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Abstract 
Forest landscape restoration has emerged as a central pillar of Rwanda’s envi-
ronmental governance and climate resilience strategy, reflecting a deliberate 
shift toward integrated and sustainable natural resource management. This 
paper offers a comprehensive analysis of forest seedling production, planting, 
and maintenance, highlighting the intersection of scientific innovation, insti-
tutional coordination, and environmental security. Drawing on Rwanda’s ex-
perience at the Kageyo-Kahi site in Kayonza District, where 611,112 seedlings 
were planted at a total investment of RWF 156,669,118, the study examines 
how the Rwanda Agriculture and Animal Resources Development Board 
(RAB), the Ministry of Agriculture and Animal Resources (MINAGRI), and 
the Rwanda Reserve Force (RRF) collectively advance reforestation objectives. 
It further evaluates international collaboration with the Chinese Academy of 
Tropical Agricultural Sciences (CATAS) in strengthening nursery manage-
ment and propagation capacity. Employing a qualitative, policy-analytical 
methodology, the paper demonstrates that Rwanda’s forestry progress is at-
tributable to an integrated governance model that aligns science, policy, and 
operational support. Persistent challenges including seedling quality incon-
sistencies, monitoring gaps, and climate variability continue to affect long-
term sustainability. The paper argues that effective forest landscape restora-
tion requires a holistic, adaptive approach combining scientific rigour, insti-
tutional synergy, active community participation, and robust environmental 
security mechanisms to ensure resilient ecological outcomes. 
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1. Introduction 
1.1. Global and National Context 

Forests perform critical ecological functions carbon sequestration, biodiversity 
conservation, watershed regulation, and livelihood support that underpin human 
well-being and ecosystem stability at both local and global scales [1]. Globally, 
deforestation and land degradation constitute some of the most urgent environ-
mental challenges of the twenty-first century, threatening climate stability and the 
livelihoods of hundreds of millions of people who depend on forest resources for 
food, fuel, and income [1]. 

In Rwanda, these global pressures intersect with unique national circumstances: 
high population density and a predominantly mountainous landscape have his-
torically intensified soil erosion, deforestation, and unsustainable land-use prac-
tices [2]. Such degradation has jeopardized ecological resilience and constrained 
sustainable economic development, creating a pressing need for strategic state in-
tervention. 

In response, Rwanda has embedded forest landscape restoration (FLR) within 
its broader national development planning. The programme integrates scientific 
research, policy coordination, and community engagement to restore degraded 
landscapes, enhance ecosystem services, and strengthen adaptive capacity to cli-
mate change, thereby aligning ecological sustainability with socio-economic ad-
vancement [3]. 

1.2. Institutional Landscape 

The success of Rwanda’s forestry initiatives is largely attributable to deliberate co-
ordination among multiple institutional actors, each contributing complementary 
expertise. RAB provides the scientific foundation for managing national seed sys-
tems, conducting forestry research, and ensuring technically sound implementa-
tion of reforestation programmes [2]. MINAGRI functions as the principal policy 
authority, developing legal frameworks, setting national standards, and oversee-
ing programme execution across districts [3]. 

The Rwanda Reserve Force (RRF), operating under the Ministry of Defense, 
contributes enforcement capacity, logistical coordination, and community mobi-
lization, bridging the gap between policy intent and field-level implementation 
[4]. Collaboration with the Chinese Academy of Tropical Agricultural Sciences 
(CATAS) facilitates technology transfer and the adoption of advanced nursery 
management practices [5]. The synergy among these institutions underpins a ho-
listic governance model that integrates scientific rigour, policy oversight, security 
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mechanisms, and global technical expertise. 

1.3. Environmental Protection as a Security Issue 

A defining dimension of Rwanda’s environmental strategy is the explicit recogni-
tion that environmental degradation constitutes a national security concern. Ille-
gal logging, land encroachment, and resource conflicts not only threaten ecologi-
cal integrity but also exacerbate social tensions and undermine sustainable devel-
opment [6]. These challenges necessitate the active involvement of security insti-
tutions. 

By integrating the RRF into environmental governance, Rwanda operational-
izes a hybrid model in which civilian, scientific, and security functions are coor-
dinated. This approach reflects the principle that long-term forest landscape res-
toration depends on both environmental stewardship and the maintenance of so-
cial and institutional security [7]. 

1.4. Research Problem 

Despite large-scale tree-planting initiatives, several persistent challenges continue 
to undermine the effectiveness of Rwanda’s forestry programmes. Tree survival 
rates remain inconsistent, partly due to variations in seedling quality, inadequate 
post-planting care, and site-specific ecological constraints [2]. Illegal logging, land 
encroachment, and livestock grazing within restored areas pose further structural 
threats [2]. Existing monitoring and evaluation systems are frequently insufficient 
to track growth, health, and protection of planted trees at scale, limiting evidence-
based management [8]. These factors raise critical questions about the overall ef-
fectiveness and resilience of Rwanda’s integrated forestry governance model. 

1.5. Research Objectives 

This paper pursues four interrelated objectives. First, it provides an in-depth anal-
ysis of seedling production systems, examining the scientific principles, nursery 
management practices, and quality-control measures underpinning forest resto-
ration. Second, it evaluates tree-planting and maintenance practices including site 
selection, species adaptation, post-planting care, and long-term management to 
assess their contribution to survival rates and ecosystem resilience. Third, it ex-
amines the role of the RRF in environmental governance, exploring how enforce-
ment, protection, and community mobilization enhance compliance and safe-
guard forest resources. Fourth, it assesses environmental outcomes carbon se-
questration, biodiversity conservation, soil and water regulation alongside the so-
cio-economic impacts of forestry programmes on local communities. 

2. Literature Review 
2.1. Ecological Restoration Theory 

Ecological restoration is a scientific and strategic approach aimed at recovering 
degraded ecosystems to a state of functional integrity. It emphasizes conservation 
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and enhancement of species diversity, reestablishment of ecological processes 
such as nutrient cycling and soil formation, and the pursuit of long-term sustain-
ability so that restored systems can withstand environmental stressors over time 
[9]. In the Rwandan context, restoration initiatives prioritize the reforestation of 
degraded hillsides, the integration of agroforestry systems, and landscape-level in-
terventions that address watershed management, habitat connectivity, and soil 
stabilization [3]. These approaches simultaneously enhance ecosystem services 
and contribute to national climate resilience and an understanding reinforced by 
recent nationwide, tree-level carbon assessments in Rwanda that support restora-
tion planning by linking ecological outcomes to socio-economic and land-use 
context [10]. 

2.2. Silvicultural Theory and Seedling Quality 

Silviculture, as a scientific discipline within forestry, emphasizes the controlled 
establishment and management of forest stands to optimize ecological function, 
productivity, and sustainability [11]. Central to successful silvicultural practice is 
seedling quality, encompassing genetic attributes, morphological traits such as 
stem height and root development, and physiological resilience including toler-
ance to drought, pests, and soil variability [12]. Empirical evidence consistently 
demonstrates that poor-quality seedlings characterized by weak root systems, low 
vigor, or limited genetic adaptability directly contribute to low post-transplanta-
tion survival rates, undermining reforestation efforts [2]. Effective silvicultural 
programmes therefore prioritize rigorous seed selection, propagation under con-
trolled nursery conditions, and ongoing morphological monitoring [1]. 

2.3. Agroforestry and Sustainable Land Use 

Agroforestry integrates tree cultivation within agricultural systems to optimize eco-
logical and socio-economic outcomes [13]. By incorporating trees into croplands, 
agroforestry enhances soil fertility through organic-matter addition, nitrogen fix-
ation by leguminous species, and reduced nutrient leaching [14]. These improve-
ments in soil health contribute to higher crop productivity, microclimatic moder-
ation, and reduced erosion [2]. Agroforestry also strengthens climate resilience by 
providing shade, reducing wind erosion, conserving water, and diversifying land-
scapes [15]. In the Rwandan context, adoption of agroforestry aligns with national 
strategies for sustainable land use and forest landscape restoration, simultane-
ously supporting rural livelihoods and ecological sustainability [3]. 

2.4. Environmental Governance and Multi-Actor Systems 

Modern environmental governance is increasingly recognized as a multidimen-
sional and adaptive process requiring the coordinated engagement of multiple in-
stitutional and community actors [16]. Institutional coordination is essential to 
align policies, research, and operational resources across ministries, specialized 
agencies, and local authorities, ensuring that forest restoration interventions are 
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implemented coherently and efficiently [2]. Such coordination enables the inte-
gration of RAB’s scientific findings with MINAGRI’s national policy directives, 
translating technical knowledge into actionable programmes [3]. 

Community participation is equally critical, as sustainable environmental out-
comes depend on local knowledge, ownership, and stewardship [17]. Engagement 
of communities in tree-planting, maintenance, and monitoring not only strength-
ens social buy-in but also creates feedback mechanisms for adaptive management 
[14]. Enforcement mechanisms constitute another vital component. The inclusion 
of the RRF within environmental management reflects a hybrid governance model 
in which civilian expertise is complemented by security and operational capacity, 
allowing for protection of vulnerable ecosystems from illegal logging and en-
croachment while supporting community mobilization [4]. 

2.5. Security and Environmental Protection 

Environmental degradation carries profound socio-economic and security impli-
cations. Loss of forest cover, soil fertility, and water resources can exacerbate com-
petition over scarce natural resources, potentially triggering local and regional 
conflicts [6]. Such competition undermines agricultural productivity, food secu-
rity, and rural incomes, intensifying social tensions in communities dependent on 
natural resources [18]. Security institutions can address these multidimensional 
threats by monitoring sensitive areas, deterring illegal logging, preventing poach-
ing, enforcing environmental law, and supporting disaster response and resili-
ence-building initiatives [19]. Rwanda’s integration of the RRF into environmen-
tal management exemplifies a proactive approach linking ecological stewardship 
with national security, demonstrating that sustainable environmental governance 
requires a coordinated, multi-sectoral strategy addressing both ecological and hu-
man dimensions [7]. 

3. Methodology 
3.1. Research Design 

This study adopts a qualitative, descriptive, and analytical research design struc-
tured to provide an in-depth understanding of Rwanda’s forest landscape resto-
ration strategies and their multifaceted impacts [20]. The research integrates three 
complementary approaches: policy analysis, a comprehensive literature review, 
and a case study evaluation of the Kageyo-Kahi site. 

The case study evaluation is informed by the author’s primary field observa-
tions and operational data capture while serving directly as site manager and co-
ordinator. The study also integrates quantitative operational metrics extracted 
from administrative and budget reports compiled by the implementing agencies 
including seedling volumes, project investments, and nursery and field survival 
percentages evaluated descriptively to contextualize field outcomes. 

For the literature review component, sources were selected according to three 
criteria: 1) relevance to forest seedling production, plantation maintenance, envi-
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ronmental governance, or Rwanda’s specific agro-ecological context; 2) publica-
tion or issuance between 1989 and 2023; and 3) availability in English or French. 
Peer-reviewed journal articles, books, and grey literature (government reports, in-
stitutional publications, and international organization documents) were all eligi-
ble. Sources were identified through database searches (Google Scholar, FAO pub-
lications portal) and direct review of RAB, MINAGRI, and RRF institutional re-
positories. 

Numerical figures seedling counts, investment costs, and survival rates are treated 
as documentary evidence drawn from institutional reports and are subjected to 
critical interpretive analysis rather than statistical testing. Where a single institu-
tional source is the sole basis for a figure, as is the case for most Kageyo-Kahi-
specific values, this is noted explicitly and the figure is treated as a reported esti-
mate rather than an independently verified measurement, consistent with meth-
odological conventions for qualitative policy research incorporating administra-
tive data [21]. 

3.2. Data Sources 

The study draws on three principal categories of evidence: government reports, 
providing authoritative insight into national forestry policy and institutional per-
formance; academic literature, offering rigorous analyses of silvicultural practices, 
agroforestry, and socio-economic forestry impacts; and institutional publications 
from RAB, MINAGRI, the RRF, and CATAS, providing technical guidance and 
operational data [20]. 

3.3. Analytical Framework 

The analytical framework is structured around five interrelated dimensions: seed-
ling production (nursery management, genetic and morphological quality, prop-
agation, institutional oversight); tree-planting practices (site selection, species ad-
aptation, planting density, ecological-socio-economic integration); maintenance 
activities (post-planting care, soil and water management, pest control, monitor-
ing); environmental outcomes (carbon sequestration, biodiversity conservation, 
soil stabilization, water regulation, livelihood contributions); and the integration 
of security mechanisms into environmental governance, highlighting the RRF’s 
roles in enforcement, protection, community mobilization, and disaster response 
[21]. 

4. Policy Context 
4.1. National Environmental Policy Framework 

Rwanda’s environmental and forestry initiatives rest on a robust legal and policy 
architecture. The Rwanda National Forest Policy (2010) establishes the strategic 
target of raising national forest cover to 30% of total land area by 2025, through 
afforestation, reforestation, and sustainable forest management [22]. The Green 
Growth and Climate Resilience Strategy (2011) integrates climate-smart forestry, 
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ecosystem restoration, carbon sequestration, and community-based forest man-
agement into national climate adaptation strategy [23]. Environmental Organic 
Law No. 04/2005 provides the foundational regulatory framework for environ-
mental protection, including responsibilities for afforestation and sustainable land 
management [24]. 

The Forest Policy of 2018 and the accompanying Law N˚ 72/2018 relating to 
forestry strengthen this architecture considerably, introducing specific provisions 
on afforestation and reforestation, delineating responsibilities between public in-
stitutions and private actors, enforcing regulations against deforestation and ille-
gal resource exploitation, promoting climate-resilient tree species, and providing 
incentives for private-sector investment through tenure security [25]. These in-
struments align with Rwanda’s National Strategy for Transformation (NST1) and 
Vision 2050. 

Implementation is coordinated by MINAGRI, with RAB providing technical 
research, seedling production, and extension services, and the Rwanda Environ-
ment Management Authority (REMA) ensuring regulatory compliance [26]. Im-
plementation is decentralized to district level; districts such as Kayonza play a piv-
otal role in local forest management, with technical guidance from RAB and op-
erational support from local authorities and community organizations [27]. 

4.2. Policy Implications for the Kageyo-Kahi Site 

The Kageyo-Kahi afforestation initiative in Kayonza District exemplifies the prac-
tical translation of national environmental policy into localized action. By plant-
ing 611,112 seedlings across the site, the project directly advances the strategic 
objective of increasing forest cover to 30% by 2025 [22]. Technical supervision is 
provided by RAB [28]; local authorities facilitate community mobilization; and 
environmental agencies monitor regulatory compliance [26]. 

Financially, the project is supported through a combination of government 
budget allocations, community contributions, and development-partner support 
[23]. This integrated governance and funding model ensures alignment between 
national policy objectives and localized ecological and socio-economic outcomes, 
making Kageyo-Kahi a replicable model for climate-smart afforestation across 
Rwanda. 

5. Forest Seedling Production 
5.1. Technical Processes 

Seedling production constitutes the foundational step in Rwanda’s forest land-
scape restoration effort, because the quality and vigour of seedlings directly deter-
mine the success of planting and maintenance activities that follow [2]. The pro-
cess begins with careful seed selection prioritizing genetically superior, disease-
free, and ecologically adaptable seeds, with provenance and species suitability 
evaluated to match seedlings with specific planting sites [12]. 

Nursery establishment involves the construction of controlled environments 
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that optimize light, temperature, moisture, and soil conditions. RAB has estab-
lished both centralized and decentralized nurseries incorporating raised beds, 
shade management, and sterilized growth media to minimize seedling mortality 
[2]. Growth management encompasses calibrated watering regimes, fertilization 
schedules, pest and disease controls, and regular monitoring of morphological 
traits. Training of nursery staff, supported by technical collaboration with CATAS, 
has supported the adoption of advanced propagation techniques including clonal 
propagation and grafting [5]. 

5.2. Genetic Quality 

Genetic quality is a critical determinant of seedling performance and long-term 
forest resilience. Selecting seeds with superior genetic attributes ensures that seed-
lings are well adapted to local environmental conditions including variations in 
altitude, rainfall, soil fertility, and temperature [11]. High-quality genetic stock 
enhances growth rates, improves tolerance to pests, diseases, and abiotic stresses, 
and contributes to the ecological stability of restored forests. 

Given Rwanda’s diverse topography and microclimates, seedlings derived from 
locally adapted genetic material generally exhibit higher survival rates than non-
local or hybridized stock [2]. By prioritizing genetic quality, Rwanda improves 
immediate reforestation success while enhancing the capacity of restored ecosys-
tems to provide long-term services including carbon sequestration, biodiversity 
conservation, and watershed protection [5]. 

5.3. Nursery Management 

Effective nursery management encompasses irrigation, shading, soil manage-
ment, and integrated pest and disease control [1]. Calibrated irrigation promotes 
root development and nutrient uptake, particularly important where rainfall dis-
tribution is highly variable [12]. Shading protects seedlings from excessive solar 
radiation and moderates temperature fluctuations. Integrated pest management, 
biological controls, soil sterilization, and careful monitoring maintains healthy 
seedlings while minimizing environmental impact [14]. 

RAB’s nursery system combines traditional silvicultural knowledge with mod-
ern techniques and technical guidance from CATAS [5]. Meticulous nursery man-
agement supports strong root systems, robust stems, and adaptive physiological 
traits, increasing post-transplantation survival and contributing to long-term for-
est productivity [3]. 

5.4. Role of the Rwanda Reserve Force in Seedling Production 

The RRF plays a role in safeguarding the operational and ecological integrity of 
seedling production programmes [4]. By patrolling nurseries and implementing pe-
rimeter controls, RRF personnel help prevent unauthorized access and protect seed-
lings from theft, vandalism, and destruction. The RRF also provides logistical sup-
port for seedling distribution, assisting in the safe transport of seedlings from cen-
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tralized and decentralized nurseries to planting sites across Rwanda’s varied terrain 
[4], which supports the effectiveness of large-scale reforestation campaigns. 

5.5. Case Study: Kageyo-Kahi Seedling Production 

At the Kageyo-Kahi site in Kayonza District, seedling production is guided by 
species-specific ecological requirements and national forestry policy. Priority spe-
cies include Eucalyptus spp. for rapid biomass accumulation and soil stabilization; 
Callitus robusta for agroforestry integration and support of understory crops on 
erosion-prone slopes; and native species such as Markhamia lutea and Albizia spp. 
for biodiversity restoration and nitrogen fixation [27]. 

Through these practices, the site is reported to achieve nursery survival rates 
exceeding 85%, consistent with RAB’s national benchmark of a ≥85% 30-day post-
transplantation survival rate for certified nurseries [2]. This figure is drawn from 
institutional monitoring records and should be understood as reported rather 
than independently audited. It is also worth noting, for context, that independently 
published Rwandan studies of comparable agroforestry and public plantings have 
found considerably lower average survival on the order of 30% to 65%, depending 
on land tenure and the intensity of post-planting care [29]. This gap does not nec-
essarily indicate a problem with the Kageyo-Kahi figure, but it does underline that 
a rate this high depends on the sustained, RAB-supervised conditions described 
in this section rather than reflecting typical unsupported plantings nationally. 

6. Tree Planting 
6.1. Ecological and Technical Factors 

Successful tree planting in Rwanda depends on careful assessment of soil condi-
tions, rainfall patterns, and species suitability. Soil texture, fertility, pH, and drain-
age capacity are primary considerations, as well-prepared soils support robust 
root establishment, enhance water retention, and reduce erosion susceptibility 
particularly important in Rwanda’s hilly landscapes [2]. Planting is typically timed 
to coincide with the onset of the rainy season, ensuring sufficient moisture for 
initial root establishment [3]. Microclimatic variations are mapped to optimize 
species placement and reduce drought-induced mortality risk [14]. 

Species selection is equally vital: matching tree species to site conditions and 
ecological objectives maximizes survival rates and ecosystem benefits. In Rwanda, 
indigenous and fast-growing species are prioritized for reforestation and agrofor-
estry programmes, balancing biodiversity conservation, timber production, soil 
stabilization, and climate resilience [5]. Evidence from national programmes in-
dicates that seedlings matched to local soil and climatic conditions tend to out-
perform non-adapted species [2]. 

6.2. Institutional Collaboration 

Rwanda’s large-scale tree-planting campaigns are characterized by a highly coor-
dinated, multi-institutional approach. RAB provides technical guidance on site 
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selection, species suitability, planting density, and post-planting care [2]. MINAGRI 
mobilizes policy frameworks, coordinates implementation across administrative 
units, and ensures national campaigns align with climate resilience planning, wa-
tershed management, and socio-economic development goals [3]. 

The RRF contributes operational and logistical support, securing planting sites, 
preventing unauthorized access, and assisting in seedling distribution to remote 
or difficult-to-access areas [4]. Case evidence from campaigns in Rwanda’s East-
ern and Southern Provinces indicates that this coordination is associated with im-
provements in reported seedling survival and operational efficiency, as docu-
mented in RAB programme evaluations [2]. 

6.3. Role of the Rwanda Reserve Force in Planting Campaigns 

RAB’s 2022 annual tree-planting report documents a comparison of 12 planting 
sites in the Eastern and Southern Provinces, finding that sites at which RRF per-
sonnel provided logistical coordination and security reported seedling survival 
rates averaging approximately 75% - 82% at 90 days post-planting, compared with 
approximately 60% - 70% at equivalent sites without RRF support [2]. The report 
attributes the difference to faster seedling distribution, reduced vandalism, and 
higher community attendance during planting events, rather than to agronomic 
factors. This comparison is drawn from an institutional report produced by one 
of the agencies whose performance is being assessed; the figures have not been 
independently verified, sites were not randomly assigned to treatment conditions, 
and observed differences may partly reflect pre-existing variation in site accessi-
bility or community organization. The association between RRF involvement 
and improved outcomes should therefore be treated as indicative rather than 
causal. 

At its heart, the role of the RRF in agriculture and environmental conservation 
can be understood as a simple but powerful idea: national security is not only 
about protection, but also about building and sustaining life [30], as reinforced by 
the human development literature [31]. In Rwanda, the RRF is increasingly framed 
as a partner in everyday development, supporting agriculture and environmental 
protection initiatives across the country [32]. 

When farmers need support during planting seasons, the RRF steps in to pro-
vide labor, coordination, and community mobilization [33]. When communities 
require seedlings, the RRF contributes by establishing nurseries, raising planting 
materials, and facilitating distribution in collaboration with institutions such as 
RAB and MINAGRI [34]. When the environment faces challenges such as soil 
erosion, deforestation, or climate change, the RRF participates in tree planting, land 
restoration, and conservation of wetlands and watersheds [35]. This approach re-
flects a national philosophy that development and security are interconnected, 
and that sustainable progress requires integrating environmental protection, food 
security, and institutional support systems [36] [37]. 

What makes this model notable is the combination of strengths: the technical 
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expertise provided by RAB and MINAGRI, and the discipline, organization, and 
rapid mobilization capacity of the RRF [38]. Together, these institutions create a 
system in which policies designed at the national level are also implemented 
within local communities [39]. In this sense, the RRF acts as a bridge linking pol-
icy to practice, and security to development [40]. 

6.4. Case Study: Kageyo-Kahi Planting Operations 

At the Kageyo-Kahi site, a total of 611,112 seedlings were planted at a total project 
investment of RWF 156,669,118, as documented in the Kayonza District budget 
report and RAB’s 2022 annual forestry programme report [41]. Planting was 
timed to coincide with the rainy season, while site preparation including ridge 
construction, planting-hole preparation, and soil enrichment with organic matter 
supported seedling establishment [42]. 

RRF involvement supported operational efficiency, discipline, and community 
participation throughout the campaign. Personnel enforced adherence to tech-
nical planting protocols correct spacing, planting depth, and post-planting care 
and monitored seedling handling by both community volunteers and paid work-
ers [7]. Their logistical coordination reduced delays, minimized seedling wastage, 
and helped maintain planting schedules despite challenging terrain [3]. 

7. Maintenance Practices 
7.1. Importance of Post-Planting Maintenance 

Maintenance is a critical determinant of both the success and environmental im-
pact of afforestation projects. Proper maintenance directly influences seedling 
survival rates, ensuring that investments in nursery production, planting, and 
community labor translate into established forests capable of delivering long-term 
ecological benefits [43]. High survival rates enhance cost-effectiveness and max-
imize functional outcomes including soil stabilization, erosion control, water reg-
ulation, and carbon sequestration [3]. In Rwanda’s hilly landscapes and variable 
rainfall conditions, rigorous maintenance is essential for ensuring that reforested 
areas contribute meaningfully to biodiversity restoration and sustainable land 
management. 

7.2. Core Maintenance Practices 

Weeding is conducted manually during the first 12 - 18 months after planting to 
remove competitive vegetation that may inhibit seedling growth, particularly in 
Rwanda’s upland landscapes where aggressive grasses and shrubs compete with 
young trees for water, light, and nutrients [44]. Mulching using organic material 
such as crop residues or compost applied around seedling bases conserves soil 
moisture, reduces evaporation, prevents surface erosion on slopes, and contrib-
utes to nutrient cycling over time. 

Pruning is performed selectively to encourage vertical, straight growth, reduc-
ing disease incidence and structural deformity while enhancing timber quality in 
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species such as Eucalyptus spp. and Callitus robusta [28]. Adequate and timely 
watering, particularly during the dry season, prevents moisture stress, with irriga-
tion schedules aligned to local evapotranspiration rates and rainfall patterns [28]. 
Integrated pest management combining biological controls and environmentally 
safe treatments protects seedlings from mortality and growth retardation while 
preserving ecosystem health. 

Continuous monitoring forms an integral part of maintenance, with regular 
surveys assessing seedling mortality, growth performance, and the presence of pests 
or diseases. Data collected informs adaptive management, allowing for timely in-
terventions including replacement planting, pest control, or soil amendments [45]. 

7.3. Role of the Rwanda Reserve Force in Forest Protection 

The RRF’s maintenance-phase contribution extends beyond organized labor. RRF 
personnel monitor forested areas to help ensure seedlings are properly maintained 
and early-stage threats are identified promptly [4]. The RRF’s Dedicated Site Se-
curity Unit (DSSU) contributes to preventing illegal tree cutting, poaching, and en-
croachment. Through collaboration with local authorities and community groups, 
the RRF supports enforcement of forest protection regulations under Rwanda’s 
National Forest Policy [25]. 

7.4. Case Study: Forest Protection at Kageyo-Kahi 

At the Kageyo-Kahi site, coordinated forest protection measures are reported to 
have supported the long-term success of the reforestation investment. RRF pres-
ence is associated with reduced illegal logging, safeguarding the investment in 
611,112 seedlings [4]. Monitoring and mitigation of livestock encroachment has 
been particularly important given Kayonza District’s proximity to agricultural 
lands, where grazing and land-use pressures pose a persistent threat to young plan-
tations. 

By combining these maintenance practices weeding, mulching, pruning, mon-
itoring, and security enforcement, the Kageyo-Kahi project reports field survival 
rates of 70% - 90% [4]. These figures are site-reported estimates derived from 
nursery monitoring records and field surveys conducted by RAB extension staff; 
they have not been subjected to independent third-party verification. As in Sec-
tion 5.5, it is worth noting that this range sits above the 30% - 65% average survival 
reported in independently published studies of comparable Rwandan plantings 
[29], which is consistent with the more intensive, RRF-supported maintenance re-
gime described at this site, but also means the figure should not be read as broadly 
representative of unsupported community plantings nationally. 

8. Environmental Outcomes 
8.1. Soil Conservation 

Afforestation at Kageyo-Kahi plays a role in addressing Rwanda’s most pressing 
environmental challenge: land degradation and erosion on hilly terrain. Tree roots 
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anchor the soil, reducing surface runoff and helping prevent landslides, while leaf 
litter and organic matter improve soil structure and fertility. Eucalyptus spp. and 
Callitus robusta establish dense root networks that stabilize slopes, while Markhamia 
lutea and Albizia spp. enhance soil biodiversity, fostering microbial communities 
that contribute to nutrient cycling [28]. By reducing soil erosion, reforestation 
helps protect adjacent agricultural fields and reduce sedimentation in water-
courses particularly relevant in Kayonza District given its rainfall variability [46]. 

8.2. Water Regulation 

Tree canopies intercept rainfall, reducing the kinetic energy of raindrops that dis-
lodge soil particles, while root systems enhance soil infiltration and facilitate 
groundwater recharge. The presence of diverse tree species improves soil porosity 
and water-holding capacity, helping stabilize stream flows and reduce flood in-
tensity during heavy rains. Forested catchments can also help maintain dry-season 
water availability, benefiting agricultural activities and communities that rely on 
rivers and springs. 

8.3. Carbon Sequestration and Climate Mitigation 

The carbon sequestration potential reported here is a projection, not a measured 
outcome. No biomass inventory or flux measurements have been conducted at 
Kageyo-Kahi at the time of writing. The projection is derived from species-specific 
mean annual increment (MAI) figures and carbon-fraction coefficients drawn 
from Rwanda’s national forest carbon monitoring framework and climate-change 
mitigation guidelines [47] [48], within the framework of Rwanda’s nationally de-
termined contributions to the Paris Agreement. Applying those coefficients to the 
611,112 seedlings and the species mix described in Section 5.5, and assuming an 
average 20-year rotation, the project is estimated to sequester in the range of 4.6 
million tonnes of CO2-equivalent a figure highly sensitive to actual survival rates, 
species growth performance under local conditions, and future management 
practices. This estimate should be understood as indicative and subject to revision 
once field measurements are available; readers should treat it as a planning pro-
jection rather than a verified quantity. 

Rwanda’s Nationally Determined Contributions have been submitted to the 
United Nations Framework Convention on Climate Change and form part of the 
country’s obligations under the Paris Agreement. All countries are required to 
submit an updated plan every five years, each with a greater level of ambition. 
Beyond the site-level projection above, national tree-level carbon assessments in-
dicate that trees outside forests including farmland and plantation trees of the 
kind planted at Kageyo-Kahi already account for a substantial share of Rwanda’s 
aboveground carbon stock, underscoring the national relevance of site-level res-
toration investments of this kind [10]. Reforestation initiatives such as Kageyo-
Kahi may also contribute to localized climate regulation, including temperature 
moderation and improved microclimatic conditions; this effect is plausible based 
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on the broader forestry literature, but unlike the national carbon-stock evidence 
just cited it has not yet been directly measured at this specific site and should be 
treated as a hypothesis for future monitoring rather than an established finding. 

8.4. Biodiversity 

The introduction of native species particularly Markhamia lutea and Albizia spp. 
fosters habitat complexity supporting pollinators, birds, and small mammals [28]. 
Restored forest cover enhances ecological connectivity in fragmented landscapes, 
enabling species movement and genetic exchange [49]. Native trees also promote 
soil microbial diversity and contribute to natural pest regulation. Recent field re-
search on native Rwandan tree species more broadly confirms their agroforestry 
and restoration potential, with several native species showing competitive growth 
performance alongside exotic species under Rwandan conditions. Beyond ecol-
ogy, increased biodiversity provides socio-economic advantages including polli-
nation of nearby crops, potential ecotourism opportunities, and non-timber forest 
products. Integrating biodiversity considerations into afforestation aligns with 
Rwanda’s National Biodiversity Strategy and Action Plan [50]. 

The biodiversity benefits described in this section are inferred from the ecolog-
ical literature on native species and from comparable Rwandan sites rather than 
from systematic biodiversity monitoring (species inventories, pollinator counts, 
or soil microbial assays) conducted at Kageyo-Kahi itself; site-specific ecological 
monitoring remains a priority for future work. 

8.5. Environmental Security 

The RRF plays a role in reinforcing environmental protection at Kageyo-Kahi. 
Structured oversight supports protection of seedlings, established forests, and wa-
tershed areas from illegal logging, encroachment, and other activities that could 
compromise the ecological integrity of restored landscapes [4]. Beyond forest pro-
tection, the RRF contributes to disaster preparedness and response including early 
warning, rapid mobilization during floods or landslides, and coordination with 
local authorities [51]. 

9. Discussion 
9.1. Rwanda’s Integrated Governance Model 

Rwanda’s forestry initiatives exemplify a highly integrated governance model in 
which RAB, MINAGRI, and the RRF are coordinated toward common environ-
mental objectives [3]. This multi-layered approach helps ensure that forest land-
scape restoration is scientifically sound, administratively coherent, and socially 
inclusive [9]. Multi-actor collaboration extends to international partners: CATAS 
provides training, technology transfer, and research collaboration [5]. The model’s 
hybrid character, combining civilian expertise and security-sector capacity, sup-
ports compliance with environmental regulations, safeguards nursery sites, and 
mobilizes communities [7]. 
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9.2. Strengths of the Current Approach 

Three interconnected strengths underpin Rwanda’s progress. Institutional syn-
ergy among RAB, MINAGRI, and the RRF supports harmonized seedling produc-
tion, planting campaigns, and maintenance activities [9]. Strong political commit-
ment evidenced by the Forest Policy of 2018, Law N˚ 72/2018, and the allocation 
of public resources for large-scale reforestation has fostered institutional account-
ability and programme continuity [52]. Active community engagement, mobi-
lized through the RRF and awareness campaigns by RAB and MINAGRI, provides 
both labor and knowledge for operational efficiency while strengthening social 
ownership of restored landscapes [17]. Sites with high community involvement 
tend to report higher seedling survival, lower incidences of vandalism, and stronger 
adherence to maintenance protocols [2]. 

9.3. Persistent Challenges 

Despite significant progress, several challenges limit the full realization of 
Rwanda’s forestry objectives. Monitoring gaps remain a pressing concern: cover-
age and frequency of seedling-survival tracking and forest-health assessment are 
uneven, particularly in remote or rugged terrain [9]. Climate variability fluctua-
tions in rainfall, drought events, and rising temperatures affects soil moisture, 
seedling establishment, and species survival, requiring flexible management strat-
egies and climate-resilient species selection [2]. Rwanda’s mountainous topogra-
phy amplifies these risks, as microclimatic differences between valleys and hilltops 
produce uneven growth performance across planting sites. 

Resource constraints also affect programme quality: financial limitations can 
restrict procurement of high-quality seedlings, irrigation equipment, and tech-
nical personnel, while logistical challenges affect seedling distribution and site ac-
cessibility [7]. Additionally, the current approach risks prioritizing numerical plant-
ing targets in ways that may inadvertently undermine ecological quality, as a focus 
on meeting quantitative goals can overshadow the need for biodiversity, appro-
priate species selection, and long-term sustainability [4]. Reporting often empha-
sizes the number of trees planted rather than ecosystem outcomes such as carbon 
sequestration, biodiversity restoration, or soil recovery. 

At the community level, incentive structures for farmers remain insufficiently 
aligned with long-term forest management objectives. As a result, tree planting 
may be perceived as a short-term obligation rather than a sustained livelihood 
strategy, leading to inadequate post-planting care and low survival rates in some 
areas [38]. 

9.4. Critical Assessment and Strategic Directions 

Rwanda’s reforestation framework demonstrates ambition and institutional co-
herence, yet critical analysis reveals structural tensions requiring attention. Inde-
pendent scholarship on Rwanda’s broader development model has characterized 
it as a form of “developmental patrimonialism” highly centralized, top-down, and 

https://doi.org/10.4236/jep.2026.178043


J. P. Bakundase, J. F. Lu 
 

 

DOI: 10.4236/jep.2026.178043 864 Journal of Environmental Protection 
 

target-driven, which is effective at mobilizing institutions and resources but can, 
in the same way, marginalize local voice and overlook ecological heterogeneity 
across districts [37]. Overlapping mandates among MINAGRI, RAB, and REMA, 
combined with limited data-sharing mechanisms, can constrain efficiency and 
adaptive management. 

Strengthening monitoring systems through investment in remote sensing, geo-
graphic information systems (GIS), and community-based reporting mechanisms 
would enhance surveillance and enable adaptive management [3]. Prioritizing 
ecological quality over quantity in seedling production and species selection, with 
emphasis on locally adapted, drought-tolerant species, would help ensure that re-
stored forests are resilient under climate variability [2]. Expanding community-
centred incentive programmes aligned with long-term stewardship would help 
transition tree planting from short-term obligation to sustainable livelihood strat-
egy [17]. Sustained collaboration with CATAS and other international partners 
provides continued access to advanced research, training, and technology [5]. 

10. Lessons Learned 

The Kageyo-Kahi experience offers several practical lessons for the design and 
implementation of future reforestation initiatives in Rwanda and comparable con-
texts. Integrated planning aligning nursery production, species selection, and 
planting schedules with site-specific soil, topographic, and climatic conditions 
supports higher survival rates, faster growth, and stronger ecosystem service de-
livery [27]. Community engagement that offers training, capacity-building, and 
meaningful incentives to local farmers and cooperative groups fosters ownership 
and encourages proper maintenance. Systematic monitoring that collects data on 
seedling survival, growth performance, and ecological impacts enables adaptive 
management [45]. 

Independently published, site-level research on Rwandan plantings including 
in eastern Rwanda provides a useful benchmark for what unsupported commu-
nity and public plantings typically achieve (in the range of 30% - 65% survival), 
against which more intensively supported sites such as Kageyo-Kahi can be com-
pared and their added value assessed [29]. Ground-level assessments of soil and 
land health in Kayonza and neighboring Nyagatare districts further show that ero-
sion risk and soil organic carbon vary substantially by land cover type, reinforcing 
the case for prioritizing tree cover on the most degraded plots within any given 
restoration site [45]. 

Strategic cost optimization including bulk seedling procurement and leveraging 
community labour can help reduce project expenditure without compromising 
quality, supporting scalability and replicability of afforestation programmes across 
diverse districts [8]. Strengthening enforcement of forest protection regulations at 
district and community levels, through collaboration between the RRF, local au-
thorities, and community policing initiatives, is important for preventing illegal 
harvesting, overgrazing, and encroachment [22]. Finally, building long-term eco-
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logical studies, evidence-based technical guidelines, and knowledge-dissemina-
tion mechanisms including demonstration plots, participatory learning, and ex-
tension services is essential to bridge the gap between research and practice [5] 
[28]. 

11. Conclusion and Recommendations 
11.1. Conclusions 

Rwanda’s approach to forest seedling production, planting, and maintenance at 
the Kageyo-Kahi site in Kayonza District embodies an integrated model of envi-
ronmental governance in which scientific expertise, policy frameworks, and secu-
rity mechanisms converge toward sustainable forest landscape restoration. RAB 
provides technical rigour in nursery management, seedling quality, and species 
selection. MINAGRI supplies strategic policy guidance, programme coordination, 
and climate-resilience alignment. The RRF strengthens operational efficiency, se-
cures planting sites, and facilitates community mobilization, illustrating that the 
integration of security actors into environmental governance can support compli-
ance, reduce resource losses, and foster stewardship without undermining partic-
ipatory principles. 

The Kageyo-Kahi case, 611,112 seedlings planted at an investment of RWF 
156,669,118, with projected contributions to soil stabilization, water regulation, 
carbon sequestration, and biodiversity restoration, illustrates both the achieve-
ments and the ongoing challenges of Rwanda’s model. Long-term success will de-
pend on a strategic shift from quantitative planting targets to qualitative forest 
landscape restoration: improving monitoring systems, strengthening community-
centered incentives, prioritizing ecological species adaptation, and sustaining in-
ternational technical partnerships. 

11.2. Recommendations 

First, strengthen inter-institutional coordination. Formal coordination mecha-
nisms among RAB, MINAGRI, and the RRF including regular joint planning, data 
sharing, and operational oversight should be institutionalized to ensure alignment 
across seedling production, planting campaigns, and maintenance activities [3]. 

Second, invest in monitoring and evaluation systems. Remote sensing, GIS-
based surveillance, and community-based reporting should be systematically de-
ployed to track seedling survival, forest health, and ecological outcomes, enabling 
evidence-based adaptive management [8]. 

Third, promote climate-resilient species selection. RAB should continue devel-
oping context-specific protocols for selecting drought-tolerant and ecologically 
adaptable species based on local environmental conditions and projected climate 
trajectories [1]. 

Fourth, establish clear legal mandates for the RRF’s environmental role, with 
explicit responsibilities and accountability mechanisms that maintain a balanced 
approach between enforcement and participatory governance [19]. 
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Fifth, expand community participation and incentive frameworks, positioning 
reforestation as a sustained livelihood strategy rather than a policy obligation [17]. 

Sixth, support research, innovation, and knowledge dissemination. RAB, in part-
nership with universities and international research centers, should invest in long-
term ecological studies, evidence-based technical guidelines tailored to Rwanda’s 
diverse agro-ecological zones, and extension services that translate scientific find-
ings into accessible, farmer-centered guidance. 

Acknowledgements 

I would like to express my gratitude to the individuals and institutions whose sup-
port, operational guidance, and shared vision made this work possible. 

My institutional gratitude is extended to the leadership of the Ministry of De-
fence for its progressive approach to comprehensive national security, and to the 
Rwanda Reserve Force for its logistical openness and its dual mandate of national 
defense and socio-economic mobilization. 

I am grateful to the technical experts and policymakers within the Environmen-
tal Department of MINAGRI for their insights into sustainable land management, 
climate-smart agriculture, and ecological preservation. 

Finally, I thank the Environmental Department within the Reserve Force for its 
dedication to translating environmental mandates into tangible reforestation, soil 
conservation, and ecosystem rehabilitation outcomes on the ground, and all the 
officers, researchers, and public servants who shared their time, data, and institu-
tional knowledge. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this paper. 

References 
[1] Food and Agriculture Organization (2020) Global Forest Resources Assessment 2020—

Key Findings. FAO. https://doi.org/10.4060/ca8753en 

[2] Rwanda Agriculture and Animal Resources Development Board (2022) Annual Re-
port on Forestry Programmes and Seedling Production in Rwanda. RAB.  
https://www.minagri.gov.rw/fileadmin/user_upload/Minagri/Publications/An-
nual_Reports/MINAGRI_Annual_Report_2022-23FY_Final.pdf 

[3] Ministry of Agriculture and Animal Resources (2023) Annual Report on Forestry and 
Land Use in Rwanda. MINAGRI.  
https://www.minagri.gov.rw/fileadmin/user_upload/Minagri/Publications/An-
nual_Reports/MINAGRI_Annual_Report_for_2023-24_FY__FINAL.pdf 

[4] Security Organs in Northern Province Conduct Tree-Planting Activity in Burera Dis-
trict.  
https://www.rdf.gov.rw/news-detail/security-organs-in-northern-province-conduct-
tree-planting-activity-in-burera-district 

[5] Ministry of Agriculture and Animal Resources of Rwanda (MINAGRI) (n.d.) Chinese 
Academy Equips RAB Researchers, Agronomists with New Skills.  
https://www.minagri.gov.rw/updates/news-details/chinese-academy-equips-rab-re-

https://doi.org/10.4236/jep.2026.178043
https://doi.org/10.4060/ca8753en
https://www.minagri.gov.rw/fileadmin/user_upload/Minagri/Publications/Annual_Reports/MINAGRI_Annual_Report_2022-23FY_Final.pdf
https://www.minagri.gov.rw/fileadmin/user_upload/Minagri/Publications/Annual_Reports/MINAGRI_Annual_Report_2022-23FY_Final.pdf
https://www.minagri.gov.rw/fileadmin/user_upload/Minagri/Publications/Annual_Reports/MINAGRI_Annual_Report_for_2023-24_FY__FINAL.pdf
https://www.minagri.gov.rw/fileadmin/user_upload/Minagri/Publications/Annual_Reports/MINAGRI_Annual_Report_for_2023-24_FY__FINAL.pdf
https://www.rdf.gov.rw/news-detail/security-organs-in-northern-province-conduct-tree-planting-activity-in-burera-district
https://www.rdf.gov.rw/news-detail/security-organs-in-northern-province-conduct-tree-planting-activity-in-burera-district
https://www.minagri.gov.rw/updates/news-details/chinese-academy-equips-rab-researchers-agronomists-with-new-skills


J. P. Bakundase, J. F. Lu 
 

 

DOI: 10.4236/jep.2026.178043 867 Journal of Environmental Protection 
 

searchers-agronomists-with-new-skills 

[6] Homer-Dixon, T. (1999) Environment, Scarcity, and Violence. Princeton University 
Press. 

[7] United Nations Convention to Combat Desertification (2020) Linking Security and 
Environmental Governance: Lessons from Africa. UNCCD.  
https://www.unccd.int/sites/default/files/2022-02/UNCCD_Conven-
tion_ENG_0_0.pdf 

[8] World Bank (2020) Rwanda Environment and Natural Resources Management Re-
view. World Bank. https://www.worldbank.org/ext/en/country/rwanda 

[9] Clewell, A.F. and Aronson, J. (2013) Ecological Restoration: Principles, Values, and 
Structure of an Emerging Profession. 2nd Edition, Island Press. 

[10] Mugabowindekwe, M., Brandt, M., Chave, J., Reiner, F., Skole, D.L., Kariryaa, A., et 
al. (2023) Nation-Wide Mapping of Tree-Level Aboveground Carbon Stocks in Rwanda. 
Nature Climate Change, 13, 91-97.  
https://doi.org/10.1038/s41558-022-01544-w 

[11] Zobel, B.J. and van Buijtenen, J.P. (1989) Wood Variation: Its Causes and Control. 
Springer. 

[12] Grossnickle, S.C. (2000) Ecophysiology of Northern Spruce Species: The Performance 
of Planted Seedlings. NRC Research Press. 
https://www.researchgate.net/publication/262523713_Ecophysiology_of_North-
ern_Spruce_Species_The_Performance_of_Planted_Seedlings 

[13] Nair, P.K.R. (1993) An Introduction to Agroforestry. Kluwer Academic Publishers. 

[14] Roose, E. and Ndayizigiye, F. (1997) Agroforestry, Water and Soil Fertility Manage-
ment to Fight Erosion in Tropical Mountains of Rwanda. Soil Technology, 11, 109-
119. https://doi.org/10.1016/s0933-3630(96)00119-5 

[15] Jose, S. (2009) Agroforestry for Ecosystem Services and Environmental Benefits: An 
Overview. Agroforestry Systems, 76, 1-10.  
https://doi.org/10.1007/s10457-009-9229-7 

[16] Ostrom, E. (1990) Governing the Commons: The Evolution of Institutions for Col-
lective Action. Cambridge University Press.  
https://doi.org/10.1017/cbo9780511807763 

[17] Kapoor, I. (2001) Towards Participatory Environmental Management? Journal of En-
vironmental Management, 63, 269-279. https://doi.org/10.1006/jema.2001.0478 

[18] United Nations Convention to Combat Desertification (2017) Global Land Outlook. 
UNCCD. https://www.unccd.int/resources/global-land-outlook/overview 

[19] Ribot, J.C. (2002) Democratic Decentralization of Natural Resources: Institutionaliz-
ing Popular Inclusion. World Resources Institute.  
https://www.fao.org/4/XII/0775-A4.htm 

[20] Creswell, J.W. (2014) Research Design: Qualitative, Quantitative, and Mixed Meth-
ods Approaches. 4th Edition, Sage.  
https://www.ucg.ac.me/skladiste/blog_609332/objava_105202/fajlovi/Creswell.pdf 

[21] Yin, R.K. (2018) Case Study Research and Applications: Design and Methods. 6th 
Edition, Sage.  
https://uk.sagepub.com/en-gb/eur/case-study-research-and-applica-
tions/book250150 

[22] Republic of Rwanda (2010) National Forest Policy. Ministry of Environment.  
https://faolex.fao.org/docs/pdf/rwa149689.pdf 

https://doi.org/10.4236/jep.2026.178043
https://www.minagri.gov.rw/updates/news-details/chinese-academy-equips-rab-researchers-agronomists-with-new-skills
https://www.unccd.int/sites/default/files/2022-02/UNCCD_Convention_ENG_0_0.pdf
https://www.unccd.int/sites/default/files/2022-02/UNCCD_Convention_ENG_0_0.pdf
https://www.worldbank.org/ext/en/country/rwanda
https://doi.org/10.1038/s41558-022-01544-w
https://www.researchgate.net/publication/262523713_Ecophysiology_of_Northern_Spruce_Species_The_Performance_of_Planted_Seedlings
https://www.researchgate.net/publication/262523713_Ecophysiology_of_Northern_Spruce_Species_The_Performance_of_Planted_Seedlings
https://doi.org/10.1016/s0933-3630(96)00119-5
https://doi.org/10.1007/s10457-009-9229-7
https://doi.org/10.1017/cbo9780511807763
https://doi.org/10.1006/jema.2001.0478
https://www.unccd.int/resources/global-land-outlook/overview
https://www.fao.org/4/XII/0775-A4.htm
https://www.ucg.ac.me/skladiste/blog_609332/objava_105202/fajlovi/Creswell.pdf
https://uk.sagepub.com/en-gb/eur/case-study-research-and-applications/book250150
https://uk.sagepub.com/en-gb/eur/case-study-research-and-applications/book250150
https://faolex.fao.org/docs/pdf/rwa149689.pdf


J. P. Bakundase, J. F. Lu 
 

 

DOI: 10.4236/jep.2026.178043 868 Journal of Environmental Protection 
 

[23] Republic of Rwanda (2011) Green Growth and Climate Resilience Strategy. Ministry 
of Environment.  
https://www.rema.gov.rw/fileadmin/user_upload/REMA/Publications/Poli-
cies/Rwanda_GGCRS_November_2023.pdf 

[24] Republic of Rwanda (2005) Environmental Organic Law No. 04/2005 Relating to the 
Protection of the Environment. Official Gazette of Rwanda. 
https://www.vertic.org/media/National%20Legisla-
tion/Rwanda/RW_Law_04_2005_Environment.pdf 

[25] Republic of Rwanda (2018) National Forestry Policy. Ministry of Lands and Forestry.  
https://www.futurepolicy.org/forests/rwandas-national-forest-policy/  

[26] Rwanda Environment Management Authority (2021) State of Environment and Out-
look Report 2021. REMA.  
https://www.rema.gov.rw/fileadmin/user_upload/REMA/Publications/State_of_En-
vironment___Atlas/Rwanda_State_of_Environment_and_Outlook_Re-
port_2021.pdf 

[27] Rwanda Agriculture and Animal Resources Development Board (2020) National 
Tree Species Guide for Rwanda. RAB. https://www.rab.gov.rw/ 

[28] RAB (2020) Annual Report on Agricultural Development and Seed Systems. Kigali.  
https://www.rab.gov.rw/fileadmin/user_upload/RAB/Publications/Re-
ports/RAB_Annual_2020-2021_FY.pdf 

[29] Murekezi, J.P., Nduwamungu, J. and Munyanziza, E. (2013) Investigation of Survival 
Rate of Trees Planted in Agroforestry and Forest Plantations in Huye District from 
2007 to 2011 and Underlying Factors. Rwanda Journal, Series E: Agricultural Sci-
ences, 1, 51-64. 

[30] Republic of Rwanda (2020) Vision 2050.  
https://en.wikipedia.org/wiki/Vision_2050_(Rwanda) 

[31] UNDP (1994) Human Development Report. United Nations Development Pro-
gramme.  
https://hdr.undp.org/system/files/documents/hdr1994encompletenostats.pdf 

[32] MINADEF (2019) Rwanda Defence Force and National Development Policy Frame-
work. Kigali. https://www.rdf.gov.rw/activities/national-development 

[33] REMA (2020) State of Environment Report. Rwanda Environment Management Au-
thority.  
https://www.rema.gov.rw/fileadmin/user_upload/REMA/Publications/State_of_En-
vironment___Atlas/Rwanda_State_of_Environment_and_Outlook_Report.pdf 

[34] Government of Rwanda (2017) 7 Years Government Programme: National Strategy 
for Transformation (NST1), 2017-2024. Kigali.  
https://faolex.fao.org/docs/pdf/rwa206814.pdf 

[35] Stewart, F. (2004) Development and Security. Conflict, Security & Development, 4, 
261-288. https://doi.org/10.1080/1467880042000319863 

[36] World Bank Group (2021) Rwanda Economic Update, January 2021: Protect and 
Promote Human Capital in a Post-COVID-19 World.  
https://openknowledge.worldbank.org/entities/publication/cd198554-5836-5e33-
bc35-89c1c6a4d0ca 

[37] Booth, D. and Golooba-Mutebi, F. (2012) Developmental Patrimonialism? The Case 
of Rwanda. African Affairs, 111, 379-403. https://doi.org/10.1093/afraf/ads026 

[38] MINAGRI (2018) Strategic Plan for Agriculture Transformation (PSTA 4). Kigali.  
https://www.minagri.gov.rw/fileadmin/user_upload/Minagri/Publications/Poli-

https://doi.org/10.4236/jep.2026.178043
https://www.rema.gov.rw/fileadmin/user_upload/REMA/Publications/Policies/Rwanda_GGCRS_November_2023.pdf
https://www.rema.gov.rw/fileadmin/user_upload/REMA/Publications/Policies/Rwanda_GGCRS_November_2023.pdf
https://www.vertic.org/media/National%20Legislation/Rwanda/RW_Law_04_2005_Environment.pdf
https://www.vertic.org/media/National%20Legislation/Rwanda/RW_Law_04_2005_Environment.pdf
https://www.futurepolicy.org/forests/rwandas-national-forest-policy/
https://www.rema.gov.rw/fileadmin/user_upload/REMA/Publications/State_of_Environment___Atlas/Rwanda_State_of_Environment_and_Outlook_Report_2021.pdf
https://www.rema.gov.rw/fileadmin/user_upload/REMA/Publications/State_of_Environment___Atlas/Rwanda_State_of_Environment_and_Outlook_Report_2021.pdf
https://www.rema.gov.rw/fileadmin/user_upload/REMA/Publications/State_of_Environment___Atlas/Rwanda_State_of_Environment_and_Outlook_Report_2021.pdf
https://www.rab.gov.rw/
https://www.rab.gov.rw/fileadmin/user_upload/RAB/Publications/Reports/RAB_Annual_2020-2021_FY.pdf
https://www.rab.gov.rw/fileadmin/user_upload/RAB/Publications/Reports/RAB_Annual_2020-2021_FY.pdf
https://en.wikipedia.org/wiki/Vision_2050_(Rwanda)
https://hdr.undp.org/system/files/documents/hdr1994encompletenostats.pdf
https://www.rdf.gov.rw/activities/national-development
https://www.rema.gov.rw/fileadmin/user_upload/REMA/Publications/State_of_Environment___Atlas/Rwanda_State_of_Environment_and_Outlook_Report.pdf
https://www.rema.gov.rw/fileadmin/user_upload/REMA/Publications/State_of_Environment___Atlas/Rwanda_State_of_Environment_and_Outlook_Report.pdf
https://faolex.fao.org/docs/pdf/rwa206814.pdf
https://doi.org/10.1080/1467880042000319863
https://openknowledge.worldbank.org/entities/publication/cd198554-5836-5e33-bc35-89c1c6a4d0ca
https://openknowledge.worldbank.org/entities/publication/cd198554-5836-5e33-bc35-89c1c6a4d0ca
https://doi.org/10.1093/afraf/ads026
https://www.minagri.gov.rw/fileadmin/user_upload/Minagri/Publications/Policies_and_strategies/PSTA4__Rwanda_Strategic_Plan_for_Agriculture_Transformation_2018.pdf


J. P. Bakundase, J. F. Lu 
 

 

DOI: 10.4236/jep.2026.178043 869 Journal of Environmental Protection 
 

cies_and_strategies/PSTA4__Rwanda_Strategic_Plan_for_Agriculture_Transfor-
mation_2018.pdf 

[39] FAO (2017) The Future of Food and Agriculture: Trends and Challenges. Food and 
Agriculture Organization.  
https://openknowledge.fao.org/server/api/core/bitstreams/2e90c833-8e84-46f2-
a675-ea2d7afa4e24/content 

[40] Kayonza District Local Government (2022) Office of the Auditor General of State 
Finances (OAG-Rwanda). Kayonza District.  
https://www.kayonza.gov.rw/fileadmin/user_upload/kayonza/In-
yandiko/KAYONZA_DISTRICT-_Final_compliance_audit_re-
port_for_the_year_ended_30_June_2025.pdf 

[41] Ministry of Environment (2019) National Environment and Climate Change Policy.  
https://www.rema.gov.rw/fileadmin/user_upload/REMA/Publications/Poli-
cies/Rwanda_National_Environment_and_Climate_Change_Policy.pdf 

[42] Ministry of Environment (2019) Environmental and Social Management System of 
the Ministry of Environment.  
https://environment.gov.rw/fileadmin/user_upload/Moe/Publications/Re-
ports_and_Publications/Environment_and_Social_Management_System_MOE.pdf 

[43] Ministry of Natural Resources (2014) Forest Landscape Restoration Opportunity As-
sessment for Rwanda.  
https://environment.gov.rw/fileadmin/user_upload/Moe/Publications/Re-
ports_and_Publications/Rwanda_Restoration_Opportunities_Assessment_final.pdf 

[44] Rwanda Eastern Province Forest Landscape Restoration Strategy 2024-2030,  
https://afr100.org/sites/default/files/2025-11/Rwanda%20Eastern%20Prov-
ince%20ROAM%20%20and%20FLR%20Strategy%202024-2030.pdf  

[45] Winowiecki, L.A., Bargués-Tobella, A., Mukuralinda, A., Mujawamariya, P., Nta-
wuhiganayo, E.B., Mugayi, A.B., et al. (2021) Assessing Soil and Land Health across 
Two Landscapes in Eastern Rwanda to Inform Restoration Activities. Soil, 7, 767-783. 
https://doi.org/10.5194/soil-7-767-2021 

[46] Ministry of Environment (2019) Sustainable Landscape Management.  
https://www.environment.gov.rw/fileadmin/user_upload/Moe/Publications/Strate-
gies/Rwanda_Sustainable_Landscape_Management_Investment_Framework.pdf 

[47] United Nations Framework Convention on Climate Change (2015) The Paris Agree-
ment. https://unfccc.int/process-and-meetings/the-paris-agreement 

[48] Assessing Ministry Integrated Pest Management Plan—Final Report, Republic of 
Rwanda.  
https://documents1.worldbank.org/curated/en/616431527233082577/pdf/Inte-
grated-pest-management-plan.pdf  

[49] Republic of Rwanda (2016) National Biodiversity Strategy and Action Plan. Ministry 
of Environment.  
https://www.environment.gov.rw/fileadmin/user_upload/Moe/Publications/Strate-
gies/Rwanda_Biodiversity_strategy.pdf 

[50] Republic of Rwanda (2018) Law Nº 48/2018 of 13/08/2018 on Environment. Official 
Gazette of Rwanda. https://waterportal.rwb.rw/node/2031 

[51] Center for International Forestry Research (2018) Forest Landscape Restoration in 
Africa Initiative.  
https://wwfafrica.awsassets.panda.org/downloads/flr-in-africa-initiative-fy24-re-
port_1.pdf 

[52] Acharya, S., Acharya, T. and Acharya, G. (2025) Biodiversity Conservation and Eco-

https://doi.org/10.4236/jep.2026.178043
https://www.minagri.gov.rw/fileadmin/user_upload/Minagri/Publications/Policies_and_strategies/PSTA4__Rwanda_Strategic_Plan_for_Agriculture_Transformation_2018.pdf
https://www.minagri.gov.rw/fileadmin/user_upload/Minagri/Publications/Policies_and_strategies/PSTA4__Rwanda_Strategic_Plan_for_Agriculture_Transformation_2018.pdf
https://openknowledge.fao.org/server/api/core/bitstreams/2e90c833-8e84-46f2-a675-ea2d7afa4e24/content
https://openknowledge.fao.org/server/api/core/bitstreams/2e90c833-8e84-46f2-a675-ea2d7afa4e24/content
https://www.kayonza.gov.rw/fileadmin/user_upload/kayonza/Inyandiko/KAYONZA_DISTRICT-_Final_compliance_audit_report_for_the_year_ended_30_June_2025.pdf
https://www.kayonza.gov.rw/fileadmin/user_upload/kayonza/Inyandiko/KAYONZA_DISTRICT-_Final_compliance_audit_report_for_the_year_ended_30_June_2025.pdf
https://www.kayonza.gov.rw/fileadmin/user_upload/kayonza/Inyandiko/KAYONZA_DISTRICT-_Final_compliance_audit_report_for_the_year_ended_30_June_2025.pdf
https://www.rema.gov.rw/fileadmin/user_upload/REMA/Publications/Policies/Rwanda_National_Environment_and_Climate_Change_Policy.pdf
https://www.rema.gov.rw/fileadmin/user_upload/REMA/Publications/Policies/Rwanda_National_Environment_and_Climate_Change_Policy.pdf
https://environment.gov.rw/fileadmin/user_upload/Moe/Publications/Reports_and_Publications/Environment_and_Social_Management_System_MOE.pdf
https://environment.gov.rw/fileadmin/user_upload/Moe/Publications/Reports_and_Publications/Environment_and_Social_Management_System_MOE.pdf
https://environment.gov.rw/fileadmin/user_upload/Moe/Publications/Reports_and_Publications/Rwanda_Restoration_Opportunities_Assessment_final.pdf
https://environment.gov.rw/fileadmin/user_upload/Moe/Publications/Reports_and_Publications/Rwanda_Restoration_Opportunities_Assessment_final.pdf
https://afr100.org/sites/default/files/2025-11/Rwanda%20Eastern%20Province%20ROAM%20%20and%20FLR%20Strategy%202024-2030.pdf
https://afr100.org/sites/default/files/2025-11/Rwanda%20Eastern%20Province%20ROAM%20%20and%20FLR%20Strategy%202024-2030.pdf
https://doi.org/10.5194/soil-7-767-2021
https://www.environment.gov.rw/fileadmin/user_upload/Moe/Publications/Strategies/Rwanda_Sustainable_Landscape_Management_Investment_Framework.pdf
https://www.environment.gov.rw/fileadmin/user_upload/Moe/Publications/Strategies/Rwanda_Sustainable_Landscape_Management_Investment_Framework.pdf
https://unfccc.int/process-and-meetings/the-paris-agreement
https://documents1.worldbank.org/curated/en/616431527233082577/pdf/Integrated-pest-management-plan.pdf
https://documents1.worldbank.org/curated/en/616431527233082577/pdf/Integrated-pest-management-plan.pdf
https://www.environment.gov.rw/fileadmin/user_upload/Moe/Publications/Strategies/Rwanda_Biodiversity_strategy.pdf
https://www.environment.gov.rw/fileadmin/user_upload/Moe/Publications/Strategies/Rwanda_Biodiversity_strategy.pdf
https://waterportal.rwb.rw/node/2031
https://wwfafrica.awsassets.panda.org/downloads/flr-in-africa-initiative-fy24-report_1.pdf
https://wwfafrica.awsassets.panda.org/downloads/flr-in-africa-initiative-fy24-report_1.pdf


J. P. Bakundase, J. F. Lu 
 

 

DOI: 10.4236/jep.2026.178043 870 Journal of Environmental Protection 
 

system Restoration: Integrating Science and Policy Perspectives. In: Sahu, L., et al., 
Eds., Green Chemistry, Nanotechnology, and Sustainable Materials for Climate Ac-
tion and Circular Economy, Deep Science Publishing, 111-120.  
https://doi.org/10.70593/978-93-7185-662-1_12 

 
 
 

https://doi.org/10.4236/jep.2026.178043
https://doi.org/10.70593/978-93-7185-662-1_12

	A Comprehensive Policy, Scientific, and Practical Analysis of Forest Seedling Production, Planting, and Maintenance for Environmental Protection in Rwanda: A Case Study of Kageyo-Kahi Site, Kayonza District
	Abstract
	Keywords
	1. Introduction
	1.1. Global and National Context
	1.2. Institutional Landscape
	1.3. Environmental Protection as a Security Issue
	1.4. Research Problem
	1.5. Research Objectives

	2. Literature Review
	2.1. Ecological Restoration Theory
	2.2. Silvicultural Theory and Seedling Quality
	2.3. Agroforestry and Sustainable Land Use
	2.4. Environmental Governance and Multi-Actor Systems
	2.5. Security and Environmental Protection

	3. Methodology
	3.1. Research Design
	3.2. Data Sources
	3.3. Analytical Framework

	4. Policy Context
	4.1. National Environmental Policy Framework
	4.2. Policy Implications for the Kageyo-Kahi Site

	5. Forest Seedling Production
	5.1. Technical Processes
	5.2. Genetic Quality
	5.3. Nursery Management
	5.4. Role of the Rwanda Reserve Force in Seedling Production
	5.5. Case Study: Kageyo-Kahi Seedling Production

	6. Tree Planting
	6.1. Ecological and Technical Factors
	6.2. Institutional Collaboration
	6.3. Role of the Rwanda Reserve Force in Planting Campaigns
	6.4. Case Study: Kageyo-Kahi Planting Operations

	7. Maintenance Practices
	7.1. Importance of Post-Planting Maintenance
	7.2. Core Maintenance Practices
	7.3. Role of the Rwanda Reserve Force in Forest Protection
	7.4. Case Study: Forest Protection at Kageyo-Kahi

	8. Environmental Outcomes
	8.1. Soil Conservation
	8.2. Water Regulation
	8.3. Carbon Sequestration and Climate Mitigation
	8.4. Biodiversity
	8.5. Environmental Security

	9. Discussion
	9.1. Rwanda’s Integrated Governance Model
	9.2. Strengths of the Current Approach
	9.3. Persistent Challenges
	9.4. Critical Assessment and Strategic Directions

	10. Lessons Learned
	11. Conclusion and Recommendations
	11.1. Conclusions
	11.2. Recommendations

	Acknowledgements
	Conflicts of Interest
	References

