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Abstract

Empowering farmers to increase productivity by educating them on conservation agriculture (CA) could
contribute to reducing vulnerability, alleviating food insecurity, and fighting poverty while being
ecologically sustainable in the Democratic Republic of the Congo. This study assesses the effect of a
CA-promotion agriculture program. Findings suggest that location of the farm, training, having accessed
credit, belonging to a farmers’ group, and being a vulnerable female all drove adoption to varying degrees
and directions. Results also suggest that policy makers and CA practitioners should emphasize the ability
that CA has to increase income and food security, which could widen CA adoption.
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1. Introduction

The agricultural sector in the Democratic Republic of the Congo (DRC) is still struggling to cope
with postindependence political and structural instability. Agricultural output fell between 1970
and 1980 because of Zairianisation, a policy implemented by President Mobutu’s government that
nationalized all private companies, including those in the agricultural sector. Agricultural output
and food security continued to decline with an economic crisis in the 1990s when the DRC faced
what Akitoby and Cinyabuguma (2004, p. 7) call “the grip of an unprecedented circle of
hyperinflation, currency depreciation, increasing dollarization and financial disintermediation,
declining savings, deteriorating economic infrastructure, and broad-based output decline.” The
war between 1996 and 2006 compounded the economic collapse (Smoes, 2012; Tollens, 2004).

In the DRC, like in most low-income countries, agriculture is one of the primary sources of
employment and revenue. Improving agriculture, the backbone of most African economies, can be
the catalyst for poverty reduction and can improve livelihoods across the entire continent (Gates
and Gates, 2015). For the DRC specifically, improving agricultural productivity and incomes also
has the potential of reducing the vulnerability of the poorest of the poor. Vulnerable youth in the
DRC have historically been predisposed to join armed groups or to leave villages for illegal mining
opportunities, which mutually fuel civil conflicts keeping the country in the poverty cycle.
Herderschee, Kaiser, and Samba (2012) state that improving agricultural productivity is one of
the best ways to combat the DRC’s extreme poverty. Given the high incidence of food insecurity
and the fact that increased agricultural productivity has the potential to reduce poverty, the
government of the DRC has begun to focus on investing in the agricultural sector.

DRC citizens and the agricultural community are still recovering from an almost 20-year
conflict that brought violence, insecurity, displacement, political upheaval (Famine Early
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Warning Systems Network [FEWS NET], 2015), and increased poverty and food insecurity
throughout the country. Perhaps no group is more affected than women, who are the backbone
of the DRC’s agricultural sector. This is partially because slash-and-burn agricultural practices
destroy forests, requiring women to venture farther from home to cultivate land. The additional
travel, a direct consequence of slash-and-burn, exposes women to increased risk including sexual
assault as they have to travel farther from home for agricultural production. Thus, empowering
farmers to increase productivity by educating them to use conservation agriculture (CA), a more
sustainable alternative to slash-and-burn, could contribute to reducing female vulnerability,
alleviate food insecurity, and fight poverty while being ecologically sustainable.

Moreover, educating women, specifically, in CA could help reduce some burdens that years of
civil unrest has caused for women in the agricultural communities of the DRC. First, it would
allow for the reduction of labor, in that women would not have the arduous task of plowing
or clearing the field (slash-and-burn) to plant new crops. Second, by staying closer to their homes
and not having to travel to find virgin forests to clear, CA could reduce the chance that a woman
would encounter physical and/or sexual violence. Rebuilding the agricultural sector in the DRC
will be complicated and time consuming but must be holistic in nature to ensure a sustainable
(environmental, social, and economic) future. Because of women’s key role in the agriculture
sector, programs that educate women in CA practices in the DRC have the ability to make positive
social, ecological, and economic changes.

In the DRC’s National Agriculture Investment Plan under the Comprehensive Africa Agriculture
Development Programme, officially known under the French acronym PNIA, the government of
the DRC committed, in 2013, to focus on the enhancement of agricultural productivity in a
sustainable manner, taking into consideration the environmental stress from slash-and-burn
agriculture and the pivotal role women play in productive agriculture (Ministére de
I'Agriculture et du Développement Rural, 2013). According to Kassam, Mkomwa, and Friedrich
(2017), “CA is defined as a management system based on three interlinked principles which are
applied in a mutually reinforcing manner: (i) continuous no or minimum physical soil mechanic
disturbance (ii) maintenance of permanent soil mulch cover, and (iii) crop diversification in space
and time”

As an innovative farming practice, CA was introduced in the DRC and piloted in 2009 in the
Maniema province (Fig. 1) by Catholic Relief Services (CRS) and its partners through a $2-million
Howard G. Buffet Foundation-funded program named “Kulima Pasipo Kutipula Udongo:
Improving Agricultural Productivity through No-Tillage Agriculture in Maniema Province,” also
known as the “NTA project.” CA was promoted by the NTA project as a potential solution to the
issue of slash-and-burn agriculture and its negative externalities on women farmers and the
ecosystem throughout central and eastern DRC. First, the reduction of slash-and-burn can reduce
the agricultural work burden on women, as they do not have to travel continuously farther
distances to cultivate fertile land. Second, reducing the distance women have to travel to farm
also reduces their chances of being put in vulnerable situations, which are a by-product of the
ongoing conflicts in central and eastern DRC. In a holistic sense, CA can be viewed as a viable
concept for sustainable agriculture because of its potential comprehensive benefits in economic,
environmental, and social aspects of sustainability (Derpsch, 2007).

The economic benefits of CA are valued in terms of farmers’ time and labor saved as
compared with traditional slash-and-burn practices common in the DRC (CRS, 2012, 2015).
CRS (2015) found that farmers who adopted CA in Maniema spent 50% less time weeding their
plots compared with nonadopters. The reduction of weeding is a direct result of fewer weeds
attributed to a thick layer of mulch covering the ground (a practice encouraged in CA in the
DRC). Another economic benefit is the potential of enhanced yields (Conservation
Agriculture Group at Cornell University, 2015; Lalani et al., 2017). According to the Food
and Agriculture Organization of the United Nations (FAO, 2019), the agronomic benefits of
CA are mainly soil structure improvement and an increase in organic matter, which ultimately
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Figure 1. Study area of Maniema province, Democratic Republic of the Congo, used in analysis.

result in more fertile land. As a result, water and nutrients are used more efficiently and can
potentially preserve the soil while also increasing farm production (FAO, 2019). Increased
fertility with organic matter can both increase revenue (through higher yields) and decrease
costs (reducing the need for inorganic fertilizer). The environmental benefits, mostly resulting
from mulching and the reduction of deforestation attributed to slash-and-burn, are soil
protection against erosion and carbon sequestration, which makes CA a candidate for
climate-smart agriculture (Mkomwa et al., 2017).

This study used primary data collected in 2015 by CRS for the ex post evaluation study of the
NTA project. The objective of this study was first to estimate the factors that drove adoption of CA
in the DRC via the NTA project. Additionally, this study set out to explore how female adoption
compared with male adoption rates, given that the project was targeted at vulnerable female
farmers (household heads who were widows, single women, or separated/divorced because of
consequences of DRC conflicts and poverty). Further, this research illustrates what, if any, benefits
farmers derived through the adoption of the CA practices.

Because human capital can be transferred, the research also aimed to estimate the perceived
benefits to producers who may have adopted CA but did not receive formal training from CRS and
to compare those with the perceived benefits of farmers who actually received formal training—
that is, to capture if there were any spillover effects of the formal training. The study is the first of
its kind for the DRC because CRS has been the pioneer of CA in the country. Its relevance for
agricultural research and development goes from policy design to implementation, takes into
consideration the key role of gender within DRC agriculture, and fits in the current themes of
sustainability and climate change. In a poor, postconflict country continuing to struggle with food
insecurity and malnutrition such as the DRC, this study provides important information to policy
makers, nongovernmental organizations (NGOs), and conservationists about why people adopt
CA and what the perceived benefits are for those who do.
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2. Literature review

A considerable amount of literature has been published on CA all over the world. The literature
discussed subsequently focuses on studies conducted in Africa on factors driving adoption of CA,
presents the benefits of adopting this practice, and sketches its adoption theory for the DRC. On
the other hand, it was necessary at this step to start by providing peripheral information on the
particular context of the DRC. With that in mind, this section first outlines the relationships
between the DRC agriculture sector and its political disturbance, the specific role of women,
and the slash-and-burn practice, respectively.

2.1. Political conflict in the DRC

The poverty level in the DRC has been exacerbated by 10 years of civil discord. From 1996 to 2006,
the country faced what Reyntjens (2009) calls “the Great African War,” which both directly and
indirectly involved 13 African nations, national and foreign militias, and rebel groups. The U.S.
Agency for International Development (USAID) determined that more than 17 years of conflict in
the eastern DRC, an area including the provinces of Maniema and South and North Kivu, and the
former provinces of Katanga and Orientale, has led to the depletion of much of the area’s
resources and thwarted the country’s development plan (USAID, 2014). Otchia (2014) asserted
that the agriculture sector in the DRC suffers from a lack of “development strategies,” combined
with the consequences of conflict, which has led to widespread food insecurity in many parts of
the country.

Throughout all the civil conflicts and political instability since 1996, there has been one
constant in the DRC: food insecurity. Tollens (2003) claimed that food insecurity in the DRC
is the consequence of poverty brought on by civil conflict. From 1961 to 2000, the DRC experi-
enced a decrease of 34% in daily caloric intake and 37% in daily protein intake (Tollens, 2003). The
decreases in caloric and protein consumption are a consequence of civil and political unrest as well
as a lack of investment in agricultural productivity enhancements. Compounding matters, since
the early 2000s, the DRC has had one of the world’s highest internal displacement rates because of
the aforementioned civil conflicts (Akakpo, Randriamamonjy, and Ulimwengu, 2014; Norwegian
Refugee Council and Internal Displacement Monitoring Centre, 2017). As of February 2018, it was
estimated that approximately 4.6 million people were experiencing food insecurity, 2 million
children were acutely malnourished, and 4.5 million people were internally displaced in the
DRC (United Nations Office for the Coordination of Humanitarian Affairs, 2018), which is nearly
6% of the DRC population.

2.2. Women in the DRC agriculture sector

Women represent the largest sector of the agricultural workforce in the DRC; however, they are
also some of the most vulnerable members (International Monetary Fund [IMF], 2013; USAID,
2014). Of all the participants in the agricultural community, the Ministére de I’ Agriculture et du
Développement Rural (2010) considers women as the most important contributors because of
their primary roles in agricultural production and commitment to food security at both the
household and community levels. In 2014, the DRC’s Demographic Health Survey reported that
agriculture is the primary occupation for 58% of all women in the DRC, with this percentage
increasing to 66% for women between 45 and 49 years old who have more than five children
(Ministére du Plan et Suivi de la Mise en OEuvre de la Révolution de la Modernité, Ministére
de la Santé Publique, 2014). In rural areas, the same report found that 77% of women are involved
in agriculture. The Ministere de I’Agriculture et du Développement Rural (2010) recognized that
women are also among the first victims of the country’s long past of political and social instability.
Herderschee, Kaiser, and Samba (2012) reported that women in the DRC were “disadvantaged
relative to men,” a situation that was only intensified by civil conflicts, despite some recent
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progress to reduce that inequality. A 2014 report by the USAID found that women face many
types of discrimination, exploitation, and exclusion in their communities throughout the DRC
(USAID, 2014). Rural women in the DRC are exposed to higher levels of poverty and food
insecurity and are more likely to fall victim to the DRC’s ongoing civil strife.

2.3. Slash-and-burn agriculture in the DRC

Agricultural productivity decreased by 60% in the DRC from 1960 to 2006 because of political
instability and farmers abandoning production because of civil strife (IMF, 2013). The weakening
of the agriculture extension system throughout the DRC impeded the dissemination of best
management practices, leading to reduced agricultural productivity, decreased earnings, and
increased food insecurity (World Bank, 2013). Slash-and-burn agriculture, a common farming
practice in the DRC that consists of slashing the vegetation and burning its residues to create
new fertile farmland, is still widely implemented in the DRC today. Many farmers in
sub-Saharan Africa, even those who do not practice slash-and-burn, choose to feed crop residue
to livestock rather than leave it in the fields, thus hampering soil fertility. Slash-and-burn has
detrimental effects on land, accentuates deforestation (United Nations Environment
Programme, 2011), and also contributes to the degradation of aquatic ecosystems and biodiversity
(Programme Management Unit, National Institute of Agricultural Extension Management, 2016).
A 2009 CRS study found that in the province of Maniema, slash-and-burn agriculture makes
women more vulnerable to sexual assault, as it continuously forces them to walk farther from
their village to the farm, which increases their workloads and inherently exposes them to an
increased possibility of rape. Almost 3.5 million women have been raped or experienced partner
sexual violence between 2000 and 2010 in the DRC (Peterman, Palermo, and Bredenkamp, 2011).

2.4. Factors driving CA adoption

In their study, Wisdom et al. (2014) compiled a meta-analysis of 20 theories of innovation
adoption. The authors found that constructs of leadership, operational size and structure,
innovation fit with norms and values, and attitudes/motivation toward innovations each were
mentioned in at least half of the theories they analyzed, though there were no consistent defini-
tions of measures for these constructs. They found that these theories confirmed that adoption is a
process that moves from preadoption, in which staff within an organization become aware of an
innovation and access information with which to make a decision, to established adoption, where
the organization decides whether to proceed with and commit to the innovation (Frambach and
Schillewaert, 2002; Greenhalgh et al., 2004). They also found that theories of adoption were driven
by mechanisms within the contexts of sociopolitical (gender, age, etc.) and external influences
(financial incentives and accreditation standards), organizational characteristics (leadership
support and social climate), innovation characteristics, staft/individual characteristics, and client
characteristics (readiness and need for change). These theoretical drivers of innovation adoption
were used in conjunction with empirical studies of CA adoption to help determine the causal effect
of adoption CA in DRC.

Early empirical studies around agricultural innovations received the attention of scholars in
developing countries because farmers in these countries rely on subsistence agriculture and most
of these technologies aimed to improve yields and increase farmers’ revenue (Feder, Just, and
Zilberman, 1985). Feder, Just, and Zilberman (1985) also reported that, although adoption results
were not uniform, innovations have been brought to farmers in developing countries through
development projects that attempted to abate adoption constraints. In Malawi, South Africa,
eSwatini, Tanzania, and Zimbabwe, CA was introduced and promoted between 1998 and 2008
by national governments, research centers, and NGOs to enhance smallholder farmers’ crop
productivity in response to drought and soil erosion (Chisenga, 2015; Gilbert, 2013; Kassam et al.,
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2009; Mavunganidze et al., 2013; Mlenga and Maseko, 2015; Ntshangase, Muroyiwa, and Sibanda,
2018). Feder, Just, and Zilberman (1985) identified and compared techniques used in existing CA
adoption studies. For example, some adoption studies, like those using chi-square contingency
tables, failed to raise the quantitative importance of explanatory forces; others used correlations
analysis that produced only qualitative information about explanatory factors; and still others
(like ordinary least squares regression) limited their scope on decision of adoption and forgot
its intensity. Thus, exploring adoption as a dichotomous dependent variable appears to be the
most appropriate modeling technique. That being said, logit and probit models have been
identified as the most robust methodological framework (Feder, Just, and Zilberman, 1985;
Feder and Umali, 1993).

In the 1980s, investigations around the adoption of agricultural technologies, especially soil
conservation practices such as CA, seemed to agree that farm size, education, financial wealth,
and, in certain ways, age and risk perception drive adoption decisions (Ervin and Ervin, 1982;
Feder, Just, and Zilberman, 1985; Nowak, 1987). Table 1 illustrates a summary of some of the
previous literature on the drivers of theoretical/emperical adoption of innovation/CA. Knowler
and Bradshaw (2007) grouped the factors driving CA adoption into four categories: farmer
and farm household characteristics, farm biophysical characteristics, farm financial/management
characteristics, and other exogenous factors. There are specific factors related to the farm, farmer,
technology, and institutions that play a role in the adoption of soil conservation practices (Liu and
Huang, 2013). Many studies have found that the drivers of adoption are specific to each
country/region/village and need to be analyzed as such (Corbeels et al., 2014; Knowler and
Bradshaw, 2007; Parvan, 2011; Thierfelder, Bunderson, and Mupangwa, 2015).

2.5. Benefits of CA

The literature is rich with studies that find the benefits of CA are not instantaneous and demonstrate
that CA is a response to climate change and farmers’ vulnerability, CA reduces GHG emissions, and
CA provides better ecosystem functioning and services (Derpsch et al., 2010; Kassam et al., 2009). The
potential benefits of CA would be particularly important for regions affected by drought throughout
Africa, as CA has the potential to hold subsurface moisture more efficiently (Palm et al., 2014). CA
meets smallholder farmers’ need to spend less time on agricultural production (per unit of land),
because it reduces intensive tasks such as tillage and weeding, and, as a result, more time is available
to diversify their livelihoods (Friedrich and Kienzle, 2008).

Focusing on the impact of CA on food security, Mango, Siziba, and Makate (2017) demonstrated
that CA did not change the food consumption score in Zimbabwe and Malawi but significantly
improved the food consumption score in Mozambique. In Brazil, an FAO study that considered
CA an improved cropland management technology reported an increase in average productivity
and farm net income for maize, beans, bananas, and cassava in 2010 because of CA (Branca
et al.,, 2011). A study in Mozambique found that CA provided better crop returns to smallholder
farmers, especially the poorest, when intercropping was also integrated (Lalani, Dorward, and
Holloway, 2017). Numerous studies comparing conventional tillage with CA in South Africa
showed better maize yields under CA (Sithole, Magwaza, and Mafongoya, 2016). Although the
literature is rich with examples of CA advantages, nothing is reported on how CA could affect
producers in the DRC. As such, the following sections will describe CA training provided in
DRC and the subsequent drivers of adoption and perceived impacts of CA.

3. Research site and data
3.1. Maniema province

The research study took place in Kailo and Kasongo territories in the Maniema province in the
DRC, where seven and four villages, respectively, were sampled (Fig. 1 and Table 2). The province
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Table 1. Summary of literature on the theoretical and empirical drivers of conservation agriculture (CA) adoption

Theoretical Year Drivers of Innovations Authors
Studies . X
2002 External influences Frambach and Schillewaert (2002)
2004 Innovation characteristics Greenhalgh et al. (2004)
2006  Sociopolitical Damanpour and Schneider (2006)
2008 Staff/individual characteristics Godin et al. (2008)
2008 Client characteristics Weinstein, Sandman, and Blalock (2008)
2011 Organizational characteristics Aarons, Hurlburt, and Horwitz (2011)
Empirical Year Factors Influencing CA and Related Authors Country Method Number of
Studies Agricultural Technologies Adoption Observations
1978 Education, erosion potential Ervin and United Multiple 92
Ervin (1982) States regression
1987 Farm erosion rate, land use Nowak (1987)  United Stepwise 89
intensity, farm labor, corn States regression

suitability rating, field days
attended, U.S. Department of
Agriculture contract, extension

contract
1999- Plot size, soil fertility, age of Liu and Huang China Probit 162
2001 decision maker (2013) models
2010 Agriculture training, farm size, Bisangwa Lesotho Probit 432
education, access to fertilizer, (2013) model

distance to fields, household
demographic structure, livestock
ownership, input price

2012- Age, gender, levels of education, Mlenga and eSwatini  Logit model 196

2015 extension service, labor Maseko (2015)

2013 Age, education, access to extension Mavunganidze Zimbabwe Multinomial 146
service, labor, animal draught et al. (2013) logit model

power availability, land size

2013 Availability of farm labor, access to Chisenga Malawi Chi-square 60
farmer training on CA, farm size, (2015) test
source of information, education
level, access to farm inputs, age,
membership to a farmer group,
number of visits of extension agent

2013 Gender, level of income, land Gilbert (2013) Tanzania Logit model 120
ownership

2015 Number of extension visits, age, Ntshangase, South Logit model 185
education, land size, farmer’s Muroyiwa, and Africa
positive perception of CA Sibanda (2018)

had a population of 1,682,451 people in 2014, where 70% of the population is rural, and 60% and
65% of the women and men are involved in agriculture, respectively (Ministere du Plan et Suivi de
la Mise en OEuvre de la Révolution de la Modernité, Ministére de la Santé Publique, 2014;
Omasombo et al,, 2011). The studied area was chosen by CRS within the NTA project’s area
of implementation because it included heterogeneous agroecological regions (the forest and
the savannah). This is important because the Maniema province has diverse growing conditions
and, as such, could provide heterogeneous drivers of adoption of CA.

https://doi.org/10.1017/aae.2019.25 Published online by Cambridge University Press


https://doi.org/10.1017/aae.2019.25

Journal of Agricultural and Applied Economics 629

Table 2. Number of farmers interviewed per village in 2015 by the Catholic Relief Services

(CRS)
Territory Village Observations
Kailo (forest) Enombe-Brigade 7
Enombe-Sakina 18
Lubangwana 10
Lubelenge 18
Nyoka 33
Kampala 29
Kimanga 13
128
Kasongo (savannah) Kauta 43
Lukongo 15
Kionga 21
Kamonga 18
97

Source: CRS (2015).

3.2. Research data

The data used for this study were collected in 2015 by CRS for an ex post evaluation study
conducted 3 years after NTA project closure in 2012. CRS (2015) used a structured household
survey questionnaire to interview farmers in Kailo and Kasongo territories, where the NTA project
was implemented from 2009 to 2012. The project identified participants as being farmers meeting
the following selection criteria: willingness to participate in the project; being identified as among
the poorest 25% of the community in terms of land, assets, income, and socioeconomic oppor-
tunities; and cultivating effectively a piece of land. With these minimum criteria met, priority was
given to female headed households. The household survey targeted both NTA project participants
and nonparticipants. Based on a population size of 5,800 farmers who participated in the NTA
project in the two targeted territories, CRS utilized a random stratified sampling method to select
225 households for the interviews (CRS, 2015). Table 2 presents the number of interviewees at the
village level for the two territories.

4. Model specifications

A reasonable approach of exploring CA adoption and its perceived benefits would have been to
highlight when a farmer adopted CA and for how many years CA was/has been implemented. Our
data limitations preclude this line of inquiry. The research data from CRS show that adoption
occurred before their 2015 field survey: it is almost certain the adoption decision happened during
the implementation of the NTA project between 2009 and 2012. The observations on the farmer
characteristics are those observed in 2015 (the time of data collection).

The sample size is 225, which does not yield enough observations to accurately identify the
underlying distribution of the randomness in the parameters. That said, the subsample selection
is valid for the purposes at hand. We use two general specifications for the adoption models
(Table 3) and the perceived benefits models (Table 4). The first criterion is region (models
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2-5in Table 3 and models 9 and 10 in Table 4), and the second criterion is farmer-training status
(models 6-8 in Table 3 and models 11 and 12 in Table 4). The agroecological characteristics vary
between the two regions in the research area. In their seminal work on adoption of agricultural
innovations, Feder and Umali (1993) presented “agroclimatic environment” as the most signifi-
cant determinant of locations’ differences in adoption rates, and Fuglie and Kascak (2001) found
that heterogeneity of land quality affected the pattern of technology diffusion. A priori, identical
reactions (coefficients) were not expected from given independent variables in both regions, and
the results confirm this. Also, we would expect that being trained increases the probability of
adopting as borne out by comparing adoption rates for trained and untrained farmers.

4.1. Modeling CA adoption

In order to provide the rationale behind this study’s way of modeling CA adoption, this section
provides a description of independent variables followed by logit models used.

4.1.1. Independent variables

For this study, a CA adopter was defined as a farmer living in the research area, who applied the
three CA principles (no-tillage, crop rotation, and mulching), and whose farm was observed by the
surveyor and determined to be in compliance with CA by CRS. The following drivers were
hypothesized to explain CA adoption in the DRC.

Savannah is a dummy variable used to test for location (agroecological zone) effect of CA
adoption in the DRC. This variable takes the value 1 for Kasongo territory, meaning the farm
is located in the savannah, and 0 for farms in the Kailo territory (forest). Lee (2005, p. 1327) rec-
ommends a regional approach in promoting farming technologies such as CA because they are
“location-specific” and address “niche-type constraints faced by farmers.” Palm et al. (2014) also
support Lee’s recommendation in a study showing the influence of CA on ecosystem services in
sub-Saharan Africa and South Asia.

Farm size is continuous and accounts for the farmer’s total plot size. Studies have shown farm
size influences CA adoption and can be positive, negative, or neutral (Knowler and Bradshaw,
2007). In Lesotho, Malawi, and South Africa, for instance, it was found that farm size had a direct
effect on CA adoption decision making (Bisangwa, 2013; Chisenga, 2015; Ntshangase, Muroyiwa,
and Sibanda, 2018). As statistical differences in farm sizes between adopters and nonadopters were
reported, this study added farm size in a regression framework.

Age of the household head in years is a continuous (integer) variable and is hypothesized to
affect CA adoption. In the DRC, where life expectancy is estimated to be about 60 (World Bank,
2019), 67.8% of the population is less than 25 years old (Ministére du Plan et Suivi de la Mise en
OEuvre de la Révolution de la Modernité, Ministeére de la Santé Publique, 2014). Ntshangase,
Muroyiwa, and Sibanda (2018) showed a positive influence of age on CA adoption in South Africa.

Household size is a continuous (integer) variable representing the household size: the
total number of family members living in the farmer’s home. Household size might provide a
demographic influence on CA adoption. The average household size in the DRC is 5.3
(Ministére du Plan et Suivi de la Mise en OEuvre de la Révolution de la Modernité, Ministére
de la Santé Publique, 2014). Ntshangase, Muroyiwa, and Sibanda (2018) found that in South
Africa, household size influences CA adoption as larger households adopt more.

Training is a dummy variable used to isolate the influence of the complete CA training
provided by the NTA project. This variable takes the value 1 for farmers trained in CA and 0
for untrained farmers. Lacking proper CA knowledge is reported among the barriers to CA
adoption (Derpsch, 2007; Giller et al., 2009; Kassam et al., 2009). In the agriculture sector, farmers
mostly have access to knowledge through the extension service, which is not necessarily the case in
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Dependent Variable =1 if the Farmer Adopted CA

Model Specification

(1)

)

3

4

(5)

(6)

M

(8)

Full Agroecological  Village Savannah Forest Trained Untrained Full Sample
Sample Zone Level Region Region  Group Group  without Training
Savannah - 0.265™" - - - - - -
(0.077)
Enombe- - - —0.787"" - - - - -
Sakina (0.195)
Kamonga - - —0.052 - - - - -
(0.301)
Kampala - - —0.702" - - - - -
(0.296)
Kauta - - —0.049 - - - - -
(0.271)
Kimanga - - —-0.832"" - - - - -
(0.144)
Kionga = = —0.439 = = = = =
(0.547)
Lubangwana - - —0.863"" - - - - -
(0.082)
Lubelenge - - —0.655" - - - - -
(0.337)
Lukongo = = —0.620 = = = = =
(0.403)
Nyoka = = —0.587 = = = = =
(0.386)
Farm size 0.050 0.065 0.068" 0.032 0.124 0.038 0.0007 0.042
(0.040) (0.041) (0.038) (0.040)  (0.077)  (0.030) (0.057) (0.029)
Age 0.006 0.004 0.002 0.001 0.008 0.002 0.004 0.004
(0.004) (0.003) (0.003) (0.002)  (0.006)  (0.002) (0.004) (0.003)
Household —0.001 —0.002 —0.004 —0.007 0.003 —0.002 0.008 0.005
size (0.009) (0.008) (0.007) (0.009)  (0.014)  (0.005) (0.011) (0.008)
Training 0516 0.671"" 0745  0.521*  0.690 - - -
(0.119) (0.112) (0.120) (0.265)  (0.112)
Literacy —0.097 —0.046 —0.074 0.142 —0.210° -0.063" - -0.110"
(0.075) (0.076) (0.057) (0.164)  (0.115)  (0.036) (0.065)
Female —0.414** —0.299° —0.388* —0.048 —0.416* —0.283" - —0.346*
nonmarried  (0.154) (0.161) (0.189) (0.169)  (0.164)  (0.149) (0.154)
Farmers’ 0.355"" 0.319** 0.360** 0.096  0.422** 0.261* 0.157 0.467"
group (0.105) (0.107) (0.123) (0.106)  (0.131)  (0.110) (0.146) (0.091)
Accessed 0.260"" 0.197** 0.233** 0.107 0.277*  0.166** 0.198 0317
credit (0.072) (0.069) (0.078) (0.089)  (0.109)  (0.056) (0.287) (0.064)
Observations 225 225 225 97 128 181 44 225
Log likelihood —74.056 —67.946 —60.216 —-17.413 —47.416 -57.905 —15.272 —85.249
MPR 0.459 0.504 0.561 0.665 0.429 0.273 0.129 0.378
AlC 166.11 155.89 158.43 052.83 112.83 131.81 042.55 186.50

Notes: P < 0.001,"P < 0.01,’P < 0.05, "P < 0.10. AIC, Akaike information criterion; MPR, McFadden pseudo-R2.
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Table 4. Marginal effects for perceived benefits of conservation agriculture (CA) adoption

Model Specification

(10) (11)
Forest  Savannah (12) Trained (13) Untrained
(9) Full Sample Region Region Farmers Farmers
Dependent Variable: Adopt  Savannah  Adopt Adopt Adopt  Savannah  Adopt  Savannah
Reliability of Not —0.223" —0.006  —0.196** —0.289** —0.008 —0.012 —0.332* —0.164
income from reliable at (0.052) (0.027) (0.060) (0.092) (0.014) (0.009) (0.162) (0.149)
CA all
Less —0.102" —0.004  —0.078** —0.146*  —0.019 —0.029  —0.015 0.015
reliable (0.029) (0.017) (0.029) (0.060) (0.031)  (0.021) (0.038)  (0.020)
Somehow —0.085** —0.006  —0.095** —0.055 —0.037 —0.062  0.033 0.034
reliable (0.025) (0.024) (0.033) (0.041) (0.057)  (0.044) (0.032)  (0.035)
Very 0.4107°  0.016 0.368***  0.490"" 0.064 0.103 0.314 0.115
reliable (0.063) (0.068) (0.080) (0.101) (0.101)  (0.072) (0.201)  (0.105)
Observations 225 128 97 181 44
MPR 0.071 0.061 0.085 0.010 0.053
AlC 468.50 280.35 192.35 329.02 108.36
Land under Decreased —0.091  —0.040  —0.154  0.076 —0.081 —0.022  —0.297" —0.068
CA (0.090) (0.064) (0.105) (0.147) (0.104)  (0.069) (0.155)  (0.158)
Sstatic 0.014 0.003 0.037 0.007 0.013 0.002 —0.186  —0.036
(0.023) (0.006) (0.041) (0.033) (0.025)  (0.006) (0.287)  (0.080)
Increased  0.077 0.037 0.117 —0.083 0.067 0.021 0.483°  0.105
(0.068) (0.060) (0.070) (0.178) (0.080)  (0.063) (0.262)  (0.221)
Observations 184 105 79 171 13
MPR 0.004 0.010 0.001 0.002 0.178
AIC 411.47 234.62 181.24 383.45 032.60
Food Decreased —0.179"" —0.088* —0.205** —0.158*  —0.110° —0.086* —0.181 —0.240"
security (0.047) (0.036) (0.067) (0.076) (0.067)  (0.038) (0.112)  (0.130)
status
Static —0.086** —0.072* —0.051" —0.099*  —0.070* —0.086* —0.063  0.033
(0.028) (0.034) (0.031) (0.042) (0.029)  (0.043) (0.135)  (0.072)
Increased 0.265"  0.160* 0256 0.257* 0.180*  0.172* 0.244 0.207*
(0.061) (0.065) (0.069) (0.108) (0.091)  (0.077) (0.225)  (0.100)
Observations 225 128 97 181 44
MPR 0.053 0.041 0.029 0.037 0.074
AIC 451.25 269.80 185.35 359.52 097.74

Notes: P < 0.001, “P < 0.01, ‘P < 0.05, “P < 0.10. AIC, Akaike information criterion; MPR, McFadden pseudo-R2

the DRC, where nongovernment agriculture programs promoted CA. Like all volunteer
opportunities, there is the possibility that CA training may have selection bias associated with it.
Literacy is a dummy variable that takes the value 1 for literate farmers and 0 for illiterate
farmers. Farmers’ education may have a positive, negative, or neutral influence on CA adoption
(Knowler and Bradshaw, 2007). In this study, literacy is used as a proxy for education. In the DRC,
15% of women compared with 4% of men have no formal education (Ministere du Plan et Suivi de
la Mise en OEuvre de la Révolution de la Modernité, Ministeére de la Santé Publique, 2014). Studies
have shown a positive influence of women’s education on food security (Penders and Staatz
[2001], Smith and Haddad [2002], and Webb and Lapping [2002], as cited by Napoli, 2011).
Female nonmarried (vulnerable) is a dummy variable taking the value 1 for a female, nonmarried
farmer, and 0 for any other farmer. This variable was defined to comply with the NTA project goal,
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to help vulnerable women, and also to cross-check this CRS targeting approach influence on CA
adoption. Fifty-one percent of NTA project participants were women, and 30% were widows (CRS,
2015). According to CRS (2015), the “single women and widower” pointed to labor-saving as their
key incentive to adopt CA. Female labor is important in central DRC as agriculture is the main
activity for 6 out of 10 women in the Maniema province in the DRC (Ministére du Plan et
Suivi de la Mise en OEuvre de la Révolution de la Modernité, Ministére de la Santé Publique, 2014).

Farmers’ group is a dummy variable taking the value 1 for farmers who are members of a
farmers’” group and 0 for farmers not in a farmers’ group. In Malawi, membership in a farmers’
group has been reported as a driver of CA adoption (Chisenga, 2015). Bisangwa (2013) argues that
CA has advantages that increase social capital through farmers’ groups, when listing his benefits of
CA adoption in Lesotho. According to Silici (2009), social interactions within and between farm-
ers groups increase farmers’ knowledge and access to innovative information and so affected CA
adoption in Lesotho. In the DRC, where the government extension service has historically been
underinvested in, the farmers’ group approach is considered an alternative.

Accessed credit is a dummy variable that takes the value 1 if the farmer had accessed credit
and 0 for the farmers who had not accessed credit. An important delineation needs to be made
between those who had access to credit and those who accessed credit. The data set used in this
study only asked participants if they accessed credit and did not identify those who may have
access to credit but were either turned down or did not apply for it. Access to credit is cited as a
constraint and/or a determinant to CA adoption (Bisangwa, 2013; Chisenga, 2015; Giller et al.,
2009, 2011; Ntshangase, Muroyiwa, and Sibanda, 2018; Thierfelder, Bunderson, and
Mupangwa, 2015).

4.1.2. Logit models

For this study, CA adoption is considered as the choice made by a farmer to apply all three
components of CA technology (no-tillage, crop rotation, and mulching) simultaneously. The
farmer “faces a pair of choices” and chooses one outcome—in this case, to adopt or not to adopt
(Greene, 2012). The dependent variable, adopt, is a binary response. A logit model was used to
explore how independent variables affect the probability of CA adoption occurrence (Mlenga and
Maseko, 2015). The probability for an individual farmer (i) adopting CA can be modeled as
follows (Greene, 2012):

e B

Prob (adopt; = 1]x;) = ———
(adopty = 1x) =

= F(x; B), 1)
where x; is a vector of the independent variables listed in Table 5, § is the parameter vector reflect-
ing the changes in x; on the probability, and F is the logistic function taking on values strictly
between 0 and 1. The marginal effects on the probability of adopting for changes in the indepen-
dent variables are computed with the mfx package (Fernihough, 2014) in RStudio (RStudio Team,
2016) using the formulas in Greene (2012) where the appropriate computation is applied to con-
tinuous independent variables and binary independent variables.

A variety of model specifications are estimated to establish the robustness of the findings. Four
different versions (models 2-5 in Table 3) of the full-sample model are estimated. In addition, our
a priori belief—backed up by empirical evidence shown subsequently—is that the parameter
vector, S, is not constant across all observations. Consequently, models using samples that are
subsets of the full sample are estimated. Such a sorting gives more precise insights into farmers’
behavior. These different perspectives looking at CA adoption lead to eight analytical models
given subsequently.

The full-sample model (model 1 in Table 3) was specified to provide a baseline model without
considering the regional context. In most of the eight models, the vector x; includes all variables
except savannah and villages selected by the researchers, so that the most basic full-sample model

https://doi.org/10.1017/aae.2019.25 Published online by Cambridge University Press


https://doi.org/10.1017/aae.2019.25

634 Wiley Mulimbi et al.

Table 5. Variables description and hypotheses

Expected
Variable Outcome
Description and Measurement Type Type (+/-)

Factors influencing conservation agriculture (CA) adoption

Farm size Farmer’s land size (in hectares) Continuous +/-

Age Age of head of the household (years) Continuous +/-

Household size  Farmer’s household size (number of people) Integer +

Training Training received on CA; dummy =1 if the farmer was trained in Categorical +
CA, =0 if the farmer was not trained in CA

Savannah Agroecological zone (region) where the farm is located; dummy =1 Categorical +/-
means in the savannah (Kasongo), =0 means in the forest (Kailo)

Literacy Farmer can read and write; dummy = 1 if the farmer is literate, =0 Categorical +/-
if the farmer is not literate

Female Farmer is female and nonmarried/widow; dummy =1 if the farmer  Categorical +

nonmarried is female nonmarried, = 0 for any married farmer

Farmers’ group ~ Farmers’ group membership; dummy = 1 if the farmer is a farmers’ Categorical +
group member, =0 if the farmer is not a farmers’ group member

Accessed credit  Farmers had accessed credit; dummy = 1 if the farmer had Categorical +
accessed credit, =0 if he/she did not accessed credit

Perceived benefits of CA adoption

Reliability of Farmers’ perception of reliability of income gained from the farm Categorical NA

income from CA because of CA (1 = not reliable at all, 2 = less reliable, 3 =
somehow reliable, 4 = very reliable)

Land under CA  Farmer’s perception of CA expansion on the farmer’s land (1 = Categorical NA
decreased, 2 = static, 3 = increased)

Food security Farmer’s perception of his own food security status because of CA  Categorical NA

status (1 = decreased, 2 = stagnated, 3 = improved)

can be written as

Bo + Brage; + Brhousehold size; + Bifarm size;
Prob(adopt; = 1|x;) = F| +Bytraining; + Bsliteracy; + Befemale nonmarried; |. (2)
+ B, farmers group; + Bgaccessed credit;

The agroecological zone model (model 2 in Table 3) was specified to illustrate farmers’ behav-
ior based on their agroecological zones (savannah or forest region) in the research area, where a
farm is located in the savannah or in the forest. The vector x; in equation (1) here includes all
variables in equation (2) plus a binary for zone (savannah), where the binary is 1 if the observation
is from the savannah.

The village-level model (model 3 in Table 3) allows farmers’ behavior to vary by village-level
differences. The selected villages are in four different collectivités, meaning four ethnic groups.
This cultural-locational aspect may play a role in CA adoption. The vector x; in equation (1) here
includes all variables of equation (2) with 10 additional binaries to designate the village where the
observation was taken. Enombe-Brigade was the baseline village.

The savannah region model (model 4 in Table 3) was specified to model savannah farmers’
behavior. Only data collected in the savannah (Kasongo territory) are utilized in estimation.
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The forest region model (model 5 in Table 3) was specified to model forest farmers’ behavior. Only
data collected in the forest (Kailo territory) are utilized in estimation.

The trained group model (model 6 in Table 3) was specified to model farmers’ behavior after
being trained in CA by the NTA project. Model (6) is similar to (1) but uses a subset of the sample
that includes only trained farmers. The untrained group model (model 7 in Table 3) was specified
to model how untrained farmers behave. Model (7) uses the subset of observations of untrained
farmers. The vector x;, as given in equation (1), excludes the variables fernale nonmarried and
literacy in model (7). For untrained farmers, there is very little variability in the dependent variable
adopt but also little variability in literacy and female nonmarried, indicating that, for this sample of
untrained farmers, literacy and female nonmarried are not significantly related to CA adoption
decisions.

The full-sample without training model (model 8 in Table 3) was specified as (1) but omits
training. The purpose was to determine if the parameters of other variables change when CA
training received from the NTA project is omitted. The focus is to show how farmers’ behavior
on the entire research area is affected by training. Some variations would be expected in coefficient
estimates from their counterparts in equation (2). So, this helps us understand the full effect of
training both through its direct effect, 8,, and its indirect effect via the changes in the other
coefficients without training in the model.

4.2. Modeling the perceived benefits of CA

Farmers were asked about their perceptions of CA benefits and the study objective to determine
what forces affect these perceptions. The method employed is similar to econometric studies that
explored agricultural technology adoption in West Africa. In Burkina Faso, Guinea, and Sierra
Leone, Adesina and Zinnah (1993) and Adesina and Baidu-Forson (1995) showed that the
way farmers perceived improved varieties was an incentive to adopt them. Farmers’ perceptions
are subjective, and, therefore, it is hard to explain how they are formed. Modeling the perceived
benefits of CA for farmers in the province of Maniema is a practical attempt to learn and explain
their individual behavior in this part of the DRC. From field experience, smallholder farmers do
not accept or believe in an innovation until they have benefited from it or seen how it benefits
their peers.

The following subsections frame the way this study modeled perceived benefits by describing
the independent and dependent variables followed by the ordered logit models used.

4.2.1. Independent variables

The perceived benefits of CA were observed in 2015, three years after the completion of the NTA
project in the research area. Adopt and savannah are the two targeted variables that explain the
variation in farmers’ perceptions of the various benefits of CA. The purpose here is to quantify
how perceptions vary as a result of whether farmers adopted CA and whether agroecological
conditions operate alone or interact with CA adoption in explaining farmers’ behavior.
According to CRS (2015), “improving food security, [an] increase in revenue, and payment of
school fees” were the key incentives for CA adoption. The dependent variables in Section 4.2.2
were used to measure farmers’ perceptions of CA benefits.

4.2.2. Dependent variables

Reliability of income from CA is a response to the question, “Is the income that you have obtained
from CA reliable?” The respondent was required to respond if he or she thought his or her income
from CA was “not reliable at all,” “less reliable,” “somehow reliable,” or “very reliable” in relation
to not using CA. This structure restricted and ordered the answer making reliability of income
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from CA an ordinally ranked variable. A study by Thierfelder, Bunderson, and Mupangwa (2015)
in Southern Africa that explored CA and smallholder farmers’ perceptions showed that CA adop-
tion led to an increase in farmers’ household income. The present study used farmers’ perceptions
of income reliability to assess the benefit of adopting CA.

Land under CA is a response to the question, “Did the amount of land you farm under CA
increase after the end of the NTA project?” The respondent was required to choose if the farmland
under CA had “increased,” remained “static,” or “decreased.” This structure restricted and ordered
the answer, making this variable ordinally ranked. Land under CA is described as the farmland on
which CA is applied. It allows for an approximation of CA expansion on household farms from a
smallholder farmers’ perspective. Ntshangase, Muroyiwa, and Sibanda (2018) noted a decrease in
farm size because of CA adoption. The present study aimed to check the perception of CA
expansion in terms of increased land farmed.

Food security status is a response to the question, “What is your current (2015) food security
status compared to your food security status in 20122” The respondents were required to say if
they thought their food security status has “decreased,” “stagnated,” or “improved.” This response
structured results in an ordinally ranked variable. Thierfelder, Bunderson, and Mupangwa (2015)
showed that CA adoption led to increases in farmers’ household food security. The present study
also used farmers’ perceptions to assess the benefit of adopting CA on food security status.

4.2.3. Ordered logit models
To explain perception levels as a function of adoption and region, an ordered logit model is appro-
priate for the three dependent variables in Table 5. According to Greene (2012) with an ordered
logit model someone “reveals the strength of [his/her] preference with respect to a single
outcome.”

The probability for an individual farmer (i) to select alternative jin 1, 2, ..., j — 1 can be
modeled following Cameron and Trivedi (2005):

Prob(y; = jlx;) = Prob(ej_; < y; < aj) = F(a; — x;8) — F(0;;-, — x;) (3)

where y represents one of the dependent variables (reliability of income from CA, land under CA,
or food security status) and y’, an index model with single latent variable, represents the
starting point (yi* =x;/B + u;). Given j alternatives for a particular y, the o; are the thresholds
between alternatives, x; is a vector of regressors (adopt and savannah), and F is a logistic function.
Marginal effects are computed in RStudio as given by the oglmx (Caroll, 2017) and erer (Sun,
2016) packages, which accommodates the binary nature of adopt and savannah. Equation (3)
was adapted to five models from three different perspectives (all research area, agroecological
zones, and training status) to examine the effect of CA adoption on each of the dependent var-
iables. The five analytical models are (1) the full-sample model (2) the savannah-region model (3)
the forest-region model (4) the trained-farmers model, and (5) the untrained-farmers model.

The full-sample model (model 9 in Table 4) estimates the influence of CA adoption and the
agroecological context on the benefits perceived by farmers in terms of reliable income, CA
farmland expansion, and food security at the household level for the entire pooled data set.
Each of the dependent variables (reliability of income from CA, land under CA, and food security
status) is regressed on adopt and savannah.

The savannah-region model (model 10 in Table 4) isolates the influence of CA adoption only in
the savannah region on the benefits perceived by farmers in terms of reliable income, CA farmland
expansion, and food security. Each dependent variable is regressed on adopt. The forest-region
model (model 11 in Table 4) estimates the influence of CA adoption only in the forest region
on the benefits perceived by farmers for the three dependent variables.
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Table 6. Farmers’ characteristics based on conservation agriculture (CA) adoption, training, and agroecological zones

Trained Untrained Forest Savannah
Nonadopters Adopters Farmers Farmers Region Region
(n=167) (n=158) (n=181) (n=44) (n=128) (n=97)
Means?
Farm size 0.725* 1.056 0.997 0.794 1.033 0.858
(0.768) (1.731) (1.630) (0.895) (1.419) (1.636)
Age 41.672 43.804 43514 41,750 43.328 42.959
(11.181) (11.229) (11.118) (11.714) (10.012) (12.716)
Household size 9.373" 11.158 11.094™ 8.705 10.367 10.969
(4.396) (4.388) (4.392) (4.246) (4.563) (4.312)
Proportions (%)°
Adopt - - 83.978" 13.636 64.844° 77.320
(0.368) (0.347) (0.479) (0.421)
Training 43.284" 96.203 - - 85.256° 74.227
(0.499) (0.192) (0.357) (0.440)
Savannah 32.836° 47.468 39.779° 56.818 - -
(0.473) (0.501) (0.491) (0.501)
Literacy 86.567 83.544 83.425 88.636 87.500° 80.412
(0.344) (0.372) (0.373) (0.321) (0.332) (0.399)
Female 17.910* 06.962 09.945 11.364 14.844* 04.124
nonmarried (0.386) (0.255) (0.300) (0.321) (0.357) (0.200)
Farmers’ group 35.821" 89.241 85.083" 25.000 72.656 74.227
(0.483) (0.311) (0.357) (0.438) (0.447) (0.440)
Accessed credit 11.940" 63.924 58.564" 06.818 42.188* 56.701
(0.327) (0.482) (0.494) (0.255) (0.496) (0.498)

2t-Test applied to assess differences.

bChi-square test to assess differences.

Notes: Significance “P < 0.01, "P < 0.05, P < 0.10 for differences between adopters and nonadopters, trained and untrained farmers, and
farmers living in forest and savannah.

The trained-farmers model (model 12 in Table 4) illustrates the influence of CA adoption and
the agroecological context on the benefits perceived by CA adopters for the three dependent
variables. Each dependent variable is regressed on adopt and savannah using only observations
from trained farmers. The untrained-farmers model (model 13 in Table 4) is identical to model
(12) but uses observations solely from untrained farmers. This model estimates perceived benefits
of CA adoption only for untrained farmers.

Table 5 summarizes the independent and dependent variables used for model specification and
the hypothesized outcomes for each independent variable, based on previous literature.

5. Results and discussion

5.1. Summary of descriptive statistics

To better understand farmers’ characteristics, we computed descriptive statistics stratifying by CA
adoption (indicating they applied CA on their farms when they were interviewed), CA training
(indicating they were formally trained in CA practices by CRS’s NTA project), and the two main
agroecological zones (savannah and forest regions), as displayed in Table 6. Grouping the data
between CA adopters and nonadopters indicated statistically significant differences (P < 0.10)
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between farm size, household size, proportions of farmers trained, living in the savannah, female
nonmarried, members of farmers’ groups, and those who had accessed credit (Table 6). Age and
literacy of the household head for the two categories were found to be statistically the same.
Between trained and untrained farmers, statistical differences were found between household size,
farmers who adopted CA, proportion of the sample living in the savannah, proportion of the
sample who were members of farmers’ groups, and proportion of the sample who had accessed
credit. Farm size, age and literacy of the household head, and nonmarried female farmers were
found to be statistically equivalent between subsamples. Between farmers living in villages located
in the savannah and those living in the forest, statistical differences were noted for those who
adopted CA, who were trained, who were literate, who were nonmarried females, and who
had accessed credit.

5.2. CA adoption

The findings of this study on CA adoption are presented and discussed in the two following steps:
a section summarizing models results and a section in which the effects seen on CA adoption from
the factors in this research are interpreted.

5.2.1. Results of CA adoption modeling

There were two major drivers in the logit model that influence CA adoption: the effect of regional
context (location) and the effect of CA training (farmer trained or untrained). First, the location
effects on adoption were explored in the logit framework by segmenting the overall sample four
different ways (models 2-5) in Table 3, which presents the marginal effects of each variable on the
probability of adoption. Alternative specifications of the effect of CA training on CA adoption are
addressed in models (6), (7), and (8) in Table 3. Our primary criterion for comparing models is the
McFadden pseudo-R* (MPR) because sample sizes vary among some models, making compari-
sons by Akaike information criterion between models invalid for model pairs with an unequal
number of observations.

The full-sample model (model 1) in Table 3 is the baseline model for CA adoption. Model (1)
has an MPR of 0.459, which is clearly surpassed by models (2) and (3) (MPR 0.504 and 0.561) that
include fixed effect(s) by region or village. For the purposes of policy recommendations, models
(4) and (5) are to be preferred over model (1). A likelihood ratio test with model (1) as the null
hypothesis is rejected (P < 0.018) in favor of models (4) and (5). This implies that the model
coefficients vary across the two regions. Training clearly influences CA adoption positively in
models (1) to (5) with coefficient P values less than 0.001 except for model (4) (P < 0.05).
Models (6), (7), and (8) are clearly inferior to models (1) to (5) in MPR, emphasizing that training
is a pivotal variable. Models (6) and (7), which do not include training, give the expected result
that some variables are significant for the trained farmers’ model, but none are significant for
untrained farmers. Because the collinearity problems necessitated not estimating the coefficients
of female nonmarried and literacy for model (7), it was not possible to compute a likelihood ratio
test. The lack of significance in model (7) is partially because of a small sample (n = 44) and low
adoption rate (14%). We conclude training is a relevant independent variable, making models (4)
and (5) superior to models (6), (7), and (8).

The agroecological zone model (model 2) adds the predictor savannah, which is positive and
significant (P < 0.001). A farmer located in the savannah is 26.5% more likely to adopt CA than
farmers located in the forest, ceteris paribus. This further implies that there are unobserved
parameters (independent variables not included in the model) that make adoption more attractive
in the savannah. Thus, as we see in models (4) and (5), the homogeneity between the regions is
rejected.
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Across all eight models, the coefficients of age, farm size, household size, and literacy are
statistically insignificant at the 0.05 significance level. The insignificance of age is consistent with
Knowler and Bradshaw (2007), who showed that in many cases the influence of age on CA adop-
tion is typically insignificant regardless of the method of analysis used. Several studies
(e.g., Knowler and Bradshaw, 2007; Mavunganidze et al., 2013; Ntshangase, Muroyiwa, and
Sibanda, 2018) find varying signs for farm size. Given that farm size is only marginally significant
in one of the eight models, farm size appears not to be an important factor influencing CA
adoption in the DRC. The insignificance of household size provides no support that smaller house-
holds may be more likely to adopt CA because CA is potentially labor saving. Instead of household
size, Knowler and Bradshaw (2007) modeled “family labor” and found it positively influences CA
adoption. Literacy is largely insignificant across all models, with only models (5) (6), and (8)
marginally significant (P < 0.10). CRS (2015) also reported that “there was no significant associ-
ation between CA adopters and the level of education.” In our study, the proportion of literate
farmers in the forest is significantly (P < 0.10) higher than in the savannah, but farmers in the
forest are less likely to adopt CA. Other opportunities provided in the forest region may have a
positive relationship with farmers” education.

The following discussion focuses on the effect of CA on variables statistically significant at
P < 0.05 in at least one of the models. These are training, female nonmarried, farmers’ group,
and accessed credit.

5.2.2. Factors influencing CA adoption

As shown in Table 3, training has a robust and statistically significant (P < 0.05) effect on CA
adoption in all five models where it is included. A farmer who received CA training from the NTA
project is 69% more likely to adopt CA if he/she lives in the forest, 52% in the savannah, and 75%
at the village level. These findings are consistent with Bisangwa (2013) and Ntshangase,
Muroyiwa, and Sibanda (2018), who demonstrated that CA training positively influenced CA
adoption in Lesotho and South Africa, respectively. A similar result is also reported by
Chisenga (2015), who claimed that, in Malawi, “access to farmer training on CA” had a positive
influence on CA adoption. Note that not all CA adopters were trained, which practically suggests
there must be many lessons learned from NTA project field experience about promotion and
education about CA.

Female nonmarried is negatively related to CA adoption in all seven models where it is
included. Among the four models where female nonmarried is significant at P < 0.05, its effect
ranges from a 42-percentage-point decline in participation to a 35-percentage-point decline. The
CRS targeting strategy in the implementation of the NTA project was to prioritize “female-headed
households” (CRS, 2009), while giving particular attention to vulnerable women (widows,
single-women, or separated/divorced because of consequences of DRC conflicts and poverty).
Female nonmarried includes CRS-targeted vulnerable women farmers. In Maniema province,
where 60% women are involved in agriculture as reported by the 2014 Demographic Health
Survey, the vulnerability of women is a result of many issues, such as poverty, a weak health care
system, low education, bad governance, and consequences of conflicts. While assessing gender
roles within farmers’ communities in the NTA project targeted area, CRS (2009) highlighted
two issues faced by women: the volume of work allocated to women on a daily basis and the weak
involvement of women in decisions concerning the management of household resources. With all
this in mind, the finding that fermale nonmarried farmers are less likely to adopt CA provides
important information on how to possibly reprioritize a future approach to getting vulnerable
women to adopt CA. The current approach was not effective (relative to getting vulnerable women
to adopt), and as such, a new strategy differing by agroecological zone could be undertaken
because fernale nonmarried is not significant in the savannah model.
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As illustrated in Table 3, farmers’ group has a positive and statistically significant effect in six of
eight models. It significantly (P < 0.01) affects CA adoption in the forest region (model 5) and the
village-level perspective (model 3); however, it is not significant (P > 0.10) in the savannah model
(model 4). A farmer in the forest model is 42% more likely to adopt CA if he/she is a member of a
farmers’ group. For the entire research area, the same farmer is 36% more likely to adopt (models 1
and 3). Farmers’ group is similar to what Knowler and Bradshaw (2007) call membership in an
organization, such as a producers’ organization, and is considered as an exogenous factor that
positively influences CA adoption. Chisenga (2015) and Ntshangase, Muroyiwa, and Sibanda
(2018) found that farmers’ group increased CA adoption. Besides the social capital a farmers’
group brings to smallholder farmers’ communities, it is also a strong platform for learning
and sharing information where extension service is low.

Accessed credit is significant in six of the eight models. It is significant (P < 0.10) in the forest
region (model 5) and the village-level model (P < 0.01) (model 3), whereas it is not significant
(P > 0.05) in the savannah model (model 4). Model (4) suggests savannah farmers may have
better income opportunities that reduce the importance of accessing a credit line. From model
(5), a farmer in the forest is 28% more likely to adopt CA if he/she has accessed credit, and
the same farmer in the village model is 23% more likely to adopt. Ntshangase, Muroyiwa, and
Sibanda (2018) and Chisenga (2015) showed that limited access to credit reduced CA adoption
by smallholder farmers in South Africa and Malawi, respectively, while Gilbert (2013) recom-
mended improving access to credit, as it can contribute toward increasing the level of income
that has a positive influence on CA adoption in Tanzania. CRS (2015) brought credit services
into the research area with the Savings and Internal Lending Communities (SILC) approach
between 2009 and 2012. SILC groups provided credit to smallholder farmers “to purchase farm
supplies - seeds and tools — albeit in small proportions” (CRS, 2015). The results of this study
suggest that improving financial options for low-income farmers could be a useful approach
to support CA adoption in the DRC.

5.3. Benefits perceived by CA adopters

Farmers utilize the products of agricultural research, and their subjective preferences for
characteristics of new agricultural technologies can affect their adoption decisions (Adesina
and Baidu-Forson, 1995). For the smallholder farmers in the Maniema province, CA is a new
practice in their milieu. The first part of this research explored various factors influencing CA
adoption. This second part of the study estimated the perceived benefits of adopting CA. The
research hypothesis is that the willingness to adopt CA is motivated by the way farmers perceive
the benefits they derive from this technology. Positive perceptions of CA create more opportunity
for CA dissemination in rural communities.

Farmers’ perception of CA benefits was assessed using ordered logit models as functions of CA
adoption and region (forest vs. savannah). We modeled three perceived benefits: reliability of
income from CA, area of land under CA, and food security status. For each of these benefits, five
ordered logit models were estimated by varying the sample composition with adopt and savannah
as the independent variables. The marginal effects on how smallholder farmers perceived CA
benefits are displayed in Table 4. The marginal effects show that CA adoption leads to higher,
usually statistically significant levels of income reliability in models (9) to (11) and higher levels
of food security in models (9) to (12). Region and adoption are not significant (P < 0.05) in any of
the models for explaining increased levels of land under CA. Across all five models, CA adoption is
associated with higher perceptions of income reliability and food security status. Additionally,
increases in perceptions of income reliability and food security status are higher in the savannah
area. Partitioning the sample by trained and untrained showed little statistical significance for
either adopt or savannah.
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5.3.1. Reliability of income from CA

In Table 4, models (9), (10), and (11) illustrate how in the forest and the savannah, CA adoption
itself affects farmers’ perception of a reliable income. In comparing the coefficients on CA in mod-
els (9), (10), and (11), it appears the effect of CA on perceptions of reliability of income from CA
do not vary substantially by region (savannah or forest). In the forest (model 10), the four pref-
erence levels for a reliable income from CA are highly significant (P < 0.01), with negative effects
for the three lower levels (“not reliable,” “less reliable,” and “somehow reliable”) and a
positive effect for the highest level (“very reliable”). Model (10) in Table 4 indicates that CA
adopters’ probability of perceiving “very reliable” income rises by 0.37 relative to nonadopters.
In Table 4, model (10) shows CA adopters’ probability of getting a “somehow reliable,” “less reli-
able,” and “not reliable” income decreases, respectively, by 0.095, 0.078, and 0.196 compared with
nonadopters. In the savannah (model 11), three levels of preferences for a reliable income from CA
are highly significant (P < 0.01), with negative effect on the two lower levels (“not reliable” and
“less reliable”) and positive effect for the highest level (“very reliable”). Model (11) in Table 4
indicates CA adopters’ probability of perceiving “very reliable” income rises by 0.49 relative to
nonadopters. In Table 4, model (11) shows CA adopters’ probability of getting “less reliable”
and “not reliable” income decreases, respectively, by 0.146 and 0.289 compared with nonadopters.
Having a “somehow reliable” income is insignificant in the savannah. In the savannah, CA adopt-
ers’ probability of a very reliable income is 0.49 higher than for nonadopters. In the forest, this
difference in probability between adopters and nonadopters is 0.37, although the difference
between the regions (0.12) is not statistically significant.

5.3.2. Food security status

In Table 4, models (10) and (11) indicate that the marginal increases because of CA adoption do
not differ substantially between regions (savannah and forest). This is particularly true for the
coefficients of “increased.” In the forest (model 10), the three levels of the food security responses
are statistically significant (P < 0.10). Model (10) in Table 4 implies, in the forest, CA adopters’
probability of perceiving “increased” food security status rises by 0.26 relative to nonadopters. In
the savannah, model (11), the three levels of the food security responses are statistically significant
(P < 0.05), implying greater perception of food security in the savannah. In both regions, the
forest and the savannah, farmers believe that their decision to adopt CA leads to a better food
security status.

6. Summary, conclusion, and recommendations for further research

The DRC’s abundance of natural resources is not reflected in its people’s well-being and the
country’s overall economic performance. Despite its challenges, both endogenous and exogenous,
the agriculture sector in the DRC has the potential to make an economic difference both at the
microlevel (household) and macrolevel (economy wide) and could be able to play a significant role
in the country’s growth and development. One method for unlocking economic growth potential
in the DRC is to elevate women in agriculture, as they are more involved in agriculture than men.

In an effort to assist vulnerable women, this study analyzed the innovative CA practice
promoted by the CRS’s NTA project in the province of Maniema in the DRC. The NTA project
set out to teach the community to practice CA, which could reduce the need for slash-and-burn
agriculture and enhance the use of fallows and old farmlands because doing so could ensure that
women can farm close to their homes. This study used farm-level data from CRS to estimate the
drivers of CA adoption and the benefits obtained by adopters and is the first to do so for the DRC.
We found that being an unmarried female reduces the probability of adopting CA. This suggests
CRS might try to change its approaches to fostering adoption to be more appealing to nonmarried
females. Targeting vulnerable women who are part of a farmers’ group or who also have accessed
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credit may increase the number of vulnerable women who would adopt CA in the future. One
approach might be to expand the availability of credit for nonmarried women. There is a need
to explore more about the challenges and opportunities of empowering women in agriculture
from their cultural and contextual perspectives.

Participation in farmers’ groups was related to greater CA adoption, especially in the forest
area, suggesting that greater farmer cohesion could lead to more adoption. Producers who
accessed credit had a higher CA adoption rate than those who did not. A CA program aimed
to increase access to credit options could increase CA adoption in poor farmers’ communities.
Based on these results, future research is warranted on the important link between the lack of
credit (or the difficulty faced by small-scale producers to obtain it) in low-income countries
and the adoption of new agricultural technology. It would appear from this study that those
producers not obtaining credit have lower likelihoods of CA adoption, which could ultimately
increase food insecurity and poverty and slow the transformation of agriculture in the DRC from
one of slash-and-burn to a system that provides more ecosystem services. Regionality led to some
differences in the effects of various factors. Future work might fashion approaches appropriate to
the agricultural zones because CA adoption varied with region, even within local communities.
CA training clearly increases adoption. Efforts specifically focused on CA training for nonmarried
women might pay high dividends.

This study approached the exploration of CA benefits in terms of farmers’ perception of spe-
cific gains that resulted from CA. The results of ordered logit modeling suggest that farmers who
adopted CA perceive income reliability and food security. The perception of increased land hold-
ings was not related to adoption or region. These findings suggest emphasizing increased income
and food security as a result of adopting CA.

Analysis of the factors driving CA adoption in Africa is still in its infancy. Future work may
focus on the differences in adoption between specific crops, between land tenure (owned vs.
collective/tribal), and general soil fertility. Further, an important theme for CA, in general, would
be to study those who adopted CA but then abandoned it. Studying the factors of adoption and
then rejection could help policy makers formulate a more holistic strategy for long-term CA
adoption. This work is a first step to a more holistically sustainable agricultural approach to
subsistence farming in the DRC. The results of this study provide future CA projects with valuable
information on what the drivers of adoption are and what the perceived benefits of adoption are
perceived to be. Future research and CA projects can more precisely focus on specific groups of
producers in the DRC based on location, gender, and access to credit and farmers’ groups to both
increase and emphasize food and income security. This study is part of a large social and econ-
omic puzzle that the DRC faces; results from this study can help put some pieces of that
puzzle together.
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