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Introduction

The global food production system faces many challenges, including increasing
food demand due to a growing population and climate change, which is expected
to affect food production and stress the natural resource base upon which agricul-
ture depends (IPCC, 2014). This is particularly true in sub-Saharan Africa, where
a fast-growing population, food insecurity, environmental degradation, resource
depletion, and increasing smallholder vulnerability to climate change is making
it difficult to scientists and policy makers to address the problems (Li et al., 2019).
For African smallholders, it is even more important to adopt climate-resilient
agriculture in order to make a sustainable transition toward climate-neutral
and resilient farming systems (CNREFS). However, the adoption and diffusion of
climate-smart technologies have been slow (Branca and Perelli, 2020). The un-
derdeveloped rural financial options, inadequate research and extension services,
insufficient market infrastructure, and lack of policy support often contribute to
the slow diffusion of innovation in the agriculture sector.

Value chains (VCs) represent one of the few options for small producers to
access larger markets and innovative technologies (World Bank, 2007). However,
the private sector does not see the smallholder segment as a potential market
source for its products and services and vice versa. Indeed, most smallholders in
developing countries face bottlenecks in accessing markets and in capturing the
value addition, which is often exploited by intermediaries along the VC. Unlock-
ing the complexity in VC pathways, strengthening linkages among the differ-
ent actors of the VCs, and supporting the development of innovative business
models for small producers can contribute to overcome such barriers to market
entry. This is particularly relevant for the smallholder adoption of CNRFS-related
innovations.

The objective of the chapter is to provide an institutional perspective about
innovations for a transition toward CNRFS, with a focus on VCs. In highlighting
the role played by stakeholders in the dynamics and partnerships for the diffusion
of climate-resilient innovative technologies, we focus on the how and who should
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be engaged, and what are the benefits and challenges of such engagement. In
this context, the case of dairy VCs in two Eastern Africa countries (Kenya and
Rwanda) will be discussed, with focus on the socio-economic barriers faced by
smallholders. Adoption of technological innovations is dependent on the proper
institutional and policy support. The recommendations from the chapter can
help in developing frameworks for upscaling adoption of CNRES. Right policy
and institutional settings are necessary to overcome barriers to innovation adop-
tion, and to foster coordination.

The chapter is organized as follows: the next section presents the conceptual
framework. The case studies are described in section “Case studies”, followed by
the results in section “Discussion”. Toward the end, conclusions are presented.

Conceptual framework

Multiple institutional factors can prevent primary producers from adopting inno-
vative technologies and, in turn, exploiting market opportunities and the business
environment (Poulton et al., 2006; Markelova et al., 2009; Nagothu, 2015, 2018).
They include (i) households’ socio-economic characteristics, including their as-
sets, education, gender, and property rights; (ii) limitations in infrastructure and
input markets, for instance, credit, seed, or fertilizer; and (iii) insecure access to
information services.

Smallholder farmers’ decision to adopt agricultural innovations requires a good
combination of the institutions and policies, which can help to overcome barriers
and limiting factors. From an institutional perspective, different models of VC
integration are possible (Montefrio and Dressler, 2019), ranging from informal
agreements to more complex and formalized relations such as out-grower schemes
(Branca et al., 2016). The VC partnerships are increasingly becoming useful
pathways to tackle these limitations, evidenced in the active promotion of multi-
stakeholder groups represented by the different VC actors — for instance, pro-
ducers, farmer organizations, input and service providers, private sector, research
institutions, government agencies and non-governmental organizations (NGOs),
small and medium enterprises (SMEs) that operate at different levels. The synergy
derived from the partnerships can overcome barriers in the adoption (Kolk et al.,
2008). Partnerships should be based on interactive learning, empowerment, and
collaborative governance that enables stakeholders with interconnected problems
and ambitions, but with different interests, to be collectively innovative and re-
silient when faced with the emerging risks, crises, and opportunities of a complex
and changing environment (Woodhill and van Vugt, 2011). By addressing the in-
stitutional business environment, partnerships can play a pivotal role in enhanc-
ing the chances for producers to be viable suppliers of VCs being a combination
of organizational activity functional to production and marketing (Wijk et al.,
2010). Partnerships can be vehicles for the diffusion of agricultural innovations
(Hermans et al., 2017).

Successful cases of innovation adoption invariably demonstrate a range of part-
nerships and network-like arrangements that connect knowledge users, knowledge
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producers, and others involved in the market, policy, and civil society arenas
(Hall, 2012). In this context, public extension services can play a brokerage role,
beyond their traditional role of linking technology and farmers, networking with
relevant VC actors, and can help to negotiate changes in the policy environment
and investment arrangements. Several factors and processes enable or hinder in-
teractions, both within and external to multi-actor co-innovation partnerships
(Cronin et al., 2021). Factors that enable partnerships to achieve their own goals
are based on the inclusion of partners linked with already existing networks that
can facilitate internal collaboration and couple with external environment in-
cluding policy and market conditions.

Smallholder farmers need to be genuinely engaged with the VC actors so that
they benefit from the added value for their products (AFI, 2017). The success of a
particular product in VC development will depend on smallholder stewardship of
the program and their involvement eatly in the VC development process (CGI,
2016). On their own, small farmers who constitute a majority are disadvantaged
when it comes to accessing markets, credit, and agricultural resources. This is
one of the reasons for poor adoption of innovations on small farms. In response,
countries such as India have initiated Farmer Producer Organizations (FPOs) to
enable farmers work collectively to reduce costs, improve market access, drive
higher agricultural productivity, enhance food security and livelihood develop-
ment (Verderosa, 2021). The FPOs provide a good platform for strengthening
smallholder stewardship in the VC development.

From the policy point of view, a stable political environment with adequate
legislative measures can favor innovation adoption and encourage rural revitali-
zation (Kosec and Resnick, 2019; Branca et al., 2022). A wide variety of options
exist to create a policy environment conducive to innovation adoption (Lybbert
and Sumner, 2012), ranging from legislative and regulatory instruments to direct
investments, property right allocations, and economic incentives or subsidies.

The adoption of CNRES will succeed when there are stable and assuring mar-
kets for the farmer’s produce also providing adequate opportunity to farmers to
earn higher incomes. The extent of adoption will also depend on social and en-
vironmental context, whether farmers are educated and used to new tools and
knowledge, age and gender (Nagothu, 2018). It is important to consider whether
the knowledge transfer takes into proper consideration factors such as gender with
differentiated needs. A transformative change of smallholders toward CNREFS
is required to cope with climate change and ensure food and nutrition security.
Climate-resilient innovative farming practices could include (i) improved agro-
nomic practices and effective crop management, (ii) tillage and residue man-
agement, and (iii) efficient water management. A combination of improved
agronomic technologies and practices can be used to cope with the more unpre-
dictable conditions and the resulting impacts caused by climate change. Examples
of such technology packages comprise use of improved crop varieties (e.g., heat
and pest tolerant), implementation of crop rotation or intercropping (e.g., cereal-
legume), planting cover crops, and avoiding bare fallow (Scialabba et al., 2010).
Tillage cropping systems focus on minimum soil disturbance in conjunction with
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the retention of crop residues on the soil surface (mulching) to enhance water in-
filtration, prevent runoff, and protect the soil from erosion and crusting by rainfall
(Scopel et al., 2004). Proper water management can help capture more rain, mak-
ing more water available to crops, and using water more efficiently (Rockstrom
and Barron, 2007; Vohland and Barry, 2009; Branca et al., 2013), e.g., through
planting pits and tied ridge systems which increase infiltration, reduce erosion
and the loss of water and soil from arable land (Wiyo et al., 2000). Such concep-
tual links are shown in Figure 9.1 and discussed below.

Households™ socio-economic characteristics. Socio-economic characteristics of
smallholder producers are highly heterogeneous (de Oca Munguia and Llewellyn,
2020). Their capacities can be different in terms of education and knowledge
intake. According to Huffman (2020), innovation adoption is facilitated by en-
hanced knowledge and access to formal education which may improve human
capital and management capacity. Besides, assuring physical assets’ property rights
(e.g.,, land tenure) can help farmers obtain long-term benefits from current invest-
ments, thereby increasing the likelihood of adoption (Kassie et al., 2015; Mwangi
and Kariuki, 2015; Branca and Perelli, 2020). In this context, social capital (e.g.,
inclusion in a social network) facilitates innovation adoption, especially on small-
holder farms (Husen et al., 2017). Social capital cannot ignore the importance of
women and their contribution to agriculture. However, agricultural research and
extension has been traditionally biased toward men and there has not been an

l......l.l.l....l.....-......l. ’--.....-.........-...--.l......-...'-
Institutional and policy factors Clis eutral Resilient ing System
0 0
FYES 5
. O™o
Cr tati 7
Housefiold’s socio-economic characteristics Sl Minimum tillage

Intercropping
Improved seeds

jing-

Infrastructure and markets

e

Information, extension and advisory services

{

3
Tied vidging
Planting pits

JFENE NN NN EE NN NN NN NNNEN SN NN NN EEEE NN EEEEEE
I NN NN NN NN NN NSNS NN NSNS NN NSNS NEEEEEEEE
EEEEEEEEE NS EEE NSNS N NS NN SN NN NN EEEEEEEEEE

Figure 9.1 Institutional and policy factors affecting smallholders’ adoption of CNRFS-
related innovations: a conceptual framework.
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adequate focus on women (Nagothu, 2015). This is a major challenge in societies
where the gender divide is large, and women are not allowed to make decisions on
par with men. CNRES innovations that ignore the specific needs of women can
be a major setback to ensure the success of adoption. This can become a major
concern where out-migration of men is happening due to economic, climatic, and
other reasons, which leaves the burden of agriculture on women. This is the case
in several developing countries, including parts of Africa, where men and youth
are migrating to cities, as agriculture is becoming risky and is no longer profitable.

Infrastructure and markets. Poor infrastructure and marketing services, costly
inputs and transportation, limited access to output markets, and inadequateness
of post-harvest facilities (e.g., storage and agro-processing options) represent crit-
ical barriers to vertical coordination, preventing smallholders’ market access and
value addition (Barrett, 2008). This can influence producers’ capacity and pro-
pensity to make investments in technology innovations, and to determine the ap-
propriate innovation strategy (Mutenje et al., 2016). Most smallholders in Africa
are not linked to markets due to various reasons including their remoteness in lo-
cation, low farm-gate prices, and lack of organization (Wiggins and Keats, 2013).
Often a catalyst is necessary to establish linkages between farmers and markets or
organize them into groups or collectives. In any case, functioning and accessible
markets, particularly for agricultural commodities, are vital for agricultural growth
to realize its potential as a powerful driver of rural poverty reduction (Kiirschner
et al., 2016). Since farming is a risky business, planning and development of VCs
should consider all possible risks, including market and political, to ensure that
adequate mitigation measures are in place.

Information, extension, and advisory services. Access to information and knowl-
edge about agricultural innovations is another limiting factor of technology
adoption (Cafer and Rikoon, 2018). Public extension and advisory services (EAS)
often offer low-quality services but the increased private sector involvement in
public agricultural extensions (e.g., through public-private partnerships) may also
leave resource-poor farmers underserved (Birner et al., 2009; Branca et al., 2022).
Advisory services should be designed to facilitate smallholder households’ access
(Norton and Alwang, 2020) and to link technology adoption to enhancement
of market opportunities (Haug et al., 2021). Digital extension tools are being in-
creasingly used these days to bridge the knowledge, gender, and digital divides and
empower the rural community by fostering inclusive development and participa-
tory communication (Raj and Nagothu, 2016). An innovative example of digital
extension platform is the village knowledge center that can facilitate timely dis-
semination of knowledge through multiple communication tools.

Case studies

This section presents the results of two case studies in Eastern Africa (Kenya
1 . . . .

and Rwanda)." The case studies explore the socio-economic, physical, and agro-

ecological factors that influence on-farm adoption of innovative climate-smart ag-

ricultural practices and the related adoption barriers, with a focus on the VC and
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the relevant institutional and policy perspectives. This chapter focuses on the in-
troduction of the Brachiaria grass forage to improve the livestock dairy value chain
and the factors that influenced its success in adoption. The forage is an innovation
in the case study areas and has contributed to increased climate resilience of the
current dairy production systems, fostering their transition toward CNRFS.

Brachiaria grass is a perennial tropical forage with high productivity in terms
of palatable and nutritious biomass, tolerates abiotic and biotic stresses, improves
soil fertility, produces more nutritious animal feed, and increases overall livestock
productivity (Mutimura and Ghimire, 2020). In addition to improvements in live-
stock productivity in terms of milk production, it is known to contribute signif-
icantly toward ecological restoration of degraded lands and soil erosion control
(Ghimire et al., 2015). With its appositive traits, it can be one of the promising
climate-neutral resilient forage and a good component that can strengthen adap-
tation and mitigation in crop-livestock integrated systems. In Rwanda, the Bra-
chiaria grass has proved to improve the resilience of mixed crop-livestock systems
and a buffer against frequent crop failures due to extreme weather events and
climate change (Mutimura and Ghimire, 2020). It has large root systems, seques-
ters carbon into soils, resistant to droughts, performs well in low fertility soils,
and provides several environmental benefits in the form of ecosystem services
(Djikeng et al., 2014; Njarui et al., 2016, 2020). The fodder grass has a positive
impact not only on milk production but also on crop yields (in crop rotation
systems) due to the benefits it has on soil fertility. Overall, it generates significant
ecological, nutritional, and socio-economic benefits (Table 9.1).

The introduction of Brachiaria grass in the farming systems of the case study
areas has been achieved due to the promotion of a participative value chain gov-
ernance approach supported by multi-actor platforms (MAP) established in the
two cases, i.e., a partnership aimed at linking farmers’ organizations, scientific
community, public and private sector, non-governmental organizations (NGOs),
and SMEs operating within the same product chain. The MAP members have
been involved in different activities, including validation, extension, providing
feedback, and upscaling of innovative Brachiaria-based dairy production sys-
tems. Experience has shown that the MAP members played an important role in
strengthening science-policy linkage.

Table 9.1 Ecological, nutritional, and socio-economic benefits provided by Brachiaria

forage
Ecological benefits Nutritional benefits Socio-economic benefits
e Increased livestock e Increased dairy cattle e Increased household
productivity and beef productivity income and improved
e Reduced GHG emissions ® Improved household livelihood
e Greater climate nutrition and health e Adaptation through
resilience income diversification

Adapted from Ghimire et al. (2015).
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Evidence shown here is supported by primary data collected through sample
household surveys and focus group discussions, MAP meetings, and key inform-
ant interviews conducted in the project sites from 2018 to 2020 through a H2020
project “InnovAfrica” funded by the European Commission (www.innovafrica.
eu). For each case study, we provide a list of actors operating at various stages of
the VC; a description of smallholder farmers’ characteristics, which are expected
to have an impact on the innovation adoption process (and descriptive statistics
resulting from the household survey); a catalog of the policies and institutions in
place; and a narrative about the potential strategies to overcome adoption barriers
along the VC, developed through the Theory of Change methodology through
MAP meetings.

The case study in Kenya

The study was carried out in the Kangundo subcounty, which is situated in the
eastern midlands. Most smallholders rely on agriculture income from the grow-
ing of maize and grain legumes and from livestock production. The introduction
of Brachiaria grass forage into the dairy cattle production system was expected
to generate benefits on biomass production and livestock productivity and, indi-
rectly, on smallholders’ livelihood and food security. The dairy VC is described
below. It was centered on small producers and comprises input providers, traders,
processors, and retailers.

The value chain structure

Input provision: Various entities supply inputs and services to farmers and dairy
cattle herders. Agro-dealers sell seeds, fertilizers, and pesticides. The most pre-
ferred forage seed attributes are pasture quality, suitability for area/local climatic
conditions, and durability in terms of harvesting period. Sales arrangements in-
cluded cash, credit, discounted for bulk, and discounted for preferred customers.
Fertilizers were subsidized under the National Accelerated Agricultural Inputs
Access Program (NAAIAP). Agro-dealers were appointed as distribution agents
for subsidized inputs by the government. To sell seeds, a license is required, in ad-
dition to a business permit provided by the county government. Agro-vet compa-
nies and aggregators (cooperatives) supply feeds, supplements, drugs, and artificial
insemination (Al) services. They usually make a one-on-one contact with farmers
as well as site visits (in collaboration with extension agents). The government re-
quires that all agro-vets have an attendant trained in veterinary (e.g., a para-vets
or veterinaries registered with the Veterinary Board).

Output production: Small-scale dairy farmers account for about 80% of produc-
ers. On average, they own one milking cow per family with a calf per cow per year.
Daily milk production was about 5-7 liters per day per cow. Farmland size is 1,500
m?/family, which also includes both animal housing and family house. Land ded-
icated to cropland is approximately one acre per farmer household. The remain-
ing 20% of farmers are of medium and large scale. Productivity was estimated at
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20-30 liters per day from three to four milking cows per household for medium-
scale farmers, and at more than 150 liters per day from about ten milking cows for
large-scale producers.

Trading: Our study showed that raw milk was sold to aggregators/cooperatives
(32%), traders (23%), retailers (4%), and local basic processors (7%). Remaining
quantity was directly sold to consumers. Dairy cooperatives allowed farmers to
collectively market their produce and access various inputs and services as de-
scribed below:

a  Limuro Dairy Cooperative, with around 8,000 active members. Services pro-
vided to members included raw material collection, processing and market-
ing, subsidized fertilizer provision, extension and technical services (e.g.,
veterinary, agriculture extension). Service provision to members is based on
a credit-system (i.e., costs are charged at the end of each month and deducted
directly from milk sales).

b Kambusu Cooperative is the largest cooperative in the area. It collects ap-
proximately 3,000 liters per day. Payments to members were made monthly
through a bank. Milk was mostly sold outside the area, while the remaining
30% was sold to local retail shops.

¢ Kakuyuni Cooperative was recently established. Its members are mainly small-
scale farmers.

Local traders connected farmers to milk outlets. They mainly comprised milk
hawkers who collected milk from farmers and supply to different buyers, including
hotels and schools. This marketing channel is preferred by farmers because of
prompt payments.

Processing: Processors purchased raw milk directly from individual farmers (e.g.,
New Kenya Cooperative Creameries) or from farmer cooperatives. The latter op-
tion reduces transport and logistics costs. Processing consists of pasteurization
and ultra-heating. Milk is then either packed into packets/containers or further
processed into yoghurts, butter, cheese, and ghee.

Retailing: Retailers include supermarkets, milk dispensing machines (ATMs),
mobile vendors, milk kiosks, and bars. Supermarkets sold a diverse range of dairy
products and can operate ATMs which were also operated by individual entrepre-
neurs. Mobile vendors sold milk to shops, outlets, and small hotels, using private
means of transport (motorcycles or bicycles). Milk kiosks or bars sold milk to
consumers on behalf of shops or hotels.

Farmers’ characteristics

The results of the survey conducted over a sample of 316 households indicated
that only 11% of the households in the study area included Brachiaria into their
farming systems. Table 9.2 reports the socio-economic characteristics of the sam-
ple. Most smallholder farmers are male, middle aged. They attended at least pri-
mary school. With reference to economic assets, households’ average monthly
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Table 9.2 Socio-economic and physical characteristics of farmers in Kangundo (n = 316)

Variables Description Mean  Std. Dev. Min  Max

Brachiaria use Household uses Brachiaria (1/0) 0.117  0.322 0 1

Household head characteristics

HH head gender Household head male (1/0) 0.759 0428 0 1

HH head age Age of household head (years) 57946 12935 27 90

HH head education Household head attended at least 0975 0.157 0 1

primary school (1/0)

Economic assets

HH total income Total farm income (USD) 233.724 232.503  4.95 2376

Credit Access to credit (1/0) 0.320 0467 0 1

Subsidy fertilizers Subsidy’s access to buy fertilizers (1/0) 0.022  0.147 0 1

Physical assets

HH total area Total farm size (ha) 1.815 8.102 0. 141.7

Local breed Household own local breed (1/0) 0427 0495 0 1

Exotic breed Household own exotic breed (1/0) 0.310 0463 0 1

Crossbreed Household own crossbreed (1/0) 0472  0.500 0 1

Fertilizers use Household uses of fertilizers (1/0) 0.665 0473 0 1

Environmental context

Semi-arid AEZ Agro-ecological Zone semi-arid (1/0) 0981  0.137 0 1

Drought experience Household experienced drought (1/0) 0911  0.285 0 1

Flood experience Household experienced floods (1/0) 0.025  0.157 0 1

Irregular rain Household experienced irregular rains ~ 0.873  0.333 0 1
experience (1/0)

EAS

Extension provided by Access to extension services provided 0.206 0405 0 1
government by government

Extension provided by Access to extension services provided 0.044 0206 O 1
private company by private company

Extension provided by ~Access to extension services provided ~ 0.016  0.125 0 1
NGO by NGO

Extension provided Access to extension services provided ~ 0.098 0298 0 1
cooperatives/farmers by cooperatives/farmers

Extension provided by Access to extension services provided 0.076  0.265 0 1
bank/insurance by bank/insurance

Group participation ~ Participation to groups (1/0) 0449 0498 0 1

Household food security

Food security Food Consumption Score 85.060 15.747 30 112

Based on own survey data collected.

income amounted to US$233.72. Nearly 32% of farmers had access to credit,
while only 2% benefited from input subsidies. Considering the physical assets, the
average land available to farmers is less than 2 hectares; most common livestock
species are local and crossbreeds; fertilizers were commonly used. With reference
to the environmental context, most farmers perceived climate alterations such
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as droughts (91%) and irregular rains (87%). With regard to social capital, about
half of sampled households participated in some form of agricultural groups or
associations.

Policies and institutions

Policy context. The main policies implemented in the sector were as follows:

a  Seed and fertilizer subsidies through the “Input policy”. They aim to provide
inputs to farmers at affordable prices, therefore expanding inputs access to
smallholders. However, inadequate funds allocated to this policy and target-
ing difficulties limited policy effectiveness.

b Public extension service support through the “Livestock policy”. It aims to fa-
cilitate demand-driven extension services and increase production efficiency
even if farmers lack awareness of its importance. The limiting factors to pol-
icy effectiveness were inadequate financial resources allocated to policy, lim-
ited capacity of extension workers, and lack of transportation means to reach
rural areas.

c  Provision of small irrigation equipment through the “Agriculture irrigation
policy”. It aims to provide irrigation infrastructure to farmers in arid and
semi-arid land. Inadequate financial resources, scarce technologies, and in-
sufficient capacity of technical staff to facilitate implementation limited pol-
icy effectiveness.

d  Establishment of appropriate storage facilities through the “Agribusiness pol-
icy”. It aims to provide storage facilities, make livestock commercially ori-
ented and competitive, and provide capacity building on agribusiness skills.
Inaccessibility of appropriate storage facilities (e.g., coolers), limited funds,
and insufficient awareness regarding the efficient handling of post-harvest
agricultural produce were found to be the main limiting factors.

Extension services: Extension service provision is guided by the National Agricul-
ture Sector Extension Policy (NASEP). It is emphasized that the private sector
should play a large role in providing extension services. Despite such a policy, the
extension personnel to farmer ratio remained low, the main provider being the
public sector. Also, budgetary allocation to extension services has dwindled, and
the quality of private extension is questionable. To enhance access to markets,
cooperative movements are promoted, but it is not adequate in their current form.

Market and other Institutions: More than three-quarters of sampled farmers had
access to the market through traders, cooperatives, and individuals. Low prices
and unstable prices were the most important constraints in marketing. Several in-
stitutions supported the dairy sector including the Kenya Dairy Board, responsible
for ensuring efficient production, marketing, distribution, and supply of milk and
dairy products; the Kenya Bureau of Standards (KEBS), with the responsibility of
setting and enforcing standards for all products; the Public Health Division of the
Ministry of Health, which ensured maintenance of hygiene standards along the
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chain; and the Kenya Agriculture and Livestock Research Organization, which is
incharge of public agricultural research. The combined support from the govern-
ment agencies plays an important role in strengthening the livestock value chain.

Value chain development strategies

The Theory of Change developed was based on inputs from the MAP meetings
where members identified the following barriers to the adoption of Brachiaria,
including lack of information on forage grass, expensive forage seeds due to high
production costs and limited seed production capacity, small land size limiting
the possibility to develop fodder production, and lack of irrigation opportunities
and reliance on fluctuating rainfall patterns. Establishing knowledge platforms to
share information might overcome the lack of knowledge about forage grass in
general and Brachiaria in particular. Use of alternative propagation methods (e.g.,
splits) and wider involvement of public-private partnerships to multiply seeds are
plausible interventions to enhance Brachiaria multiplication. Increasing farmers’
knowledge about water harvesting techniques and mapping areas indicating suit-
able locations for irrigating pastures can support forage production expansion.

Smallholders’ access to inputs can be increased by expanding subsidy access
to a wider range of inputs (seeds, fertilizers, equipment) from a variety of pro-
viders, e.g., through the e-voucher digital service delivery. An increased efficient
use of inputs might also be achieved through enhancing public-private extension
and advisory services and strengthening linkages between research and farmers
through innovation sharing. A summary of the Theory of Change exercise is
reported in Figure 9.2.

The case study in Kenya

The case study refers to Nyamagabe district, situated in the Southern Province,
characterized mainly by maize-cattle-based farming systems.

The value chain structure

Input provision: Agro-dealer and agro-vet companies supplied inputs and services.
Some agro-dealers also provided technical assistance to farmers, together with
public extension agents. Inputs’ selling prices are partially set by the Ministry of
Agriculture and Animal Resources (MINAGRI) under the subsidy input policy.
However, most farmers cannot afford purchasing inputs, even if subsidized, due to
income constraints.

Output production: Dairy farmers are mostly (about 90%) small-scale producers
with an average of one to two dairy cows per household. Large dairy farmers owned
on average six dairy cows. Milk productivity was about 3 liters per cow per day.
Production within both small- and large-scale farming was based on integrated
crop-livestock systems. Dairy farmers sold milk to dairy cooperatives (30%), local
consumers (20%), and local traders (5%), while self-consumption varied between
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Figure 9.2 Theory of Change: introducing Brachiaria into the dairy VC in Kangundo
(Kenya).
Source: Authors’ own elaboration.

30% and 50%. The minimum price for milk at the farm gate was set by the gov-
ernment and was 200 Rwandan franc (RWF) per liter* in 2017. However, on the
informal market, the price for local consumers was 160 RWF per liter in the same
year. Farmers did not process raw material for the formal market, but they pro-
cessed fermented milk for self-consumption and for sales to local consumers.
Trading: One dairy cooperative collected the raw product through a milk col-
lection center. With reference to 2017 (when the data collection has been con-
ducted), despite its milk collection capacity of 5,000 liters per day, local dairy
farmers supplied only between 500 and 800 liters per day (in the dry and wet
season, respectively). The cooperative bought raw milk from local dairy farmers
(at a price of 200 FRW per liter) and from local traders (at 220 FRW per liter).
The collected and cooled milk was sold at 250 FRW per liter to local traders, res-
taurants, and single consumers. Local traders in the area operated at two different



Climate-neutral and resilient smallholder farming systems 181

levels, playing an intermediary role in two stages of the supply chain: (i) they
bought milk from farmers at 200 FRW per liter and resold it to the dairy coop-
erative at 220 FRW per liter; (ii) they bought milk from the dairy cooperative at
250 FRW per liter and resold it to local supermarkets and local restaurants at 300
FRW per liter.

Processing: Packed milk was supplied by national processors, who bought milk
from farmers located in other production areas. The largest national company
was Inyange Industries, which processes and distributes most produced milk in the
country. It processed a wide variety of dairy products (packed milk, pasteurized
milk, flavored milk, ghee, butter, yoghurt). Products were also exported to Sudan,
South Africa, Uganda, Kenya, and Tanzania. Within the domestic market, dairy
products were supplied to retailers via independent or own distributors.

Retailing: Independent distributors were registered with the Inyange Industries.
They bought packed milk at 880 FRW per liter from national processors and sold
it to the groceries/supermarket at 930 FRW per liter. Raw milk was bought by dis-
tributors at 350 FRW per liter and sold to local groceries at 400 FRW per liter. At
the retail level, consumer prices were 1,000-1,200 FRW per liter for packed milk
and 430 FRW per liter for raw milk (consumers bring their own containers). Dis-
tributors sold packed milk on various markets in the country, whereas individuals
mostly sold unpacked cooled milk mainly in urbanized and business center areas.

Farmers’ characteristics

The results of the survey conducted over a sample of 308 households indicated
that only 4% of the households in the study area included Brachiaria into their
farming systems. Table 9.3 reports the socio-economic characteristics of the
sample. Most smallholder farmers were male, middle-aged, and attended at least
primary school. Considering the economic assets, the average monthly income
amounted to US$43.9. Almost 40% of sampled farms had access to credit, while
only a few farmers benefited from seed and fertilizer subsidies (2% and 3%, respec-
tively). Considering physical assets, the average land parcel size was less than 1
ha; dairy cattle production relied mostly on crossbreeds (79%); fertilizers used was
limited (only 13% of sampled farmers). With reference to climate change, most
farmers perceived climate alterations, mainly droughts (85%). Approximately
30% of farmers were part of agricultural groups/associations.

Policies and institutions

Policy context: The main policy instruments implemented were as follows:

e A gradual increase in the number of improved dairy cows bred was promoted
by the government through the “One cow per poor family” program, whose
objectives included fighting malnutrition and poverty through productivity
increase and a reduction of pressure caused by grazing on the limited pasture
resources.
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Table 9.3 Household socio-economic and physical characteristics in Nyamagabe

(308 HHs)
Variables Description Mean  Std. Dev. Min Max
Brachiaria Household uses Brachiaria (1/0) 0.020  0.057 0 1
Household head characteristics
HH head gender Household head male (1/0) 0.714 0452 0 1
HH head age Age of household head (years) 52.237 12418 21 89
HH head education Household head attended at least 1.049  5.617 0 99
primary school (1/0)
Economic assets
HH total income Total farm income (USD) 43975 48.833 0 300
Credit Access to credit (1/0) 0377 0485 0 1
Subsidy seed Subsidy’s access to buy seeds (1/0) 0.019 0.138 0 1
Subsidy fertilizers Subsidy’s access to buy fertilizers 0.029  0.169 0 1
(1/0)
Physical assets
HH total area Total farm size (ha) 0.693  0.879 0 5.
Local breed Household own local breed (1/0) 0.188  0.392 0 1
Exotic breed Household own exotic breed (1/0) 0.078  0.268 0 1
Crossbreed Household own crossbreed (1/0) 0.792  0.406 0 1
Fertilizers use Household uses fertilizers (1/0) 0.133  0.340 0 1
Brachiaria Household uses Brachiaria (1/0) 0.003  0.057 0 1
Environment
Drought experience Household experienced drought 0.854  0.354 0 1
(1/0)
Floods experience Household experienced floods (1/0) 0.172  0.378 0 1
Irregular rain Household experienced irregular 0.169  0.375 0 1
experience rains (1/0)
Social assets
Extension provided by ~ Access to extension services 0.058  0.235 0 1
government provided by government
Extension provided by ~ Access to extension services 0.013 0.113 0 1
private company provided by private company
Extension provided by ~ Access to extension services 0.003  0.057 0 1
NGO provided by NGO
Extension provided by ~ Access to extension services 0.026  0.159 0 1
cooperatives/farmers provided by cooperatives/farmers
Extension provided by ~ Access to extension services 0.000  0.000 0 1
bank/insurance provided by bank/insurance
Group participation Participation to groups (1/0) 0315 0465 0 1
Household food security
Food security Food Consumption Score 46979 19.357 0 100

Based on own survey data collected.
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e Subsidies on livestock inputs (Al, forage, seeds) were included in the
“Strategic and investment plan to strengthen the animal genetic improve-
ment in Rwanda” whose objectives were to increase the number of Al users
and improve livestock nutrition and feeding. However, inadequate funds al-
located to this policy and high taxation level for vet pharmacies and feed
industry limited its effectiveness.

e Subsidies on agricultural inputs were included in the “National agriculture
policy” to enhance farm inputs’ use and its efficiency. The limiting factors
were inadequate financial resources allocated to the policy.

e Import and distribution of dairy cattle (with higher genetic potential) was
included in the “Strategic and investment plan to strengthen the animal
genetic improvement in Rwanda”. The program aimed to increase the pro-
ductivity of animal resources in a sustainable way and ensure that agricul-
ture and livestock contribute to enhanced dietary diversity and quality at
national and household levels. The following factors reduced policy effec-
tiveness: taxes and licenses limiting semen imports for Al, low capacity of
smallholders, lack of coordination, low involvement of the private sector.

e Tax exemption on importation of agricultural equipment and machinery in
the “Agricultural Mechanization Strategy for Rwanda” policy, whose objec-
tives were to increase the use of modern agricultural technologies and facili-
tate farmers in shifting from subsistence to commercial agriculture. However,
available funds constrained effective policy implementation.

Extension services: They serve as focal points for facilitation and information re-
lated to the market, inputs, credits, and producer coordination. Options for ex-
tension delivery methods are becoming more pluralistic with the widespread use
of mobile phones and information and communication technology (ICT). An ex-
tension communication system was built to allow direct feedback from extension
workers to farmers for questions and queries. In addition, farmers can obtain in-
formation from different government institutions, also at decentralized level. This
enabled farmers to access information on inputs markets available in the area.
At the sector level, the government organizes savings and credit cooperatives
(SACCO) which assisted farmers in obtaining loans for their business though
micro-finance options. However, smallholders’ access to extension advisory ser-
vices was constrained by the exclusive availability of public extension agents and
resources which were limited in size and scope.

Markets and other Institutions: Cooperatives, traders, and individuals were the
most important marketing channels. However, half of sampled households had
inadequate market access and were constrained by low and unstable farm-gate
prices. The National Agricultural Export Development Board supports stake-
holders’ activities to process and export agricultural and livestock products. An
exemption from taxation for selected agricultural inputs and equipment is an
instrument established to enable and encourage the private sector to invest in
agriculture.
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Value chain development strategies

MAP members identified the following barriers to the adoption of Brachiaria
forage in Rwanda despite its positive traits and benefits in terms of enhanced
forage supply: lack of information on forage grasses, shortage of land for forage
production, and lack of available seed material. The strategies suggested to over-
come challenges included practical trainings, and on-farm demonstrations and
trials that could mitigate the lack of technical and technological know-how, es-
tablishing a hub model for selling forage and exploiting cropping niches (e.g.,
under banana plantation) to overcome the issue of land shortage. Policies are
required to support productivity enhancement through the increase in the avail-
able improved dairy cattle breeds. This can be reached by expanding the num-
ber of importers and streamlining the procedures for obtaining import licenses.
Cooperatives might effectively provide both upstream and downstream services,
facilitating access to input markets (fertilizers, credit) and training and serving as
aggregators and quality promoters. The results from the Theory of Change exer-
cise applied to the case study area are reported in Figure 9.3.

Discussion

The introduction of Brachiaria forage into the current farming systems of Kenya
and Rwanda may generate ecological, nutritional, and socio-economic benefits
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Figure 9.3 Theory of Change: introducing Brachiaria into the dairy VC in Nyamagabe
(Rwanda) (authors’ own elaboration).
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along the VC. For example, Brachiaria cultivation fostered higher milk yields,
expanded product flow along the chain, and improved dairy farmers’ incomes.
Thanks to the promising market opportunities and consumers’ demand for a wide
range of dairy products. Also, Brachiaria grass can be introduced as an intercrop
or border crop, and on marginal lands, being able to survive in poor soils with low
nitrogen and phosphorus contents with evident positive externalities in the form
of enhanced soil fertility and climate resilience.

However, smallholders’ adoption of Brachiaria was constrained by limited ac-
cess to VCs opportunities, seed material, including value addition and transfor-
mation. Small farmers often operated with limited knowledge and capacity, and
in a context of poor infrastructures and weak access to technology and knowledge
services. Also, they cultivated small land parcels and could not introduce forage
production due to the need to prioritize land use for crop production and food
security purposes. Milk was undersupplied and economies of scale could be intro-
duced along the chain, with efficiency losses for all operators.

In both case studies, strategies to overcome adoption barriers included infor-
mation dissemination, demonstration, and on-farm trials to motivate new farmers
to uptake forage cultivation, coupled with investments to enhance availability
of forage seeds as well as suitable land areas for forage production (e.g., through
irrigation). Actions to improve coordination along the chain may lead to more
efficient dairy VCs.

In this context, multi-actor initiatives as MAPS have the potential to be a
forum to enhance the diffusion of information and knowledge as well as coordi-
nation along VC actors, with benefits for all the participants. Such platforms face
the problem from a multi-stakeholder point of view, and can identify suitable de-
velopment strategies including options to harmonize institutions and agricultural
policies to facilitate diffusion of agricultural innovation.

Our findings confirmed results from other studies available in the literature accord-
ing to which the low innovations adoption by smallholders was influenced by farm
size, farmer’s education status, institutional assets, marketing possibilities, and profits
(e.g,, Kangogi et al.,, 2021). The effect of households’ physical assets on technology
innovation adoption was positive, due to households’ improved management capacity
(Mwangi and Kariuki, 2015). Access to knowledge is also a critical factor for adoption.
For example, Obi and Maya (2021) showed that awareness creation targeting remote
rural areas as well as institutions to ease farmers’ access to information can contribute
to higher adoption rates. Information access and association membership positively
influenced technology adoption and innovation (Chowdhury et al., 2014).

Some limitations to our findings exist. Farmer entrepreneurship plays an impor-
tant role in influencing adoption decisions of smallholders. Mizik (2021) showed
that small-scale farmers consider the length of the payback period when they de-
cide on any adoption of climate-smart agricultural practices. One way is to com-
pensate them for providing environmental benefits, which is still not an option in
the case study areas. Also, aspects related to drivers of coordination, cooperation,
and institutional transformation processes, as well as to economic incentives to at-
tract spontaneous participation of VC stakeholders deserve further investigation.
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Conclusions

The case studies of Kenya and Rwanda presented in this chapter demonstrated
that the diffusion of climate-friendly and resilient forage grasses such as Brachi-
aria offered promising results and demonstrated how technology innovations can
transform current systems into CNRFS. However, investments are to be made
to improve availability and on-farm access to forage grass seed material and im-
prove fodder and dairy-cattle management. At the same time, technology and
institutional interventions in off-farm VC segments (marketing, processing, stor-
age, standards regulation) are required to capitalize the expected benefits deriving
from on-farm innovations. Despite challenges, the sub-Saharan Africa is slowly
becoming a competitive marketplace for agri-products.

Smallholder production systems must enhance their productivity in a more
resilient way to respond to the increasing food demand in the context of climate
change. As in other sustainability transitions, innovations in the technology as
well as in the institutional settings play a critical role. Indeed, adoption of innova-
tive technology to increase production efficiency and transform farming systems
toward CNRES will not be possible without farmers’ access to properly function-
ing institutions, including effective information and knowledge systems, timely
delivery of modern input technologies, and market access.

In this context, existing policies and institutions operating in the African
agri-food system should be harmonized, along with an effective governance for
multi-stakeholder VCs. The development of stakeholders’ platforms — such as
MAPs — represents an institutional innovation which could respond to such de-
mand. Other studies have also shown that MAPs play an increasing role in scaling
up innovations in agricultural systems (Barzola et al., 2020). In the two case stud-
ies, MAPs identified specific strategies to develop the VC in a coordinated manner.
This included structuring the public-private EASs in support of the development
of professional capacities and skills of extension workers; supporting cooperatives
to enhance smallholders’ participation in the VC, including their access to knowl-
edge and inputs; improving regulations for license import of technical inputs for
animal production; setting adequate hygienic standards related to milk commer-
cialization; promoting public-private-producer partnerships on information and
knowledge management; introducing labor market policies to lift the labor scarcity
constraint and ease the adoption of labor-consuming innovation technologies.
MAPs can provide a conducive entry point for smallholders’ linkage with markets,
especially those requiring assurances that adequate volumes of commaodities can
be traded. They will also play a key role in improving smallholder farmers’ inno-
vation skills and designing entrepreneurial agribusiness models, which could be
replicated to different VCs and upscaled to national and regional markets.

Notes

1 The case studies refer to the activities conducted within the H2020 InnovAfrica pro-
ject (www.innovafrica.eu) funded by the EU (Grant agreement no 727201 and call
SFS-42-2016).

2 US$1 is equal to 1,183 RWF.


http://www.innovafrica.eu
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