular model of ‘technologically-
driven’ intensification against other forms of innovation
that may build on farmers’ varying strategies and capacities
(Altieri & Toledo, 2011; Brookfield, 1984, 2001). Examples
of negative impacts incurred by smallholders as a result
of GR policies include: loss of traditional practices and
agricultural deskilling (Stone et al., 2007); restrictions on
choices for farmers’ experimentation and innovation (Parrott
& Marsden, 2002); inflexibility of high-yielding varieties’
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and associated agricultural input packages (Pearse, 1980);
food insecurity and loss of resilience against shocks caused
by markets and severe weather due to over-reliance on
export crops (Pinstrup-Andersen and Hazell, 1985); land
tenure insecurity caused by new property rights regimes and
land consolidation to accommodate intensive production
(Huggins, 2009); lack of provision and counter-measures
to gender-biased intensification technologies and uneven
access to conventional extension services for women farm-
ers (Djurfeldt et al., 2019); and a loss of control due to the
top-down governance through which many policies have
been implemented (Ansoms et al., 2018).

Despite these caveats, the agricultural intensification
programme is and will continue to be a central policy tool
for national economic development and poverty reduc-
tion for many countries in Africa. The case of agricul-
tural development in Rwanda represents an example of
this policy approach that has been implemented over more
than a decade, countrywide and quite intensively with
donor support (GoR, 2017a, 2018e). Moreover, Rwan-
da’s agricultural programmes are similar though perhaps
more extreme relative to other countries in sub-Saharan
Africa as they have the second-highest population density
(525 people per square kilometre) and are subject to acute
arable land constraints (World Bank Data, 2020), whilst
the majority of the population, especially the poor, depend
heavily on farming for livelihoods. The transformation of
the agriculture sector is thus a crucial stepping stone for
economic growth and development in Rwanda.

In this paper, we argue that it is essential to understand
the processes through which agricultural transformations
unfold for specific types of farming households, i.e. from
mixed livestock and multi-crop farming to commercial-
based intensive production; and that this will provide an
important foundation for devising more inclusive and sup-
portive development measures which are appropriate to the
requirements of different types of smallholder farmers. To
do so, we must first understand the underlying patterns of
crop-livestock integration, which is the predominant form
of farming for smallholders in Rwanda. Various forms of
mixed farming will give rise to different opportunities for
and multiple paths to intensification and a set of associated
synergies and trade-offs which will impact on farmers’
livelihoods. An enhanced understanding of these issues
could help explain why some farmers engage better with
the government’s policy whilst others cannot. Thus, the
overarching aim of this paper is to explore the diversity of
farmers’ circumstances and strategies and how those are
impacted by the implemented policies promoting transfor-
mation towards “technology-intensive agriculture with a
commercial focus” (GoR, 2018c), thus highlighting oppor-
tunities and challenges of various alternative pathways of
agricultural growth and development.
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2 Smallholder farming and agricultural
policies in Rwanda

In the last two decades, the proportion of people living
under the poverty line (real consumption per adult equiva-
lent of RWF 159,375 per year, which is about USD 159)
has decreased steadily from 58.9 percent (2000/1) to 56.7
(2005/06), and 44.9 percent (2010/11) to 39.1 (2013/14), and
more recently to 38.2 percent (2016/17) (GoR, 2011, 2015a,
2018b). However, the poverty rate in rural areas is nearly
three times higher than in urban areas, with 43.1 and 15.8
percent, respectively (GoR, 2018b). Rwandan farmers face
acute land constraints due to rising population density and
limited economic activities outside of farming (Reyntjens,
2018; Verwimp, 2002). The share of land used for agricul-
ture increased from 53 percent in 1961 to 73 percent in 2016
as a result of land expansion programmes such as reclama-
tion and radical terrace building (FAOSTAT, 2020). How-
ever, the average size of farmland per household has steadily
decreased over the years and rural land distribution is highly
skewed. The most affluent (about a quarter of all households)
control 70 percent of the country’s agricultural land (i.e.
averaging roughly two hectares, but some of the urban elites
hold over 20 hectares); whereas one third of households
control 25 percent (average landholding of 0.60 hectares);
the remaining one third of the households controls only six
percent (average holdings of 0.11 hectares); whilst about ten
percent of the households are landless (LandLinks, 2017).
The percentage of households cultivating at least one plot of
land remains very high, over 90 percent at the country level,
but even higher over 95 percent amongst rural households
(GoR, 2011). The distribution of cultivated land size dem-
onstrates that the majority of farmers are smallholders, with
45 percent cultivating less than 0.30 hectares (GoR, 2011).
Evidence from similar mixed production systems in East
and Southern Africa indicates that this agricultural plot size
is economically non-viable without supplementary off-farm
earnings or input subsidies (Dixon et al., 2001).

Thus, many smallholder farmers adopt low external
inputs and make use of multi-functional and supportive ser-
vices derived from crop and livestock production, such as
multi-purpose legumes for animal feeding and soil fertility
management (Droppelmann et al., 2017), along with highly
diversified and labour-intensive practices to meet the family’s
essential needs (Byiringiro & Reardon, 1996; Jayne et al.,
2014). Farmers typically inter-crop several varieties of staple
crops together with trees and forage grass to provide fruits,
green manure, and animal feeding throughout the cropping
seasons. The staple crops grown vary widely, but most farm-
ers cultivate beans (90 percent), maize (42 percent), sorghum
(13 percent), bananas (28 percent), sweet potatoes (45 per-
cent) and cassava (40 percent) on multiple plots (GoR, 2012).

Most farmers also own some livestock: 47 percent keep cat-
tle, 24 percent keep pigs, 53 percent keep goats and 45 per-
cent keep chickens (GoR, 2011). Farm animal manure is used
extensively in soil fertility management as it is one of the
most important and often the sole input of fertiliser for small-
holders in Rwanda (Kim et al., 2013). For instance, in agri-
cultural season A in 2020,! while over 60 percent of farmers
applied organic manure (63 by small- and 69 by large-scale
farmers), 34 percent used chemical fertiliser with a consider-
ably low application by smallholders (33 percent) than large-
scale farmers (84 percent) (GoR, 2020). Such practices have
been shown to conserve resources, improve nutrient recycling
and provide better soil structure (Clay et al., 1998; Drechsel
et al., 1996). However, despite these beneficial practices, con-
tinuous cultivation without fallow periods or an insufficient
amount of additional inputs of nutrients and soil organic mat-
ter tends to deplete soil fertility and structure over time (Lal,
2015). In Rwanda, the growing demands for rural settlement
and continuous food cultivation are leading causes of land
erosion and soil degradation on steep hillsides and mountain
areas, a major concern for the government and farmers alike
(GoR, 2018c; Kuria et al., 2019).

Successive governments have treated low yields of com-
mercial crops as a problem requiring a technological solution
to reorient and intensify commodity production (Ansoms,
2008). According to the Rwanda Vision 2020: “[c]urrently,
Rwanda’s land resources are utilized in an inefficient and
unsustainable manner” (in economic terms of efficiency and
profitability) and “Rwandans can no longer subsist on land
and ways and means need to be devised to move the econ-
omy into the secondary and tertiary sectors,” and ““[t]his can
only happen through the production of high value crops and
modern livestock management” (GoR, 2000). The “impor-
tance of agro-processing and technology-driven agriculture
with a commercial focus” continues to be the centrepiece
of the framing of the national strategy and Vision 2050 for
agricultural transformation (GoR, 2018e).

Due to the cross-cutting nature of agricultural and rural
development and poverty reduction strategies, the policies
for agricultural intensification, rural transformation and
social protection overlap considerably. For instance, sub-
sidised distribution of improved seeds and fertilisers under
crop intensification programme is exclusively channelled to
the land consolidation programme, allowing synchronised

! Rwanda has distinct precipitation patterns which allow for two
rounds of cropping and harvest (or three if irrigated). The first rainy
season starts from September to January the next year (Season A),
followed by a brief dry period from January to February. The next
rainy season usually starts from March to July (Season B). Finally,
from July to early September (Season C), a more extended dry sea-
son completes the farm production cycle, where irrigation facilities
permit.
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large-scale crop production on fragmented parcels (GoR,
2005, 2007). Moreover, participating smallholders are organ-
ised in cooperatives whilst local government extension agents
provide advice and coordinate subsidised inputs distribution.
Similarly, selections of crops are predetermined according to
regional crop specialisation and agroecological conditions.
For instance, land reclamation and rehabilitation for steep
slope terracing are promoted for corn and potato produc-
tions and irrigation for rice production in marshlands (GoR,
2018c). These programmes are often accompanied by rural
(re)settlement or villagisation (imidugudu), which facilitate
clustering of rural dwellings for a more cost-efficient organi-
sation and public infrastructure and services delivery (GoR,
2018f). Similarly, national promotion of livestock distribu-
tion and development is carried out through the “one cow
per poor family” (Girinka) that distributes a heifer (or goats)
according to households’ poverty profiles as part of the social
protection programme (GoR, 2013, 2018a).

Given the challenge of transforming the agricultural sec-
tor in Rwanda, the government’s concerted strategy and
policy approach has yielded significant improvements in
macroeconomic growth and increases in certain commod-
ity crops and livestock productions (Booth and Golooba-
Mutebi, 2014). For instance, the government’s investment
in the commercial horticulture sector has seen rapid expan-
sion in export markets, making up over 50 percent of non-
traditional exports” and raising export revenue from USD
5 million in 2005 to USD 25 million in 2018 (GoR, 2021).
Whilst we fully acknowledge these remarkable achieve-
ments, what remains critically overlooked is the policy
objective of achieving the balance between productivity
growth and income distribution and its micro-level impacts
on farmers and their farm productions and livelihoods. It is
towards these twin policy objectives that this paper focuses
on assessing its achievements and challenges. Despite almost
two decades of concerted agricultural intensification inter-
ventions, the empirical evidence for productivity improve-
ments, farmers’ perspectives and rural development indi-
cators reveal contested and patchy results (Ansoms et al.,
2018; Dawson et al., 2016; Huggins, 2014; Ingelaere, 2014).
For instance, some of the government priority crops such as
maize (included under the Crop Intensification Programme)
have reportedly achieved strong average yield growth over
the years — averaging 4 percent from 2015 to 2019 in sea-
sons A (GoR, 2015b, 2016, 2017b, 2018d, 2019) — and
have been considered a success by the government and the
international partners (World Bank, 2014). However, other

2 Traditional agricultural export crops are coffee, tea, and pyrethrum,
whereas non-traditional crops consist of horticulture products (fruits,
nuts, vegetables, cut flowers) and animal products (meat, dairy, hides,
silk, honey, etc.).
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researchers indicate a much more modest increase in growth
rate than the government’s official figures suggest, which
points to the difficulties in establishing accurate agricultural
data and the perverse incentive to overestimate harvest fig-
ures by the local government to conform to annual perfor-
mance targets (Heinen, 2021), which may, in turn, lead to
discrepancies between datasets used in estimating agricul-
tural yields (Desiere et al., 2016). Other studies have cau-
tioned against the government’s over-reliance on macro-level
statistics to report success — and the need to understand the
multiple dimensions of poverty and the diverse and com-
plex processes of development, and to pay attention to rural
heterogeneity in people’s livelihoods and lived experiences
(Dawson, 2015). Moreover, the arguments over whether the
government’s vision is inclusive towards (and if it adequately
reaches) its vulnerable populations and the extent to which
it considers what types of farmers will benefit or lose from
intensification policies remain unresolved (Ansoms, 2008;
Clay, 2018; Van Damme et al., 2014).

In this article, we critically assess Rwanda’s agricultural
intensification and commercialisation policy agenda as a
case study. In particular, we explore the extent to which
the promoted forms of intensification consider the diverse
and dynamic nature of smallholder farming and livelihood
strategies. We pay specific attention to whether and how
the implemented policies are able to realise opportunities
for supporting crop-livestock integration in ways that fos-
ter inclusive growth in agricultural production. We present
empirical mixed-methods research in Rwanda to demon-
strate how integrated approaches to crops and livestock in
mixed farming systems can realise production synergies,
increase environmental integrity, and serve rural livelihoods
by addressing the diverse socio-economic contexts and
challenges faced by smallholders. We examine how these
insights can enhance understanding of the reasons behind
the limited success of long-term agricultural intensification
policies and point to constructive adaptations to the framing
and implementation of future policies.

3 Analytical framework

The theory of induced innovation for agricultural intensifica-
tion has been utilised in the past to reflect on the drivers for
transitions from subsistence to commercial systems (Bose-
rup, 1965; Ruttan & Hayami, 1984). According to Bose-
rup, rising population density and resulting land scarcity
will engender more intensive use of land through increased
application of inputs and increased production for markets
(Boserup, 1965; Mclntire et al., 1992; Pingali & Rosegrant,
1995). However, over the years, scholars have demonstrated
how a multitude of other processes, that are in turn rooted in
the underlying social and institutional processes of change
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Dynamic model of agricultural intensification
and crop-livestock integration

High| integration

Low | integratio

. —cultural S
- environmental—
- technological

No| integration ) mar}fet ‘

- political/policy
Subsistence
(Extensive)

Commercial
(Intensive)

Semi-commercial
(Mixed farming)

Fig. 1 An analytical framework of Pathways of agricultural intensifi-
cation, dynamics of mixed farming and smallholder livelihood trajec-
tories. Source: Authors’ adapted from Scoones and Wolmer (2002),

(such as the shifting of labour to rural non-farm activities
and migration to other rural or urban areas) can also be cen-
tral to these transition processes (Headey & Jayne, 2014;
Scoones & Wolmer, 2002). Smallholders’ livelihoods are
dynamic, and their trajectories are unpredictable and often
subjected to sudden, unexpected circumstances related to
poverty. Different farmers perceive and approach a given
production environment in diverse ways according to their
values, interactions and aspirations (Glover et al., 2019).
Therefore, an analytical framework for exploring these issues
must consider the heterogeneity of smallholder farming, the
variability of options and the randomness of people’s intrin-
sic values, capabilities, interests, livelihood circumstances,
interacting socio-political processes and multiple potential
pathways of change (Scoones & Wolmer, 2002).

In order to achieve this, we combined insights from
Scoones and Wolmer (2002), Pingali and Rosegrant (1995)
and Mclntire et al. (1992) to develop a framework that takes
into account different characteristics associated with farm-
ing strategies according to the smallholders’ production ori-
entation and livelihood context. A graphic representation
of our analytical framework is shown in Fig. 1. First, we
begin with a simplified model of agricultural intensification
which is represented by a hypothesised (inverted U-shaped)
relationship between certain levels of integration and inten-
sification. This suggests that the pressure for intensifica-
tion tends to progressively shift agricultural practices from

Mixed farming interactions and smallholder
livelihood trajectories

Stepping up  Stepping out

Falling out  Hanging in

= Source of animal feed Endogenous factors

-land
= Importance of animal manure - labour
- crops & livestock
Importance of crop residue feeding - capability
- aspirations

The role of animals as livelihood assets

Pingali and Rosegrant (1995), Mclntire et al. (1992), FAO (2001),
and Dorward et al. (2009)

extensive to more integrated, and leading to, specialised
productions (Mclntire et al., 1992; Pingali & Rosegrant,
1995). But the individualised trajectories of changes rarely
unfold in a linear, progressive way, and we illustrate the
dynamic pathways as unpredictable and seemingly chaotic,
reflecting diversity, variability and as well as the random-
ness of people’s intrinsic values, capabilities, interests and
livelihood contexts and exogenous circumstances (Scoones
& Wolmer, 2002). In practice, mixed farming can take many
forms, and involve varying methods and strategies depend-
ing on the type and degree of integration sought and its
associated costs and risks (Dorward et al., 2001). There-
fore, when we look closely at a particular case (i.e. shown
as an enlarged pixel), we pay specific attention to the main
interactions within the crop-livestock integrated systems to
assess the extent of mixed farming practised: the impor-
tance of animal manure to soil fertility management, use
of crop residue and forage as source of animal feeding, and
the role of livestock and associated products as livelihood
assets complementary to crop farming (FAO, 2001). Finally,
an adapted version of Dorward et al.’s (2009) framework for
dynamic smallholder livelihood trajectories — i.e. falling
out, hanging in, stepping up, and stepping out — is used to
analyse how different types of Rwandan smallholders have
been affected by policies promoting agricultural intensifica-
tion and react to them vis-a-vis their livelihood aspirations
and endogenous factors.
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4 Methods

To examine these issues, a mixed methods study con-
sisting of household surveys (npop=169) and in-depth
qualitative interviews (n,,, =31) was undertaken in 2015,
involving two communities in rural and peri-urban zones
in the district of Rwamagana in the Eastern Province of
Rwanda. We selected the district of Rwamagana because
of the presence of dairy markets (milk collection centres)
and burgeoning agro-food processing industries for animal
feed, which are conducive to research the role of intensi-
fication and commercialisation processes on agricultural
systems and livelihoods. With the promotion of intensi-
fied production of crop and livestock based commodities
across Rwanda, the findings from Rwamagana are relevant
to many other areas of the country and sub-Saharan Africa
in general. Rwamagana also comprises areas well con-
nected to the capital, Kigali, for commercial trade, and
more remote rural areas for which market connectivity
can be challenging. Two sites were selected in this area
— one in the peri-urban zone (PU) and the other in the
rural zone (R). In this study, peri-urban is characterised
as areas on the outskirts of Rwamagana, within a walk-
ing radius of 30 min from the main market centre, but
also with a prevalence of highly diversified mixed farming
practices in the areas. Household surveys were carried
out in peri-urban and rural villages (npy =89, ng =80) to
assess the diverse household characteristics such as family
composition, means of livelihood and occupations, factors
of farming production and asset ownership and access to
various resources and services. Households were selected
randomly based on a village map constructed through
transect walks with the help of village leaders (Chambers,
1994).

Household consumption expenditure and price data
are generally used for defining and measuring the living
standard. However, collecting these monetary-based data
are resource-intensive and often suffer from recall error
and difficulty establishing accurate reports in households
with more adult members with strong asymmetric intra-
household dynamic (Beegle et al., 2010). One method that
overcomes this problem is an asset index that approxi-
mates relative financial standing by using the household
survey data on asset ownership, housing characteristics,
and household’s access to local infrastructure (Sahn &
Stifel, 2003). Principal Component Analysis (PCA) — an
exploratory data analysis technique that examines the
interrelationships amongst a set of variables — was used
to identify the underlying structure and dimensions of the
household’s ownership of assets and access to essential
infrastructure to estimate the relative wealth valuation
in the absence of income and expenditure data. Similar
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to Ansoms and McKay (2010) and Filmer and Pritchett
(2001), our asset index was calculated by using a set of 14
variables derived from farming asset ownership, housing
characteristics, and household’s access to local infrastruc-
ture to approximate households’ living standard (Tables 1
and 2). The results of the sensitivity analysis (i.e. inter-
nal coherence and robustness tests) of the asset indices
confirm that the wealth ranking classification of the sub-
groups is empirically reliable for analysis (Tables 3 and 4).
Following the household survey, in-depth qualitative inter-
views explored accounts of livelihood strategies and livestock-
based asset accumulation amongst different groups of farm-
ers to ascertain how they view and interact with policy and
what other changes they encountered in relation to their (dis-)
engagement with the intensification agenda. Through com-
paring differences in their livelihood trajectories, the aim is
to explore and broaden our understanding of farmers’ mixed
farming strategies and how they relate to intensification efforts
and aspirations. The primary data comprises 31 in-depth cases,
purposely selected from the larger survey sample, to capture the
full spectrum of crop-livestock integration practices observed.
This included farmers who were recorded to engage in various
levels of crop-livestock integration (low, mid, high) and in both
peri-urban and rural villages (the list shown in Appendix 1).

5 Results

5.1 General livelihood characteristics in the rural
and peri-urban context

The families and their head of households (HOH) in rural and
peri-urban villages have distinctive patterns of agricultural
asset ownerships that vary across the wealth groups (Table 5).
The landholding data from the rural village show that the
poor (P, 3, or the bottom 30 percentiles) have on average
the least amount of arable land (0.21 hectares), whereas the
middle and the highest percentile groups (P3,_5, and P;;_;40)
cultivate as much as three to six times more than the poor.
Moreover, the poor have a significantly smaller family size,
and therefore labour capacity for their farming and income-
generating activities, compared to the other groups. For most
of the poor families, farming alone is not sufficient to meet
the household’s demands, and they also work in other casual
(temporary) labour jobs to supplement their income.

In the peri-urban village, the average plot size of culti-
vated land is smaller: even amongst the wealthiest families,
the average landholding is less than the district average of
0.70 hectares (Table 5). In a peri-urban setting where land
is premium, a livelihood solely based on agriculture would
likely be insufficient to provide for the family’s needs. Also,
there is a gender disparity in households’ economic standing:
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Table 1 Summary statistics of variables entering the computation of the asset index in the rural village (R)

Means®
Variable description weight  mean  stddev  Aindex P 3 P390 P31 100 p-value
) (a*) (s*) (£i/s%) (n=24) (=32) (=24) (<0.05)
(a) farming
own> 0.7 Hectare of land® 0.283 0.350  0.480 0.590 0.083 0.313 0.667 0.00
number of economically active members 0.269 2.163 1.049 0.257 1.625 2219 2.625 0.00
number of livestock in tropical livestock unit (TLUY* 0.120 0.964 0.833 0.144 0.696 1.171 0.955 0.03
(b) dwelling
floor material—cement, tile 0.430 0.150  0.359 1.196 0.000 0.000 0.500 0]
wall material—mud brick with cement plaster 0.993 0.188  0.393 2.528 0.083 0.156 0.333 0.14
wall material—timber and mud brick -0.241 0.575  0.497 -0.485 0.833 0.594 0.292 0.00
pit toilet/latrine -0.243 0.863  0.347 -0.701 0.958 0.938 0.667 0.01
pit toilet/latrine with cement floor slab 0.292 0.113  0.318 0.918 0.000 0.031 0.333 0.00
(c) durable goods
own radio 0.085 0.563  0.499 0.170 0.375 0.594 0.708 0.02
own mobile telephone 0.172 0.650  0.480 0.358 0.417 0.688 0.833 0.00
own living room suite (furnished) 0.230 0.450 0.501 0.460 0.250 0.438 0.667 0.00
own bicycle 0.308 0.300  0.461 0.667 0.000 0.313 0.504 0.00
(d) access
connected to electric grid 0.329 0.125 0.333 0.987 0.000 0.000 0.417 @
use internet at home 0.379 0.063 0.244 1.556 0.000 0.000 0.208 0]

Bartlett's test of sphericity confirms that the correlation matrix is significantly different from the identity matrix (X?=393.831;
df=91; p<0.000). The Kaiser—-Meyer—Olkin measure of sampling is adequate (0.688). Also, the Cronbach's Alpha statistic confirms that the
scale coefficient is reliable (0.679). The percentage of the covariance explained by the first principal component is 26%.a The EICV3 report in
Rwamagana identified 18% of the population as poor and 12% extremely poor (GoR, 2011). In this study, we classified the bottom 30% of the
wealth ranking as "low". To keep an even size and distribution of the sub-groups, we stratified the next 40% as "middle" and the top 30% as

"high"

8 The mean size of land cultivated per household in the Rwamagana district (0.7 ha) is used as a reference threshold (GoR, 2011)

A The tropical livestock unit (TLU) conversion factors are: bull=1.2; cow=1.0; heifer=0.78; male calf=0.38; female calf=0.43; pig=0.3;

sheep/goat =0.2; chicken/rabbit=0.04 (Njuki et al., 2011)

¢ The observations made are only from the most affluent sub-group members. Therefore, the variable perfectly determines the outcome, and no

statistical model can hold under this condition

there are proportionally more female-headed households in
the poor sub-group than the middle and the highest ranked
groups. Households here have greater access to formal,
salaried jobs than the rural village due to its proximity to
Rwamagana town and the markets. However, although sig-
nificantly more non-poor families have non-farming jobs, 41
to 57 percent of the better-off families still engage in farming
(Table 5). How these different groups approach and practice
crop-livestock integration is the focus of the analysis in the
following section. We mainly focus on small livestock and
dairy production.

5.2 Dynamics of integrated systems

In this section, we assess central components of crop-livestock
integration: the use of animal manure in soil fertility manage-
ment, the sourcing of animal feed through grass production
and crop residues, and the role of livestock as complementary
livelihood assets to crop farming. The extent of integration
varied across the study sites and household stratification.

5.2.1 Importance of organic farm manure

The government recommends the use of chemical fertiliser,
but only one in four households in the rural village reported
using it in the year preceding the survey. Amongst those
who used it, the low and middle sub-groups of farmers
applied less than 31 kg of fertilisers (of any kind) in total
on average that year. The most commonly used local fer-
tilisers are Diammonium phosphate (DAP), urea and com-
pound NPK fertiliser (Nitrogen, Phosphorus and Potassium,
respectively). As a point of reference, the recommended
rates of fertilisers for maize in Rwanda are 41 kg of Nitro-
gen (N) and 46 kg of Phosphorus pentoxide (P,0Os) per hec-
tare (Cyamweshi et al., 2017). In contrast, the wealthier
farmers applied on average 89 kg of chemical fertiliser (a
total of all kinds). However, it is important to note that
most of the farmers, regardless of the income groups, use
fertiliser sparingly by using a seed hole application tech-
nique, cf. Mati (2006), and therefore, generalised (blanket)
application rates may not be a useful point of comparison.
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Table 2 Summary statistics of variables entering the computation of the asset index in the peri-urban village (PU)

Means*
Variable description weight mean std.dev A index P39 P390 P3i100 p-value
£ (a*) (s*) (f1i/s%) (n=27) (n=35) (n=27) (<0.05)
(a) farming
own> 0.7 Hectare of land® 0.250 0.191 0.395 0.633 0.037 0.114 0.444 0.00
number of economically active members 0.168 2.225 0.938 0.179 1.926 2.086 2.704 0.00
number of livestock in TLU* 0.127 0.820 1.177 0.108 0.573 0.817 1.071 0.17
(b) dwelling
floor material—cement, tile 0.383 0.573 0.497 0.769 0.000 0.771 0.889 0.00
wall material—mud brick with cement plaster 0.096 0.314 0.467 0.206 0.111 0.457 0.333 0.08
wall material—timber and mud brick -0.301 0.213 0.412 -0.731 0.593 0.086 0.000 0.00
pit toilet/latrine -0.341 0.596 0.494 -0.690 0.889 0.771 0.074 0.00
pit toilet/latrine with cement floor slab 0.337 0.326 0.471 0.714 0.000 0.229 0.778 0.00
(c) durable goods
own radio 0.219 0.685 0.467 0.469 0.407 0.714 0.926 0.00
own mobile telephone 0.261 0.843 0.366 0.713 0.556 0.943 1.000 0.00
own living room suite (furnished) 0.265 0.764 0.427 0.620 0.407 0.857 1.000 0.00
own bicycle 0.186 0.292 0.457 0.406 0.111 0.257 0.519 0.00
(d) access
connected to electric grid 0.352 0.607 0.491 0.716 0.185 0.657 0.963 0.00
use internet at home 0.270 0.225 0.420 0.642 0.037 0.086 0.593 0.00

Bartlett’s test of sphericity confirms that the correlation matrix is significantly different from the identity matrix (x2=389.744;
df=91; p<0.000). The Kaiser—Meyer—Olkin measure of sampling is adequate (0.648). Also, the Cronbach’s Alpha statistic confirms that the
scale coefficient is reliable (0.714). The percentage of the covariance explained by the first principal component is 28%

a-d-A are the same as Table 1

Low chemical fertiliser use makes farm animal manure
an essential input for soil fertility and crop production (Kim
et al., 2013). All farmers use farm animal manure to enrich
the soil, but the most significant volume derives from cat-
tle. Therefore, use of cattle manure is considered an essen-
tial indicator of a high degree of crop-livestock integration

(Ruthenberg et al., 1980). Collecting manure from smaller
animals such as goats and chicken is prevalent in both study
sites, but it is more difficult because of lack of permanent
housing for goats and free roaming nature of poultry keep-
ing. While the efforts to collect chicken manure may not
seem worthwhile, its nutrient contents are higher than the

Table 3 Cross-differences in classification of the Lowest and Highest sub-groups in R village

base case case 1 case 2 case 3 base case case 1 case 2 case 3
pc analysis variables variables  factor analysis{ pc analysis variables variables factor analysisT
(all variables)  (b)(c)(d)t (b)(c) (all variables) (all variables) (b)(c)(d)T (b)(c) (all variables)
Lowi 100% 79% 71% 96% Low 0% 0% 8% 0%
Middle 0% 21% 25% 4% Middle 0% 21% 21% 8%
High 0% 0% 4% 0% Highi 100% 79% 71% 92%
Total 100% 100% 100% 100% Total 100% 100% 100% 100%
¥ 1.000 0.792 0.646 0.938 r* 1.000 0.792 0.646 0.938

* All the Spearman's rank correlation coefficients (r,) are significant at p<0.001 (n=_80)

1 Different sets of variables (Table 1) and method (factor analysis) are used to test if the asset-based rankings yield consistent classifications and

are reproducible

1 The bold row on the table on the left (Low) holds the poorest as the reference group, and the right-hand side table (High) compares the wealth-
iest group. Nearly all the households identified as Low and High in the reference group also belong to the same category in the variant cases 1, 2,
and 3. That is, the wealth-ranking clusters are consistent and stable across the variant cases
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Table 4 Cross-differences in classification of the Lowest and Highest sub-groups in PU village

base case case 1 case 2 case 3 base case case 1 case 2 case 3
pc analysis variables variables  factor analysist pc analysis variables variables factor analysis¥
(all variables)  (b)(c)(d)T (b)(c) (all variables) (all variables) (b)(c)(d)f  (b)(c) (all variables)
Lowi 100% 100% 96% 96% Low 0% 0% 0% 0%
Middle 0% 0% 4% 4% Middle 0% 7% 15% 7%
High 0% 0% 0% 0% Highi 100% 93% 85% 93%
Total 100% 100% 100% 100% Total 100% 100% 100% 100%
¥ 1.000 0.963 0.907 0.944 r* 1.000 0.963 0.907 0.944

* All the Spearman's rank correlation coefficients (r,) are significant at p <0.001 (n=_89)

F The bundles of variables shown in Table 2

I is the same as Table 3

ruminants’ (Barker et al., 2002). Over 60 and 70 percent of
the interviewed farmers in the peri-urban and rural villages,
respectively, perceived that their land lacked soil nutrients
and needed additional inputs such as chemical or organic fer-
tiliser. It is noteworthy that the majority of poor farmers who
face severe challenges in soil fertility management lack the
means to purchase manure to replenish their soil (95 percent)
or worse, could do nothing about it (68 percent). In both
study sites, farmers prioritised fertiliser application to selec-
tive crops. For instance, farmers who own large tracts of land
(over 1 hectare) divided their efforts and resources to grow
one major crop (e.g. typically banana or maize and rotate it

with beans), and the other half in forage grass but applied
fertiliser exclusively for crop production. In contrast, those
with lesser arable land typically intercropped maize, beans,
sorghum, banana, roots and tubers (e.g. sweet potatoes and
cassavas), green peas, and fruits in their kitchen garden.
The rates of chemical fertiliser application are low for all
peri-urban farmers: with only 17 and 14 percent of low- and
mid-ranked households using it at the time of the survey. In
particular, the wealthiest sub-group of farmers applied it the
least (only 13 percent) despite having more sizable land and
livestock (and financial means) seems to indicate that better-
off peri-urban farmers are not actively pursuing agricultural

Table 5 Livelihood and farming
characteristics in the rural and
peri-urban settings

Rural Peri-urban
Low Mid High Low Mid High
Household characteristic (Pi13g)  (P3179)  (Pyop00) X (P30 (P319)  (P7ip00)
Family
average family size (pers.) 3.6 5.3 59 * 53 52 6.8 *
female headed (%) 50% 28% 33% 44% 26% 19% *
Main occupation of HOH (%)
Farming 71% 94% 96% * 78% 57% 41% *
non-farming 0% 3% 4% 7% 23% 52% T
casual labouring 21% 3% 0% T 4% 6% 4%
not working$§ 8% 0% 0% 11% 14% 4%
Livestock holding (%)
cattle 8% 28% 17% 7% 11% 22% T
cattle + small animal 38% 53% 63% * 19% 34% 22% T
small animal 8% 0% 4% 56% 23% 26%
none 46% 19% 16% 18% 32% 30%
Land
average land holding (Ha) 0.21 0.67 1.24 K 0.22 0.43 0.66

+ Wealth ranking ranges from Low (the bottom 30th percentile), Middle (31-70th) to High (71-100th)
§ Due to illness, disability, or old age
* (p-value significant at<0.05) t (sig. <0.001)
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intensification. The reasons behind this particular observa-
tion are explained more in detail in the following sections.

5.2.2 Sourcing of animal feed

Farmers in Rwamagana grow forage grass on the boundaries
of the land throughout the year, but the majority of the farm-
ers, regardless of their wealth standing, could not feed their
animals with grass alone. Especially during the dry seasons,
farmers have to supplement feeding either by buying fodder
grass and commercial feed or forage from surrounding areas
and using crop residues from maize, sorghum and banana
extensively. Clear distinctions appear in the feeding strate-
gies adopted by rural farmers in Rwamagana. While all the
wealthier farmers could afford to purchase grass, only half
of the poor do so. Recurring cash payment for animal feed
is usually beyond the reach of many low-income families
except during the lactation period when sales revenue from
milk can offset the costs. Instead, 75 to 79 percent of the
low- and the mid-ranked families collected grass on the way-
side to feed their animal.

In the peri-urban village, only one-third of the low-
income families manage to produce enough grass. In com-
parison, just 19 percent of the wealthy families achieved
animal feed self-sufficiency. However, the higher self-
sufficiency rate amongst low-income families is not due to
their superior production capacity but because of the smaller
number of livestock to feed (0.57 compared to 1.07 tropical
livestock unit, Table 2). Similar to the rural village, families
with greater purchasing power overcome the deficit by buy-
ing grass from neighbours and using commercial feed such
as maize and rice bran, whereas the less well-off turn to for-
aging and gathering. Regardless of the economic standing,
crop residues from maize stalks, sorghum leaves and banana
stems are an essential part of the feeding regime for all peri-
urban farmers, and therefore, these crops were grown widely
in the area. Although these fibrous by-products provide a
bulk of biomass, their nutrient values are low (Kimambo &
Muya, 1991; Preston, 1990). Nonetheless, these were the
only affordable feeding sources during the dry seasons for
poorer farmers.

5.3 Diverse livelihood aspirations
and multifunctionality of livestock

Farmers’ engagement in crop and livestock farming closely
correlated with the farming capacity and socioeconomic
standings of the household. However, what the correlations
have difficulty unpicking is the multifunctionality of livestock
and how their potentials are realised according to livelihood
aspirations of the farmers. Using Dorward et al.’s (2009)
livelihood aspirations framework, the in-depth qualitative
accounts of farmers help discern the underlying determinants
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that differentiate the propensity for crop-livestock inte-
gration of farmers from different economic backgrounds
(Appendix 1).

5.3.1 Cases of low integration

Many of the economically disadvantaged families cited the
high costs of zero-grazing and in-stall rearing as the lead-
ing cause of low production and integration. For instance,
rearing a big animal in a confined space obliges farmers
to commit a constant level of care day in day out, which is
both time-consuming and labour-intensive work even if it is
just one cow. For instance, a lactating cow needs fresh grass
and supplementary feeds and water throughout the day, and
when the cow is lactating, farmers have to collect milk and
transport it once or twice a day to the market (Habimana,
June 4, 2015). Similarly, manure production is continuous,
and therefore, farmers have to attend to these chores whether
they are profitable or not. That is why, it is not uncommon
for farmers to hire a casual labourer even at a small scale
of production. For many low-income farmers, this drives
up the production costs without significantly improving the
milk productivity and output, which can effectively ‘trap’
farmers into low-yielding production that barely covers its
costs. Moreover, many farmers expressed their optimism in
the sales value of livestock, considering it profitable whilst
not accounting for the current maintenance costs as sunk
costs (Nshimiye and Uwase, June 4, 2015).

While milk production is a priority for all cattle own-
ers in the peri-urban village, the differences in total aver-
age milk production levels between the groups of farmers
varied widely. Several factors of production can explain this
discrepancy. For one, the number of cows and more impor-
tantly, their lactation cycles are the main determinants. The
headcount, however, was more or less a constant: i.e. except
for a few exceptions, most farmers who had cattle managed
to keep only one cow due to the space constraint in the peri-
urban areas (see TLU in Table 2). Therefore, a more sig-
nificant production factor was the quantity and quality of
feeding. While the middle and top percentile households
collected 6.9 (standard deviation, s.d. 3.1) and 8.4 (s.d. 5.2)
litres of milk per day in total respectively, the poorer fami-
lies only managed to get 1.6 (s.d. 0.9) litres, of which half
of the milk was sold and the other half was kept for family
consumption. Considering the average size of a typical poor
household of five people in the peri-urban village (Table 5),
the milk consumption rate (let alone selling) would be neg-
ligible. Therefore, the prospect for intensification or com-
mercialisation through one-cow production for this group
of farmers is unlikely.

In both villages, small livestock such as chicken and goats
are essential for savings and covering for periodic expenses
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regardless of their low integration to farming purposes. For
instance, chicken is easily convertible for small cash needs,
whereas goats are suitable for medium to large expenses
such as children’s school fees and medical emergencies. In
addition, the nutritional aspect of small livestock ownership
is crucial for lower-income households. In the rural village,
all the lower-income families rearing chicken consumed
eggs (but not meat) compared to half of their peri-urban
counterparts. This contrast is partly due to an active trade in
small livestock and their products in the nearby Rwamagana
town and market where lower-income peri-urban households
could more easily sell their products, and therefore, priori-
tise sales over home consumption.

5.3.2 Cases of high integration

Farmers in the rural village typically keep about 30 percent
of their dairy production for home consumption, sell about
60 percent, and share the remaining milk with neighbours
and families. Unlike the peri-urban village, the average milk
production level of the lowest-group (6.8 L; s.d. 4.1) is nearly
equal to the middle-group farmers’ production (6.9 L; s.d.
4.2), which shows strong motivation and capacity for dairy
production even amongst the poorer farmers in the rural
village. The high milk yield is in part due to the improved
dairy breeds, but more importantly, farmers regarded highly
the reproduction management training that they received
through the Girinka programme (Mugisha, June 2, 2015).
This case demonstrates how even the smallholder farmers
could achieve optimal production given the sustained sup-
port and training that prioritise the maintenance of a clean
and healthy production environment and reproduction cycle.
Besides hard and diligent work, farmers who strive for
intensive production cited a harmonious and complementary
working relationship and coordination of labour between
husband and wife as the backbone of successful crop-live-
stock integration (Habimana, June 4, 2015). Particularly, for
livestock management, consistency in feeding, milking and
caring work was vital for ensuring healthy and profitable
dairy and manure production. The farmers who could afford
also hired additional labourers to take care of the cow, which
allowed them to engage in other (productive) activities.
Also, a drive for self-improvement and willingness to
experiment (and to take risks) with new production meth-
ods were distinct characteristics of the high integrators. For
instance, Mugisha was one of the earliest adopters of the
crop specialisation and zero grazing practice that the gov-
ernment introduced in 2002. Once he began noticing the
increases in crop yields, he voluntarily joined a government
initiative of training-the-trainers programme. His willing-
ness to experiment with new production methods prepared
him for more ambitious projects such as buying pure dairy
breed (Jersey and Friesian) cows and starting a commercial

milling business in the village (Mugisha, June 2, 2015).
Mugisha obtained capital investment by joining several
rotating saving groups, and with that financial leverage, he
successfully borrowed and repaid bank loans. Mugisha’s one
cow dairy production rapidly grew to three in less than two
years. The rapid growth of Mugisha’s agricultural enterprise
is a remarkable example of what at least some rural entre-
preneurs can achieve with financial resources and capital
investment. A person’s tolerance for risk, however, varies
individually and a family’s aversion to loss is much higher
when a family has many dependents (Rusanganwa, 27 May
2015).

5.3.3 Cases of no integration

About a quarter of the sampled households in the two vil-
lages had no livestock. The sharing of livestock through
‘social relations’ can potentially strengthen the livestock-
livelihood linkages that would enable more low-income fam-
ilies to engage in crop-livestock production and integration.
In principle, an asset-transfer or livestock-in-trust contracts
such as an indagizanyo arrangement or Girinka cows or
goats can be a relief for families who have no means to save
or accumulate livestock assets on their own. A typical ind-
agizanyo arrangement obliges the caretaker to complete
two successful reproduction cycles (or more) to obtain their
share of the female calf or kid goats as the first one belongs
to the owner (Nsabimana, June 1, 2015). However, such
shared livestock keeping arrangements often fall through
due to premature death and infertility, with both parties
(but more usually caretaking-party) assuming the loss. The
agreements are based on mutual trust and best of intentions,
and farmers rarely draft a formal agreement.

Similarly, an inappropriate livestock-in-kind arrangement
can put the already vulnerable farmers at higher risk. It was
common to find wealthier farmers who have already reached
their maximum livestock holding capacity (i.e. one to two
cows under zero-grazing regime) lending their heifer and
goats to other willing families who do not have the means
to invest in livestock (Nshimiye & Uwase, June 4, 2015).
For instance, considering an average of over nine months of
the gestation period of a cow, and not to mention the delay
when the offspring is a male, the caretaking families have to
assume over two years (or more) of risk and costs of feeding
and rearing the animal before they can start earning divi-
dends from this contract (Iribagiza, May 2015). The crucial
point here is that during this uncertain and prolonged period,
farmers’ primary concern is the survival of the animal and
not the animal’s productivity or investment in intensification.

For others, crop-livestock integration and achieving
higher productivity were not prioritised. Mutesi is seventy
years old, lives in the rural village and she takes care of her
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adult son’s cows (Mutesi, May 27, 2015). In the absence
of old age security and pension, the son’s dairy cow is a
valuable livelihood and old age security asset for the elderly
mother. Although the productivity may be low, one-cow pro-
duction generates enough milk for home consumption and
some income for basic needs. However, it is unlikely that
such a production environment and conditions are condu-
cive for crop-livestock integration let alone intensification.
Similarly, in the peri-urban village, Keza and her husband
(both working professionals) have two toddlers to take care
of, so they decided to buy a cow to produce milk at home
(Keza, June 2, 2015). The cow is well fed and the milk yield
is plenty, but Keza is not concerned with the milk production
beyond the needs for family consumption, and will eventu-
ally sell the cow when the children will be of school-age.

Similarly, it is worth highlighting that some families in
the upper end of economic standing have no intention of
intensifying or further investing in agriculture despite their
ample productive asset holdings and financial capacity. Kam-
pire, who lives in the peri-urban village, gradually turned
away from farming to start a home brewing business after
the death of her husband (Kampire, June 1, 2015). At first,
Kampire hired labourers to work on her family farm, but the
productivity remained persistently low, so she decided to sell
part of the land and converted it into rental accommodation
housing and reinvested in her fruit juice processing business.
What is remarkable is that Kampire’s ‘exit’ from agriculture
and her growing business has contributed to value addition
of locally sourced products, and with it, the livelihoods of
some of her neighbouring small-scale producers.

6 Discussion

6.1 Multiple livelihood pathways to crop-livestock
integration and intensification

The findings from the household survey assessments indi-
cate that the observed patterns of crop and livestock produc-
tion differ between the sub-groups of farmers. Furthermore,
farmers’ qualitative accounts unpack the multifunctionality
of livestock and illustrate how family priorities and strate-
gies change in response to opportunities and risks. Together,
the household surveys and qualitative interviews of the farm-
ers provide a set of defining characteristics of crop-livestock
integrators and their differential capabilities to invest (or not)
in intensification. These pathways help us explain what types
of production, in which spatial settings (peri-urban versus
rural), and for whom such intensification strategies may be
beneficial, and why some are unable to adopt the currently
promoted agricultural intensification practices. We also dis-
cuss what policy responses might be required to better sup-
port smallholders’ livelihoods for each pathway.
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6.1.1 Pathway 1. Crop-livestock integration
for the resource-poor

The farmers who were unable to keep any livestock repre-
sented 26 percent of the total sample population, and the
families belonging to this pathway require social security
and assistance. Farmland, housing, family labour, cultiva-
tion of crops and forage grass and livestock are the funda-
mental components that make integrated farming possible.
The families who have no farm animals lack many (or all)
of these assets. Moreover, farmers who are not able to rear
livestock are struggling to keep up with production and their
farming assets are in a depreciative cycle: tiny plots of land,
negative soil fertility balance, lack of labour force (due to
ageing, children in school-age or moving away to pursue non-
farming jobs) and inability to afford to intensify production
or accumulate savings. A livestock transfer programme such
as Girinka cows could be a catalyst for building the initial
assets necessary to reverse the poverty cycle (GoR, 2018a).
Therefore, provision of start-up assets (such as in-kind or
gift of cows) and securing the right to meet their basic needs
(especially housing and land) can potentially help broaden
the access to a crop-livestock integration pathway (Streeten,
1982). However, having access to or just owning these assets
does not necessarily guarantee integration (Kim & Sumberg,
2015). While the initial transfer of livestock may lift the poor
to the first rung of the pathway to asset accumulation, train-
ing in crop and livestock farming and rearing and follow-up
veterinary support could increase the chances of generating
a surplus, as we have seen from the farmers in the rural vil-
lage but not for the urban counterparts. That is why, beyond
the initial asset transfer, a long-term commitment to agricul-
tural training and extension support needs to be followed to
safeguard the fragile production environment and to protect
the initial asset accumulation stages for the poor (Udo et al.,
2011). The farmers’ experiences on livelihood shocks and
crises also indicated that the development process rarely
unfolds linearly. Instead, it fluctuates in response to cycli-
cal and sporadic household expenses and livelihood shocks,
undermining the long-term accumulation plan. Such was the
case of farmers Nshimiye and Uwase, who successfully man-
aged both crop and livestock farming and accumulated sav-
ings over the years but suddenly had to liquidate their assets
(land and livestock) to share with their adult sons (Nshimiye
& Uwase, June 4 2015).

Economically vulnerable families rely heavily on small
livestock production, especially goats and chicken, as they
cost less to maintain, and shorter gestation and reproduction
cycles are more advantageous for smallholders who can-
not afford to rear cattle. The importance of small ruminants
cannot be overlooked as they are uniquely adapted to low
resource environments and offer an economic safety net to
smallholder farmers. However, despite the sheep and goat
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meat accounting for about a quarter of the total red meat
production annually (Shapiro et al., 2017), the government
investment plans in crossbreeding and product diversifica-
tion for indigenous small ruminants such as goats will likely
fall short in meeting the projected meat demands. Therefore,
improving the extension support for small livestock could
serve as both agricultural investment and social protection
(Ellis et al., 2009).

New land use and planning legislation to address the
needs of (peri-)urban farmers could help build a secure and
safe environment for small-scale livestock production and
foster agri-business investments in creating more farming
jobs for smallholders and landless farmers (Egziabher et al.,
1994). However, currently, peri-urban planning and regula-
tions are not conducive to farming activities (GoR, 2018f),
and many smallholders who rely on family farming for live-
lihoods are facing adverse conditions from both within the
community and local authority. This is because urban land
expansion commonly takes place in arable land, and African
countries are expected to experience the highest percent-
age loss of cropland due to urban development globally by
2030 (Bren d’Amour et al., 2017). In our study sites, farm-
ers are obliged to follow zero-grazing practices, and live-
stock is raised in household backyards. Often, various issues
arise with neighbours due to noise and hygiene concerns,
as well as the lack of security and protection against theft
of small animals, which are severe impediments for invest-
ment amongst peri-urban smallholder farmers. Urbanisation
features predominantly in the government’s new National
Strategy for Transformation plan (GoR, 2017a), which will
inevitably cause conflicting priorities for development in
peri-urban areas, but there is a strong case for building a
more resilient urban food system with marginalised small-
holder farmers contributing positively in the urbanisation
process (Marshall & Randhawa, 2017; Peano et al., 2020;
Thapa et al., 2010).

6.1.2 Pathway 2. The one-cow production model

Sourcing of affordable and high-quality feeding is the big-
gest problem and a constraint to increasing the intensity of
production for smallholder farmers (GoR, 2013). The high
cost of zero-grazing makes expansion and intensification of
production too expensive for many farmers, and it effectively
limits the number of livestock they can keep to one cow
and few small animals. Farmers belonging to this category
in both study sites are unable to meet their animal feeding
demands. The best locally available animal feed solution is
to purchase grass from other farmers and supplement the
diet with energy-dense cereal brans. These solutions are
costly, however, and are beyond the financial means of most
smallholders: they could only afford to feed their animals
with less nutritious feedstuff such as couch grass from the

wayside and untreated crop residues. While sourcing grass
this way may seem like a cheap alternative, it is more time-
consuming and labour-intensive to collect sufficient quantity
(not to mention nutrient quality) to maintain productivity
(Hiernaux et al., 1997).

Farmers in this pathway are running a tight marginal ben-
efit production, and with declining soil fertility and family
labour force, they have trouble investing in intensification.
However, despite low levels of crop-livestock integration,
they are commercially integrated and trade actively (albeit
informally). Therefore, more competitive local feed options
— other than the commercial feeds such as maize and rice
bran — need to be available and affordable to serve small-
scale livestock producers (Lukuyu et al., 2009). For instance,
establishing community fodder banks and the incorpora-
tion of perennial fodder trees into production systems could
relieve seasonal peak demands and serve other multifunc-
tional purposes such as soil protection, biofuel, and sup-
plementary income (Kamanzi & Mapiye, 2012). Without
further assistance and support to make a one-cow produc-
tion system more affordable, most of the farmers under this
pathway would find difficulty pursuing and competing in
commercially viable intensive dairy production and would
only manage to remain in a low-yielding one-cow produc-
tion system.

6.1.3 Pathway 3. Small-scale dairy intensification

Under a zero-grazing regime, the high cost of production
compels the farmers to produce more, using fewer resources.
The combination of downsizing and genetic improvement of
the herd addresses this imperative. The current policy push
towards dairy marketing encourages specialised produc-
tion, and the economy of scale from pasture grazing would
yield a much higher margin of profit than zero-grazing
production (Ojango et al., 2012). However, the transition
from zero-grazing to pasture-grazing requires a substantial
capital investment that only the most financially endowed
can afford.® Given the lack of availability of and access to
pasture land, and the absence of communal grazing tenure
or targeted subsidy schemes to promote them, the most fre-
quently aspired and viable intensification pathway in the
study sites was dairy specialisation under intensive com-
mercial feeding and zero-grazing.

3 In-depth interviews with large dairy producers from the
Rwamagana Milk Collection Centre (MCC) and Cooperative
(Murangwa and Twahirwa, March 13 2015, data not shown), revealed
that high salary and job security allowed working professionals (and
public officials) to take on commercial loans to buy large tracts of
land for exclusively grazing and dairy production purposes. These so-
called “agro-entrepreneurs’ hired labourers and managers to run their
operations.
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There are several defining characteristics found
amongst the highly integrated farmers. The first is a con-
sistent level of high-quality labour in feeding, milking and
caring work which ensures healthy and profitable dairy
and manure production (Mutimura et al., 2015). With
the security of having their property, farmland and fam-
ily labour to cultivate both staple and cash crops, these
farmers were able to purchase and rear livestock success-
fully. Second, with community savings schemes and com-
mercial capital investment, these farmers could achieve
land expansion and production intensification profitably
(Kimuyu, 1999). Dairy production and sales of offspring
allow the high integrators to save and invest back in agri-
culture. These farmers manage to grow and accumulate
assets from their intensive production and plan to expand
gradually through purchasing more land by borrowing
(either through informal institutions such as community
rotating savings or bank loans) to boost their production
and invest in intensification. However, one’s willingness
to bear risk, such as taking on loans varies individually.
Therefore, their success is currently confined to a small
segment of the population as their production models are
resource-intensive (and high risk).

6.1.4 Pathway 4. Exit from farming

For some wealthier farmers, crop-livestock expansion and
achieving higher productivity are not a priority. For instance,
aspirations for professional work and an interest in other
forms of business reduced the families’ stake in agricul-
ture. Nonetheless, typically, wealthier families continue to
keep one or two cows and cultivate plots. Satisfying food
consumption needs is their primary reason for maintaining
low crop-livestock integration and not the intensification.
These self-sufficient food producers would continue to sub-
sidise low-level of production with their other work wages
but would eventually step out from farming once their home
consumption needs are met.

On the other hand, a combination of formal and informal
sources of income, or ‘hybrid livelihoods’, reflects the diver-
sification and hybridisation of agrarian livelihoods in peri-
urban economies (Fairbairn et al., 2014). The high, and to
some extent, the middle-ranked families, relied on off-farm
employment, which reduced their economic dependence
on agriculture. In our study, several female-led households
decided to diversify away from farming and invest in entre-
preneurial activities such as commodity trading and small
businesses as an alternative to agricultural intensification.
However, their ‘exit’ from agriculture could also positively
generate and induce commercial rural development and
investment in value-added transformation and agri-business
(Warren, 2002).
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7 Implications for policy and practice
and conclusion

The ways in which Rwandan smallholders integrate crops and
livestock in their farming strategies are diverse and dynamic.
Accordingly, the ways in which farmers engage with policies
promoting intensification vary greatly, as do the impacts on
rural households (Clay & King, 2019). For instance, farm-
ers’ capacity in pursuing opportunities are commensurate
with their attitude to risk tolerance and competing household
resource demands (Bidogeza et al., 2009). Farmers’ pro-
duction and investment decision-making involves a careful
balancing of judicious resource management and achieving
food self-sufficiency (Bolarinwa et al., 2020; Bucagu et al.,
2014). Even with the same type of animal, we found that
farmers pursued different production strategies. Only a small
but wealthy group of farmers can adopt the forms of inten-
sification promoted in policy, for example, because they are
able to supplement the diet with purchased grass or com-
mercial feed or switch to large-scale pasture grazing. On the
other hand, achieving commercial viability from intensive
dairy production was not a priority for many of the farmers
in our study, particularly for families with young children
who cared more about household consumption of animal
protein than selling at the market. Forgoing intensive pro-
duction should be viewed as a legitimate decision with poten-
tially positive short-term impacts on health and long-term
impacts on the economy. For instance, livestock donations
of dairy cows and meat goats from Heifer International in
Rwanda had significant positive effects for those households,
on child growth and development indicators, and notably, a
much greater share of milk was consumed by the families
(and children) when they missed markets for selling milk
(Rawlins et al., 2014). Therefore, a household’s nutritional
consideration of dairy production can positively contribute to
children’s growth and development in rural economies with
poor access to dairy markets and where the potential for mar-
ket development is low (Hoddinott et al., 2015). However,
subsidised or donated assets alone are unable to address the
more basic, infrastructural and precarious market conditions
faced by many smallholders. The success of livestock-in-kind
programmes such as these depend on long-term training in
animal husbandry and coaching in business management.
Even then, the endemic animal feed shortages and high
zero-grazing costs of intensive one-cow production are often
overlooked by the promoters of livestock-based development
initiatives. The idealisation of agricultural intensification and
livestock development has long been critiqued in the litera-
ture (Ferguson, 1985; Herskovits, 1926), and cattle-centric
development models continue to dominate in international
donor agencies and nongovernmental projects today for
their potential to produce rapid commercial gain (e.g. the
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East Africa Dairy Development), representing to agribusi-
ness, donors and state agencies an attractive technological
fix to Africa’s agriculture problem, i.e. Green Revolution for
Africa (Schurman, 2018). Unfortunately, other potentially
significant and viable alternatives for smallholders such as
small ruminants and poultry farming are neglected through
this highly idealised vision of dairy-centric, rapid economic
development (Gass & Sumberg, 1993).

A deeper, context appropriate understanding of the
complex dynamics of crop-livestock integration in small-
holder farming systems is essential to underpin policies
and programmes that promote inclusive, resource effi-
cient agricultural transitions. Our critical assessment of
the conventional policy approach to intensification reveals
the need for a broader enquiry that sees beyond ‘yield
gaps’ and ‘low productivity’. Other scholars have pointed
out that the agricultural intensification transition process
does not always lead to increased food security and may
adversely affect large numbers of rural inhabitants already
facing challenges to meet basic human needs (El Bilali,
2019). Similarly, a recent study in Rwanda evaluated the
effect of participation in land consolidation activities (as
part of the Crop Intensification Programme) on house-
hold diets, nutrition availability, and dietary diversity, and
found ambiguous and uneven consumption patterns which
compromised the availability of essential micronutrients
such as vitamin B12 and lack of protein and fat intake
(Del Prete et al., 2019). This is concerning given that
farmers are increasingly barred from practising locally
resilient and adapted innovations such as intercropping
in fear of reprisal and punishment from local authori-
ties for growing crops other than the mandated crops in
government-promoted programmes (Huggins, 2009). Such
a restrictive policy approach could jeopardise the long-
term food security and viability of smallholder produc-
tions. Moreover, farmers might miss out from the numer-
ous ecological benefits, synergies and services rendered
by an enhanced interaction between crops and livestock
resources through nutrients and energy recycling such
as improved soil fertility, water storage, pest and disease
management, pollination as well as a more resilient and
diverse pool of plant species and genetic resources that
are vital in an agroecological system (Altieri et al., 2017,
Nicholls & Altieri, 2018). A more flexible approach where
farmers could continue to practice diversification strate-
gies such as an improved intercropping system of legume
and maize could perform as well as (or even better) than a
corresponding government intensification strategy (Isaacs
et al., 2016). While a centralised approach can harness the
efficiency and accountability in achieving political and
macroeconomic objectives through the increasing role of
state and commercial actors’ involvement in the agricul-
ture sector, it fails to involve farmers directly and so fails

to fit with or respond to local needs for livelihood support
(Daum & Birner, 2017). This also undermines genuine
participation and grassroots capacity to lead the process
of local adaptation against extreme weather, and social
and market crises that are more likely to increase with the
onset of climate change (Ansoms et al., 2014). Moreover,
the top-down, conventional extension programmes stifle
local experimentations and social learning and innova-
tion, which are important community resources needed
in problem-solving capacity building and resilient food
systems (Pamuk et al., 2014).

In many ways, the rural development experience in
Rwanda epitomises the broader intensification debate about
the transformation of livelihoods of subsistence farmers in
sub-Saharan Africa (Kijima et al., 2011; Santpoort, 2020;
Vercillo et al., 2020). To that end, our comprehensive inves-
tigation of multiple pathways of livelihoods offers four gen-
eral examples of dynamic paths that question the simplistic
assumptions inherent in Green Revolution policies about
smallholders’ motivations and behaviour, from which poli-
cymakers and practitioners could use as entry points for
rethinking current intensification strategies and operations
to be more effective in addressing the diverse needs of the
rural population. Recognising these differences and under-
standing whether farmers are adopting and pursuing inten-
sive production (or not), and how, is crucial in understanding
the contrast between the policy ambition for intensification
and the inability of the majority of smallholders to partake
in this agenda and adapting policy implementation accord-
ingly. Governments, and other influential organisations, must
take into account the diversity and complexity, and the dif-
ferences in capacities and constraints of different farmers to
ensure a more inclusive and resilient agricultural develop-
ment process to take root in sub-Saharan Africa.
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Appendix 1. List of farmers interviewed
for in-depth qualitative enquiry

Rural village

Pseudonym Gender Birth year SE status* Integration *
1. Gahigi Male 1955 high high
2. Habimana Male 1968 high high
3. Mugisha Male 1980 high high
4. Akaliza Female 1990 high high
5. Garuka Female 1953 high low
6. Isaro Female 1980 high low
7. Keza Female 1986 high low
8. Ngabo Male middle high
9. Mutesi Female 1945 middle low
10. Neza Female 1952 middle low
11. Uwamahoro Female 1981 middle low
12. Nshimiye & M &F 1949 & 1981 low low
13. Uwase
14. Ingabire Female 1957 low low
15. Rusanganwa  Male 1951 low no
16. Shema Male 1955 low no
17. Mutoni Female 1982 low no
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Peri-urban village

Pseudonym Gender Birth year SE status* Integration®
1. Amahoro Female 1960 high high
2. Iragena Female 1950 high low
3. Kampire Female 1958 high low
4. Gatete Male 1975 high none
5. Hakizimana Male 1947 middle low
6. Mugwaneza Male 1952 middle low
7. Nsengiyumva Male 1960 middle low
8. Siboyintore Male 1960 middle low
9. Mukobwajana Female 1962 middle low
10. Nkurunziza Female 1967 middle low
11. Uwimbabazi Female 1985 middle low
12. Iribagiza Female 1963 low none
13. Mugabo Male low none
14. Nsabimana Male 1983 low none

* Household socioeconomic standing based on asset index calculation

A In theory, having more and larger herd provides, potentially, greater
availability of resources required for integration (i.e. high). But in
practice, the farmers’ aspiration and livelihood context determine
whether that integration potential is pursued or not (i.e. none/low/
high)
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