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Pretoria, Pretoria, South Africa, “Department of Life Sciences, South Eastern Kenya University, Kitui,
Kenya, Department of Zoology and Entomology, University of the Free State, Bloemfontein,

South Africa

Global food production systems are under pressure due to population increase,
limited farmland, biotic and abiotic constrains, and ongoing climate change.
Sustainable intensification is needed to increase agricultural productivity with
minimal adverse environmental and social impacts. Vegetable-integrated push pull
(VIPP) technology coupled with black soldier fly (BSF) frass offer such opportunities
to smallholder farmers. However, farmers’ vegetable preferences and willingness
to adopt these innovations remain unknown and are variable across various
geographic scales. Focus group discussions (FGDs) and in-person interviews with
smallholder farmers were conducted to assess vegetable production constraints
and select vegetables to be integrated into VIPP coupled with BSF frass biofertilizer
in Kenya and Uganda. Twenty-six FGDs followed by in-person interviews were
conducted from July to November 2023 with 227 and 106 farmers from Kenya
and Uganda, respectively. A total of 23 vegetable types were identified. The most
considered discerning parameters and traits included household consumption,
income generation, nutritional value, extended harvesting, drought tolerance and
resistance to diseases and insect pests. The major constraints were the high cost
of agrochemicals and fertilizers and poor seed quality in Kenya while diseases,
pests, drought and poor rainfall, low soil fertility, too much rainfall and floods,
high cost of agrochemicals and fertilizers, lack of seeds and poor seed quality
were pressing constraints among farmers in Uganda. More than 837% of farmers
showed readiness to adopt a combination of VIPP+BSF. Kales, spinach, cabbage,
Amaranthus, African nightshade and tomatoes were preferred in central Kenya
whereas cowpeas, kales, African nightshade, Amaranthus, pumpkin leaves and
spider plants in western Kenya were preferred as vegetables to be included in VIPP
and BSF frass innovations. Ugandan farmers considered eggplants, Amaranthus,
garden eggs, cabbage, kales and tomatoes the most popular vegetables to be
incorporated in VIPP and BSF frass innovations. Our results provide a baseline for
vegetables to be integrated into VIPP with BSF frass biofertilizer for validation with
farmers. The study also underlies how farmer crop preferences vary according to
site and the need for participatory selection to increase the chances of adoption
of agricultural interventions.
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1 Introduction

Global population increase, limited land for agriculture, and
ongoing climate change require sustainable methods for food
production to boost productivity without further environmental
degradation (United Nations, 2021; Kumar et al, 2022). In
sub-Saharan Africa (SSA), agriculture is predominantly rain-fed,
which accounts for 97% of total farmland, making crop production
and food security highly vulnerable to seasonal variations in
precipitation and temperature stress (Kotir, 2011). In SSA, land
degradation through soil erosion and nutrient depletion has so far
affected 65% of the total land area (Tefera et al., 2024). Other
challenges that further impede agricultural productivity include poor
health, limited land tenure and ownership, crop diseases and pests,
costly inputs with limited outputs, limited agricultural information,
limited credit and market access, lack of appropriate technologies,
inadequate policies, and policy inconsistencies, which result in
smallholder farmer neglect (Shimeles et al., 2018; Bjornlund et al.,
2020). There is therefore a need for sustainable agricultural practices
to mitigate these challenges and promote food security (Struik, 2017).

Sustainable intensification (SI) is one of the innovative approaches
to producing more food and associated economic returns on existing
farmland with positive impacts on the environment. It entails
agricultural practices that promote resilience to biotic and abiotic
stress, reduce reliance on external inputs such as agrochemicals, and
promote biodiversity and ecosystem services (Pretty and Bharucha,
2014). Sustainable intensification is highly applicable in SSA because
the regions ever-growing population leaves very little land for
agricultural expansion without further environmental degradation
(Struik, 2017). One such SI is push-pull technology (PPT), which is a
cropping system integrating pest, weed and soil management practices
in cereal-livestock farming systems (Cook et al., 2007). To suppress
pests, the PPT intercrops legumes of the Desmodium spp. with cereals
such as maize (Zea mays L.) or sorghum (Sorghum bicolor L.) to repel
(“push”) pests while surrounded by grasses such as Napier grass
(Pennisetum purperum Schumach.) or Brachiaria spp. which attract
(“pull”) the pests from the crop (Khan et al., 2011; Chidawanyika et al.,
2014). The root exudates of Desmodium plants suppress parasitic
weeds of the genus Striga that are key cereal production constraints in
Africa (Khan et al,, 2011). Additionally, Desmodium plants provide
other soil health ecosystem services including nitrogen fixation,
improved organic matter and phosphorus availability, moisture
conservation and increased beneficial microbial activity (Drinkwater
etal., 2021; Adan et al., 2024; Jalloh et al., 2024; Mutyambai et al., 2024).

Despite the success of PPT, one of the concerns raised by practicing
farmers is that it only catered for cereals limiting options for nutritional
and income diversity (Chidawanyika et al.,, 2023). We recently integrated
vegetables and edible legumes in the PPT with maize resulting in a
vegetable integrated push-pull (VIPP) system with improvement of
various one health outcomes including crop productivity, food security,
environmental resilience and livelihoods (Chidawanyika et al., 2023,
2025). While vegetable consumption is associated with better dietary-
based health outcomes, such as a lower risk of noncommunicable
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diseases and obesity, its consumption in Africa is significantly lower
than the world average, falling short of the WHO/FAO target minimum
intake of 200 g/day/person (or more than 73 kg/year/person)
(Kalmpourtzidou et al., 2020). Many factors, such as soil degradation,
climate change, pest pressure, and other economic factors limit
smallholder vegetable production in Africa and thus impede the food
production system (Mason-D'Croz et al., 2019). Given the growing need
for sustainable intensification of food production systems (Pretty et al.,
2018; Kuyah et al., 2021; Chidawanyika et al., 2023; Libran-Embid et al.,
2023), VIPP now becomes highly applicable, especially for African
smallholder farmers (Chidawanyika et al., 2023, 2025).

Furthermore, another approach to sustainably intensify the VIPP
is by low-cost organic amendments such as farmyard manure.
Recently, the black soldier fly (BSF) Hermetia illucens L. farming and
its outputs such as frass as a source of organic biofertilizer resulting
from bioconversion of organic waste, opened a pathway for
sustainability and a circular bioeconomy for resource-poor farmers
(Beesigamukama et al., 2021). The use of BSF frass as soil organic
amendments is associated with various soil health benefits including
boosting soil microbiological quality and organic carbon (Anyega
etal, 2021; Gebremikael et al., 2022). Thus, integrating the VIPP with
organic amendments such as BSF frass can unlock further yield
benefits and profitability for farmers through improved soil health,
and reduction in inputs of costly agrochemicals.

For any sustainable agriculture practice, it is important to bridge
the gap between farmers and researchers in technology development
to validation and optimisation of systems, for improved adoption of
recent innovations (Goa et al., 2017; Pawera et al., 2024). For instance,
VIPP and BSF offer more opportunities to smallholder farmers to
improve productivity. However, location-specific factors may influence
farmers’ vegetable choices and willingness to adopt these innovations.
This, therefore, calls for the need to understand the factors driving
households’ decisions to adopt VIPP and BSF innovations.

Indeed, the co-creation of innovations through participatory
rural appraisal (PRA) approaches is an important component of
citizen or farmer-centered development (Pawera et al, 2024).
Through face-to-face interactions with researchers, PRA approaches
empower locals to contribute to technology development ensuring
the development of interventions that meet their needs and
subsequent rapid adoption. For crop or varietal selection, PRA
approaches account for the multiplicity of farmers’ requirements and
geographic contexts (Begna, 2022). For example, farmer crop or
variety selection in various agroecological zones can be prioritized
based on both pre-and post-harvest factors including yields, duration
to maturity, resistance to climate stressors, and pests and disease
incidences (Goa et al., 2017; Mutari et al., 2021; Nchanji et al., 2021).
Post-harvest characteristics such as food nutritional value, storage
shelf life, seasonality and multiplicity of harvests together with
marketability and profitability also differentially contribute to crop
choices (Magaisa et al., 2022). In other cases, selection of crop choices
can be influenced by gender disparities with men sometimes
choosing capital-intensive and high-value vegetables while women
can settle for traditional but nutrient-dense vegetables (Ouya et al.,
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2024). The current study aims to evaluate farmer-preferred vegetables
for integration into the PPT with BSF frass organic amendments in
Kenya and Uganda following a PRA approach.

2 Materials and methods
2.1 Study location

This study was carried out in selected different agroecological
areas covering western (Vihiga, Kisii, Busia and Homa Bay counties)
and central regions (Kiambu, Murang’a and Embu counties) of Kenya,
and eastern part of Uganda (Namwendwa, Bulopa and Wankole
sub-counties) (Figure 1). Kiambu, Murang’a and Embu constitute
counties in the central part of Kenya with land areas of approximately
2,538, 2,524 and 2,821 km* with population sizes of 2,417,735,
1,056,640 and 608,599, respectively (KINBS, 2019). These regions
receive bimodal rainfall with short rain commencing in late February
and ceasing in late May, while short rains start around mid-September
and end in mid-January (Nathan et al., 2020). The regions consist of
four agroecological zones (AEZs), namely, upper highland humid,
lower highland semi-humid, upper midland sub-humid and lower
midland semi-humid (Sombroek et al., 1982). The main food crops
for these counties are maize, common bean (Phaseolus vulgaris),
pigeon peas (Cajanus cajan) and sweet potatoes (Ipomea batatas)

10.3389/fsufs.2025.1471333

while the cash crops are tea (Camellia sinensis), coffee (Coffea spp.),
banana (Musa spp.), mangoes (Mangifera indica) and avocadoes
(Persea americana) (Recha, 2018).

In western Kenya, Busia, Vihiga, Homa Bay and Kisii counties
cover about 1,696, 531, 3,183 and 1,323 km?, with a population of
893,861, 590,013, 1,131,950 and 1,266,860, respectively (KNBS, 2019).
The regions receive bimodal rainfall with a long rain season starting
in mid-March to late May, while a short rain season commences in late
August to mid-December (Mugalavai et al., 2008). The regions consist
of four AEZs, namely, lower midland humid, lower midland
sub-humid, upper midland humid and upper midland semi-humid
(Sombroek et al., 1982). The main food crops grown in western Kenya
are maize, sorghum, beans, cowpeas, cassava and sweet potatoes while
sugarcane (Saccharum spp.) and bananas constitute cash crops
(Recha, 2018).

Kamuli district lies in the eastern region of Uganda covering
1,517 km? with an estimated population of 558,500 (UBOS-Statistical
Abstract, 2020). Among others, it has several sub-counties including
Namwendwa, Bulopa, and Wankole, with land areas of 150, 46 and
51 km? and population sizes of 65,900, 33,300 and 23,000, respectively
(UBOS-Statistical Abstract, 2020). Kamuli district is characterized by
a sub-humid agroecological zone with cropping seasons occurring
March-June (560 mm) and July-November (540 mm). The major
food crops in this region are finger millet, banana and maize while
cotton constitutes a major cash crop (Kayuki et al., 2017).
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2.2 Sampling methods and data collection

A purposive sampling procedure was adopted to identify villages
and participants for focus group discussions (FGDs) as well as
in-person interviews. Firstly, the participants in the study were
purposively selected at household levels based on the history of
vegetable production in rural and peri-urban areas. Secondly, the
farmers within localities where previous PPT projects were
implemented were targeted as a unit of inquiry and were subsequently
admitted into FGDs. Structured, pretested questionnaires were
administered to gather quantitative and qualitative data to understand
vegetable production practices and location-specific constraints
(Supplementary material S1).

The questionnaires were designed to guide discussions and
information gathering from the selected focus groups of farmers
through FGDs and in-person interviews. In each FGD, farmers listed
all vegetables grown in their localities. The top five vegetables were
selected based on the frequency of mentions in each FGD. We collected
the qualitative opinions on various pre-selected traits for each of the
selected vegetables during the discussions. For each vegetable, farmers
elected if it carried any of the following traits or usage: household
consumption, income generation, nutritional value, extended
harvesting, seed production, drought tolerance, resistance to diseases
and resistance to insect pests. We recorded the binary choices (yes or
no) for each trait or usage of a vegetable as provided by the
participants. Overall, 26 FGDs with 6-14 individuals per group were
conducted from July to November 2023. Approximately 227 and 106
farmers from Kenya and Uganda, respectively, participated in FGDs.

Further, farmers were interviewed individually to gather
information on sociodemographic data including gender, age,
education levels, total land owned, farm size under vegetables, type
and number of livestock kept and types of alternative sources of
livelihood. Farmers were also asked if they faced various vegetable
production constraints in their localities. The binary response (“Yes”
or “No”) of each farmer was scored against each constraint. The
production constraints mentioned to farmers included biotic stressors
(diseases and pests), environmental stressors (drought and poor
rainfall, too much rainfall and floods, and low soil fertility) and socio-
economic stressors (high cost of agrochemicals and fertilizers, lack of
seeds and poor seed quality). Farmers were shown posters and
demonstration plots detailing VIPP, BSF farming and the integration
of VIPP with BSF frass fertilizer. After pictorial and field
demonstrations, each farmer was asked about his/her willingness to
adopt these innovations. Likewise, each farmer was requested to
suggest types of vegetables that can be incorporated into VIPP coupled
with BSF frass. Vegetables were ranked based on the frequency of
mentions and the top five vegetables were selected as most suitable for
incorporation in VIPP coupled with BSF frass. All responses were
recorded for subsequent analyses.

2.3 Model specifications

The vegetable production constraints and willingness to adopt
VIPP and BSF innovations were modeled using binary logistic
regression. The response variables were dichotomous, taking the
value of 1 (yes) if a farmer agrees that they have experienced vegetable
production constraints that were mentioned to them and otherwise
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0 (no). The vegetable production constraints suggested to them
included diseases, pests, drought/poor rainfall, too much rainfall/
floods, high cost of agrochemicals and fertilizers, lack of seeds, low
soil fertility and poor seed quality. Additionally, the farmers’ choice
to adopt either VIPP, BSF or VIPP+BSF innovations also resulted in
dichotomous response with a value of 1 for “yes” and 0 for “no.” The
mathematical expression for the logistic regression model is as
follows (Gujarati, 1995):

Prob(Yi—l):PizF(Zi)zF(a+ZﬂiXi)=( L Zij 1)

1+e

In the model, P; is the probability that a farmer responds by
acknowledging the vegetable production constraints or is willing to
adopt regenerative agricultural innovations. X; represents explanatory
variables, and a and f§ are parameters to be estimated. The probability
of not agreeing with certain constraints as major limitations in
vegetable production or not being interested in adopting regenerative
agricultural innovations was expressed in the equation as follows:

Prob(Yi—O)zl—Prob(Yi=1)=(1—Pi)=(1+leZi) )

Equations 1, 2 are combined to get,

PTOb(Yi—l) Pi 7Zi

Prob(YizO):l—Pi:e )

Here P; is the probability that Y; takes the value 1 and then (1 — Py)
is the probability that Y; is 0 and e is the exponential constant.

Now including the natural logarithm of both sides of Equation 3,
we get Equation 4,

Zi:ln[lPip):,Bi+ﬂ1X1i+ﬁzXzi+...+ﬁKXK+yi (4)
—r1

Where Z; represents the logit model; P is the probability of the
outcome; X; represents the independent variable being evaluated;
subscript ; stands for the jth observation in the sample; f, is the
intercept term and B, + B, + ... + B are the coefficients for each
independent variable X;, X,, ..., Xi.

2.4 Statistical analysis

The data acquired through the questionnaires was entered in MS
Excel. A binary logistic model was used to analyze the vegetable
production constraints and willingness to adopt regenerative
agricultural innovations in each study site (seven counties in Kenya
and three sub-counties in Uganda). All the data analysis was
performed in R Statistical Software Version 4.0.3 (R Core Team, 2021).
Descriptive statistics (frequencies and percentages) were used to
represent farmers’ responses. Figures and tables were used to
summarize the results.
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3 Results

3.1 Sociodemographic characteristics of
households

The socio-demographic characteristics of participants are
provided in Table 1. Overall, the percentage of male and female
participants was 42 and 58%, respectively. In all places, most
participants were above 36 years old except for Kiambu (Kenya) and
Bulopa (Uganda) which both had most participants who were below
36 years old.

Except for Kiambu and Vihiga counties where most participants
had no formal education (44.4 and 38.5%, respectively), other counties
had most participants who attained formal education in primary and
secondary education. In Uganda, no participants had attained a
college/university education. Most participants owned at least 1.09-
3.91 acres of land, with the average land allocated for vegetable
production ranging from 0.45 to 1.70 acres.

Generally, most farmers practiced a mixed crop-livestock system
with chickens, cattle and goats being the main livestock enterprises.
Comparatively, pigs were the least reared livestock. More chickens
(2.00-2.54 heads/household) were kept in Kenya than in Uganda
(1.50-1.96 heads/household). Similarly, the farmers in Kenya had
higher cattle herd sizes (0.86-1.25 heads/household) and goats (0.50-
1.75 heads/household) than their counterparts in Uganda (0.47-0.58
heads/household). On the contrary, most respondents in Uganda
owned more pigs (0.96-2.00 heads/household) than respondents in
Kenya (0.43-0.83 heads/household).

In Kenya, the respondents were involved in both agricultural self-
employed activities and agricultural labor (wage) work. Busia and
Kiambu counties had most of the respondents involved in agricultural
self-employed (52.8 and 89.2%, respectively) while Kisii, Murang’a,
Homa Bay, Vihiga and Embu counties had most of the respondents
participating in agricultural wage labor (70.8, 64.3, 63.9, 61.5 and
51.1%, respectively). In Uganda, all respondents from three survey
sub-counties were involved as agricultural self-employed and none of
them was involved in agricultural wage labor.

3.2 Desired biological and physical traits

3.2.1 Distribution of traits across vegetable types

FGDs were held to determine why farmers chose the top five most
desired vegetables out of all those cultivated on their homesteads. A
total of 23 vegetable types were identified in the study areas. Most
farmers stated that household consumption, income generation,
nutritional value, extended harvesting, drought tolerant and resistance
to diseases and insect pests were among the most important features
they looked for when selecting vegetables (Figure 2).

Although all vegetables were grown for household consumption,
eggplants (Solanum melongena), garden eggs (Solanum spp.)
spinach (Spinacia oleracea), Amaranthus (Amaranthus spp.), kales
(Brassica oleracea), African nightshade (Solanum nigrum) and
cowpeas (Vigna unguiculata) constituted the most consumed
vegetables by over 75% of households. More than 80% of farmers
grow tomatoes (Solanum lycopersicum L.), garden eggs, common
beans, spinach, carrots (Daucus carota), kales and Amaranthus for
income generation.
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Carrots, vine spinach (Bassella alba), jute mallow (Corchorus
olitorius), Amaranthus, spinach, slender leaf, Amaranthus and African
nightshade were preferred by over 50% of farmers based on their
nutritional value. Prolonged harvesting of green pepper, spinach,
eggplants, African nightshade and vine spinach made them preferred
by farmers for household consumption and cash sale. Vine spinach,
spinach, Amaranthus, slender leaf, coriander (Coriandrum spp.),
cowpeas, African nightshade and jute mallow were favored due to
their resistance to diseases and pests according to over 50% of the
farmers. The ability to produce seeds made farmers prefer garden eggs,
green peppers, eggplants, cowpeas, Amaranthus, African nightshade
and Jute mallow, thus saving farmers’ costs of purchasing seeds for the
next season. Over 50% of farmers preferred green pepper, spinach,
Amaranthus, eggplants and cowpeas due to their tolerance to drought.

3.2.2 Distribution of traits across vegetable types
and regions

The distribution of farmers’ preferred traits across vegetable types
and regions is illustrated in Figure 3. Kales, slender leaf, Amaranthus,
jute mallow, cowpeas, African black nightshade and pumpkin leaves
were consumed by over 50% of households in western Kenya.
Amaranthus, cowpeas, kales and African black nightshade generated
the highest income, with household sales by over 50% of respondents.
Amaranthus, pumpkin leaves, slender leaf, vine spinach, African black
nightshade, jute mallow, cowpeas and kales were similarly highly rated
for their nutritional content and drought tolerance by 50%
of respondents.

In central Kenya counties, Amaranthus, cabbage, kales, spinach
and African black nightshade vegetables were highly ranked in terms
of homestead consumption and income generation, with responses
ranging from 50%. Spinach, Amaranthus carrots, and black nightshade
were all excellent in nutritional value. Amaranthus, spinach, and kale
were suggested as drought-tolerant plants. In the Kamuli area,
Uganda, respondents ranked cabbage, eggplants, garden eggs,
Amaranthus and kales as highly consumed in households and good
income generators. Amaranthus, eggplants and garden eggs were all
mentioned as drought-tolerant and rich in nutritional content by over
50% of respondents. Amaranthus and Kale were found to fit all criteria
across Kenya and Ugandan sites.

3.3 Constraints faced by farmers during
vegetable production

The primary limits to vegetable production in the targeted
agroecologies of Kenya and Uganda comprised both biotic and abiotic
stressors (Table 2). There was significant variation in vegetable
production constraints across countries (y*=530.23; DF=1;
P <0.0001) and within countries (y* = 568.80; DF = 9; p < 0.0001). The
high cost of agrochemicals and fertilizers was the biggest constraint to
vegetable production in Kenya (45.9-72.0%) and Uganda (87.2-90.2%)
for the selected vegetables. Other than the high cost of agrochemicals
and fertilizers, poor seed quality was reported as a major constraint by
over 50% of respondents in Kenya (Homa Bay, Kiambu, Kisii, Muranga
counties) and Uganda (Bulopa, Namwendwa, Wankole sub-counties).
Insect pests were also recorded as a major constraint in Uganda (87.2-
94.3%) compared to Kenya (29.7-50.0%). The unavailability of seeds
ranked as the least constraint for farmers across the counties in Kenya
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TABLE 1 Socio-demographic characteristics of respondents interviewed during assessment of vegetable production constraints, trait preferences and willingness to adopt sustainable intensification options in
Kenya and Uganda.

Variables Kenya Uganda
Busia Embu Homa Bay Kiambu Kisii (n = 23) Murang’a Vihiga Bulopa Namwendwa Wankole

(n=37) (n = 44) (n = 35) (n = 36) (n = 26) (n = 26) (n=32) (n = 35) (n =39)
Gender (%)
Male 405 40.9 429 417 435 30.8 462 28.1 48.6 56.4
Female 59.5 59.1 57.1 58.3 56.5 69.2 53.8 71.9 51.4 43.6
Age (%)
Below 36 years 135 18.2 40.0 52.8 304 23.1 30.8 59.4 429 282
36 and above years 86.5 81.8 60.0 472 69.6 76.9 66.2 40.6 57.1 71.8

Education levels (%)

College/University 8.1 2.3 5.7 16.7 8.7 19.2 7.7 0.0 0.0 0.0
Secondary 75.7 31.8 25.7 30.6 21.7 38.5 30.8 31.3 48.6 28.2
Primary 16.2 38.6 65.7 8.3 522 385 30.8 37.5 51.4 59.0
No formal education 0.0 27.3 2.9 44.4 0.0 3.8 38.5 31.3 0.0 12.8
Total land owned (acres) 3.19 1.39 2.79 391 1.19 1.09 1.12 1.94 2.11 1.78
Land under vegetables (acres) 0.97 0.68 0.36 1.70 0.48 0.45 0.73 0.74 0.93 0.45

Livestock (heads/household)

Cows 0.86 113 1.22 0.89 1.25 1.14 1.19 0.47 0.58 0.56
Goats 0.89 0.89 0.50 1.03 1.75 1.50 0.77 0.76 0.85 0.78
Chicken 2.00 2.20 2.00 2.51 2.38 2.25 2.54 1.50 1.96 1.67
Pigs 0.56 0.62 0.56 0.43 0.83 0.57 0.62 1.18 2.00 0.96
Occupation

Agricultural self-employed 52.8 48.9 36.1 89.2 292 35.7 38.5 100 100 100
Agricultural wage labor 47.2 51.1 63.9 10.8 70.8 64.3 61.5 0.0 0.0 0.0
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FIGURE 2
Farmers’ preferred traits of vegetables they grow in Kenya and Uganda. Empty bars indicate the vegetable lacked a certain trait.

(3.8-13.6%) while it was ranked as major constraint in sub-counties in
Uganda (87.2-94.3%). However, low soil fertility and diseases were
some of the challenges reported by a large proportion (over 67.5%) of
farmers in three surveyed sub-counties of Uganda. Drought and poor
rainfall were common constraints in the Namwendwa sub-county
while too much rainfall and frequent flooding were common
constraints in Bulopa and Namwendwa sub-counties.

3.4 Willingness to accept and adopt
regenerative agricultural innovations

Households were assessed for their willingness to accept and
adopt VIPP alone, BSF frass alone and VIPP+BSF frass. Across the
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counties, there were significant variations in the willingness of
smallholder farmers to accept and adopt VIPP (3> = 121.75, DF =9,
P <0.0001) and BSF (3 = 82.45, DF = 9, p < 0.0001). On the contrary,
the willingness of farmers to adopt the combination of these
regenerative technologies (i.e., VIPP+BSF frass) did not vary across
the counties (y* = 6.26, DF = 9, p = 0.71). The results of logistic models
based on the probability of farmers accepting and adopting either of
the three agricultural innovations are summarized in Table 3. The
negative coeflicients (f) indicate a <50% likelihood of households
adopting the technologies while positive coeflicients indicate a more
than 50% likelihood of the household adopting the technologies.
Overall, there was more willingness to adopt the innovations when
integrated (VIPP + BSF frass) compared to individual options (VIPP
or BSF frass).
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FIGURE 3
Top preferred traits associated with vegetables grown in western Kenya, central Kenya and the Kamuli district of Uganda.

Across Kenyan counties, Kiambu, Embu, Vihiga, and Busia
indicated 100% preparedness to embrace VIPP technology, whereas
Muranga and Homa Bay were less prepared with 54 and 57% of
farmers expressing willingness. Farmers in Kisii County had
comparatively least desire to adopt VIPP (22%). In Uganda, a larger
proportion of farmers (94 and 91%) from Bulopa and Namwendwa
sub-counties, respectively, expressed willingness to accept and practice
the VIPP as compared with Wankole sub-counties where only 62% of
farmers showed willingness (Figure 4).

In Kenya, all farmers in Embu County were eager to accept and
implement BSF innovation. The growing interest in adopting BSF
innovations was expressed by farmers in Busia County (65%), and
Murang’a County (65%). Between 24 and 48% of farmers expressed
interest in adopting BSF innovations in Homa Bay, Kiambu, Kisii and
Vihiga counties.

Integration of VIPP and BSF innovations attracted appreciable
interest across all surveyed counties and sub-counties. More than 83%
of farmers showed readiness to adopt a combination of regenerative
technologies (i.e., VIPP+BSF) across counties in Kenya and Uganda.

3.5 Farmers' vegetable preferences for
integration in VIPP with BSF frass

The top five vegetables preferred by farmers across counties to
be incorporated in VIPP and BSF frass are presented in Figure 5. The
preferred vegetables in central Kenya include kales, spinach, cabbage,
Amaranthus, African nightshade, and tomatoes. In western Kenya,
kales, African nightshade, cowpeas, Amaranthus, pumpkin leaves, and
spider plants constituted the preferred vegetables. Eggplants,
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Amaranthus, garden eggs, cabbage, kale, and tomatoes are the most
popular vegetables in the Kamuli area (Bulopa, Wankole and
Namwendwa sub-counties) in Uganda. Ranking across counties and
sub-counties, the most preferred vegetables were cowpeas (Busia and
Vihiga Counties), kales (Homa Bay, Kisii, Embu, Murang’a Counties),
spinach (Kiambu County), Amaranthus (Namwenda and Wankole
sub-counties) and tomatoes (Bulopa sub-county).

4 Discussion

The study conducted a participatory selection of farmers’
preferred vegetables to be incorporated in a VIPP with BSF frass in
Kenya and Uganda. Female respondents were more likely than male
respondents to produce vegetables, an indication that gender is a
determinant in food production systems in smallholder farming in
sub-Saharan Africa. This corroborates previous studies which
attribute most food production in the region to women (Loizou et al.,
2019; Doss et al., 2018; Kadzamira et al., 2024).

Most respondents were aged 36 years and above, indicating an
active group participating in rural agricultural production, as opposed
to youth under the age of 36 years. However, less involvement of youth
in building future food systems may be attributed to their
socioeconomic status including finance, membership association, land
ownership and education. Other studies have attributed improved
access to credit through relevant agencies with low interest rates and
flexible payment options, as well as policies for sustainable
implementation programs, as potential solutions to improve youth
participation in African rural agriculture (Daudu et al, 2023;
Kadzamira et al,, 2024). In sub-Saharan Africa (SSA), more than 130
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TABLE 2 Proportion and binary logistic model’s estimates for the different vegetable production constraints as mentioned by farmers in Kenya and Uganda.

Vegetable production constraints (%)

High cost of Lack of seeds Too much
Counties/ Drought/Poor agrochemicals and Low soil Poor seed rainfall/
Districts Diseases rainfall fertilizers fertility quality floods Chi-value
Kenya
16.2 35.1 45.9 8.1 8.1 29.7 29.7 10.8
Busia 30.17%%%
(~1.64, 0.45)° (—0.61, 0.34) (-0.16, 0.33)° (—2.43,0.60)° (~2.42,0.60)° (-0.86,0.36)"  (—0.86,0.36)" (=2.11,0.53)
36.4 15.9 59.1 13.6 11.4 43.2 47.7 9.1
Embu (—0.27,0.30) 57435
(~0.56, 0.31)* (~1.67, 0.41)° (0.37,0.31) (—1.85, 0.44)° (=2.05, 0.47)° N (—0.09, 0.30)® (=2.30, 0.52)°
al
17.1 25.7 51.4 8.6 37.1 314 51.4 20.0
Homa Bay 29.54%%*
(~1.57,0.45) (~1.06, 0.38)° (0.06, 0.34)" (—2.37, 0.60)° (-0.52,0.35) (~0.78, 0.36)° (0.06, 0.338)* (—1.38,0.42)
222 25.0 58.3 5.6 8.3 333 50.0 16.7
Kiambu 46.59% %%
(-1.25,0.40)° (~1.10, 0.38)° (0.34, 0.34) (-2.83,0.73)¢ (—2.39, 0.60)* (—0.69, 0.35)° (0.00, 0.333)* (~1.61, 0.44)«
26.1 26.1 52.2 43 34.8 34.8 78.3 0.0
Kisii 5447
(—1.04,0.47)° (—1.04,0.48)° (0.09, 0.41)° (—3.09, 1.02)¢ (~0.62, 0.43) (—0.62, 0.43) (1.28,0.505)° (-18.56, 1.36)¢
23.1 423 61.5 38 115 50.0 53.8 23.1
Murang’a 40.44%**
(—1.20, 0.46)° (-0.31,0.39)° (0.47, 0.40) (-3.22,1.03)¢ (-2.03,0.61) (0.00, 0.39)" (0.15,0.393)® (~1.20, 0.46)°
36.0 44.0 72.0 8.0 16.0 44.0 36.0 16.0
Vihiga 34.92%#*
(—0.58, 0.42)° (—0.24, 0.40)° (0.94, 0.45)* (—2.44,0.73)¢ (—1.65,0.54)° (—0.24, 0.40)° (—0.57,0.41)" (—1.66, 0.55)°
Uganda
78.1 43.8 90.6 90.6 90.6 90.6 90.0 90.6
Bulopa 34.80%%*
(1.27,0.43)° (-0.25, 0.36)° (2.27,0.61) (2.27,0.61)" (2.27,0.61) (2.27,0.61) (2.27,0.61) (2.27,0.61)
65.7 91.4 91.4 94.3 94.3 94.3 68.6 51.4
Namwendwa 44.75% %%
(0.65, 0.36) (2.37, 0.60) (2.37, 0.60) (2.80, 0.73)" (2.80, 0.72) (2.80, 0.72) (0.78, 0.364)* (0.06, 0.34)¢
87.2 35.9 87.2 87.2 74.4 87.2 74.4 0.0
Wankole 140.60%*
(1.92, 0.48) (—0.69, 0.34)° (1.92, 0.48) (1.92, 0.48)° (1.06, 0.36)* (1.92, 0.48) (1.06, 0.367) (~18.56, 1.04)°
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Focus group discussion results. Values provided outside the brackets are proportion of mention. Values provided in the brackets are the binary logistic models’ coefficients (/) and standard errors. Different small letters along the rows indicate significant differences at
p =0.1.%%% = 1% level of significance. McFadden = 0.059, Cox and Snell (ML) = 0.078, Nagelkerke (Cragg and Uhler) = 0.104. Likelihood ratio test y* = 215.23, p = 3.9085e-42. Number of observations (Model = 2,656).
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TABLE 3 Logit model estimates of willingness to accept and adopt regenerative agricultural innovations by farmers across counties in Kenya and sub-
counties in Uganda.

Regenerative agricultural innovations

Counties BSF frass VIPP VIPP + BSF frass Chi-value
SE
Kenya
Busia 0.57 0.35 c 1.90 0.45 a 1.29 0.59 b 10,295
Embu 3.04 0.73 a —0.43 0.94 a -1.20 0.84 a 2.49™
Homabay -1.22 0.40 c 1.50 0.53 b 2.79 0.60 a 10.29%%
Kiambu 3.55 1.01 c -1.73 112 a ~1.15 1.43 a 4.55™
Kisii —0.44 0.43 b —0.59 0.64 b 2.79 0.85 a 24,745
Murang’a 0.64 0.41 b 0.48 0.57 b 1.85 0.84 a 11.07%%
Vihiga —0.08 0.40 c 3.26 1.09 a 2.07 0.73 b 18,9277
Uganda
Bulopa —0.51 0.37 b 2.77 0.71 a 2.77 0.71 a 29.98% 5
Namwendwa 2.05 0.53 a 0.31 0.80 a 0.31 0.80 a 0.21™
Wankole 1.77 0.26 a —1.23 0.32 b 0.59 0.42 a 31.55%:#%

Focus group discussion results. # denotes the binary logistic models’ coefficients, SE stands for standard errors and Siq. stands for significant letters. Different small letters along the rows
indicate significant differences at P = 0.1. ns, no significance, **1% level of significance, *** = 0.1% level of significance. McFadden = 0.052, Cox and Snell (ML) = 0.053, Nagelkerke (Cragg
and Uhler) = 0.081. Likelihood ratio test y* = 66.47, p = 1.2601e-13. Number of observations (Model = 1,230).
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FIGURE 4
Percentage of farmers willing to accept and adopt agricultural innovations across counties. BSF, black soldier fly; VIPP, vegetable integrated push-pull.

million young people have delved into rural agricultural enterprise ~ negatively on household food self-sufficiency, incomes, and
(Yami et al,, 2019; Ouko et al, 2022). This suggests that there is  diversification of diets (Giller et al., 2021). In our study, the average
existing potential, but more facilitation may be required to improve =~ land ownership for agriculture production varied across
profitability that guarantees enterprises as mainstays of income  Kenya (3.19 acres) and Uganda (2.11 acres). These small sizes of
and livelihoods. land coupled with abiotic and biotic stressors limit the production

Previous studies have stated that land ownership among most  of sufficient food. In a continent with an ever-growing
smallholder farms in SSA is below a hectare. This impacted  population, there is a need for sustainably intensified regenerative
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FIGURE 5
Preferred vegetables for incorporation in the vegetable-integrated push-pull with black soldier fly frass soil organic amendments in selected agro-
ecologies of Kenya and Uganda.

agricultural production systems to improve yields, income and
nutritional diversity.

Vegetable production and consumption are carried out
globally, serving as a crucial element of food systems (Aworh,
2018). Across Kenyan counties and Ugandan sub-counties,
farmers’ most preferred vegetables included spinach, cabbage,
African nightshade, tomatoes, kales, African nightshade, cowpeas,
Amaranthus, pumpkin leaves, spider plants, eggplants and garden
eggs. An ethnobotanical investigation was conducted in the
Eastern Cape Province of South Africa to explore the wild and
cultivated vegetables where cabbage, pumpkin, spinach and
squash were recorded as very important (Maroyi, 2020). These
vegetables were all recorded in our study in both Kenya and
Uganda underlying their importance across extended
geographic ranges.

Farmers consider a variety of qualities including seed and leaf
yield, pest and disease resistance, household consumption and seed
production of the vegetables they cultivate (Nakyewa et al., 2021).
In our study, 50% of respondents ranked Amaranthus, pumpkin
leaves, slender leaf, vine spinach, African black nightshade, jute
mallow, eggplant, cowpeas and kales as having high nutritional
value, which improves health and combat malnutrition. These
vegetables are rich in nutrients, vitamins, minerals, and dietary

fiber and are widely acknowledged as being essential for food and

Frontiers in Sustainable Food Systems

nutritional security throughout Africa (Bua and Onang, 2017;
Traoré et al., 2017; Dinssa et al., 2020; Han et al., 2021; Sangija et al.,
20215 Horn et al., 2022; Wild, 2022). However, it is interesting that
farmers consider dietary and nutritional outcomes beyond mere
sustenance in the choices of vegetables that they cultivate. Perhaps
to their known affordability as nutritious diets for smallholder
farmers (Ochieng et al., 2019), which in turn can help to curb
various non-communicable diseases (Han et al., 2021; Mwadzingeni
etal., 2021).

While leafy vegetables may promote dietary diversification and
enhance household livelihood, they remain underutilized in some
parts of Africa because of lack of research, input requirements, lack
of understanding of their benefits, and unorganized markets
(Emmanuel and Babalola, 2022). Considering climate change, some
vegetables such as Amaranthus, cowpeas, and jute mallow can
thrive in water-stressed conditions in Africa (Maseko et al., 2020).
In our studies, some of the vegetables that could be considered
drought-tolerant according to farmers included Amaranthus,
pumpkin, slender leaf, vine spinach, African black nightshade, jute
mallow, cowpeas and kales. While some leafy vegetables may
be considered tolerant to drought conditions, their growth,
physiology and yield responses vary as a function of water stress
regimes (Maseko et al., 2020). Therefore, there is a need for research
to provide empirical evidence on the growth, productivity,
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physiology and nutritional profiles of farmers’ selected vegetables
under limited water availability or flooded conditions as climatic
changes have resulted in sporadic heavy downpours causing
unprecedented flooding in some areas.

Dube et al. (2019) demonstrated a high incidence of fungal
diseases and pests, low soil fertility, restricted breeding, pressures
caused by climate change, and scarcity of appropriate inputs due to
prohibitively high prices as peculiar tomato production constraints in
Africa. We found biotic stressors such as diseases and pests,
environmental stressors such as drought and poor rainfall, too much
rainfall and floods and low soil fertility and socio-economic factors
such as high cost of agrochemicals and fertilizers, lack of seeds and
poor seed quality as main vegetable production constraints in Kenya
and Uganda. However, these challenges were more rampant in
Ugandan compared to Kenyan farmers, implying limited adaptive,
coping and mitigation strategies among Ugandan smallholder farmers.
Further, the intensity of the constraints varied across the locations.
Liliane and Charles (2020) showed biological stressors (diseases, pests,
weeds), environmental stressors (soil fertility, climatic condition,
topography, water quality) and limited technological approaches
(agricultural practices) as factors affecting crop yield. Further, the
author showed these factors accounted for yield differences across
regions, globally.

In our study, the target regions differed in their willingness to
accept BSF frass and VIPP as individual innovations. Interestingly,
the propensity to adopt VIPP and BSF frass when integrated was
equally high across Kenya and Uganda. The production constraints
such as pest incidences, low soil fertility and high input costs
influenced willingness to adopt, perhaps upon farmer realization of
the promised benefits of an integrated VIPP with frass. Since some
of the participants had prior exposure to push-pull farming, this
may have played a role in the willingness to adopt due to known
benefits. Although insect farming for the circular bioeconomy is a
relatively new concept (Tanga et al.,, 2021), the expressed interest by
farmers may largely be associated with its potential benefits. Other
factors such as high level of education, agricultural information and
agricultural extension services may influence the adoption of
innovations as previously reported (Niassy et al., 2020).

Intercropping vegetables and edible legumes with cereals is a key
part of farm diversification that not only helps in improving
environmental outcomes but also boosts economic prospects by
lowering rural poverty and unemployment in developing countries.
We found Kenyan farmers in central regions preferred kales, spinach,
cabbage, Amaranthus, African nightshade and tomatoes, while
farmers in western regions preferred kales, African nightshade,
cowpeas, Amaranthus, pumpkin leaves and spider plants as vegetables
to be included in VIPP and BSF frass innovations. Ugandan farmers
from Bulopa, Wankole and Namwendwa sub-counties considered
eggplants, Amaranthus, garden eggs, cabbage, kales and tomatoes as
the most popular vegetables that can be incorporated in VIPP and BSF
frass innovations.

5 Limitations of the study

Despite this study providing a useful analysis of vegetable
types, preferred vegetable traits, production constraints,
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willingness to adopt VIPP and BSF farming innovations and
vegetables that can be included in these rural areas to guide
further policy considerations, we are cognizant of its limitations.
First, our assessment was based on two survey approaches
through FGD and in-person interviews, possibly limiting the
accuracy of descriptions that would otherwise be captured using
resource-intensive approaches such as direct observations.
Second, datasets on vegetable production constraints and
willingness to adopt innovations were based on individual
opinions which may at a times be biased. Last, our study focused
on focal groups of farmers in purposively selected villages and
varying sample sizes in study sites, which may impact the
completeness of our results on vegetable production constraints,
trait preferences and willingness to adopt sustainable
intensification. Thus, we recommend that further studies may

limit these potentially confounding factors.

6 Conclusions and recommendations
for future research

In conclusion, the current study provides a platform for
integrating VIPP and BSF farming to advance a rural circular
bioeconomy. The higher involvement of women in farming noted in
our study needs to also be harnessed as a pathway for increased gender
equity. Given the envisaged enhanced environment and yield of VIPP
and BSF frass organic fertilizer, there is a need to stimulate the
adoption of these innovations following a robust participatory
approach that also accounts for the farmers’ top preferred vegetables
and farmer feedback in the design and validation of these innovations.
This will ensure broader diffusion and scaling and ultimately boost the
environmental, yield and nutritional outcomes of this diversified food
production system. The involvement of policymakers especially in
increasing seed availability of vegetables will be crucial to increasing
the adoption of VIPP and utilization of BSF frass as soil amendments
in diversifying rural food and nutritional security and enhancing rural
farmers’ livelihood.
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