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Abstract: Agroforestry is increasingly recognized as an effective strategy for promoting environmental sustainability 

and improving the livelihoods of rural households through income diversification and enhanced resilience. This 

study assessed the impact of agroforestry diversification on the livelihoods of smallholder farmers in Nyanza District, 

Rwanda. Specifically, it examined the extent of agroforestry diversification, identified livelihood outcomes among 

smallholder households, and evaluated the relationship between agroforestry adoption and livelihood improvement. 

A mixed-methods research design was employed. Quantitative data were collected using structured questionnaires 

administered to 396 smallholder farmers selected from the sectors of Busasamana, Cyabakamyi, Nyagisozi, and 

Rwabicuma. Qualitative data were obtained through semi-structured interviews with key informants, including 

agricultural extension officers and cooperative leaders. Quantitative data were analyzed using descriptive and 

inferential statistics with SPSS version 20, while qualitative data were analyzed using thematic content analysis. The 

findings reveal that agroforestry diversification has a significant positive effect on household livelihoods. A strong 

positive correlation was established between agroforestry diversification and livelihood outcomes (r = 0.819, p < 

0.01), indicating that increased adoption of diversified agroforestry practices is associated with improved household 

welfare. Respondents reported that agroforestry substantially increased income diversification (mean = 4.54), 

strengthened food security, and enhanced resilience to climate variability. The integration of trees with agricultural 

production enabled households to access multiple income sources while improving environmental sustainability and 

reducing vulnerability to climatic shocks. The study concludes that agroforestry diversification is an effective 

approach for improving the socio-economic well-being of rural households in Nyanza District. To maximize its 

benefits, the study recommends strengthening land tenure policies to encourage long-term investment in 

agroforestry, improving farmers' access to quality tree seedlings and technical extension services, and enhancing 

community participation in agroforestry initiatives. These measures are expected to promote sustainable rural 

development, increase household resilience, and contribute to national efforts toward climate-smart agriculture and 

poverty reduction. 
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1.   INTRODUCTION 

Agroforestry, defined as the deliberate integration of trees with crops and/or livestock on the same land management unit, 

has re-emerged globally as an effective nature-based solution for promoting sustainable agriculture, enhancing rural 

livelihoods, restoring ecosystems, and mitigating climate change (Ballón Ossio, 2020). By combining agricultural 

production with tree cultivation, agroforestry provides multiple ecological and socio-economic benefits, including increased 

farm productivity, improved soil fertility, enhanced biodiversity, carbon sequestration, and diversified household income 

sources. Recent evidence indicates that agroforestry contributes significantly to food security, climate resilience, and 

environmental sustainability, although its adoption continues to be constrained by factors such as insecure land tenure, 

inadequate extension services, limited access to finance, and weak market linkages (Sahoo & Prasad, 2024). 
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In developed countries, agroforestry has become an integral component of climate-smart agriculture and sustainable land 

management policies. In the United States, practices such as alley cropping, windbreaks, and riparian forest buffers have 

improved farm income through diversified agricultural products while enhancing ecosystem services, including water 

quality, biodiversity conservation, and carbon storage (Udawatta et al., 2021). Similarly, Germany has promoted 

agroforestry through European Union Common Agricultural Policy (CAP) incentives that encourage tree integration for 

renewable biomass production, soil conservation, and climate adaptation (Alix et al., 2024). In the United Kingdom, post-

Brexit agricultural reforms increasingly support multifunctional farming systems where agroforestry enhances farm 

resilience by diversifying production through timber, fruits, nuts, and biomass while reducing environmental degradation 

(Atkinson, 2023). 

Across developing countries, agroforestry plays an even more significant role in improving rural livelihoods because 

agriculture remains the primary source of income for millions of smallholder households. In India, agroforestry contributes 

substantially to household welfare by providing timber, fruits, fodder, medicinal plants, and fuelwood, accounting for nearly 

30% of annual household income in some rural communities (Chavan et al., 2024). Brazil has widely adopted silvopastoral 

systems that integrate livestock with trees to improve soil fertility, reduce deforestation, increase carbon sequestration, and 

generate diversified farm income (Peri et al., 2024). Likewise, Indonesian smallholder farmers increasingly integrate trees 

into cocoa and coffee production systems, improving crop productivity while generating additional income from fruits, 

timber, and fuelwood (Octavia et al., 2023). 

Throughout Africa, agroforestry has emerged as an essential strategy for addressing land degradation, enhancing food 

security, and strengthening climate resilience among smallholder farmers. Studies across Sub-Saharan Africa demonstrate 

that tree-based farming systems improve soil fertility, reduce erosion, increase agricultural productivity, and diversify 

household livelihoods through products such as fruits, fuelwood, fodder, timber, and non-timber forest products (Sarkar et 

al., 2024). In West Africa, agroforestry parklands dominated by shea and baobab trees provide significant economic 

opportunities, particularly for women engaged in processing butter and fruit products that contribute substantially to 

household income (Roudaut, 2023). In East Africa, countries such as Kenya, Uganda, and Tanzania have successfully 

integrated agroforestry into smallholder farming systems, enhancing farmers' participation in timber, fruit, charcoal, and 

tree seed value chains while improving household food security and environmental sustainability (Muthee et al., 2022). 

At the continental level, agroforestry has been prioritized within major African development frameworks. The African 

Union's Agenda 2063 and the African Forest Landscape Restoration Initiative (AFR100) recognize agroforestry as a 

strategic intervention for restoring degraded landscapes, improving rural livelihoods, enhancing biodiversity, and mitigating 

climate change (Hetemäki et al., 2023). Despite these policy commitments, several constraints continue to limit widespread 

adoption, including insecure land tenure systems, inadequate access to quality tree seedlings, insufficient technical support, 

poor access to financial services, and underdeveloped markets for agroforestry products (Onyancha, 2024). 

In Rwanda, agriculture remains the backbone of the economy and employs the majority of the rural population, making 

sustainable land management a national development priority. The Government of Rwanda has incorporated agroforestry 

into key national development strategies, including Vision 2050, the National Strategy for Transformation (NST1 and 

NST2), the Green Growth and Climate Resilience Strategy, and the National Forest Policy, recognizing agroforestry as an 

important mechanism for improving agricultural productivity, restoring degraded land, reducing soil erosion, enhancing 

climate resilience, and diversifying rural household incomes (Lal et al., 2020). Through collaboration with organizations 

such as the Centre for International Forestry Research and World Agroforestry (CIFOR-ICRAF), Rwanda has implemented 

nationwide programs promoting tree planting on farms, distribution of improved seedlings, extension services, and fruit 

tree development to strengthen both environmental conservation and rural livelihoods (Lal et al., 2020). 

Among Rwanda's districts, Nyanza District represents an important context for agroforestry due to its predominantly 

smallholder farming systems, high susceptibility to soil erosion, and increasing pressure on agricultural land. Farmers in 

the district have increasingly adopted agroforestry practices to improve soil and water conservation, increase farm 

productivity, produce fuelwood and timber, and diversify household income through the sale of fruits and tree products. 

Although government and development partners continue to promote agroforestry across the district, empirical evidence 

remains limited regarding the extent to which diversification of agroforestry systems has translated into measurable 

improvements in household livelihoods. This knowledge gap underscores the need for this study, which seeks to assess the 

impact of agroforestry diversification on the livelihoods of households in Nyanza District, Rwanda. 
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2.   METHODOLOGY 

2.1 Research Design 

This study employed a mixed-methods research design, combining both quantitative and qualitative approaches to 

comprehensively assess the impact of agroforestry diversification on livelihood in Nyanza District, Rwanda. 

2.2 Study Area 

The study was conducted in Nyanza District, a predominantly rural district in Rwanda's Southern Province where agriculture 

is the main source of livelihood for most households. 

 

Figure 1: Nyanza district map 

2.3 Target Population 

The target population comprised smallholder farmers in Nyanza District, specifically those in Busasamana, Rwabicuma, 

Nyagisozi, and Cyabakamyi sectors, who practice agriculture and have integrated agroforestry into their farming systems. 

2.4 Sampling Techniques 

A stratified sampling technique was used to categorize farmers based on their level of agroforestry diversification across 

the four selected sectors of Nyanza district Busasamana, Rwabicuma, Nyagisozi, and Cyabakamyi. 

2.5 Sample Size 

The sample size was determined using Yamane’s formula (1967) to ensure representativeness of the population. A total of 

396 respondents were selected, including households from four sectors of Nyanza district. The sample size ensures statistical 

validity and allows for meaningful inferences on the relationship between agroforestry diversification and livelihood. 

The formula is: 𝑛 =
𝑁

1+𝑁𝑒2 Where; 

n = Sample size 

N = Total population  

e = Margin of error (assumed to be 5%, or 0.05). 

𝑛 =
32536

1 + 32536 (0.05)2
 

𝑛 =
32536

82.32
 

                                                                 𝑛 =395.1421 = 396 
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The above formula shows N as the target population, which is 32536, while n is the sample size of 396 respondents and e 

is the margin error at a 95% confidence interval. Therefore, this shows that the study consists of 396 households.   

2.6 Data Collection Instruments 

The study employed a combination of structured questionnaires, semi-structured interviews, and observation checklists as 

the main data collection instruments.  

3.   RESULTS AND DISCUSSION 

3.1 Identification of respondents 

In this study; gender, level of education, age, position in cooperative and experience ranges are demographic variables 

which take part in influencing the dependent variables.   

Table 1: Demographic characteristics of respondents 

Variable Category Frequency Percent Valid Percent Cumulative Percent 

Gender Male 166 41.9 42.2 42.2 

 Female 227 57.3 57.8 100.0 

 Missing 3 0.8 - - 

Age <25 years 42 10.6 10.6 10.6 

 25–35 years 151 38.1 38.1 48.7 

 36–45 years 72 18.2 18.2 66.9 

 46–55 years 100 25.3 25.3 92.2 

 >55 years 30 7.6 7.6 100.0 

 Missing 1 0.2 - - 

Marital Status Married 251 63.4 63.4 63.4 

 Single 85 21.5 21.5 84.9 

 Divorced 60 15.1 15.1 100.0 

Residence Years <2 years 33 8.3 8.3 8.3 

 3–4 years 49 12.4 12.4 20.7 

 ≥5 years 314 79.3 79.3 100.0 

Education Level Illiteracy 54 13.6 13.6 13.6 

 Primary 140 35.4 35.4 49.0 

 Secondary 157 39.6 39.6 88.6 

 University 45 11.4 11.4 100.0 

 Source: Primary data; 2026 

The demographic characteristics indicate that the study was dominated by female respondents (57.8%), suggesting strong 

participation of women in household and community related activities. The age structure shows that most respondents fall 

within the economically active group of 25-55 years, representing a productive population capable of providing reliable 

information on livelihood and environmental practices. 

In terms of marital status; the majority of respondents were married (63.4%), indicating that most participants belong to 

family-based households that are central to resource use and livelihood decisions. Additionally; a large proportion of 

respondents had lived in the area for five years and above (79.3%), which strengthens the reliability of their responses due 

to long-term experience with local conditions. Regarding education; most respondents had primary to secondary education 

levels, indicating a generally literate population capable of understanding agroforestry and livelihood related issues. Thus; 

the demographic profile reveals that the sample is well suited for assessing the impact of agroforestry diversification on 

livelihoods.  
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3.1.1 Assessment of the influence of agroforestry diversification in Nyanza District 

Table 2: Access to extension 

 N Mean Standard Deviation 

Agroforestry improves water infiltration into the soil. 396 4.41 .600 

Trees help reduce surface runoff and soil erosion. 396 4.66 .521 

Agroforestry maintains water flow during dry seasons. 396 4.69 .602 

Tree cover reduces water loss through evaporation. 396 4.51 .525 

Valid N (listwise) 396   

     Source: Primary data; 2026 

The data from Table 2 demonstrates the substantial benefits of agroforestry diversification in Nyanza district, particularly 

in enhancing water management and soil health. The mean scores indicate a robust agreement among respondents on the 

effectiveness of agroforestry practices. The highest mean (4.69) pertains to agroforestry's role in maintaining water flow 

during dry seasons, emphasizing its critical function in ensuring water availability when it is most needed. Additionally; a 

score of 4.66 for the reduction of surface runoff and soil erosion highlights the perceived efficacy of trees in protecting the 

landscape from degradation. 

Respondents also noted significant improvements in water infiltration, rated at 4.41, and a mean score of 4.51 for reducing 

water loss through evaporation further supports the notion that agroforestry systems are essential for optimizing water 

retention. These findings collectively illustrate a clear recognition among the local population of agroforestry’s multifaceted 

benefits, suggesting that such diversification not only promotes environmental resilience but also contributes significantly 

to sustaining the livelihoods of residents in the district. 

Table 3: Land tenure security 

 N Mean Standard Deviation 

Clear land ownership encourages farmers to invest in agroforesty 396 4.55 .556 

Secure land tenure reduces land related conflicts 396 3.99 .201 

Farmers with land rights are more willing to plant and manage trees 396 3.99 .225 

Land tenure security improves long-term planning for sustainable farming 396 3.98 .275 

Valid N (listwise) 396   

      Source: Primary data; 2026 

Table 3 provides insights into the significance of land tenure security in supporting agroforestry practices among farmers 

in Nyanza district. The results reveal a strong recognition of the role that clear land ownership plays in encouraging 

investment in agroforestry, evidenced by a high mean score of 4.55. This underscores that when farmers perceive their land 

ownership as secure, they are more likely to commit resources and effort towards planting and managing trees, thereby 

enhancing agroforestry diversification. 

Conversely; while land tenure security is associated with reduced land related conflicts and increased willingness to engage 

in sustainable practices, the mean scores for these aspects are comparatively lower, both at 3.99. Furthermore; the slightly 

lower mean of 3.98 for long-term planning reflects a moderate consensus on the impact of secure land tenure on sustainable 

farming strategies. Therefore; these results illustrate that while farmers in Nyanza district recognize the benefits of land 

tenure security, there are opportunities to strengthen their understanding and engagement in sustainable agroforestry 

practices to further promote long-term livelihood improvements. 

Table 4: Cultural value 

 N Mean Standard Deviation 

Trees hold traditional significance in many communities. 396 3.99 .195 

The agroforestry supports cultural practices like herbal medicine use. 396 4.53 .562 

Tree planting is often linked to preserving community heritage. 396 4.52 .597 

The agroforestry strengthens the connection between people and their land. 396 4.53 .562 

Valid N (listwise) 396   

   Source: Primary data; 2026 
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Table 4 highlights the cultural significance of agroforestry practices in Nyanza district, revealing how trees contribute to 

traditional values and community heritage. A notable finding is the mean score of 4.53 for both the role of agroforestry in 

supporting cultural practices such as the use of herbal medicine, and its function in strengthening the connection between 

people and their land. These high scores indicate that respondents perceive trees not just as agricultural assets but as integral 

to their cultural identity and community practices. 

Additionally; the mean score of 4.52 for tree planting being linked to the preservation of community heritage reinforces this 

perspective, suggesting that agroforestry is integrated in the social fabric of the community. Conversely; the slightly lower 

mean score of 3.99 for the traditional significance of trees indicates that while this aspect is acknowledged, it may not carry 

the same weight as the other cultural dimensions. Thus; the findings underscore the importance of agroforestry as a means 

of fostering cultural continuity and enhancing community cohesion in Nyanza district, reflecting a broader understanding 

of livelihood beyond economic factors.   

Table 5: Adoption and Practice 

 N Mean Standard Deviation 

The Agroforestry increases the variety of plant and animal species. 396 4.53 .529 

Trees provide habitats for birds and insects. 396 4.53 .557 

Mixed cropping with trees supports ecological balance. 396 4.53 .557 

Higher biodiversity improves farm resilience to pests and diseases. 396 4.53 .562 

Valid N (listwise) 396   

  Source: Primary data; 2026  

Table 5 illustrates the positive perceptions regarding the adoption and practice of agroforestry in Nyanza district particularly 

in promoting biodiversity. With a consistent mean score of 4.53 across various statements; respondents largely recognize 

that agroforestry diversification increases the variety of plant and animal species. This indicates a strong consensus on the 

ecological benefits of integrating trees into agricultural practices, which not only enhances biodiversity but also contributes 

to creating habitats for birds and insects. 

Furthermore; the emphasis on mixed cropping with trees supporting ecological balance demonstrates an understanding of 

the interconnectedness of farming practices and environmental health. The finding that higher biodiversity improves farm 

resilience to pests and diseases reflects a collective awareness that agroforestry practices incorporated agricultural stability 

and productivity. Therefore; these results reveal that the adoption of agroforestry in Nyanza district is viewed as a critical 

strategy for promoting ecological sustainability and resilience, which directly contributes to the general improvement of 

livelihoods in the area.  

3.1.2. Analysis of the means of livelihood of smallholder households in Nyanza District 

Table 6: Household Resilience 

 N Mean Standard Deviation 

Agroforestry provides households with multiple income sources, reducing risk. 396 4.53 .557 

Tree products like fruits and firewood act as safety nets during crises. 396 4.53 .557 

Agroforestry helps families recover faster from droughts or crop failures. 396 4.51 .622 

Diversified farms improve long-term stability and food security. 396 4.54 .514 

Valid N (listwise) 396   

  Source: Primary data; 2026 

Table 6 highlights the significant role of agroforestry in enhancing household resilience among smallholder families in 

Nyanza district. With a mean score of 4.53; respondents strongly agree that agroforestry provides multiple income sources, 

which effectively reduces economic risk. This diversification is crucial for families, as it allows them to mitigate the impacts 

of financial shocks or adverse agricultural conditions. The consistent mean score of 4.53 for the statement that tree products 

such as fruits and firewood, serve as safety nets during crises underscores the importance of these resources in sustaining 

livelihoods during challenging times. 
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Additionally; a mean score of 4.51 related to the ability of agroforestry to aid families in recovering more swiftly from 

droughts or crop failures further reinforces its role in building resilience against climate variability. The slightly lower mean 

of 4.54 regarding the contribution of diversified farms to long-term stability and food security indicates a strong recognition 

of the link between agroforestry and sustainable agricultural practices. Hence; these findings illustrate that agroforestry is 

not only a means of income diversification but also a fundamental strategy for enhancing the resilience and food security 

of smallholder households in the region.  

Table 7: Employment Opportunities 

 N Mean Standard Deviation 

Agroforestry creates jobs in tree planting, maintenance, and harvesting 396 4.54 .514 

It supports small-scale businesses such as charcoal production and beekeeping 396 4.54 .514 

Seasonal labour demand increases, offering work for rural youth and women 396 4.54 .514 

Value addition of tree products boosts entrepreneurship and local income 396 4.56 .647 

Valid N (listwise) 396   

  Source: Primary data; 2026 

Table 7 underscores the significant impact of agroforestry on employment opportunities for smallholder households in 

Nyanza district. With a mean score of 4.54; respondents uniformly recognize that agroforestry creates various jobs related 

to tree planting, maintenance and harvesting. This consistent score reflects a shared understanding of how agroforestry not 

only contributes to environmental sustainability but also generates significant employment opportunities for local 

communities. 

Furthermore; the data indicates that agroforestry supports small-scale businesses such as charcoal production and 

beekeeping, reinforcing the economic benefits derived from diversified agricultural practices. The mean score for seasonal 

labor demand increasing providing opportunities for rural youth and women highlights the social impact of these practices 

on community livelihood. The highest mean score of 4.56 concerning the value addition of tree products further emphasizes 

how agroforestry enhances entrepreneurship and local income. Collectively; these findings illustrate that agroforestry 

diversification is fundamental to improving job creation, empowering marginalized groups, and strengthening the economy 

of the community in Nyanza district. 

Table 8: Social Capital 

 N Mean Standard Deviation 

Agroforestry promotes collaboration among farmers through shared resources 

and knowledge. 
396 4.55 .682 

It strengthens community networks by encouraging group tree planting initiatives. 396 4.56 .647 

Trust and cooperation grow as farmers work together on land management. 396 4.56 .671 

Social ties help in collective problem-solving and accessing external support. 396 4.55 .682 

Valid N (listwise) 396   

  Source: Primary data; 2026 

Table 8 highlights the significant impact of agroforestry on social capital among smallholder households in Nyanza district. 

The results demonstrate a strong consensus, with mean scores of 4.55 and 4.56, indicating that agroforestry promotes 

collaboration among farmers and strengthens community networks through shared resources and group tree planting 

initiatives. This collaborative environment fosters mutual support, allowing farmers to apply collective knowledge and 

experiences to improve their agricultural practices.   

Additionally; a mean score of 4.56 related to the development of trust and cooperation as farmers work together on land 

management underscores the importance of social bonds in effective resource management. The consistent score of 4.55 

for social ties facilitating collective problem-solving and access to external support illustrates how agroforestry not only 

builds individual resilience but also enhances the social structure of the community. Therefore; these findings indicate that 

agroforestry serves as a catalyst for social cohesion and collaborative action, reinforcing community bonds that are critical 

for addressing challenges and enhancing livelihoods in the district.   
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Table 9: Food security and Nutrition 

 N Mean Standard Deviation 

Agroforestry increases food availability by diversifying crop production. 396 4.55 .682 

Trees provide fruits and nuts that improve household nutrition. 396 4.57 .627 

Shade from trees supports livestock health, contributing to milk and meat 

production. 
396 4.57 .622 

Sustainable practices reduce hunger risks during droughts or poor harvest seasons. 396 4.56 .647 

Valid N (listwise) 396   

 Source: Primary data; 2026 

Table 9 illustrates the significant role of agroforestry in enhancing food security and nutrition among smallholder 

households in Nyanza district. The findings show a strong consensus with mean scores ranging from 4.55 to 4.57, indicating 

that agroforestry effectively increases food availability through diversified crop production. This diversification is crucial 

for improving household nutrition, as indicated by the high score for the contribution of trees in providing fruits and nuts.  

Moreover; the mean score of 4.57 regarding the positive impact of tree shade on livestock health underscores the 

multifaceted benefits of agroforestry; healthier livestock contribute to increased milk and meat production, further 

strengthening food security. Additionally; the score of 4.56 for sustainable practices reducing hunger risks during droughts 

or poor harvests highlights the adaptive capacity of agroforestry systems to withstand climatic challenges. Collectively; 

these results illustrate that agroforestry diversification not only enhances food security but also improves nutritional 

outcomes, playing a vital role in the resilience of smallholder livelihoods in Nyanza district.  

3.1.3. Relationship between agroforestry diversification and livelihood among smallholder households  

Table 10: Correlation between Agroforestry diversification and livelihood 

 Agroforestry Diversification   Livelihood  

Agroforestry Diversification 

Pearson Correlation 1 .819 

Sig. (1-tailed)  .000 

N 396 396 

Livelihood  

Pearson Correlation .819 1 

Sig. (1-tailed) .000  

N 396 396 

Correlation is significant at the 0.01 level (1-tailed). 

Source: Primary data; 2026  

Table 10 demonstrates a strong positive correlation between agroforestry diversification and livelihood among smallholder 

households in Nyanza district. The Pearson correlation coefficient of 0.819 indicates a strong relationship, revealing that as 

agroforestry practices become more diversified, households experience significant improvements in their livelihood 

strategies. This high correlation implies that investments in agroforestry not only enhance agricultural productivity but also 

foster multiple income streams which are essential for sustaining household resilience. 

The statistical significance of this correlation indicated by a p-value of 0.000, reinforces the reliability of the findings, 

confirming that the relationship is highly significant at the 0.01 level. Such strong evidence positions agroforestry 

diversification as a key driver of livelihood improvement, demonstrating that enhancing agroforestry practices could lead 

to substantial benefits for smallholder households in terms of economic stability and resilience. Therefore; these results 

highlight the critical role of agroforestry in transforming livelihoods and promoting sustainable development in Nyanza 

district.  

3.2 Data Analysis and Discussion 

3.2.1 Assessment of the Influence of Agroforestry Diversification in Nyanza District 

The descriptive findings indicate that respondents reported high levels of agreement regarding the contribution of 

agroforestry diversification to environmental sustainability and livelihood resilience in Nyanza District. Across Tables 2–

about:blank
https://www.researchpublish.com/


                                                                                                                                                  ISSN 2348-313X (Print) 
International Journal of Life Sciences Research      ISSN 2348-3148 (online) 

Vol. 14, Issue 3, pp: (14-26), Month: July - September 2026, Available at: www.researchpublish.com 
 

    Page | 22  
Research Publish Journals 

5, all mean scores exceeded 3.98 on a five-point Likert scale (N = 396), indicating generally positive perceptions of 

agroforestry practices. Water management indicators recorded the highest levels of agreement (Mean = 4.41–4.69; SD = 

0.521–0.602), suggesting that respondents perceived agroforestry as contributing to improved water infiltration, reduced 

surface runoff, and enhanced dry-season water availability. The relatively low standard deviations indicate limited variation 

in respondents' views. These findings are consistent with those of Mochesane (2024), who reported that agroforestry 

improves soil structure, minimizes erosion, and enhances hydrological functions in smallholder farming systems. Similarly, 

Kehinde et al. (2024) found that tree-based farming systems increase soil organic matter and water retention, thereby 

strengthening ecosystem services. 

Regarding land tenure security (Table 3), respondents expressed the strongest agreement with the statement that clear land 

ownership encourages investment in agroforestry (Mean = 4.55; SD = 0.556). Other tenure-related indicators recorded 

slightly lower but still positive mean scores (Mean = 3.98–3.99; SD = 0.201–0.275), indicating moderate agreement 

concerning the role of tenure security in conflict reduction and long-term land-use planning. The smaller standard deviations 

suggest substantial consistency among respondents. These findings support the property rights perspective presented by 

Abab et al. (2023), which argues that secure land tenure encourages long-term investments such as tree planting. Similarly, 

Mochesane (2024) reported that secure land rights reduce uncertainty and promote investments in sustainable agricultural 

practices. 

The cultural and biodiversity dimensions (Tables 4 and 5) also received high levels of agreement, with mean scores ranging 

from 4.52 to 4.53. Respondents acknowledged the contribution of agroforestry to cultural identity, biodiversity 

conservation, and ecological balance. The very low standard deviation for the statement that trees hold traditional 

significance (SD = 0.195) indicates strong consensus among respondents. These findings are consistent with Matiku et al. 

(2021), who emphasized that sustainable livelihoods encompass social and natural capital alongside economic benefits.  

Likewise, Dissanayaka et al. (2024) reported that biodiversity-rich farming systems enhance resilience to pests and climate 

variability while supporting sustainable agricultural productivity. Overall, the descriptive findings suggest that respondents 

perceive agroforestry diversification as contributing to environmental conservation, secure land management, biodiversity 

preservation, and cultural continuity. 

3.2.2 Analysis of the Livelihoods of Smallholder Households in Nyanza District 

The findings presented in Tables 6–9 indicate positive perceptions of the contribution of agroforestry diversification to 

household livelihoods. Household resilience indicators recorded mean scores ranging from 4.51 to 4.54 (SD = 0.514–0.622), 

suggesting that respondents generally agreed that agroforestry provides multiple income sources, enhances household 

stability, and serves as a buffer during periods of economic or climatic stress. The relatively low standard deviations indicate 

consistency in responses across the study population. These findings are consistent with the Sustainable Livelihoods 

Framework and with Mannepalli et al. (2025), who reported that livelihood resilience is strengthened through diversification 

of natural and financial assets. Similarly, Areef and Sekhar (2025) found that diversified livelihood strategies reduce 

household vulnerability to market and climatic shocks. 

Employment opportunities and social capital indicators (Tables 7 and 8) also recorded high levels of agreement, with mean 

scores ranging from 4.54 to 4.56. Respondents indicated that agroforestry contributes to employment creation, 

entrepreneurship, and community collaboration. The highest mean score was recorded for value addition to tree products 

(Mean = 4.56; SD = 0.647), suggesting recognition of agroforestry's contribution to income-generating activities such as 

beekeeping and wood-based enterprises.  

These findings are consistent with Ghimire et al. (2024), who reported that agroforestry enhances rural employment through 

integrated production systems. They also support the social network perspective advanced by Noll and Rivera (2023), which 

emphasizes the importance of trust and cooperation in strengthening community resilience and collective action. 

Food security and nutrition indicators (Table 9) recorded the highest mean scores (Mean = 4.55–4.57), indicating strong 

agreement that agroforestry contributes to improved food availability, dietary diversity, livestock productivity, and reduced 

food shortages during adverse seasons. These findings are consistent with Manono and Gichana (2025), who found that 

integrated tree-crop-livestock systems improve ecosystem services, agricultural productivity, and household food security. 

Their study further demonstrated that agroforestry enhances climate adaptation through improved soil fertility and sustained 

crop production. Collectively, the descriptive findings indicate that respondents perceive agroforestry diversification as 

contributing positively to household resilience, employment generation, social capital, and food and nutrition security. 
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3.2.3 Relationship Between Agroforestry Diversification and Livelihoods Among Smallholder Households 

The Pearson correlation analysis presented in Table 10 shows a strong positive and statistically significant relationship 

between agroforestry diversification and household livelihoods (r = 0.819, p < 0.01, N = 396). The correlation coefficient 

indicates that higher levels of agroforestry diversification are associated with improved livelihood outcomes among the 

sampled households. The statistical significance (p < 0.01) indicates that the observed relationship is unlikely to have 

occurred by chance.  

The coefficient of determination (r² = 0.67) indicates that approximately 67% of the variation in livelihood outcomes is 

associated with variation in agroforestry diversification. However, this result should be interpreted as indicating the strength 

of association rather than causation, since correlation analysis does not establish causal relationships. 

The findings are consistent with Getahun et al. (2023), who reported that livelihood diversification through integrated 

agricultural practices enhances household resilience and adaptive capacity. Similarly, Bashir (2025) found that agroforestry 

systems simultaneously improve agricultural productivity, generate ecosystem services, and create additional income 

opportunities for rural households. Comparable evidence was reported by Abebaw et al. (2025), who demonstrated that 

agroforestry contributes to improved food security, income generation, and resilience to climate-related shocks across sub-

Saharan Africa. 

The correlation analysis provides empirical evidence of a strong positive association between agroforestry diversification 

and livelihood outcomes among smallholder households in Nyanza District, supporting the descriptive findings presented 

in the preceding sections. 

4.   CONCLUSION 

The study concludes that agroforestry diversification significantly enhances the livelihoods of smallholder households in 

Nyanza District by improving water management, diversifying income sources, strengthening social capital, and promoting 

food security and environmental sustainability. These findings demonstrate that agroforestry is an effective strategy for 

improving rural livelihoods while supporting climate resilience and sustainable agricultural development. Therefore, 

strengthening policies and investments that promote agroforestry adoption is essential for achieving sustainable rural 

development in Rwanda. 
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