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Abstract

Non-timber forest products (NTFPs) enhance rural household income. In Rwanda, natural forests cover 11.9% of the 
land and are key for biodiversity conservation, providing water catchment protection, tourism, medicinal plants, 
honey, and handicraft materials. Despite the forest sector's economic potential, rural residents dependent on NTFPs 
face challenges, leading to high unemployment and poverty. This research examines how socio-economic factors 
affect Huye District NTFP collectors' welfare. Using multi-stage sampling, 152 participants were selected, 
proportionally from four cells in Maraba Sector, based on the Yamane (1967) formula and systematic sampling, and 
data were collected through structured questionnaires in 2022. Data analysis used STATA version 16 for multiple 
linear regression. The study identified NTFPs used by households, with fruits (42.8%), mushrooms (16.4%), honey 
(9.9%), traditional medicine (8.6%), and building materials (7.2%), such as bamboo, palm leaves, roof thatch grass, 
and wood (stick and poles) as the most commonly collected products. The main reasons for NTFP participation 
included food provision, income generation, education and health expenses, obtaining forage and fodder, building 
materials, and traditional medicine. Factors like distance to forest, training, extension services, credits, and market 
information significantly influenced household income. The study recommends increasing forestland allocation for 
NTFPs and implementing agroforestry systems to boost household income. Reforestation and afforestation 
initiatives should enhance forest conservation and biodiversity. The Ministry of Environment and stakeholders 
should establish payment systems for ecological services benefiting community residents.
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Introduction
 Globally, more than 1.6 billion people use biological 
products from forests for fuel, nourishment, and animal feed 
that are not wood-based (Lovrić et al., 2020; Nerfa et al., 
2020; Thammanu et al., 2021; Lepcha et al., 2022). In 
developing nations and emerging economies, non-timber 
forest products (NTFPs) are the main source of household 
nutrition, health, and income for 80% of rural inhabitants 
(Zubair et al., 2022; FAO & Dalberg Catalyst, 2024). 
Approximately 350 million indigenous people residing near 
tropical forests rely on “NTFPs” for their household well-
being (Rahman et al., 2021; Derebe et al., 2023). Forests 
encompass 21% of Africa's land area, with many rural 
African residents harvesting various NTFPs for sustenance 
and income generation, thereby improving their household 
welfare (Zubair et al., 2022). These NTFPs, extracted from 
forests, woodlands, and trees outside forests for human use, 
include fruits, vegetables, edible roots, honey, medicinal 
plants, bush meat, wood carvings, gums, latex, rattan, seed, 

mushrooms, ecotourism, ornamental plants, fencing 
materials, and firewood (Thammanu et al., 2021; Miyake & 
Kohsaka, 2023). 
 NTFPs play a crucial role in supporting livelihoods by 
providing subsistence and trade goods for forest and rural 
communities through food production, job opportunities, 
income generation, and poverty reduction, thus enhancing 
the lives of rural populations in developing economies 
worldwide (Adongo et al., 2019; Mugido & Shackleton, 
2019; Epanda et al., 2020; Miyake & Kohsaka, 2023). 
 In nations undergoing development, such as Rwanda, 
natural forests occupy 11.9% of the total land area and play a 
crucial role in conserving biodiversity. The government aims 
to increase forest coverage to 30% of the country's land 
through tree-planting initiatives (Ministry of Lands and 
Forestry, 2018). Rwanda's forest sector significantly 
contributes to employment, with charcoal production 
accounting for the largest share (61.8%) of jobs in non-timber 
forest-based products, followed by wood production 

Variable Scale Question Description 

Natural 
landscape 
protection 

Nominal "Does the area have policies 
for natural landscape 
protection? (Yes/No)" 

No: Indicates no active measures, 
suggesting vulnerability to exploitation or 
mismanagement. Yes: Reflects active 
conservation initiatives to safeguard 
forests, possibly involving legal protections 
and community-led management. 

Eco-friendly 
infrastructure 

Nominal "Is there eco-friendly 
infrastructure in place to 
support forest ecosystems? 
(Yes/No)" 

No: Absence of infrastructure mindful of 
environmental impact, potentially leading 
to forest degradation. Yes: The presence of 
infrastructure designed or modified to 
minimize the ecological footprint supports 
forest sustainability. 

Adaptive 
operations 

Nominal "Do local businesses practice 
adaptive operations that 
consider environmental 
impacts? (Yes/No)" 

No: Operations not considering ecological 
limits risk forest health and biodiversity. 
Yes: Operations that adjust business 
practices to promote environmental 
stewardship and balance with economic 
activities. 

Local training 
and support 

Nominal "Is there local training and 
support available for forest 
conservation? (Yes/No)" 

No: A lack of community knowledge and 
conservation skills leads to potential 
unsustainable practices. Yes: A structured 
approach to community education and 
empowerment for sustainable forest 
management. 

Gender Nominal "What is your gender? 
(Male/Female)" 

Male/Female: Identifies gender-specific 
contributions and perspectives in forest 
conservation, crucial for developing 
inclusive strategies. 

Income Ordinal "Which income bracket do you 
fall into? (Below IDR1,000,000, 
IDR1,000,000 – IDR3,000,000, 
IDR3,000,001–IDR5,000,000, 
Above IDR5,000,000)" 

Various brackets: Reflects the financial 
capacity to support conservation and the 
economic dependence on forest resources. 

Age Ordinal "Please select your age range. 

(18-29, 30-39, 40-49)" 

Various age groups: Shows the spread of 
conservation knowledge and openness to 
adopting conservation practices across 
generations. 

Occupancy 
(Occupation) 

Nominal "What is your occupation? 
(e.g., Company employee, 
NGO worker, Government 
officer, Educator, Private 
business owner, Seller, 
Student, Tourist operator)" 

Varied occupations: Assesses how different 
professional sectors impact and engage 
with forest conservation. 

Settlement Nominal "Do you live in an island 
community or a non-island 
community?" 

Islands community/non-islands 
community: Highlights conservation 
challenges specific to isolated or resource-
limited communities versus mainland 
communities. 

Support 
policy 

Nominal "Does the area have a support 
policy for forest conservation 
efforts? (Yes/No)" 

No: Indicates the absence of 
formal strategies or programs to assist in 
forest conservation, potentially leading to a 
lack of structured support for such 
initiatives. Yes: Signifies that established 
policies or programs offer assistance or 
incentives for forest conservation, 
reflecting a commitment to reinforcing 
conservation efforts through policy 
support. 
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(19.2%), and distribution and sales making up 6.2% and 
12.8% respectively (Ministry of Lands and Forestry, 2018). 
A report on Rwanda's biomass sector indicates that firewood 
and charcoal contributed USD122 million to the national 5% 
GDP. Presently, the Rwandan government designates 18.7% 
of its total area for forest plantations across various agro-
ecological zones (Ministry of Lands and Forestry, 2018; 
Hakizimana et al., 2020). The country's forests provide 
numerous ecosystem services, including fuel and 
construction wood, watershed protection, water purification, 
and non-timber forest products like medicinal plants, honey, 
and handicraft materials that support rural forest-based 
communities. 
 Although the forest sector offers substantial oppor-
tunities for Rwanda's economic growth and development, 
many rural residents who depend solely on NTFPs are facing 
challenges leading to unemployment and increased poverty 
(Olufunmilayo et al., 2019; Verkerk et al., 2021). This 
situation jeopardizes the household welfare of NTFP 
collectors in the forest-based communities of the Huye 
District-Maraba Sector, South Province of Rwanda (Nahayo 
et al., 2013).
 While numerous studies have examined the ecological 
and economic significance of NTFPs globally (Belcher et al., 
2005; Shackleton et al., 2011; Angelsen et al., 2014; 
Hakizimana et al., 2020), much of this research has focused 
on general patterns of forest dependency and the commercial 
potential of specific products. In the Rwandan context, 
existing studies have often emphasized biodiversity 
conservation and forest management strategies (e.g., 
Nsabimana et al., 2012; Hakizimana et al., 2020; Tuyisenge 
et al., 2023), with limited attention to how NTFPs directly 
influence household welfare outcomes such as income, food 
security, and socio-economic resilience. Moreover, previous 
research typically lacks localized, household-level analyses 
that consider the interplay of socio-economic factors 
influencing the welfare impacts of NTFPs. Few studies, if 

any, have used household income as a control variable to 
isolate the specific effects of NTFPs on welfare in rural 
Rwandan communities.
 This study addresses these gaps by conducting an in-
depth analysis in the Maraba sector of Huye District, focusing 
on the socio-economic drivers that shape how households 
access and benefit from NTFPs. By quantifying welfare 
outcomes concerning NTFPs use and controlling for total 
household income, the study offers a more accurate and 
policy-relevant understanding of the role NTFPs play in rural 
livelihoods. Furthermore, the study contributes to the broader 
international discourse on sustainable forest-based 
livelihoods by providing empirical evidence from Rwanda, a 
country undergoing rapid economic transformation under its 
Vision 2030 Agenda. This localized case offers transferable 
insights for other developing nations where forests serve dual 
roles in conservation and poverty reduction, thereby 
enhancing global understanding of NTFP in socio-
economically dynamic contexts. The study's specific 
objectives included assessing the current NTFPs and their 
economic applications, as well as identifying the socio-
economic factors that impact household welfare in Rwanda's 
Huye District.

Methods 
Description of the study area This research was conducted 
in Huye district, one of eight districts in Rwanda's southern 
province. Huye borders Nyanza to the north, Gisagara to the 
east and south, Nyaruguru to the southwest, and Nyamagabe 
to the northwest. It comprises 14 sectors, 77 cells, and 508 
villages, with a population of 319,000 (147,000 males and 
172,000 females) (Huye District, 2013). The district, located 
in Rwanda's Southern Province, lies on the central plateau 
with a hilly landscape that becomes more mountainous in the 

2west and northwest (Figure 1). It covers an area of 581.5 km , 
approximately between S230 to S250 latitude and 2950 
longitude. The elevation ranges from 1,450 to over 2,000 m, 

Figure 1 Maraba sector map.
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with Huye Mountain exceeding 2,000 m. The climate 
includes two wet seasons (March to May and September to 
November) and two dry seasons (June to August and 
December to February), with temperatures from 10 to 34 °C 
(Republic of Rwanda, 2018). Agriculture and forestry are the 
main economic activities, significantly contributing to 
Rwanda's annual growth since 2008. Major crops include 
coffee, maize, rice, and cassava. 

NTFPs in Rwanda include plants for traditional medicine, 
fodder, honey, fruits, tree seeds, essential oils, handicraft 
materials, mushrooms, ornamental plants, game, fish, and 
ecotourism (Ministry of Lands and Forestry, 2018). Huye 
District has limited forest coverage, with about 10% forested. 
The Huye Arboretum, covering approximately 200 ha, 
contributes to biodiversity conservation and research; 
however, as it primarily serves educational and scientific 
purposes, it may not fully meet the FAO definition of a forest.

Sampling procedure and sample size A multi-tiered 
sampling approach selected research participants. The Huye 
District was chosen purposively for its significant non-timber 
forest-based activities in Rwanda. The Maraba Sector was 
randomly selected for its extensive reserved forest areas and 
resident's dependent on NTFPs for livelihood. Four 
communities within Maraba. Shyembe, Shanga, Gasumba, 
and Kabuye were randomly chosen for proximity to the 
Maraba chain mountains. Systematic sampling selected 
every 35th respondent from each community. Lists of farm 
households, including NTFPs collectors, were provided by 
the Forests Department. Proportionate sampling, using the 
Yamane (1967) formula, determined sample size, ensuring 
representation from each community and minimizing 
sampling error. The specific formula used was as shown in 
Equation [1].

[1]

Note: n = the sample size, N = the total population, and e = the 
error term (8%). 

Data collection This non-experimental study used cross-
sectional data from primary and secondary sources. Primary 
data gathered through structured questionnaire-based 
interviews with selected participants. Table 1 illustrates the 
distribution of the sample size according to the various 
communities in the Maraba Sector. A pilot study with 30 
Kanyinya community members from March to April 2022 
validated the data collection tools. The main tool was a 
structured survey questionnaire. prepared in English and 
Kinyarwanda. Final questionnaires combined open and 
closed-ended questions. The main data collection occurred 
from July to September 2022, involving integrated farmers, 
beekeepers, artisanal craft makers, and firewood collectors. 

Primary data included household variables (position, age, 
education, gender, and farm size) and institutional factors 
(training, credit, extension services, and market infor-
mation). The survey also gathered data on NTFP types, 
economic uses, and household welfare, incorporating a total 
income variable from farm, off-farm, and NTFP-derived 
income.

Data analysis The study employed SPSS Ver. 29 to analyze 
the economic aspects of NTFPs using participants' data. 
Descriptive and inferential statistics were used, including 
frequencies, percentages, bar charts, and distribution tables, 
to summarize economic variables related to socio-economic 
drivers and household welfare. Before multiple linear 
regression analysis, normality, multicollinearity, and 
heteroscedasticity tests were conducted on the economic 
variables. A multiple linear regression model identified 
socio-economic factors influencing household welfare was 
applied.

Econometric model specification A multiple linear 
regression model was employed to investigate the effect of 
socio-economic factors on household welfare related to 
NTFPs in Rwanda's Huje District-Maraba Sector, South 
Province. The econometric model assumed a linear 
relationship between variables, non-random socio-economic 
factors with fixed values, linear parameters, zero mean error 
term, homoscedastic error term, and no autocorrelation or 
multicollinearity among control variables (Gujarati & Porter, 
2015). Slope coefficients represent changes in average 
household income for one-unit increases in factors, ceteris 
paribus (Thomas, 1997). The analysis depends on specified 
socio-economic variable values (Gujarati & Porter, 2015), 
and farm household welfare is affected by both socio-
economic factors and random variables.

[2]

[3]

Note: Y  = total household income per month,     = constant i

term,    = coefficient of the parameters to be estimated, X = i 

socio-economic variables, and   = stochastic term. The 
primary goal of multiple linear regression analysis is to 
determine how changes in socioeconomic variables affect 
total household income (Thomas, 1997).

Results 
Socio-economic characteristics of the respondents Table 2 
summarizes the socio-economic profile of the respondents. 
The average age was 43 years, with an average of 8.7 years of 
formal education and 9.2 years of farming experience. The 
typical farm size was 1.2 ha, primarily dedicated to maize 
and cassava cultivation. Farms were located on average 1.7 

 

Table 1 Distribution of respondents in Huye District, Maraba Sector, Rwanda

Community

 

Total population

 

Proportionate

 

Sample size
Shyembe

 
1,247

 
0.24

 
36

 

Shanga
 

1,430
 

0.27
 

41
 

Gasumba  1,026  0.19  29  
Kabuye  1,585  0.30  46  
Total

 
5,288

 
1.00

 
152
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km from forested areas, and respondents spent between 3 to 5 
hours per trip gathering non-timber forest products (NTFPs). 
The average monthly household income was USD177, with 
27.7% (USD49) derived from NTFPs, 58.4% (USD103) 
from farming activities, and 15.1% (USD27) from off-farm 
sources. Notably, 90% of respondents were household heads. 
Access to key support services varied, with 64% receiving 
agricultural extension, 59% forestry management training, 
54% credit from financial institutions, and 62% access to 
market information relevant to NTFPs.

Type and uses of NTFPs Figure 2 details the spectrum of 

NTFPs collected by respondents. Fruits (guava, strawberry, 
orange, avocado) and vegetables (eggplant, waterleaf) were 
collected by 42.8% of respondents, honey by 9.9%, 
mushrooms by 16.4%, traditional medicinal plants such as 
Vernonia amygdalin and Aloe vera by 8.6%, and building 
materials like bamboo and thatch by 7.2%. These findings 
echo Demie (2019), who documented similar uses of NTFPs 
in Ethiopia's Chilimo natural forest, as well as research by 
Caspa et al. (2020), Miyake and Kohsaka (2023), Mohamed 
and Tesfaye (2020), and Panda et al. (2024).

Figure 3 illustrates how respondents utilize NTFPs to 
enhance household welfare. The majority (40.1%) used 

Figure 2	Types of non-timber forest-based products collected by the respondents in Maraba Sector in 2022.

 

Table 2 Descriptive statistics of socio-economic variables

 

Continuous variables

 

Mean

 

Std. Dev.

 

Min

 

Max
Age of farmer

 

(years)

 

43.4

 

13.8

 

18.0

 

78.0
Farm size

 

(hectares)

 

1.2

 

0.9

 

0.3

 

5.4
Education level

 

(years)

 

8.7

 

3.6

 

0.5

 

16.0
Farming experience

 

(years)

 

9.2

 

8.2

 

1.0

 

43.0
Distance to forest

 

(kilometers)

 

1.7

 

1.25

 

0.5

 

7.0
Total household income

 

(RWF)

 

177.01

 

83.875

  

544.58
NTFPs income

 

(USD)

 

49.02

 

32.02

 

63.5

 

305.83
Farm income

 

(USD)

 

103.36

 

80.105

 

25.0

 

416.66
Off-farm income

 
(USD)

 
26.71

 
18.77

 
8.33

 
94.27

Categorical variables
 

Category
 

Frequency
 

Percent

Position of respondents in the farm 
 

household    
  

Household head
 

137
 

90.1
Spouse

 
6

 
3.9

Siblings
 

6
 

3.9
 

Others
 

3
 

2.0
Access to extension services

 
Yes

 
97

 
63.8

 No
 

55
 

36.2
Access to training

 
Yes

 
89

 
58.6

 No  63  41.4
Access to credit  Yes  82  53.9
 No  70  46.1
Access market information  Yes  94  61.8

 No  58  38.2

42.8

9.9
8.6

16.4

7.2

3.9
5.9

3.3
2

0

5

10
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35

40

45

Fruits &
vegetables

Honey Traditional
medicines

Mushrooms Building
materials

Bush meats Art crafts Forage and
fodder

Fuel

P
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Types of non-timber forest products collected by the respodents
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NTFPs primarily for household consumption. Income from 
NTFP sales supported education (21.1%), healthcare 
(12.5%), animal feed (10.5%), building materials (9.2%), 
and traditional medicinal treatments. These uses align with 
findings from Reta et al. (2020) in Eastern Ethiopia and 
Talukdar et al. (2021) in Northeast India, where rural 
populations depend on NTFPs for diverse subsistence and 
income needs.

Post-analysis evaluation Statistical diagnostics confirmed 
data suitability for regression analysis. The mean variance 
inflation factor (VIF) was 1.34, indicating no multi-
collinearity. The Breusch-Pagan test (χ²  = 1.23, p-value = (1)

0.2671) suggested homoscedasticity, while the Kolmo-
gorov-Smirnov test (χ²  = 8.75, p-value = 0.0126) indicated (3)

a departure from normality.

Socio-economic drivers of non-timber forest-based 
products on household welfare Multiple linear regression 
analysis (Table 3) identified farm size, distance to forest, 
training, credit, and market information as significant 
predictors of household income. The model explained 60.1% 
of the variation in total household income (R² = 0.601, p-
value < 0.001).

Farm size showed a strong positive effect (p-value < 
0.01), with each additional hectare increasing income from 
NTFP sales by 13.9%. Distance to forest positively 
influenced income at the 10% significance level, with each 
kilometer increasing income by 0.1%. Training access 
enhanced household income significantly (p-value < 0.05), 
correlating with a 4.2% rise. Credit access surprisingly 
showed a negative relationship with income at the 10% level; 
a unit increase in credit access was associated with a 3.3% 
decrease in household income. Access to market information 
positively affected income (p-value < 0.10), where a 1% 
increase corresponded to a 6.3% income rise.

Discussion
The positive association between farm size and 

household income suggests that larger holdings provide 
increased resource availability and labor capacity, facilitating 
more effective NTFP collection and management. This 
finding contrasts with Demie (2019), who observed that 
Ethiopian households with higher agricultural and livestock 
incomes tended to rely less on NTFPs.

Proximity to forest areas proved important for income 
generation, as closeness reduces harvesting and trans-
portation costs, enabling more frequent collection. This 

 

 

Figure 3	Purpose of non-timber forest-based products on respondents' household welfare in Maraba Sector.
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Table 3	 Multiple linear regression estimates for NTFPs on household welfare

Variable   Coefficient  Standard error  t-statistic P>t  
Age of farmer (years)  0.001  0.001  1.350  0.178  
Household position of the farmers -0.022  0.018  -1.200  0.231  
Farm size(ha)  0.139***  0.011  12.920  0.000  
Education level (years)  0.005  0.010  0.470  0.639  
Farming experience (years)  -0.002  0.001  -1.380  0.168  
Extension services (yes)

 
-0.025

 
0.029

 
-0.860

 
0.392

 
Distance to the forest (km)

 
0.001*

 
0.001

 
1.730

 
0.086

 Training access (yes)
 

0.042**
 

0.022
 

1.930
 

0.055
 Credit access (yes)

 
-0.033*

 
0.019

 
-1.730

 
0.086

 Access to market information (yes)
 

0.063*
 

0.038
 

1.670
 

0.098
 Constant

 
5.097***

 
0.049

 
104.590

 
0.000

 

 
2Number of observations = 152, F  = 21.24, Prob > F = 0.0000, Pseudo R = 0.601. Note: * = significant, p-value <0.1; ** = (10, 141)

significant, p-value <0.05 and *** = significant, p-value <0.001.
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aligns with Beyene et al. (2020), who reported similar 
relationships in Ethiopia's Yayu Coffee Forest Biosphere 
Reserve.

Training was a key factor enhancing income, likely by 
providing essential knowledge and skills for sustainable 
collection, processing, and marketing of NTFPs. This 
supports Chu et al. (2019), who found that training 
significantly increased household incomes among NTFP 
farmers in Vietnam.
In contrast, the negative correlation between credit access 
and income suggests possible issues in credit utilization or 
indebtedness constraining profits. This differs from Chu et al. 
(2019), indicating the need to explore credit program 
effectiveness in the study area.

Finally, market information access significantly boosted 
income by informing collectors of demand, pricing, and 
quality standards, allowing better decision-making and 
market engagement. These results align with Amusa et al. 
(2017), who reported improved income among Nigerian 
farmers with better NTFP market knowledge.

Conclusion
In Rwanda's Southern Province, NTFPs are vital for rural 

income. NTFPs play a crucial role in supporting rural 
incomes and livelihoods in Rwanda's Southern Province, 
particularly in the Huye District, Maraba Sector. This study 
highlights the diverse uses of NTFPs, including food, income 
generation, healthcare, and construction, and identifies key 
factors influencing household welfare, such as proximity to 
forests, access to training, extension services, credit, and 
market information. Notably, limited access to credit remains 
a significant barrier to maximizing the benefits of NTFP 
activities. The findings underscore the importance of 
integrated strategies that address these constraints, offering 
valuable insights for researchers and policymakers 
worldwide who seek to promote sustainable forest-based 
livelihoods and reduce poverty in similar contexts.

Recommendation
Based on the findings, five key socio-economic factors 

significantly influence household income from NTFPs: farm 
size, distance to forests, access to training, credit, and market 
information. Therefore, to enhance the livelihoods of NTFP 
collectors, interventions should prioritize expanding training 
programs and improving access to market information, both 
of which showed positive and significant effects on income. 
Efforts should also support sustainable land use planning to 
optimize farm size and forest proximity. Given the negative 
impact of credit access on income, policies must address 
barriers to effective credit use by improving financial literacy 
and providing tailored credit schemes for NTFP activities. 
Additionally, promoting forestry and expanding NTFPs, 
specific forest zones can support income diversification and 
forest conservation. Finally, introducing compensation 
mechanisms for ecosystem services could incentivize 
sustainable forest management among forest-dependent 
households.
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