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Abstract

Revealed as a production system that does not use synthetic fertilizers or pesticides, organic farming is recognized as
ecological production and has been institutionalized in Uganda. Organic production continues to face the challenges
of what is considered agroecology farming, which is viewed nowadays as an opportunity for creating new value chains
and food systems for agricultural production based on protecting the environment and supplying nutritious and safe
foods to society. This paper focuses on agroecology farming indicators to assess organic farming in order to highlight the
challenges organic farmers face in implementing agroecology practices. The data collection was carried out in 5 districts
in Central Uganda: Wakiso, Masaka, Bukomansimbi, Ssembabule, and Kyotera. A multiple-stage stratified sampling was
used to select 310 organic farmers in 5 districts. Various representations and correlation analyses of agroecology indi-
cators have been conducted using descriptive statistics and correlation tests. The findings show that 51.9% of organic
farmer respondents have at least three crops produced in the local climate for a long time, and 58.71% of organic farm-
ing has medium integration (animal feed is mostly self-produced and grazed, and their manure is used for compost and
fertilizer). It highlights that seeds and animal genetics are self-produced, neighbor farms exchange them, and some
specifics are purchased at local markets for 51.61% organic farming. The results revealed that 61.61% of organic farms
visited had half of the arable soil covered with organic residues. The correlation test revealed that there is a significant
positive correlation between diversity animal genetics and crop and livestock integration (r=0.674, p<0.01), between
harvesting and saving water systems and resilience and adaptability to climate variability (r=0.546, p <0.01), and between
diversity crops and diversity activities and services (r=0.523, p <0.01). Despite the interdependence of organic farming’s
agroecology practices, most residues and waste are not recycled or reused as organic fertilizer, and organic farmers have
limited equipment to harvest and save water for production. This is an opportunity for organic stakeholders to invest in
organic residues and waste recycled equipment in order to create a new value chain for organic production by produc-
ing organic fertilizers and biopesticides.
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1 Introduction

Agriculture is a complex activity that combines providing food for human beings with protecting the stability of
biotic and abiotic elements in a natural ecosystem. However, the introduction of the new input (chemicals) leads
to the instability of this ecosystem through damage to the biotic and abiotic elements that contaminate the foods
for human beings. For decades, the agriculture sector in the majority of African countries relied on local resources
interlinked with indigenous knowledge [1]. This included the biology and genetic varieties produced by small farm-
ers in order to maintain robust and resilient practices and reduce the damage caused by pests, diseases, and climate
variability [2]. Considered unprofitable, some companies introduced intensive agriculture through the intensive use
of chemical fertilizers, pesticides, and land as a reason to increase the production per unit of product and cash [3].
Supported by the green revolution, intensive agriculture causes damage to the environment and biodiversity associ-
ated with traditional knowledge loss and the debt of many poor farmers because of their dependence on external
inputs such as synthetic fertilizers, pesticides, and some specific seeds [4]. Green revolution promotes conventional
agriculture, where production systems are highly dependent on the overuse of water, chemical fertilizers, and pesti-
cides [5, 6]. In contrast to the green revolution, organic farming focuses on regular organic inputs, the use of manure
and compost as fertilizers, and rotation and intercropping practices [7]. Organic farming practices prohibit synthetic
product utilization such as herbicides, insecticides, fungicides, acaricides, mineral nitrogen, superphosphate, and
potassium chloride fertilizers [8]. Therefore, organic farming approaches replace synthetic inputs with ecological
endogenous inputs [9, 10]. Organic farming constitutes the way to provide healthy and safe foods to the population,
protect agrobiodiversity, and assure food sovereignty. Organic farming is the foundation of ecological conservation,
biodiversity, and cycles adapted to local conditions that combine traditional knowledge and innovation to protect
the environment and promote equity in relationships between quality of life and all involved. In Uganda, 139,191
agricultural producers are involved in organic production, with 16,376 ha harnessed for organic production [11]. Can
organic farming be considered agroecology farming?

As well as organic agricultural production protecting the environment, promoting agrobiodiversity, and restoring
soil fertility by avoiding synthetic chemical utilization, there is no evidence it can be considered an agroecology farm-
ing. For Dagoudo et al. [12], organic agriculture, which emphasizes fairness, care, health, and ecological principles in
agricultural production, serves as the foundation for agroecological practices. Agroecology provides indicators that
embrace innovations, diverse practices, and farming landscapes for increasing biodiversity, nurturing soil health,
improving recycling, promoting ecosystem services, and stimulating interactions between species, etc. Agroecol-
ogy farming refers to the agricultural practices that encompass diversity in the cultivation of different varieties of
seeds, biological diseases, pest control through intercropping and agroforestry, recycling of residue and waste for
soil protection and fertilization, and biodiversity conservation, etc. [13, 14]. However, agroecology as science try
to address the root causes of agriculture problems for system transformation, following a holistic approach and
finding sustainable solutions [15] that consider the complexity of farming systems within the social, economic, and
ecological local contexts [16]. Organic farming is recognized through organic production in Uganda [11]. However,
what are the challenges faced by organic farmers in implementing agroecology practices such as diversity, syner-
gies, recycling, and resilience? The paper aims to assess organic production in Central Uganda using agroecological
practices indicators (diversity, synergies, recycling, and resilience) in order to reveal the challenges facing organic
farmers in implementing agroecology practices. This paper is segmented as follows: after the introduction, follow
the methodology, which encompasses the study area and data collection and analysis. The study area describes the
districts selected in Central Uganda for the research, and the data collection and analysis focus on sampling and
agroecological indicator assessment. After the methodology, we have the results, which present the findings follow-
ing the discussion. The conclusion depicts the particularity of the research, and at the end are the recommendations.

2 Relationship between organic farming and agroecology farming
Organic farming incorporates natural landscape elements into agricultural production that concentrates solely on

organic agriculture. According to [17], organic agriculture is defined as a production system that sustains the health of
soils, ecosystems, and people. It is based on ecological processes, biodiversity, and cycles tailored to local conditions,
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rather than the use of harmful inputs. Organic Agriculture combines tradition, innovation, and science to benefit the
shared environment and promote fair relationships and good quality of life for all involved. Organic agriculture is
founded on four principles, which are: fairness, care, health, and ecology [17]. The four principles of organic farming
are described as follows:

e The Health aspect involves sustaining and enhancing the health of the soil, plants, animals, humans, and the planet
as one and indivisible;

e Ecology is based on living ecological systems and cycles, work with them, emulate them, and help sustain them;

o The fairness aspect builds on relationships that ensure fairness with regard to the common environment and life
opportunities and;

e Carefocuses on managing in a precautionary and responsible manner to protect the health and well-being of current
and future generations and the environment.

Agroecology aims to redesign the entire food system, encompassing the ecological, economic, and social dimen-
sions of sustainability [18], through transdisciplinary, participatory, and change-oriented research and action [19].
Agroecology is an ecology-based discipline defined by five principles: diversity, synergies, efficiency, recycling, and
resilience [18, 20-23]. Agroecology farming, based on organic farming, improves agricultural systems by regenerating
beneficial biological integration and interactions amongst the natural components of agroecosystems and enhancing
natural processes and ecosystem services for food systems. Agroecology as a science focuses on diversity, efficiency
synergies, recycling, and resilience [18, 20-23] as criteria to assess health, ecology, fairness, and care in organic farm-
ing. Thus, organic farming incorporates agroecology, which can be evaluated using agroecology indicators. Figure 1
presents the relationship between organic farming and agroecological farming.

3 Methodology
3.1 Study area

The research was conducted in Mukono zonal agricultural research and development, which includes Central Uganda.
[24]. In central Uganda, five districts, such as Wakiso, Masaka, Bukomansimbi, Ssembabule, and Kyotera, were chosen
to carry out the data collection (Fig. 2). The zonal agricultural research is the second in Uganda with 1,382,610 Agri-
cultural Households [24]. This study area is characterized by a tropical climate with bimodal rainfall patterns with two
rainy seasons: the first season (March to May with a peak in April) and the second season (October to December with
a peak in November). The mean annual rainfall is 1614 mm. The temperature averaged between 18.14 and 26.53 °C;
however, the years 2015 to 2020 registered an annual average of minimum 18.5 °C and maximum 28.1 °C [24, 25].

Fig. 1 Organic farming and
agroecology farming Agroecology
farming
Resilience Synergy

Efficiency .
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3.2 Data collection

The data collection was focused on organic farmers in central Uganda. Organic farmers were recognized for applying
some agricultural practices that involved agroecology principles such as diversity, resilience, recycling, and syner-
gies, and system production was mostly characterized as rain-fed production systems. According to Food Security
and Nutrition (FAO), recycling, diversity, resilience, and synergies are central ecological features of agroecology [26].
Organic farmers were purposively sampled through the multiple-stage stratified sampling procedure. Organic farm-
ers who took part in this data collection are members of the Participatory Guarantee System (PGS) group, which is
recognized by the National Organic Agriculture Movement of Uganda (https://nogamu.org/). A sample of 310 organic
farmers was purposefully selected for interviews using the multiple-stage stratified sampling procedure. The data
gathered emphasized agroecology practices that indicated diversity, resilience, recycling, and synergies in organic
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farms and their production outcomes. The farm visit is essential for collecting agroecology data through interviews
and participatory observation. The multiple-stage stratified sampling procedure is summarized as follows:

e First, two institutions that are members of Uganda’s National Organic Agriculture Movement and have at least 20 years
of experience expanding organic production practices were chosen. The two institutions were the Agency for Inte-
grated Rural Development (AFIRD) and the St. Jude Family Project.

e Secondly, in each institution, the study zone was purposively selected according to experience in organic production
practice (at least 5 years). For AFIRD, Wakiso district was selected, and for the St. Jude Family Project, Bukomansimbi,
Ssembabule, Kyotera, and Masaka districts were selected.

e Third, organic farmers who took part in this data collection were chosen at random from organic farmer groups rec-
ognized by the National Organic Agriculture Movement of Uganda in each district. The availability of organic farmers
during the data collection period is also critical for sampling data collection.

The data collection is limited only to agroecology practices (diversity, resilience, recycling, and synergies) on
organic farms, and the number of organic farmer respondents is not exhaustive in the area study but representative
of statistical tests. Table 1 presents the number of organic farmers interviewed per district and institution.

Figure 3 depicts the sampling approach used in the research.

The survey was carried out in December 2022 and February 2023. The organic farmer respondents at least depos-
ited the document with the National Organic Agriculture Movement of Uganda (NOGAMU) to be certified, or they
already have organic certification. NOGAMU is an umbrella organization that unites producers, processors, exporters,
NGOs, and other institutions and organizations that are involved in the promotion and development of the organic
sector in Uganda. The two NOGAMU member institutions selected for this research were:

e AFIRD (Agency for Integrated Rural Development), which is a non-government organization registered under number
No: S-5914/2404 and certificate No: 2222 in 1998. They implemented some rural development projects in which their
actions consisted of training the farmers in organic sustainable practices through farm planning, soil protection, and
water harvesting, the integration of animals into the farming system, and vegetable growing using indigenous seeds.

e The St. Jude Family Project, which was created by Josephine Kizza and her late husband, John Kizza. It is located in
Masaka district, registered under number No: S.5914/2000. The St. Jude Family Project focuses on local farmers con-
ditions through training and support in organic farming and agroecological practices. The local farmers are mostly
women farmers’' groups, youth, and schools.

The data collection was carried out in accordance with relevant guidelines and regulations that were approved
by AFIRD institution and St. Jude Family Project institution.

Table 1 Number of organic

. 5 Institution District County Number of Total  Percentage
farmers interviewed

organic farm-
ers

Agency For Integrated ~ Wakiso Busiro 50 200 64.52
Rural Development Nansana Municipality 50
Kyadondo 50
Kira Municipality 50

St. Jude Family Project  Bukomansimbi ~ Bukomansimbi 30 110 35.48
Ssembabule Mawogola 27
Kyotera Kyotera 27
Masaka Bukoto 26

Total 310 100
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3.3 Data analysis
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The analysis of organic farming through agroecological approaches was based on the Tool for Agroecology Performance
Evaluation (TAPE) developed by FAO [26]. The method implemented is determining the score for the agroecological
indicators. For each indicator, appropriate attribution of the scores was based on interviews and organic farm observa-
tion. According to the conceptual framework (Fig. 1), agroecological indicator efficiency will be considered a transversal

Table 2 Agroecology

e Principle Indicator Score
indicators
Diversity Crops 0to4
Animal species
Activities and services
Synergy Integration of crop and livestock 0Oto4
Soil protection system by plants
Agroforestry and silvopastoralism practices
Recycling Biomass and nutrients recycled Oto4
Harvesting and saving water system
Seeds and animal genetic autonomy
Resilience Income stability and recovery capacity from climate shocks or 0Oto4

perturbations
Resilience and adaptability to climate variability
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indicator in organic farming, which means that efficiency can be measured in terms of diversity, synergies, recycling, and
resilience. As a result, the data analysis will center on four agroecological indicators: diversity, synergy, recycling, and
resilience. The scores of each indicator for diversity, synergies, recycling, and resilience range from 0 to 4, depending on
how organic farming is. In terms of scale, the score is to provide an indicator that gives the percentage of organic farms by
arange (Table 2). The variables used in data analysis, are based on agroecology indicators (diversity, synergies, recycling,
and resilience), are represented in Table 3. The different organic products were represented in word clouds. The word
clouds was used to depict the unweighted lists of organic products produced on organic farming respondents [27-29].
The findings will indicate the word clouds of an alphabetically ordered unweighted list and its larger letter sizes, as well
as frequently used terms [28-30]. For analysis, the mean, percentage, and standard deviation were used as descriptive
analysis, and the Pearson correlation coefficient r as a measure of the significant relationship between diversity, syner-
gies, recycling, and resilience.

4 Results
4.1 Profile of organic farmer respondents

According to the findings of the study, organic farming practices were used by both men (29.03%) and women (70.97%).
This means that women are overwhelmingly responsible for spreading agroecological practices in Central Uganda. The
results indicated that the organic farmers are schooled at the primary education level (38.710%) and the secondary
education level (29.03%). The percentage of education probably has a bearing on understanding the capacity of organic
farmers, which is indispensable for some innovations to protect soil and the environment, increase productivity, and
manage the integration of crops, trees, and breeding. In organic farming, the householders are composed of on average 6
persons (minimum 1 person and maximum 20 persons) (Table 4). The family size shows the variability of labor availability
on organic farms. It is noticed that the average age of organic farmers is 53 years old, ranging between 20 and 90 years. In
Central Uganda, on average, 2 male organic farmers and 2 female organic farmers were active in agroecological farming

Table 4 Profile of organic farmers

Variable Frequency Percentage
Sex

Female 220 70.97

Male 90 29.03
Schooling level

Primary 120 38.71

Secondary 920 29.03

University 32 10.32

Vocational 36 11.61

None 32 10.32
Status

Married 202 65.16

Widow 59 19.03

Single 31 10

Divorced 18 5.81

Mean Std. Dev Min Max

Age 53.1 14.16 20 90
Family size 6.34 2.96 1 20
Male actives 1.97 1.22 1 9
Female actives 2.36 1.54 1 14
Size of area organic production (ha) 0.79 0.67 0.04 4.86
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Fig.4 Organic crops

Fig.5 Organic vegetables

practices in the respondents’ households. Meanwhile, organic production is characterized by small holdings, with an
average holding size of 0.79 ha (+ 0.67).

4.2 Organic crops and vegetables produce

The survey revealed that bananas, coffee, cassava, beans, maize, and yams are the crop most produced organically
according to the results of the word cloud (Fig. 4). As regards the vegetables, the organic farmers produced the Sukuma
wiki, Amaranthus, eggplant, pumpkin, and tomatoes... (Fig. 5).

4.3 Organic fruits and spices produce

The word cloud shows the organic fruits and spices produced by organic farmers. The organic fruits most present on
organic farms are avocado, jackfruit, mangoes, pawpaw, pineapple, and orange (Fig. 6). For the spices, we have African
basil, rosemary, mint, ginger, lemongrass, and garlic (Fig. 7).

4.4 Diversity

4.4.1 Diversity of crops

Organic crop production in Central Uganda is characterized by rain-feed despite organic farmer efforts for the irriga-

tion system. This exposes organic crop production to risks tied to the variability of the seasonal distribution of rainfall
in space and time and its unpredictability. Therefore, organic farming is exposed to climatic events such as floods,
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Fig.6 Organic fruits
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Fig.8 Diversity of crops

storms, and droughts, which have severe impacts on production and provoke instability in production systems. The
findings show that the organic farmers (52.9%) have at least three crops that have been produced in the local climate
for a long time (Fig. 8). According to the agroecology indicator assessment scale, crop diversity is significant and
contributes overwhelmingly to alleviating the impact of climatic variability.
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Fig. 10 Activities, and services diversity

4.4.2 Diversity in animal species

Animal breeding is an important contributor to organic farming and the livelihoods of the farmers through a source of
revenue, food (meat), and non-food products like manure and urine. It is also the source for risk reduction during the
season of crop failures, investment, and property security, and has many cultural functions such as dowry for marriage
and sacrifice. In organic value production, animal breeding is essential for organic manure fertilizer for silvopastoralism,
and agrosilvopastoralism. Diverse animals were bred on the organic farm, such as cows, goats, pigs, rabbits, and birds.
The findings show that the majority of organic farmers (58.06%) breed several species with few animals (Fig. 9).

4.4.3 Diversity in activities and services

Many activities and services in organic farming are lucrative activities and services on which organic farming depends.
Different activities provide different products on the market. It is a potential source of financial resources that can be
re-invested in the farm to increase production yield and contribute to farm sustainability. The diversity of activities and
services important indicator for an analysis of the vulnerability of organic farmers to natural disasters (storms, drought,
flood) which can appear at all times of organic production. According to the scale of agroecology indicator assessment,
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the majority (56.77%) of organic farmers in Central Uganda have between two and three productive activities and services
and are therefore the most vulnerable to natural disasters (Fig. 10).

4.5 Synergy
4.5.1 Crop and livestock integration

The integration of crops and livestock is a practice that provides organic manure through mixed farming systems and
involves complex resource exchanges. It is an important phase of the cycle of interactions between crop and livestock
production through animal feeding, manure management, and crop residues. Crop and livestock integration practices
are traditional agricultural practices that have been improved in terms of innovation for organic manure and compost.
The results revealed that the majority (58.71%) of organic farming has medium integration, which means the animals
breeding are mostly fed by farm products and grazing, and the animal manure is used as fertilizer (Fig. 11).

4.5.2 Soil protection systems by plants

Soil protection systems by plants are the key to soil management as regards organic carbon stock, soil, physical prop-
erties, biological activity, fertility, water storage, nutrient leaching and runoff, and erosion potential. Soil protection
systems by plants focus on the application of crop residues after harvesting to protect the soil. The organic farmers
who participated in this research protect half of the soil by covering it with crop residues, with the majority at 61.61%
(Fig. 12). Some crops in the farm are rotated or intercropped. The soil protection system is medium according to the scale
of agroecology indicator assessment.

4.5.3 Agroforestry and silvopastoralism practices

Integration of trees (or perennials crops) by organic farmers is beneficial for the production of crops against extreme
events in microclimate and soil moisture, and shade tree cover protects crop plants from fluctuation. Organic agricultural
production is the most the practice of integrating trees, forage, and the grazing of domesticated animals (silvopastoral-
ism). The grazing of domesticated animals’ structures agroecosystems through energy flows, nutrient recycling, and
the regulation of other organisms. The integration is medium (significant number of trees (perennials) present in farm
provide at least one product or service) in the majority (53.23%) of organic farming (Fig. 13).
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A the local market, and manure is not used
(no integration)

Crop-livestock intergration
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Fig. 11 Crop and livestock integration
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4.6 Recycling
4.6.1 Biomass and nutrients recycling

Biomass and nutrient recycling in organic farming determine the regeneration of soil nutrients, which affect water
infiltration, holding capacity, and content in the soil and safeguard soil physical properties through soil aeration and
permeability. It is the response of soil aggregation and rooting, soil crusting, bulk density, runoff, and erosion. Biomass
and nutrient recycling in organic farming involves the important use of manure and household waste to produce
compost for fertilizing and crop residues as animal feed. The organic farming biomass and nutrients registered in
Central Uganda are composed of residues from crops, vegetables, spices (straws, tops, stalks, leaves, and shoots),
and fruits. The results revealed that more than 50% of organic farming residues are recycled which encompasses
crop, vegetable, spices, and fruit residues, and be used as animal feed, manure of compost, or fertilizer in 26.45% of
organic farms participating in this survey. Organic farming residues are used on overwhelming organic farms, and a
little organic waste is unusable (discharged or burned) on 37.1% of organic farms (Fig. 14).
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4.6.2 Harvesting and saving water system
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Collecting and storing the rainy precipitation towards stream channels constituted an important strategy for har-
vesting and saving water. Organic agricultural production still depends on rainfall, and the equipment or technical
requirements to harvest and save water would be important in organic farming. Without any technical means to
protect the soil or harvest water, a large part of the rainfall evaporates into the atmosphere from the soil surface,
and a little is infiltrated into the soil for agricultural production. However, water harvesting and saving reduced the
vulnerability of organic farming due to the variability of rainfall and developed irrigation systems. The findings show
that 22.26% of organic farmers responding don’t have any equipment or techniques for water harvesting or saving,
while 34.52% have one type of equipment, such as drip irrigation or tanks, to harvest and save water (Fig. 15).
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Fig. 15 Harvesting and saving water system
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4.6.3 Seeds and animal genetic autonomy

Seeds and animal genetics are important components of diversity and variability in agricultural production. In organic
farming, the seeds and animal genetics determine the resistance of organic production to climate change, pests, and
diseases. Then, the seeds and animal management are based on the preservation of local varieties of seeds and animal
genetics. The findings highlighted that the seeds used for organic production and animals genetic for organic breeding
are self-produced or obtained from exchanging with neighbors’ farmers for 51.61% of the organic farmer respondents.
However, some specific organic seeds and animal genetics were provided by external (Fig. 16).

4.7 Resilience
4.7.1 Income stability and recovery capacity from climate shocks or perturbations

Income stability refers to the organic farming production level. The stability of income indicated a constant level of profit
margins, which guarantee a favorable environment for capital investment in organic agricultural production. Organic
farming can be sustainable as soon as income is stable, reducing vulnerability through the capacity to recover from
perturbations. The stability through production and income proves the organic resilience to face venerability and the
capacity to adapt to ecosystem changes. According to the findings, for 47.74% of organic farmers, income declined and
production varied from year to year with constant organic inputs. These incomes and productions are mostly recovered
after shocks or perturbations (Fig. 17).

4.7.2 Resilience and adaptability to climate variability

In response to increasing environmental threats such as storms, droughts, and floods, organic farming practices are
a palliative approach to mitigate the impacts. This organic farming practice can reflect resilience in the environment
through its practices to alleviate the effects of climate variability. The finding revealed that organic farming is still sub-
jected to climatic shocks, but the organic farmers (40.65%) have built systems that have a good capacity to overcome
these difficulties of climate (Fig. 18).
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Fig. 16 Seeds and animal genetic autonomy
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4.8 Relations between agroecology principles (diversity, synergies, recycling, resilience)

The scoring is used for the assessment of agroecology principles implemented by organic farmers in Central Uganda.
Each indicator for agroecology principles was scored from 0 to 4. The findings show that the indicator the biomass
and nutrient recycling (2.82 £ 0.951) has a high score following the seeds and animal genetic autonomy (2.57 £0.877),
and diversity crop (2.49 £0.819) (Table 5). The diversity of activities and services (1.12+0.78) and diversity of animal
genetics (1.55+0.777) are still the challenges for organic farmers in Central Uganda. The value of the Pearson cor-
relation coefficient r indicates the relationship between diversity, synergies, recycling, and resilience (Table 3). It
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Table 5 Descriptive analysis Variable N Mean  Std.Deviation  Min  Max
Diversity crops (Dcrop) 310 249 0.819 0 4
Diversity animals spices (Danim) 310 155 0.777 0 4
Diversity activities and services (Dact) 310 1.12 0.78 0 4
Crop and livestock integration (Scliv) 310 177 0.842 0 4
Soil protection system by plants (Spl) 310 2.5 0.679 0 4
Agroforestry and silvopastoralism practices (Stre) 310 1.7 0.67 0 4
Recycling of biomass and nutrients (Rbio) 310 282 0.951 0 4
Harvesting and saving water system (Rwate) 310 161 1.282 0 4
Seeds and animal genetic autonomy (Rseed) 310 257 0.877 0 4
Income stability and recovery capacity from climate 310 2 0.887 0 4

shocks or perturbations (Resinc)
Resilience and adaptability to climate variability (Resen) 310 1.94 0.836 0 4

highlights that there is a medium significant positive correlation between diversity animal genetics and crop and
livestock integration (r= +0.674, p <0.01), between the harvesting and saving water systems and resilience and
adaptability to climate variability (r= + 0.546, p <0.01), and between diversity crops and diversity activities and ser-
vices (r=+0.523, p<0.01) (Table 4). There is a low significant negative correlation between harvesting and saving
water systems, and biomass and nutrient recycling (r=—-0.24, p<0.01) (Table 6).

5 Discussion

The study focuses on organic farming analysis through an agroecological approach that emphasizes four agroecology
principles: diversity, synergies, recycling, and resilience. These agroecological principles rely directly on organic farm-
ing, according to the conceptual framework designed by Dagoudo et al. [12]. The majority (52.9%) have at least three
crops that have been produced in the local climate for a long time. The organic farming system encompasses the small-
scale farmer who produces grains, fruits, vegetables, fodder, and animal products in the same field or garden and out-
produces the yield per unit of single crops such as corn grown alone on large-scale farms [1]. Crop diversity is one of the
agroecological principles most implemented by organic farmers, according to the agroecology assessment scale. The
diversity of cropping systems in organic farming encompasses different varieties of crops produced in various spatial
settings, protects traditional agroecosystems, and contributes to a sporadic reduction of vulnerability to shocks from
climate variability [31]. The results revealed that the majority (58.71%) of organic farming has crop-livestock medium

Table 6 Correlation test

Dcrop Danim Dact Scliv Spl Stre Rbio Rwate Rseed Resinc Resen
Dcrop 1
Danim 0.442** 1
Dact 0.523** 0.487** 1
Scliv 0.382%* 0.674** 0.465** 1
Spl 0.313** 0.247%* 0.323** 0.370** 1
Stre 0.445%* 0.425%* 0.525%* 0.491** 0.465** 1
Rbio 0.204** 0.242%* 0.1108 0.304** 0.200** 0.125* 1
Rwate —0.054 0.0286 0.178** 0.0693 0.228** 0.175%* —0.24** 1
Rseed 0.2271** 0.144* 0.172%* 0.251** 0.283** 0.247%* 0.433** 0.1004 1
Resinc 0.122* 0.0870 0.216** 0.164** 0.270** 0.244%* 0.018 0.329** 0.165** 1
Resen —-0.0549 0.0369 0.115% 0.136* 0.267** 0.164** 0.047 0.546%* 0.211** 0.327** 1

" Correlation is significant at the 0.05 level (2-tailed)
* Correlation is significant at the 0.01 level (2-tailed)
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integration, which means animal feed is mostly self-produced and grazing, and their manure is used for compost and
fertilizer. For [32], the integration of crop-livestock systems is beneficial for weed, pest, and disease control, and protects
the ecological environment. This includes some challenges such as the availability of resources for pasture-cropping,
grazing, and groundcover maintenance in high rainfall zones and the management of persistent weeds and pests. The
findings of the research highlight that the seeds and animal genetics for organic farming are in the majority (51.61%)
self-produced and neighbor farms exchanged, and some specific seeds are purchased at local markets. Thus, local genetic
diversity refers to multiple-cropping or poly-culture systems that conserve soil organic matter for resilience against
extreme climate events [33]. In agriculture, plant and animal diversity management constitutes the potential sources of
systems to alleviate the effects of climate variability as well as provide nutritious and healthy foods [34]. However, the
result of the study revealed that the environment for organic farming is still exposed to climatic shocks or perturbations
for the majority of organic farmers (40.65%). In Central Uganda, where organic farmers participate in this research, 50%
of the cultivation soil is covered with organic residues on the majority (61.61%) organic farms. The crops on the farm
are rotated and intercropped. For some authors, crop rotations are the principal management practices that organic
farmers overwhelmingly use as conversion strategies for influencing forage production, building fertility, and control-
ling some weeds, pests, and diseases [35]. In 26.45% of farms, more than 50% of organic farming residues are recycled,
which encompass crop, vegetable, spice, and fruit residues, and are usually used as animal feed, manure, compost, or
fertilizer. A little organic waste is discharged or burned. The soil covered by organic farming residues recycled shows
important strategies implemented by organic farmers to conserve the wetness of the soil and reduce erosion. In Canada,
the experience revealed that 15% of the corn residue cover fraction can reduce soil erosion by as much as 75% [36].
However, minimizing crop failure through increased use of drought-tolerant local seeds and animal genetic varieties,
water harvesting and saving, rotation and intercropping, agroforestry, and a series of other traditional farming system
techniques has the potential to help farmers cope with and even prepare for climate variability [37]. In organic farming,
22.26% of respondents don't have any equipment or techniques to harvest and save water, and 34.52% have one type of
equipment, such as drip irrigation or tanks, for harvesting and saving water. Therefore, according to some authors, inte-
grated water management provides large co-benefits for climate variability adaptation [38] by improving the resilience of
food crop production systems [39]. The findings highlight that 47.74% of organic farmers’'income declined with constant
inputs for production, and they are able to recover after climate shocks or perturbations. Agroecological practices have
the potential for resilience to protect from climate shocks or perturbations and spread farmer risk of pests and diseases
[40]. The significant correlation between harvesting and saving water systems and resilience and adaptability to climate
variability explains that water management is the key resource to driving organic farming to agroecological farming. The
challenge is that organic farming in Central Uganda still depends mostly on rainfall, with few equipment and techniques
to harvest and save water. Water management affects directly agricultural productivity [9, 41], and land practices [42],
and has the potential to mitigate up to 60% of greenhouse gas emissions [43-48]. Therefore, the significant positive
correlation between diversity in animal genetics and crop and livestock integration proved that livestock management
is important for manure provision. Livestock management through animal genetic diversity increased organic farming
productivity, agroecosystem productivity, and reduced emissions from enteric fermentation [49-52].

6 Conclusion and recommendations

Organic farming in Central Uganda is a holistic management system that encompasses the production of crops, vegeta-
bles, fruits, spices, and no timber products (herbs, fruits) production. In organic farming, different agroecological practices
were registered, such as crop diversity, intercropping, agroforestry, silvopastoralism, Soil protection systems by plants,
harvesting, and saving water. However, the findings highlighted that in Uganda Central, organic farmers have a good
level of crop diversity through seeds and animals’ genetic variety. However organic farming is vulnerable because of the
low level of diversity in productive activities and services. The results revealed that organic farming has an important
number of trees and perennials that participate in the synergies through mostly animal feed and grazing and provide
manure for compost and fertilizer (medium integration). Mostly organic farming residues are used and a little organic
waste is unusable (discharged or burned). As a strategy to prevent and alleviate the effects of climate variability, organic
farmers recycle water resources towards the possession of equipment and techniques such as drip irrigation or tanks
for harvesting and saving water. The majority of organic farming is exposed to climatic variability shocks or perturba-
tions and income declined year after year with variable production. Despite agroecology practices observed in organic
farming, farmers must still make efforts in a diversity of animal species and activities, integration of crops and livestock,
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agroforestry, and systems for harvesting and saving water to reach the medium for agroecology farming. Based on the
findings, some recommendations are proposed to move toward agroecological farming.

e Organic farmers should invest in animals’ diversity for organic manure availability for crop production;

e Organic farmers should invest more in agroforestry, silvopastoralism because they contribute sequestration of carbon
in vegetation and soils;

e The government and the other partners should reinforce the organic farmers’technical for water harvesting and sav-
ing and should promote genetic crops and animal diversity.
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