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Food security remains a challenge for Africa and regenerative agricultural practices

can play an important role in building resilience while sustaining agricultural

production and preserving diversity of ingredients and rich biodiversity. This

study conducted surveys in eight regions in East Africa, four in Rwanda and

four in Kenya, to understand how circular principles are applied in agriculture,

potential drivers of the adoption of regenerative agriculture and its contribution

to household food security. A binary logistic regression model was used to

capture the influence of independent variables on the adoption of regenerative

agricultural practices and determining factors of household food security. The

findings suggest that farming households engage in less than four di�erent

practices, mainly in less labor-intensive practices such as crop rotation and

intercropping. Household food security increased with an increased number

of regenerative agricultural practices applied by the household and increased

frequency of farm visits by extension agents. Regenerative agriculture practices,

when applied in combinations, have the potential to increase household food

security. This study recommends designing scaling-up pathways to accelerate

the transition to regenerative agriculture and build a more resilient food system

in East Africa.
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1. Introduction

Agriculture remains an important source of livelihood for most Africans (Shimeles et al.,

2018). The growing food demand is exacerbated by environmental challenges such as climate

change, land degradation, biodiversity loss, and resource scarcity that are increasingly

pressurizing the agricultural system, and impacting food security (Godfrey, 2021).

Over the last decades, Africa’s population growth, among other factors, has made it a

net food importer (FAO, 2012). A default response has been the use of intensive farming

practices and synthetic inputs, which are associated with short-term productivity gains

but long-term negative impacts on farmer health and the environment, in particular soil,

biodiversity, and climate (EMF, 2019). The Food and Agricultural Organization of the

United Nations predicts that the decline in agricultural production is likely to affect food

availability in sub-Saharan Africa and South Asia where the majority of the population is

already vulnerable due to poverty and has low coping strategies to environmental stresses

(FAO, 2009). By 2030, food demand is projected to increase by 55 % (van Dijk et al., 2021).

Such demand will not match climate change and the frequency of extreme weather events

(EMF, 2021).
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Food insecurity will remain a challenge to Africa if the

continent continues to follow a resource-intensive, linear path,

focused on short-term efficiency gains. Crop production and food

security systems need to become more adaptive as uncertainties of

projected climate variability and change unfold (Kogo et al., 2021).

A model shift in the agricultural sector is required from

a take-make-dispose system toward one in which resources are

maintained at their highest value possible, i.e., circular economy

(CE) (Preston and Lehne, 2017). The CE is increasingly recognized

as a key driver of a post-pandemic economic recovery, and a

new source of more sustained and resilient economic growth,

particularly in developing countries (Godfrey, 2021). It also

provides an opportunity to build more resilient, sustainable

economies that are better able to withstand future shocks–not

only pandemics; but climate-induced natural disasters such as

droughts and floods, and resource shortages, all of which are

predicted to increase in both frequency and intensity in future

(Newton et al., 2020). When applied to the agriculture sector,

the CE principles of designing out waste, closing resource loops,

and regenerating natural systems, provide a framework to address

the food security challenge (Godfrey, 2021). For instance, a CE

for food strives to have a positive impact on people, planet,

and business through the application of three principles: (1)

eliminating waste through food loss reduction and low dependence

on external inputs, (2) keeping materials in use through food

waste valorization, and (3) regenerating natural systems through

regenerative food production (Boon and Anuga, 2020; Godfrey,

2021). These principles suggest that regenerative agriculture

circular in nature. It centers on a regenerative system, with the

production of agricultural commodities using a minimal amount

of external inputs; decoupling production and processing from

resource utilization; closing nutrient loops; restoring soil fertility;

and reducing discharges to the environment (Godfrey, 2021).

Regenerative agriculture is defined as an approach to farming

that uses soil conservation as the entry point to regenerate and

contribute to multiple provisioning, regulating and supporting

ecosystem services, with the objective that this will enhance

not only the environmental, but also the social and economic

dimensions of sustainable food production (Schreefel et al., 2020).

If practiced on a wide scale, regenerative agriculture can reduce

resource requirements (e.g., water, energy), land use, chemical

fertilizers, synthetic pesticides, greenhouse gas (GHG) emissions,

and ultimately the ecological footprint of agriculture.

Transitioning to a more regenerative agricultural system

supports the circular economy concept for regenerative agriculture

reduces agricultural waste outputs and environmental pollution,

keeps agricultural materials in use for the longest possible time,

and focuses on restoring soil health to regenerate natural systems.

Thus, creating very real social, economic and environmental

benefits (Newton et al., 2020; Schreefel et al., 2020). These

include improved food security, resilience, livelihoods, biodiversity

conservation, global competitiveness; economic development, job

creation, decarbonizing the sector, sustainable resource utilization,

and sustainable food systems (Boon and Anuga, 2020; Godfrey,

2021; Winowiecki et al., 2021). Transitioning the sector from a

linear to a circular one is a necessity to support food security

and to unlock new economic opportunities (Preston and Lehne,

2017; Abad-Segura et al., 2020; Whyte et al., 2020). It is clear

that the principles of a CE are not new to the agricultural

sector in Africa. For instance, a study on the potential of a CE

in Rwanda revealed opportunities that apply CE principles and

are not necessarily termed ‘circular economy’ initiatives (Whyte

et al., 2020). Another study concluded that some circular economy

practices are already implemented in Rwanda’s food system through

practices such as using organic waste as an organic fertilizer or

as animal feed (Nijman, 2020). Elsewhere, farmers in Zambia,

Malawi, and Ghana have been applying CE principles such as

mixed farming, agroforestry, and crop-livestock integrated farming

to enhance their farm productivity (Sosola et al., 2011; Boon and

Anuga, 2020).

Eastern Africa presents a unique opportunity to transition

to regenerative agriculture as its population largely depends on

agriculture (AGRA, 2017; Nakawuka et al., 2018). Countries in

Eastern Africa have developed plans that focus on economic

development, which already hint at CE principles. The

endorsement of the East African Organic Product Standards

(EAOPS) by the East African Community is a step toward

circularity (UNEP, 2010). A recent report indicated that Rwanda

has an opportunity to focus on regenerative agriculture and support

farmers who rely on organic fertilizers (Whyte et al., 2020). The

Strategic Plan for Agricultural transformation for Rwanda supports

the increase in organic fertilizer production and utilization as part

of integrated soil fertility management practices in conjunction

with the gradual liberalization of the mineral fertilizer supply

(MINAGRI., 2018). In Kenya, there is a strong presence of private

sector engagements in the development of the ecological organic

agriculture sub-sector that applies circular principles (Ozor and

Nyambane, 2021). The Kenya Organic Agriculture Network

(KOAN), the Participatory Ecological Land Use Management

(PELUM) Association, and many non-governmental organizations

(NGOs) among others have played critical roles in the development

of the sub-sector and particularly in the development of the draft

National Organic Policy, which is yet to be gazetted (Ozor and

Nyambane, 2021).

Despite numerous efforts to identify and promote “sustainable”

agricultural innovations including farming practices among

smallholders, outcomes have been often disappointing with low

adoption. To date, there are rather only a few studies from

Eastern Africa which examine how agricultural innovations are

adopted. Furthermore, information is still lacking on the drivers

that have made some countries succeed in applying circular

agriculture practices, and the constraints they face to scale up

such practices to larger impacts (Meijer et al., 2015; Liyama

et al., 2018). However, such studies have often focused on

the adoption of specific regenerative agriculture practices, not

a set of practices, and they do not present the role of these

practices in alleviating food insecurity. Additionally, little is known

about the technical know-how of farming communities and

actors along agricultural value chains with regard to regenerative

agriculture. A recent study in Rwanda recommended research to

generate information and disseminate knowledge on regenerative

agriculture, agricultural waste valorization, food waste, and

organic fertilizers to inform policy and practices of circular

agriculture (Whyte et al., 2020).
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The general objective of this study is to assess agricultural

practices in Rwanda and Kenya. Practices that are aligned

with three CE principles: designing out waste and pollution,

keeping products and materials in use, and regenerating natural

systems, in the framework of addressing food and nutrition

security (EMF, 2021). Accelerating regenerative agriculture

requires the best information available on previous and current

experiences with regenerative agricultural practices. The two

specific objectives of this study are: (1) to assess factors that

determine the adoption of regenerative agricultural practices,

and (2) to assess factors of food security among households that

apply regenerative agricultural practices. The full potential of

regenerative agricultural practices in improving food security is

possible if factors enhancing the adoption of circular practices

are well understood and considered in designing an appropriate

scaling-up pathway.

2. Materials and methods

2.1. Study area

The project was implemented in two East African countries,

Rwanda and Kenya. Kenyan and Rwandan populations depend on

agriculture for livelihoods, contributing 22 and 23% to national

GDP, respectively (CBK, 2022; MINAGRI, 2022). Both countries

have taken considerable steps toward CE and demonstrate

readiness for transition. Kenya is one of the leading CE hotspots

in East and Central Africa (NEA, 2021) and Rwanda is the

first country in Africa to develop a national circular economy

action plan with agriculture as one of four priority sectors

(Mo, 2020). Respondents were selected from eight sites, four

in Rwanda and four in Kenya. They were contrasted according

to agroecological conditions, two sites in each country were in

low-altitude semi-arid areas. This study selected Ngarama and

Rwimbogo sectors of Gatsibo District as low-attitude semi-areas

for Rwanda, and in Makueni and Kilome sub-counties in Makueni

County for Kenya. The other two sites in each country were

selected from higher altitude areas. The Kibumbwe and Buruhukiro

Sectors of Nyamagabe District in Rwanda have been selected as

higher altitudes, and Molo and Njoro sub-counties in Nakuru

County in Kenya. This study made the assumption that farmers

who practice agriculture near protected areas would develop

more understanding of principles of regeneration than farmers

who practice agriculture far from protected areas (FAO, 2014;

Farkas and Kovács, 2020). Therefore, one group of sites was

also selected according to their nearness distance to protected

areas, while other sides were chosen far away from protected

areas with the purpose to compare the results of the different

geographical sites. In Rwanda, data was collected in Rwimbogo

sector near Akagera National Park (ANP), Ngarama Sector far

from ANP, Buruhukiro sector near Nyungwe National Park

(NNP), and Kibumbwe sector far from NNP. In Kenya, data

was collected in Molo near Mariashoni Reserve Forest (MRF),

Njoro far from MRF in Nakuru county, Kilome landscapes

surrounding Kilungu Forest Reserve, andMakueni far from KFR in

Makueni county.

2.2. Survey approach and data collection

Data were collected in two phases. The first phase was

secondary data mining through a comprehensive literature review

to collect relevant information from reports, manuals, research

papers, theses, textbooks, and internet sources. A structured

questionnaire was used to facilitate the collection of information

from smallholder farmers through a household survey. Questions

in the questionnaire were designed on the respondent’s profile, farm

plot profile, agricultural inputs, applied regenerative agricultural

practices, marketing and income, food and nutritional security, and

knowledge and capacity building on regenerative agriculture. Data

was collected using tablets with Open Data Kit (Carl et al., 2010). A

random sample of 30 farmers in each site was selected and snowball

sampling was used in this study (Noy, 2008). There are sites that

had slightly less or more than 30 farmers, making 245 farming

households in total that participated in the survey.

2.3. Data analysis

The adoption of CE practices in regenerative agriculture can

be measured at three different levels according to Saidani et al.

(2019): (i) the macro-level refers to an investigation at the scale

of the city, province, region or nation; (ii) the meso-level fits with

eco-industrial parks; and (iii) the micro-level corresponds to a

single company or consumer investigations. This study focused

on the micro-level where CE principles application were assessed

from farm level. Data are from one agricultural season. Data

were analyzed using explorative methods (descriptive, correlation

and non-parametric). Interest variables were food security and

the adoption of regenerative agricultural practices. Hypothesis

testing was done using Chi-Square and Independent sample t-

test (Agresti, 2007; Field, 2018). A Chi-square test was used for

categorical variables, t-test was used for quantitative variables to

test the difference between two groups for both food security and

adoption as interest variables. Since the outcome variable was

binary, we used binary logistics regression to build two models

that assess determining factors of food security and adoption for

all respondents (Kleinbaum and Klein, 2002). Since the outcome

variable for food security model was being food secure, the

reference category was being food insecure. The same applies

for adoption of regenerative practices. The developed model was

as follows:

log log
(

odds
)

= logit (P) = ln ln

(

P

1− P

)

= a+ b1x1 + b2x2 + b3x3 + . . .

Where: P: probability of success in our case being food secure

or being an adopter, and 1-P : probability of failure in our case being

food insecure or being a non-adopter. Data management was done

with Microsoft Excel while other tests were conducted with Python

(McKinney, 2012).

For this model, we tested multicollinearity on quantitative

variables of food security and adoption by assessing the Variance

Inflation Factor (VIF). The VIF was 4.62, 3.2, and 4.61 for the

number of farm plots, the number of regenerative practices, and
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the number of household members, respectively. They had no

multicollinearity problem because VIF was less than five (O’Brien,

2007; Hair et al., 2010). Secondly, multi-collinearity was tested

for categorical variables with a chi-square test. The relationship

between livestock owners and another source of income and

between livestock owners and not trained but practicing farmers,

and between other sources of income and not trained practicing

farmers were not statistically significant, p-values were 0.35, 0.58,

0.83, respectively. Thus, there was no multicollinearity among

categorical variables. Thirdly, we compared categorical variables

with quantitative variables, using an independent sample t-

test. Comparing livestock owners with the number of practices,

household members, and the number of plots (p-values 0.0018,

0.005, and 0.58, respectively), livestock owners were related to the

number of practices and household members but not correlated

with the number of plots. Comparing other sources of income with

the number of practices, household members, and the number of

plots (p-values 0.0070, 0.17, and 0.06, respectively), having another

source of income was related to the number of practices but

not to the number of plots and household members. Comparing

the practitioners that had not been trained with the number of

practices, household members, and the number (p-values 0.19,

0.56, and 0.45, respectively), farmers who had not been trained

but practiced regenerative agriculture were not correlated with the

number of plots and household members. Even though there are

some categorical variables that have significant relationships with

some quantitative variables, the same variables were not statistically

significant in relation to other similar variables used in the models.

Therefore, the three methods show that the variables used in the

models had no multicollinearity problems.

3. Results

The findings of this study were from 245 farming households

(Table 1). The respondents were generally smallholder farmers

growing subsistence crops such as maize, beans and Irish potatoes,

owning livestock such as cows (139), goats (65), sheep (16), chicken

(42), and pigs (10). About 45 % of respondents were female and

75.2 % of respondents were married living with spouses while

11.6% were widows or widowers, mostly male-headed households.

The average age of respondents was 46 years. When this study

asked about the status of their farm fertility, only 23.9% of

respondents thought their farm fertility was high, 61.4% reported

moderate fertility.

The survey investigated the application of 11 different

regenerative agricultural practices including: crop rotation,

minimal or zero tillage including fallowing, intercropping,

agroforestry, cover crops and mulching, composting, post-harvest

loss practices, sustainable grazing, permaculture, sylvopastoralism,

and integrated pest management. The most dominant practices

were mainly practices with low-cost implications such as crop

rotation and intercropping (60.8 and 61.6%, respectively).

Apart from Makueni and Kilome sub-counties, the average

number of regenerative practices applied by farming households

was two (Figure 1). Households in Rwanda apply between four and

six regenerative agricultural practices in most cases, crop rotation,

intercropping, agroforestry and composting (68.8, 48.8, 39.2, and T
A
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28%, respectively). Farming households in Makueni in Kenya had

been more exposed to regenerative agriculture than households

in other study sites and farmers could be applying more than six

different practices on the same farm plot.

3.1. Determining factors of adoption of
regenerative practices

Given the number of regenerative agricultural practices that

were being applied by farming households, this study classified

them into three different categories, the lowest was applying at least

two practices, the medium could apply up to three practices while

the highest category was applyingmore than four different practices

on combined farm plots. Farmers were also asked how confident

they were in applying different practices without external support.

Farmers’ readiness was ranked on a scale from one to ten. The

farmers were thereafter classified into three categories, too. This

includes the categories low readiness from zero to five, medium

readiness from 5 to 7.5 and high readiness from 7.5 to 10. Farmers

who have received training on regenerative agricultural practices in

the past and were still applying the practices on their farms were

recorded as “trained practicing.” A category of farmers who have

not received any training on regenerative agricultural practices but

who applied the practices on their farms was recorded as “untrained

practicing.” Both ‘trained practicing’ and “untrained practicing”

were classified as “continued practitioner.” To understand to what

extent farmers have applied regenerative agricultural practices on

their farms, this study calculated the practice over farm area ratio.

This research divided the practice area by total farm size and

converted the quotient into percentages. The practice over farm

area ratio was therefore classified as low between 0 and 50%,

medium between 50 and 75%, and high between 75 and 100%.

For comparability and scalability, the reported farm area size was

converted from square meters to hectares (m2 to Ha). Therefore,

non-adopters of regenerative agricultural practices were farmers

who applied two or less than two practices on a low practice

over farm size ratio, i.e., <50% of the total farm size. Adopters

were farmers who applied more than two regenerative agricultural

practices on a medium or high practice over farm size ratio, i.e.,

more than 50% of the total farm size.

This study built the following model to assess determining

factors for the adoption of regenerative agricultural practices (see

outputs in Table 2):

logit(Adoption) = −2.8454+ 1.5411γ + 0.9724σ + 0.0234µ

+ 0.0005ǫ + 0.4791π − 0.845α + 1.8848β

Where γ is farmer participation in training on regenerative

agricultural practices, σ indicates the frequent visit of extension

agents to farmers, µ indicates farmer’s skills readiness, ǫ indicates

the use of inorganic fertilizers, π indicates household food security

status, α indicates nearness to a protected area, β indicates farmers

who apply regenerative agricultural practices with no training.

The model outputs have revealed that farmers who participated

in training on regenerative agricultural practices were 4.67 times

more likely to adopt regenerative agricultural practices than the

farmers who have not participated in any training (P = 0.000)

(Table 2). The adoption was not only associated with training but

also with the frequency of visits of extension agents to farming

households. The odds of a farmer who occasionally received

extension services adopting regenerative agricultural practices is

2.65 times more than a farmer who received no extension services

(P = 0.008). However, this research found no significant direct

association between a farmer’s skills readiness and their adoption

of the practices. The odds of becoming an adopter were 1.02 and

were not statistically different (P = 0.68). For farming households

that buy and use inorganic fertilizers, this study could not find

enough evidence of the influence on adoption. Their odds to

be adopters were multiplied by 1.0005 and were not statistically

different (P = 0.446). Moreover, household food security status

could not explain household adoption of regenerative agricultural

practices for they were not statistically different (P = 0.185). The

odds were 1.61. Contrary to our assumption, living near protected

areas did not translate into adopting regenerative practices in

farming. A farmer who lives near a protected area was 0.43 less

likely to adopt regenerative agricultural practices than farmers

who live far from the protected area (P = 0.01). Interestingly,

farming households who have not received training on regenerative

agricultural practices were 6.6 times more likely to apply the

practices than farmers who were trained (P = 0.000) (Table 2).

3.2. Determining factors of food security

Conscious of the definition of food security by the Food and

Agriculture Organization (FAO, 2008), households were asked to

indicate their food security status over a period of 12 months

in three categories: (1) not having enough food for the family,

(2) having enough food but not enough variety, and (3) having

enough food and enough variety. Responses were coded as binary

to support statistical computations, thus combining categories

2 and 3 into one category that was ranked 1 to indicate food

secure household. Category 1 was thereafter coded as 0 to indicate

food-insecure households. The household food security status was

considered as the average of all 12months. About 78.9% of surveyed

households were ranked as food secure and 21.1% ranked as food

insecure. This study tested variables that could influence household

food security, using a binary logistic regression model (see outputs

in Table 3):

logit
(

food security
)

= 0.5424+ 1.021 α − 0.6794 β + 0.3088 γ

− 0.221σ + 0.6369 µ − 0.208ǫ

Where α represents owning livestock, β represents other

income sources, γ is the number of regenerative agricultural

practices, σ represents the number of household members, µ

represents the number of farm plots, and ǫ is for farmers who apply

regenerative agriculture practices with no training.

The number of regenerative agriculture practices applied by

a farmer had a significant positive influence on household food

security status (Table 3). For each added practice, a household

became 1.36 more likely to be food secure (P = 0.048). Food

security increased with the increased number of farm plots. For

a unit increase in the number of plots owned by a farmer, their

household was 1.89 times more likely to be food secure (P =

0.01). Having another source of income and being food secure were

not statistically different (P = 0.081). Therefore, having another
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FIGURE 1

Number of regenerative agricultural practices applied in Njoro, Molo, Kilome, and Makueni sub-counties in Kenya and Kibumbwe, Buruhukiro,

Rwimbogo, and Ngarama sectors in Rwanda.

TABLE 2 Statistical results on factors that can influence the adoption of regenerative agricultural practices.

Variables Coe�cient Std err P-value Odds ratio Lower CI Upper CI

Intercept −2.8454 0.863 0.001 0.058111 0.010703 0.315516

Participated in training on regenerative practices 1.5411 0.421 0.000 4.669595 2.04696 10.65244

Extension agents visit frequently 0.9724 0.369 0.008 2.644157 1.2821 5.453215

Farmer’s skills readiness 0.0234 0.058 0.685 1.023627 0.914521 1.145751

Use of inorganic fertilizers 0.0005 0.001 0.446 1.000479 0.999249 1.00171

Food security status 0.4791 0.361 0.185 1.614559 0.795135 3.278439

Nearness to the protected area −0.845 0.296 0.004 0.429562 0.240506 0.767228

Applying circular practices with no training 1.8848 0.386 0.000 6.585169 3.092318 14.02329

source of income could not explain the food security status of

a household. The odds were 0.50. From the findings, this study

has little evidence that farming households that apply regenerative

agricultural practices without training on the practices could be

more food secure. They were not statistically different (P = 0.572).

The odds of such households being food secure was 0.81. The

number of household members had a significant negative influence

on food security. For a unit increase in the number of household

members, the household becomes 0.80 times more likely not to be

food secure (P = 0.01). Owning livestock had a significant positive

influence on household food security. A household with livestock is

2.77 times more likely to be food secure than a household with no

livestock (P = 0.007).

4. Discussion

Household surveys were conducted to assess how the principles

of CE are applied in the agricultural sector and understand

the farm-level adoption of regenerative agriculture as well as its

contribution to household food security, with the ultimate aim of

offering recommendations to accelerate adoption.

4.1. Drivers of adoption

The decision of farmers to adopt or not to adopt a new

technology depends on their perceptions of the relative advantages
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TABLE 3 Statistical results on factors that could influence household food security.

Variables Coe�cient std err P-value Odds ratio Lower CI Upper CI

Intercept 0.5424 0.614 0.377 1.720126 0.51639 5.729839

Own livestock 1.021 0.381 0.007 2.775894 1.314367 5.862584

Other income source −0.6794 0.389 0.081 0.506943 0.236423 1.086999

Number of regenerative practices 0.3088 0.156 0.048 1.361818 1.002609 1.849721

Number of household members −0.221 0.081 0.006 0.801744 0.683811 0.940016

Number of farm plots 0.6369 0.247 0.01 1.890648 1.163994 3.070933

Applying practices with no training −0.208 0.368 0.572 0.812207 0.394839 1.670758

of the adoption such as extra income, goods, and services, against

costs including extra resources and trade-offs to procure inputs and

managing agronomic complexities within local farming systems

and market conditions (Miller et al., 2016). There is a need

to identify factors beyond just farm finances that explain the

adoption of regenerative agriculture (Knowler and Bradshaw, 2006;

Noeldeke et al., 2022).

An effective extension system was an important driver of

the adoption of regenerative agricultural practices. Farming

households that were visited by agricultural extension agents had

nearly three times the chance of adopting regenerative practices

than households that did not receive extension agents. This is in

agreement with findings that factors influencing farmers’ decisions

on choice of options are access to agricultural extension services

and availability of resources (Hassan and Nhemachena, 2008;

Deressa et al., 2009; Mugwe et al., 2009; Bryan et al., 2013; Kichamu

et al., 2018). This research also found a positive correlation between

farmers who are not frequently visited by extension agents and

farmers who apply regenerative practices with no training. A

possible explanation could be that information and skills are

passed on from farmer to farmer through informal exchange

visits and seeing tangible realities and benefits of regenerative

agriculture. This was observed in Makueni sub-county and could

be one adoption mechanism to establish demonstration farms

for best regenerative agriculture practices to accelerate their wide

adoption by farming communities led by champion farmers.

However, this farmer-to-farmer learning could not be expected

in communities like Kilome that have had limited exposure to

regenerative agricultural practices. Their limited exposure is mainly

the reason for the low adoption of the practices. Farmers’ exposure

to new technologies may be potentially an important intermediary

factor before farmers perceive their advantages (Liyama et al.,

2018). Even though Kilome farming community lives adjacent to

a protected forest, their adoption of regenerative practices was

low, contrary to our initial assumption. This is partly because the

area is not frequently reached by extension agents as indicated by

respondents. Additionally, the area has not received agricultural

development partners in a long time. Farming households in such

areas lack adequate participatory farmer-led extension activities

to drive the successful uptake of locally feasible practices toward

improved agricultural production (Brown et al., 2018).

The present findings indicated that farmers who participated in

training on regenerative agricultural practices were 4.67 timesmore

likely to adopt regenerative agricultural practices than the farmers

who have not participated in any training. This concurs well with

Murindangabo et al. (2021) who reported that the adoption of such

practices was related to the knowledge acquired during training

and hands-on work on demonstration plots. This highlights the

critical role of capacity building for farming communities to adopt

regenerative agricultural practices and partly explains whyMakueni

sub-county applied more regenerative agricultural practices than

other sites. Through surveys, this study found that some individual

farmers in Makueni had been trained in regenerative agricultural

practices including crop rotation, intercropping, integrated pest

management, crop cover and mulching, agroforestry, composting,

andminimal tillage. Farmers inMakueni who have not participated

in formal training were informally introduced to regenerative

practices by their fellow farmers.

4.2. Drivers of household food security

The Food and Agriculture Organization of the United

Nations defines food security as a “situation that exists when

all people, at all times, have physical, social and economic

access to sufficient, safe and nutritious food that meets their

dietary needs and food preferences for an active and healthy

life” (FAO, 2009). Knowler and Bradshaw (2006) reported that

the benefits of regenerative agricultural practices include the

increase in soil fertility and moisture retention, resulting in long-

term yield increase, decreasing yield variations, and greater food

security. In this study, the number of regenerative agricultural

practices positively influenced household food security. Not only

do regenerative practices produce quantities of food but they

uniquely offer diverse varieties of food from agroforestry fruit

trees to rotation grains. Coulibaly et al. (2017) found that farming

households were selling both agroforestry tree products and crops

in Malawi, which contributed to their food security. This provides

enough alternatives for a household to create a daily menu and

ensures there is the provision of food all year round because

of maturing at different times of the year. Having multiple

regenerative agricultural practices also contributes to soil health

maintenance with ongoing nutrient recycling (Schreefel et al.,

2020).

Both livestock income and farm size are the common wealth

indicators for farming households (Ndoli et al., 2021). Owning

livestock for farming communities meant more chances to be food

secure. With livestock, farmers can access manure for soil health

restoration and subsequent higher crop yields. Livestock could be

both a source of protein and manure for farm plots to grow more
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food crops. Livestock is at the interface of integrated farming where

the potentials of trees, crops, and livestock are enhanced to create

a more circular system. Livestock is also a source of cash income

for rural households, with which they can afford a variety of food

(Ndoli et al., 2021). Large or multiple farm plots had a positive

impact on household food security. This is in line with Ndoli et al.

(2021) who found food security increases with increasing farm size

in rural Rwanda. Farmers with large or multiple farm plots have

more flexibility to harvest quantities and grow various crops on the

same piece of land. Availability of land provides the opportunity

for farmers to experiment with such regenerative practices, thus

influencing the usage of large-scale practices such as cover crops,

crop rotation, agroforestry, use of organic fertilizers, and mulching

(Kirimi et al., 2013; Wekesa et al., 2018). Unexpectedly, off-farm

income did not have a positive influence on household food

security. This could be because households probably invested their

income in other activities rather than agriculture, for example,

small-scale commercial business (Nahayo et al., 2016).

Our analysis is based on self-reported sufficiency in the quantity

and diversity of food but the model we built to assess driving factors

helps to minimize the bias (Tadesse et al., 2020). There are few

if any universal variables that regularly explain the adoption of

regenerative agriculture practices (Knowler and Bradshaw, 2006).

We also note that our samples were taken from a micro-level

scale with smallholder farming systems. Future research should

explore how household income generation and food security

of smallholders are impacted by the adoption of regenerative

agricultural practices.

5. Conclusion

Revisiting the objective of this study, determining factors for

the adoption of regenerative agricultural practices were investigated

as well as determining factors of food security in relation to

the application of regenerative agricultural practices. The results

indicate that the adoption rate of regenerative agricultural practices

was still low with many farmers implementing low capital and

labor-requiring practices such as crop rotation and intercropping. It

was clear that farmers who participated in training on regenerative

agricultural practices were more likely to adopt regenerative

agricultural practices. Thus, highlighting the critical role of capacity

building for farming communities for skills and knowledge

transfer through hands-on work training and demonstration plots.

The study, therefore, recommends pilot studies that will further

investigate different regenerative agricultural practices in relation

to provided skillsets as well as their role to improve household food

security status. It was also observed that the number of regenerative

agriculture practices applied by a farmer had a significant positive

influence on household food security status, thus highlighting the

potential of regenerative agricultural practices to alleviate food

insecurity among smallholder farmers if used in combinations and

to a larger extent. This study recommends further pilot studies

on specific regenerative agricultural practices and their adoption

imperatives. The findings of this study can help design scaling

pathways, and enhance practical training and extension services to

accelerate the adoption of regenerative agriculture to build a more

resilient food system.
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