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1 Related Documents 

This document shall be read in conjunction with the following related documents, which form 
an integral part of the obligations and conditions for the successful implementation of the 
programme: 

 Abbreviations and Definitions 
 Roles and Responsibilities 
 Biochar Production Manual 
 Methane Compensation Plan 
 Artisan Pro Management Plan 
 Artisan Pro Biochar Carbon Credit Participation Agreement 
 Internal Monitoring Plan 
 Internal Inspection Protocol 
 Internal Training Protocol 
 Non-Conformities and Corrective Actions 

These documents, as updated from time to time, outline additional standards, procedures, 
and responsibilities relevant to the execution of the Perivoli Rangeland Restoration 
Programme (PRRP).  
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2 Introduction 

Namibia, the driest country in sub-Saharan Africa, experiences low and erratic rainfall, a pattern 
expected to worsen with climate change. The arid north-western region, one of the most 
challenging areas for livestock production, sustains the livelihoods of local communities despite 
the harsh conditions. Frequent droughts, now becoming the norm rather than the exception, 
have exacerbated widespread rangeland degradation. This is evidenced by soil deterioration 
(capped topsoil and erosion), the loss of perennial grasses, and a depleted water table.  

Perivoli Rangeland Institute (PRI) focuses on restoring rangelands and enhancing carbon 
sequestration across Namibia, particularly in areas affected by bush encroachment. Through 
selective thinning of encroacher woody species, the initiative aims to rehabilitate degraded 
ecosystems, improve agricultural productivity, and restore biodiversity. By rebalancing these 
ecosystems, the project replenishes biological carbon and essential nutrients, particularly in 
semi-arid conditions where bush encroachment is a major issue. 

The Environmental Management Plan (EMP) serves as a comprehensive framework to ensure the 
Perivoli Rangeland Restoration Programme (PRRP) operates sustainably and in accordance with 
Carbon Standards International (CSI) guidelines. The EMP outlines protocols for managing 
environmental impacts, promoting sustainability, and ensuring regulatory compliance. It 
addresses key objectives, such as reducing habitat destruction, preventing overuse of natural 
resources, converting waste byproducts of de-bushing into permanent carbon sinks, improving 
soil health, and promoting biodiversity recovery. Selective bush thinning not only enhances 
carbon sequestration potential but also contributes to the regeneration of indigenous species 
and the return of perennial grasses. 

 

Figure 1:  Revised Namibia Bush Thickening Maps (MEFT, 2024) 
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Additionally, post-thinning aftercare methods ensure that re-encroachment is controlled 
through active monitoring and sustainable land management practices. 

The EMP aligns with both global and national environmental standards, including Namibia’s 
Environmental Management Act (Act No. 7 of 2007) and National Strategy on the Sustainable 
Management of Bush Resources (2019–2024), as well as international agreements like the Paris 
Agreement, UN Sustainable Development Goals, and the Convention on Biological Diversity.  

3 Overview of Rangelands, Bush Encroachment and Soil Organic Carbon 

Rangelands are natural ecosystems found primarily in arid and semi-arid regions, characterised 
by a diverse array of vegetation including grasses, forbs, shrubs, and grass-like plants, making 
rangelands well-suited for grazing (Mussa & Yunus, 2022).  

3.1 Bush Encroachment 

The proliferation of woody plants, commonly referred to as "bush encroachment", is a critical 
challenge for rangeland management globally. This process suppresses valuable herbaceous 
forage species, reduces biodiversity, and disrupts ecosystem functions (Mussa et al., 2018).   

In Namibia, this issue affects approximately 45 million hectares (SAIEA, 2016). The Perivoli 
Rangeland Institute, in collaboration with experts, has reviewed bush encroachment in Namibia 
using remote sensing, with Figure 1 highlighting the most severely affected areas. This results in 
annual agronomic losses amounting to approximately 100 million EUR, representing two-thirds 
of total rangeland productivity (Heck, 2025) 

Bush encroachment occurs when aggressive woody species invade and thicken, creating an 
imbalance between grass and bush cover and leading to biodiversity loss (De Klerk, 2004). The 
phenomenon reduces the land’s ecological function and economic value (Hare et al., 2020). 
Factors driving bush encroachment include overgrazing and a widespread replacement of large 
browsers with grazers, changes in rainfall patterns, the depletion of minerals and nutrients from 
the charcoal and beef industry and rising atmospheric carbon dioxide (CO₂) levels (Ward, 2005). 

While bush encroachment contributes to carbon sequestration through photosynthesis, its 
negative ecological, social, and economic impacts far outweigh the benefits. Excessive woody 
growth disrupts the grass-to-bush balance, threatening soil structures, reducing biodiversity, 
rangeland productivity, and cattle grazing capacity. Woody vegetation competes with 
herbaceous plants for water and nutrients, diminishing grass cover and grazing capacity (Hare 
et al., 2020). Indigenous species like black thorn (Senegalia mellifera) and sickle bush 
(Dichrostachys cinerea) rapidly spread, displacing grasses. Currently, bush encroachment 
affects approximately 450,000 km² of farmland, expanding by about 3% annually, or 1.3 million 
hectares each year (EIFN, 2022). 

3.1.1 Encroacher Species 

Key species contributing to bush encroachment in Namibia for several years include Senegalia 
mellifera, Vachellia reficiens, and Dichrostachys cinerea (De Klerk, 2004; Kraaij & Ward, 2006). 
These species dominate up to 75% of the landscape in some areas. Other encroaching species 
PRI are working to address include Catophractes alexandri, Colophospermum mopane, 
Combretum apiculatum, Vachellia karroo, Terminalia prunioides, Grewia flava, Senegalia senegal, 
Terminalia sericea, Vachellia leuderitzii, and Vachellia erubescens. 
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Senegalia mellifera and Dichrostachys cinerea were assessed by the Ruhl Lab, a CSI-endorsed 
laboratory, in October 2024 and Vachellia reficiens, Catophractes alexandri, and 
Colophospermum mopane were assessed in February 2025. Combretum apiculatum and Vachellia 
karroo were assessed in March and April 2025. Terminalia prunioides, Grewia flava, Senegalia 
senegal, Terminalia sericea, Vachellia leuderitzii, and Vachellia erubescens will be assessed 
throughout 2025. 

3.1.2 Bush Control 

Across the 46 million hectares of bush encroached land in Namibia, experts suggest that there 
are 1.5 billion tonnes of biomass available. Dr Jerome Boys has indicated that 30 per cent can be 
harvested sustainably (Boys, 2024). These estimates do not consider the annual expansion in 
bush-encroached areas as well as the regrowth in harvested areas. Currently, about 2 million 
tonnes of biomass are removed per year. 

Several bush control methods have been employed in Namibia, including mechanical and manual 
removal, controlled burning, biological control, and chemical treatments (MEFT, 2022). "Bush 
control" refers to proactive management of woody plant densities (Mussa & Yunus, 2022).  

While bush control can restore grazing capacity, mechanical methods, especially those involving 
heavy machinery, can disrupt soil structure and increase soil erosion, reducing soil carbon 
sequestration capacity (Birch et al., 2017; Musekiwa et al., 2022).  

3.2 Soil Organic Carbon 

Soil Organic Carbon (SOC) is a vital indicator of soil health, influencing nearly all soil functions 
(Ngatia et al., 2020). High SOC levels promote soil stability, nutrient availability, and plant 
productivity, while low SOC levels lead to reduced soil function and biodiversity (European 
Communities, 2009; Ngatia et al., 2020). Shifts in dominant vegetation, such as the transition 
from woody plants to grasses, affects SOC content and distribution due to variations in litter 
chemistry and organic inputs (Gill & Burke, 1990). SOC tends to concentrate near the soil surface, 
with concentrations decreasing exponentially with depth (Schuman et al., 2002; Hilinski, 2001).  

Changes in land use and vegetation cover are key factors influencing SOC content (Mureva et al., 
2018). The expansion of woody plants into grassland and savannah biomes has become a global 
issue, driving significant ecological transformations over the past two centuries (Eldridge et al., 
2011; Polley et al., 1997). This shift in the balance between trees, shrubs, grasses, and herbs is 
considered a form of severe land degradation (Oldeland et al., 2010). 

Bush thinning, whether manual, mechanical, or chemical, can reduce the amount of carbon 
stored in both soil and woody biomass (Birch et al., 2017). While this process may initially lower 
SOC by reducing litter-fall and disrupting soil structure, it can also enhance SOC by opening the 
canopy and stimulating understory plant growth when management is timely and precise (Yang 
et al., 2022).  

Globally, cropping and grazing have contributed to an estimated 116 petagrams of carbon (PgC) 
loss from the top two meters of soil over the past 12,000 years (Venter et al., 2021). Grasslands, 
savannas, and croplands have undergone the most significant SOC losses, with global median 
losses of 26% (Venter et al., 2021). SOC is a critical carbon pool, holding three times more carbon 
than above-ground vegetation. In Southern Africa, overgrazing has significantly reduced SOC, 
while moderate grazing may boost SOC by promoting below-ground biomass (Bagchi & Ritchie, 
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2010; Angassa et al., 2012; Dong et al., 2021). Restoration of these ecosystems is crucial for 
mitigating further losses (Venter et al., 2021). 

Burning remains a widely used tool for controlling woody biomass in rangelands, though frequent 
fires can negatively affect plant diversity, lose above ground carbon storage and disrupt SOC 
sequestration (Lopez-Cruz, 2022). Fire-sensitive species influence SOC and nutrient dynamics, 
as trees contribute to nutrient accumulation under their canopies (Coetzee et al., 2010). Despite 
periodic fires in regions like the Kalahari, below-ground biomass can still contribute to carbon 
storage (Scholes & Walker, 1993). Studies have shown that elevated CO₂ levels may further boost 
plant growth and SOC in grasslands (Pellegrin, 2021) 

Chemical bush control, particularly the use of arboricides, is common in Namibia (Paulson, 2017). 
Soil-applied arboricides, such as Bromacil or Tebuthiuron, act quickly but can negatively impact 
soil fertility, SOC, and biodiversity (Rothauge, 2017; Allam et al., 2022). These chemicals can 
disrupt soil organic matter formation (Kahumba et al., 2022). 

Concerns have been raised that destructive, ill-prescribed and indiscriminate bush clearing, 
combined with climate change, may accelerate soil respiration and SOC loss, contributing to 
higher atmospheric CO₂ levels (Thomas et al., 2011). Reduced organic matter and humus input, 
along with less physical protection, can lead to soil erosion and compaction (Franzluebbers, 
2002; Du Preez et al., 2011). In southern Africa, where soils are naturally low in organic matter, 
further degradation could worsen soil productivity issues. 

3.3 The Role of Nitrogen Fixing Species 

The encroachment of nitrogen-fixing trees and shrubs into grasslands and savannas is a well-
documented global phenomenon (Creamer, 2013). These species, particularly in semi-desert 
shrub communities and various savanna ecosystems, have been shown to improve nutrient 
availability in their immediate surroundings (Vetaas, 1992). Studies measuring organic carbon, 
total nitrogen, and mineralisable nitrogen found a consistent pattern: nutrient content in topsoil 
decreases with distance from the trunk and is significantly lower in open ground than under the 
canopy (Vetaas, 1992). This effect is driven by complex interactions between trees, understory 
plants, symbiotic microorganisms, and external factors like animals (Vetaas, 1992).  

Acacia species, for example, exhibit higher nitrogen content in their leaf litter compared to other 
tree species, due to their symbiotic relationship with nitrogen-fixing Rhizobium bacteria (Vetaas, 
1992). This symbiosis enriches the soil by increasing nitrogen availability (Vetaas, 1992). 
Research also indicates that nitrogen-fixing tree species are associated with higher SOC with an 
estimated accumulation of 12–15 grams of carbon for every gram of nitrogen fixed (Berryman et 
al., 2020). The mechanisms behind this SOC increase are not fully understood, but organic 
matter from nitrogen-fixing species like Acacia appears to be more resistant to decomposition 
than litter from other trees in mixed stands (Berryman et al., 2020). 

Additionally, Colophospermum mopane, a nitrogen-fixing species adapted to dry conditions, 
dominates approximately 550,000 km² of Southern Africa. Despite its prevalence, little is known 
about its root system and associated bacterial communities (Burbano et al., 2015). A study in 
Zimbabwe, however, suggests that the presence of mopane positively influences surface soil 
properties (Mlambo, Nyathi & Mapaure, 2005).  
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Further research in Namibia estimated nitrogen fixation along an aridity gradient, showing that 
nitrogen-fixing species in the Mimosaceae family contributed an average of 30% of leaf nitrogen 
concentration, with significant variation among species (Schulze et al., 1997).  

Expert have identified that an ideal rate of removal of dense bush is between 30-60% based on 
the ETTE rates. It is critical to leave the bushes that possess over 15 cm in diameter as they 
provide benefits like nitrogen fixation. Projects that remove the bush at scale significantly 
damage soil structures and nitrogen availability.  

3.4 Perennial Grasses 

Perennial grasses are vital for maintaining healthy ecosystems, particularly in arid and semi-arid 
regions like Namibia, where they play a critical role in stabilising soil, reducing water run-off and 
soil erosion, and regulating water cycles. Encroaching species such as Senegalia mellifera, 
Dichrostachys cinerea, and Senegalia erioloba overshadow perennial grasses, outcompeting 
them for light, water, and nutrients. The result is a feedback loop where bush encroachment 
reduces grass cover, which in turn exacerbates soil degradation and alters ecosystem dynamics. 
As palatable perennial grasses decline, they are often replaced by less palatable or even toxic 
annual and perennial species that lack the deep root systems necessary to compete effectively 
with woody shrubs. This shift disrupts the balance of the ecosystem, as woody species, with 
their deeper tap roots, dominate and outcompete grasses for water and nutrients, particularly 
during drought conditions. Studies have revealed that shrubs can consume up to two or three 
times more water than grasses in arid and semi-arid region (Schreiner-McGraw et al., 2020). This 
is significantly exacerbated when bush is heavily encroached.    

This transformation reduces ground cover, exacerbates soil erosion, and undermines the 
resilience of the herbaceous layer, further amplifying the degradation of ecosystem health and 
functionality (Kohli et al., 2022). 

4 Perivoli Rangeland Restoration Programme 

As established, bush encroachment alters the composition and balance of species in natural 
ecosystems. This impacts biodiversity, land productivity and water availability for other plant 
species. In addition, the excess in undesired woody biomass increases fire intensity that can 
contributes to worsening soil erosion and land degradation. 

A study in 2002 revealed that the total biomass available from bush thinning in Namibia is 54.0 
million tonnes (Zimmermann and Joubert, 2002) and could be sustainably harvested at a rate of 
2.7 million tonnes per annum. It is agreed by local experts that this figure is now much more 
significant. The Perivoli Programme strictly implement the latest version of the Namibian 
Biomass Estimates from Canopy Volume (BECVOL) Protocol. Land restoration requires the 
appropriate management of bush encroachment and alien plant invasions with remedial action 
involving control, containment, and eradication (Reed et al., 2015). 

It is estimated that Namibia has between 300-450 million tons of bush biomass, which increases 
by 9-18 million tonnes each year. For sustainable management, approximately 18 million tonnes 
of this biomass should be harvested annually (Heck, 2025). 

4.1 Site Baselines 

Prior to starting work with Artisan Pros, PRI conduct site baselines to assess the historic and 
current bush control methods. 
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In the case of many commercial Artisan Pros, reducing bush densities is an over-riding priority 
because it inhibits the land’s use for farming, game management and tourism. To do so, the 
farming community tend to adopt some of following interventions, all of which result in 
greenhouse gas emissions: 

1. Using bulldozers, chained removal systems, and chemical pesticides to clear the 
bush at scale. This turns out to be a misguided intervention as whole-scale removal 
of bush results in continued degradation of land (Boys, 2022). 

2. Converting the bush into charcoal. Namibian charcoal is a major export and results in 
significant carbon emissions through transportation to European and Middle Eastern 
markets and burning of BBQs there. Minerals are depleted and exported off the farm, 
resulting in vulnerable soil structures and aggressive regrowth. There are now over 
1,000 large-scale charcoal producers in Namibia, of which many are scaling 
production on the opportunity of the encroacher bush. In addition, there are known 
to be thousands of small-scale and low-skilled producers harvesting the wood for the 
same purpose. 

3. Allowing for wide-spread veld fires, either as a result of lightening strikes, intentional 
burning, or accidental burning from mismanagement. The Ministry of Environment, 
Forestry and Tourism recorded 3 million hectares of burnt areas in 2021 and 2.4 
million hectares in 2022 from veld fires. 

4. Leaving the harvested bush which is not converted to charcoal or burned in the veld 
to decompose naturally. 

5. Following guidance from national legislation to use the biomass for other purposes 
such as electricity generation. Namibia’s National Strategy on the Sustainable 
Management of Bush Resources 2022-2027 recommends Artisan Pros convert the 
bush into biogenic energy sources. 

All these activities cause direct carbon loss and result in greenhouse gas emissions. 
Unconsidered practices for removal also deplete biodiversity levels and cause vulnerability 
within soil structures.  

In the case of our two sites that PRI began with in 2024, both Trial Artisan Pros either convert the 
bush into charcoal or leave it in the veld to rot. Our Trial Farmer in Otavi has cleared hundreds of 
hectares over the past years, converting the biomass into charcoal and leaving smaller 
remaining bush to decompose naturally as a mulched layer. Our second Trial Farmer in Outjo has 
employed fieldworkers for a decade to remove bush on her 12,000-hectare farm. The biomass is 
also either left in the fields or made into charcoal.  

Without green financing options that enable biochar carbon removal, both Trial Artisan Pros will 
continue to use charcoal production as a means of income and bush management. 

Upon validation of carbon loss and environmental degradation, PRI conduct assessments of 
bush encroachment on a site-by-site basis to determine sustainable removal quantities.  

4.2 Project Areas 

The selection of project areas within the PRRP is a collaborative process involving PRI and the 
Artisan Pro. The Artisan Pro leads in defining the areas they want to address, focusing on regions 
that require intervention due to factors like severe bush encroachment, biodiversity loss, or 
significant degradation of soil and water resources. 
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Project Areas are defined at the start of each production year. Targeted bush thinning and 
removal in this project area must not exceed the production equivalent of 1,500 cubic meters of 
biochar.  

Using a conservative conversion rate from biomass to biochar of 25%, this equates to roughly 
4,000 metric tonnes of biomass removed within a Project Area by one Artisan Pro each year. The 
exact number will depend on the ecological conditions of the Project Area and the bulk density 
of the selected feedstock. The Artisan Pro is aware of this limitation and uses it to guide their 
decision of how large the Project Area should be. Bush thinning assessments are determined by 
the Evapo-Transpiration Tree Equivalents as described in section 3.3. 

Some guiding criteria that the Artisan Pro must consider for the selection of Project Areas 
include: 

 Current Bush Densities:  Areas in which bush encroachment is most severe will be 
targeted as a priority. 

 Ecological Sensitivity: Areas that are ecologically sensitive and have experienced 
significant degradation due to dense bush encroachment are prioritised to maximise the 
benefits of restoration. 

 Biodiversity Conservation: Regions with critical habitats or threatened species are 
considered to enhance biodiversity through effective land management practices. 

 Community Impact: Areas where restoration efforts can improve the livelihoods of local 
communities through enhanced ecosystem services are also prioritised. 

 Research and Monitoring Potential: Sites that offer valuable research opportunities for 
studying restoration impacts and techniques are included to gather data that can inform 
future projects in Project Areas. 

4.3 Project Sites: History 

PRI have been working with two Artisan Pros since 2024 to begin the PRRP. These two farms are 
based in Outjo and Otavi, Namibia. The farms are privately owned and are named Farm Rafidim 
and Farm Dabib, respectively. The PRRP will expand to 5 Artisan Pros during the remainder of 
2025 and will grow subsequently to 10 Artisan Pros in 2026. This Environmental Management 
Plan will be amended following the introduction of new Artisan Pros into the PRRP. 

4.3.1 Farm Rafidim: Land Use History 

Farm Rafidim, located in the Outjo/Otjikondo District, Kunene Region, spans 3,503 hectares. The 
farm has been family-owned since the 1960s and is currently managed by Dr Sabine Hoppe-
Speer, who has owned it since 2017. Historically, the farm has been used for livestock, trophy 
hunting, and some agricultural activities such as sunflower and maize production. Recent shifts 
have reduced livestock numbers and introduced horses, game management, and biochar 
production. 

The main activities at Rafidim include cattle farming, eco-tourism, and biochar production. The 
farm operates under a regenerative farming system focused on bush harvesting for biochar and 
organic resource management. Around 50% of income comes from livestock, while 25% each is 
from tourism and biochar-related activities. 

Rafidim has red and clay soils, with a lack of formal soil fertility assessments. Water is sourced 
from boreholes and pans. Encroacher bush species like Colophospermum mopane, Catophractes 
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alexandri, Vachellia reficiens, Senegalia mellifera, Dichrostachy cinerea, and Combretum 
apiculatum dominate. Biochar production from these species is considered viable.  

Encroacher Species Average kg per HA 

V. reficiens 4795.80 

S. mellifera 1915.74 

D. cinerea 1012.53 

C. mopane 650.93 

C. alexandri  77.99 

C. apiculatum 251.36 

 

 

Figure 2: Geolocation of Farm Rafidim 

4.3.2 Farm Dabib: Land Use History 

Farm Dabib, owned by Margarethe A. Fechter, is a family-run operation located in the 
Grootfontein District, covering 7,200 hectares. The farm’s primary activities include cattle 
farming, trophy hunting, and charcoal production. With 95% of the farm covered by encroacher 
bushes, Farm Dabib sees great potential for biochar production as a means of managing bush 
encroachment and improving soil health. The farm is transitioning from conventional to 
regenerative farming practices and is highly motivated to participate in the biochar feasibility 
project to improve its operations. Challenges include bush encroachment, but the farm 
anticipates significant improvements in profitability with increased grassland and animal 
populations. 

Dabib has been family-owned for four generations. The farm's historical and current land use 
centers around cattle farming, with additional activities such as trophy hunting and bush 
clearing for charcoal production since 1993 and 2015, respectively. 
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Dabib's soils consist of limestone, clay, and sand, though no formal soil analysis has been 
conducted. Water is sourced from boreholes, and there are no irrigation systems in place. 
Encroacher bush species, such as Vachellia mellifera and Dichrostachys cinerea, cover 95% of 
the farm. The farm uses these bushes for charcoal production, and there is significant potential 
for biochar production due to the presence of medium-sized regrowth bushes. 

4.4 Assessment of Bush Encroachment 

Several methods have been suggested to quantify this bush encroachment threshold and assess 
bush counts for different species. These methods are based on an area’s long-term rainfall, as 
wetter regions can sustain more woody plants than arid areas without negatively impacting 
herbaceous productivity (Smit et al., 2015). De Klerk (2004) defines bush encroachment as 
occurring when the density of Tree Equivalents (TEs) (where one TE is a bush 1.5 meters tall) 
exceeds twice the long-term annual rainfall (in millimetres) per hectare. Smit et al. (2015) offers 
a more refined approach, suggesting that the negative effects of BE become apparent when the 
median number of Evapo-Transpiration Tree Equivalents (ETTEs) per hectare exceeds ten times 
the mean annual rainfall. The ETTE is a standardised unit representing woody leaf volume, which 
serves as an index of the competitive pressure the woody layer exerts on the grass layer (Smit et 
al., 2015).  

By calculating the ETTE, Artisan Pros can decide how much bush needs to be thinned or removed 
to maintain a balance that supports both woody and herbaceous plants. This balance is crucial 
for preventing over-thickening of bushes. Boys suggests aiming to retain a bush density that 
does not exceed 10 times the annual rainfall in millimeters as ETTE per hectare. For example, if 
an area receives 500 mm of rain per year, the total ETTE for that area should not exceed 5000 
mm ETTE/ha (Boys, 2022). 

While these methods are simplifications, they offer a useful means of quantitatively assessing 
the severity of bush encroachment based on expected long-term rainfall. Field measurements 

Figure 3: Geolocation of Farm Dabib 
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of the woody layer are typically used to calculate the number of TEs or ETTEs per hectare, which 
is then compared with the area’s long-term rainfall to assess the severity of bush encroachment. 
In southeast Namibia, Lubbe (2013) used transects spaced approximately 20 kilometers apart to 
measure the density of encroacher bush species like Rhigozum trichotomum. A density map was 
subsequently created by interpolating the measured densities using GIS. 

The Transect Methodology or the Biomass Quantification Tool will be employed during field 
surveys, which is a belt transect of at least 50x2.5 m (125 m2) to represent sites for the 
measurement of woody vegetation. The length of the transect will be increased over 
heterogeneous areas for improved accuracy. 

PRI will employ the ETTE method to evaluate bush density and identify invasive species. This 
model will include measurements such as tree height (TH), canopy diameter (CD), and canopy 
height (CH), depending on the selected data collection option.  

4.5 Bush Thinning and Harvesting Practices 

Bush thinning and harvesting are prescribed measures under the PRRP to ensure sustainable 
land restoration and biochar production while minimising environmental degradation. This 
section outlines mandatory best practices to be followed by all participating Artisan Pros. 

*** This protocol is aligned with the following national publications: *** 

 Namibia’s National Strategy on Sustainable Bush Management (2022) 
 The Bush Control Manual (2017) 
 Strategic Environmental Assessments on Bush Thinning (2015) 
 Strategic Environmental Assessment of Large-Scale Bush Thinning and Value-Addition 

Activities in Namibia (2015) 
 Baseline Assessment for the De-Bushing Programme in Namibia (2014) 
 Detailed Assessment of the Biomass Resource and Potential Yield in a Selected Bush 

Encroached Area of Namibia (2015)  

4.5.1 Selective Thinning 

Selective thinning is a required practice aimed at reducing bush encroachment while 
maintaining ecosystem balance. It involves the careful removal of targeted encroacher species 
to improve grazing potential and biodiversity. According to ETTE quantification tools, Artisan 
Pros may be required to remove between 30-60% of the bush biomass.  

Selective thinning is best to be completed during the dry season, when the bush is dormant. 

By selectively thinning encroacher bush species, the PRRP ensures that interventions are 
ecologically balanced and aligned with best-practice guidelines for sustainable bush control 
(MEFT, 2022) (SAIEA, 2015). Large-scale removal of bush can shock local flora and fauna, 
disrupting habitat structures and soil stability (Smit et al., 201). To mitigate this, gradual, phased 
thinning should be implemented to reduce ecosystem stress, allowing natural vegetation 
succession and faunal adaptation to occur over time (De Klerk, 2004). 

This approach enhances rangeland productivity by reducing competition for water and 
nutrients, facilitating the recovery of indigenous plant species and the re-establishment of 
perennial grasses, which are crucial for long-term soil stability and livestock production (Joubert 
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& Zimmermann, 2000). Furthermore, carbon sequestration will be optimised through biochar 
integration and improved soil organic carbon (SOC). 

Crucially, selective thinning will ensure that only excess biomass is removed, maintaining overall 
ecosystem integrity while achieving climate resilience, biodiversity conservation, and 
sustainable land management goals (MEFT, 2022). 

The selective control of increaser woody species will result in a well-maintained woody layer and 
will promote the establishment of a grassy savanna, rich in valuable forage grasses, as seen in 
effective bush-thickening prevention strategies. Despite high grass density and dry matter 
production, non-selective control methods will lead to less stable rangeland conditions. Findings 
suggest that non-selective control will encourage the regrowth of a more aggressive and denser 
layer of woody saplings, which will eventually hinder the development of a healthy and favourable 
grass layer. 

Exceptions will be granted if the Artisan Pro wishes to convert a Project Area into grasslands, 
however this will be limited to a confined area and not applicable across the rangeland 
conditions. Permission for the Project Area to participate in the Biochar Carbon Removal Project 
will be determined by proof of agricultural utilisation, soil and grass restoration, and subject to 
continuous after-care treatments.  

4.5.2 Targeted Removal 

PRI target the following species within the PRRP: 

PHASE 1: 
1. Senegalia mellifera 
2. Dichrostachys cinerea 
3. Vachellia reficiens, 
4. Catophractes alexandri 
5. Colophospermum mopane 
6. Combretum apiculatum 
7. Vachellia karroo 

 
PHASE 2: 

8. Terminalia prunioides 
9. Grewia flava 
10. Vachellia leuderitzii 
11. Vachellia erubescens 
12. Senegalia senegal 
13. Terminalia sericea 

PRI will proceed on the basis of sampling these species for biochar production upon 
identification of the species at farms PRI will work with under the PRRP.  

PRI do not thin bushes that have more than 15 centimetres stems in diameter. Larger bushes 
and trees are effective at storing carbon dioxide. Research published in the journal 
"Conservation Biology" shows that larger vegetation structures (trees and bushes) offer more 
balanced habitats and can support more diverse ecosystems. In addition, the root systems of 
larger bushes are typically more developed than those of smaller bushes, which helps prevent 
soil erosion and maintain soil fertility. 
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4.5.3 Targeted Species and Bush Encroachment 

Bush encroachment is particularly pressing in semi-arid and arid regions, where the balance of 
flora and fauna is sensitive to changes in vegetation structure and water availability. The species 
listed below, including Catophractes alexandri, Colophospermum mopane, Dichrostachys cinerea, 
Senegalia mellifera, Vachellia reficiens, Combretum apiculatum, and Vachellia karroo, have been 
identified as major contributors to this encroachment. These species are going to be used within 
the first stage of the PRRP.  

Terminalia prunioides, Grewia flava, Vachellia leuderitzii, Vachellia erubescens, Senegalia Senegal, 
and Terminalia sericea will come in at a later phase when more farmers are added into the project 
as Artisan Pros and PRI expand into more regions of Namibia. 

There are an estimated 300-450 million tonnes of standing bush biomass in Namibia, with an 
annual growth increment of 9-18 million tons. To sustainably manage this biomass, about 18 
million tonnes need to be harvested annually. However, current usage of this biomass is 
minimal, roughly constituting only 1% of the total available biomass (Heck, 2025). 

These species thrive in Namibia's challenging climates due to their robust adaptative traits such 
as deep root systems, rapid growth rates, and high drought tolerance. Their ability to 
outcompete native grasses and other vegetation forms dense thickets that significantly impact 
land usability for agricultural and conservation purpose. 

The following scientific and government-commissioned evidence demonstrates that each of the 
listed species are functioning as an encroacher species in Namibia: 

4.5.3.1 Dichrostachys cinerea 

Dichrostachys cinerea, also known as the Sickle Bush, is recognised as a significant encroacher 
species in Namibia, contributing to widespread bush thickening across various ecological zones. 
This phenomenon has been documented extensively, revealing Dichrostachys cinerea's robust 
presence north of the Windhoek–Gobabis road, affecting 91% of problem bush plots (De Klerk, 
2004). The species' dominance is particularly marked in the Burkea–Baikiaea Woodlands, the 
Dolomite Karstveld, and the Tamboti Woodlands, among others, demonstrating a broad 
ecological adaptability that exacerbates its encroaching nature (Mendelsohn et al., 2002). 
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Dichrostachys cinerea Distribution in Namibia (MEFT, 2024) 

 

Further analysis indicates that Dichrostachys cinerea thrives in these areas due to its ability to 
outcompete native flora, specifically grass species, significantly altering the natural biodiversity 
and disrupting local ecosystems. This adaptability is often linked to its rapid growth rate and high 
reproductive capacity, which enable it to colonise large areas swiftly and outcompete species 
for resources (National Strategy on the Sustainable Management of Bush Resources, 2022-2027, 
MEFT). 

The impacts of such encroachment are multifaceted, including the reduction of grazing capacity 
for livestock, alteration of fire regimes, and disruption of water cycles, which cumulatively pose 
challenges for farmers and land stewards’ land management and conservation efforts. The 
strategic importance of managing Dichrostachys cinerea is underscored by its listing in the 
Namibia’s National Strategy on the Sustainable Management of Bush Resources, which aims to 
mitigate the negative effects of bush thickening and restore the health and productivity of 
impacted ecosystems through bush thinning practices. It is also listed as a main encroacher 
species in Namibia’s Biomass Industry Group in their 2017 edition of the Bush Control Manual, 
which is commissioned by the Ministry of Environment, Forestry and Tourism (MEFT). 

4.5.3.2 Vachellia reficiens 
Vachellia reficiens, identified as a primary encroacher species, poses significant challenges in 
Namibia due to its resilience and adaptability to harsh environmental conditions such as drought 
and heavy grazing (De Klerk, 2004). This species' tolerance allows it to thrive and outcompete 
native vegetation, leading to significant ecological disruptions. Its dominance across various 
landscapes is well-documented in mapped images, notably by Bester, 1996, Mendelsohn et al., 
2002, and the MEFT recent Bush Thickening Maps which illustrate its widespread distribution 
and density across the region. 
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Vachellia reficiens Distribution in Namibia (MEFT, 2024) 

 

As a bush thickening species, Vachellia reficiens contributes to decreased land usability for 
agriculture, negatively impacts biodiversity, and alters the hydrological cycles. It is highlighted 
in the National Strategy on the Sustainable Management of Bush Resources, 2022-2027 (MEFT, 
2022), emphasising its significant role in habitat alteration and the necessity for strategic 
management interventions. 

The strategic importance of managing Vachellia reficiens is further supported by its inclusion in 
critical documents such as the Strategic Environmental Assessment by GIZ (2015) and the 
Government Framework and Management System for Sustainable Bush Control (2023). These 
documents outline the necessity for integrated management strategies that include both 
mechanical removal and biological control to mitigate the species' impact and restore ecological 
balance. 

4.5.3.3 Catophractes alexandri 
Catophractes alexandri, known locally as Gabba Bush, is also noted as a prominent encroacher 
species in Namibia, contributing significantly to bush thickening across various regions. Notable 
for its resilience and adaptability, this species has been widely documented in the literature for 
its impact on native ecosystems and agricultural lands (De Klerk, 2004). As highlighted in 
strategic documents and environmental assessments, Catophractes alexandri is one of the main 
species involved in bush-to-feed conversion programs, utilised by approximately 50 commercial 
farmers for livestock feed across Namibia, demonstrating its widespread prevalence and the 
adaptative use of encroacher bushes (GIZ, 2015). 
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Catophractes alexandri Distribution in Namibia (Mannheimer and Curtis, 2018: pp 460) 

 

The species' robust presence in the Kunene region and its inclusion in the development of a 
distribution map for encroacher species underline its ecological and economic significance 
(Bester, 1996). Its classification as a main encroacher in the UNIDO's 2019 strategic action plan 
for sustainable bush value chains further emphasises the need for targeted management 
strategies to mitigate its spread and reduce its ecological footprint. 

Management efforts to control Catophractes alexandri have included mechanical removal and 
the promotion of controlled grazing practices, which are crucial for restoring land productivity 
and conserving biodiversity. These strategies are outlined in the National Rangeland 
Management Policy and aim to balance ecological health with economic viability, ensuring 
sustainable land use practices in affected areas (Directorate of Agricultural Research and 
Development, 2017). 

4.5.3.4 Colophospermum mopane 
Colophospermum mopane, commonly known as mopane, is identified as a major encroacher 
species contributing to bush thickening in the Kunene region and Zambezi region of Namibia, 
specifically in the northwest regions. Notably hardy and drought-resistant, mopane is listed in 
the National Strategy on the Sustainable Management of Bush Resources (2022-2027, MEFT), 
which addresses its significant role in altering native ecosystems. This strategy highlights the 
ecological implications of mopane's dominance, including the displacement of native species 
and reduction in land available for agriculture (MEFT, 2022). 
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Colophospermum mopane Distribution in Namibia (MEFT, 2024) 

 

In addition to national documentation, mopane is recognised by international bodies such as the 
United Nations Industrial Development Organisation, which lists it as a main encroacher in its 
Strategic Action Plan for Sustainable Bush Value Chains in Namibia (UNIDO, 2019). This inclusion 
underscores the global awareness and concern regarding mopane's impact on ecological and 
economic systems. 

Mopane's robust presence across various mapped regions (Bester, 1996, and Mendelsohn et al., 
2002) illustrates its widespread distribution and its substantial impact on the landscape. 
Recognized for its thickening characteristics, mopane forms dense stands that are difficult to 
penetrate, significantly affecting biodiversity and hydrological cycles (Bush Control Manual, 
MEFT, 2017). 

As a primary focus of the GIZ's 2015 strategic environmental assessment, mopane management 
involves strategies to reduce its density, such as mechanical thinning and controlled burns, 
aiming to restore ecological balance and improve land usability (GIZ, 2015). These management 
efforts are part of a broader initiative to sustainably utilise encroacher species, turning 
ecological challenges into economic opportunities, as outlined in the Review and Consolidation 
of Namibia’s Bush Thickening Maps (MEFT, 2024). 

4.5.3.5 Senegalia mellifera 

Senegalia mellifera, commonly referred to as the Black Thorn, has been increasingly noted for its 
significant role in bush thickening all across Namibia, with high densities concentrated across 
central Namibia. Studies have documented a 14% increase in areas covered by high bush density 
between 1989 and 2017, with Senegalia mellifera displaying the highest density and biomass 
across all sites and topographical positions, underscoring its aggressive encroachment 
tendencies (De Klerk, 2004). 

 

 



       Environmental Management Plan – 4 April 2025 Page 22 

Senegalia mellilfera Distribution in Namibia (MEFT, 2024) 

 

The species is well adapted to arid conditions, exhibiting high tolerance to drought and heavy 
browsing, which contributes to its competitive advantage over less resilient native flora. This 
robust adaptation facilitates its spread and dominance, leading to significant ecological 
changes, including reduced biodiversity and altered hydrological cycles (Bush Control Manual, 
MEFT, 2017). 

Senegalia mellifera is prominently listed in the National Strategy on the Sustainable Management 
of Bush Resources, 2022-2027, as a key bush thickening species. This inclusion highlights the 
government’s recognition of the need for strategic management and control measures to 
mitigate its impact (MEFT, 2022). Furthermore, it is featured in the Strategic Environmental 
Assessment for Bush Thinning and Value-Addition Activities in Namibia, underscoring its 
economic and environmental implications (GIZ, 2015). 

4.5.3.6 Combretum apiculatum 
Combretum apiculatum, nicknamed Kudu Bush and a species within the Combretaceae family, 
has been identified as one of the encroacher species in Namibia, impacting both agricultural and 
natural landscapes. Its inclusion in discussions around bush encroachment indicates its 
significance in the degradation of rangeland quality and biodiversity loss, as evidenced by 
documentation like the National Strategy on the Sustainable Management of Bush Resources 
(MEFT, 2022). 
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Combretum apiculatum Distribution in Namibia (Mannheimer and Curtis, 2018: pp 364) 

 

Research highlights that approximately 50 commercial farmers are involved in converting bush 
to feed, with Combretum species being among those utilised, indicating its adaptability and 
prevalence in encroached areas (Shilume, 2020). This adaptability is further compounded by its 
resistance to control measures, as noted in a detailed study where Combretum apiculatum 
showed resilience against elimination efforts in areas where bush thinning practices were 
implemented, leading to a significant persistence in the environment (De Klerk, 2004: Page 144). 
It has also been noted by Maphanga et al., 2025 as an encroacher species effecting Southern 
Africa due to climate change exacerbating its prevalence; this is the case in Namibia too. 

Furthermore, the species has been noted for its spread and density in various ecological 
assessments, contributing to increased bush density that competes with native grasslands and 
affects the habitat of numerous wildlife species (Zhou et al., 2021; Naoidoo, 2011). 

 

Figure 4: Encroacher Species in South Africa (Maphanga et al., 2025) 
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4.5.3.7 Vachellia karroo 
Vachellia karroo, commonly known as Sweet Thorn, is extensively recognised as a resilient 
encroacher species, well-adapted to the harsh conditions of Namibia's rangelands. Its tolerance 
to drought and grazing, as noted by De Klerk (2004), enables it to outcompete other vegetation, 
contributing significantly to bush encroachment. This robust adaptation not only facilitates its 
spread but also complicates its management, as it can thrive under conditions that are adverse 
for other species. 

Vachellia karroo Distribution in Namibia (Mannheimer and Curtis, 2018: pp 106) 

 

The ecological dynamics of Vachellia karroo are further complicated by its interaction with 
livestock. As livestock feed on the pods of Vachellia and Senegalia species, the seeds are 
subsequently dispersed through manure, facilitating the spread of these encroacher bushes 
across grazing lands (Teague et al., 1990). This natural dispersal mechanism exacerbates the 
encroachment problem, as it enables the propagation of Vachellia karroo even after bush-
clearing efforts. 

Moreover, Vachellia karroo's sensitivity to defoliation varies with its phenological state. It is 
particularly vulnerable during the early flush phase when carbohydrate reserves are low, yet 
highly resilient when these reserves are replenished (Shilume, 2020: page 144). This variability in 
resilience highlights the challenges in applying uniform management practices, such as burning 
or mechanical clearing, which may not be effective throughout different stages of its growth 
cycle. 

The impact of Vachellia karroo encroachment is distinctly noted in livestock farming. While it 
reduces the grazing capacity of the land, affecting cattle and sheep adversely, it is deemed 
beneficial for goats which can browse on its foliage (Tokozwayo et al., 2018: page 222). This 
differential impact necessitates tailored management strategies that consider the type of 
livestock and their interaction with the encroacher species. 

Previous efforts to manage Vachellia karroo have included a variety of practices, from chemical 
treatments to controlled burns and the use of browsers, which are specifically aimed at 
mitigating its spread and density (Nyamukanza and Scogings, 2008). These strategies result in 
carbon loss, hence the inclusion of Vachellia karroo for feedstock for biochar. It is also listed as 
an encroacher species in Figure 2 of this report. 
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4.5.3.8 Terminalia prunioides 
Terminalia prunioides, commonly known as Purple-pod Terminalia, is increasingly being 
identified with its role in the phenomenon of bush encroachment across northern Namibia, 
affecting both biodiversity and land usability. As a species well-adapted to arid conditions, 
Terminalia prunioides is listed in numerous strategic environmental reports and academic 
studies which outline its impact as an encroacher species. 

Terminalia prunioides Distribution in Namibia (MEFT, 2024) 

 

According to the National Strategy on the Sustainable Management of Bush Resources (2022-
2027, MEFT), Terminalia prunioides is listed as one of the main bush thickening species (MEFT, 
2022).  

The species is noted for its robust presence in mapped areas, indicating a widespread 
distribution that complicates ecological management efforts (Mendelsohn et al., 2002). It is also 
listed in the GIZ’s Strategic Environmental Assessment of Large-Scale Bush Thinning and Value-
Addition Activities in Namibia, which discusses the broad implications of bush thickening for 
Namibia's ecosystems and highlights the necessity for targeted management interventions (GIZ, 
2015). 

Terminalia prunioides is also included in the list of dominant bush thickening species by the 
Republic of Namibia, reflecting its significant ecological and economic impacts (UNIDO, 2019). 
Furthermore, efforts to manage and mitigate the spread of Terminalia prunioides are mapped in 
the Review and Consolidation of Namibia’s Bush Thickening Maps, which was commissioned by 
MEFT and supported by GIZ (MEFT, 2024). 

4.5.3.9 Grewia flava 
Grewia flava, commonly known as the Brandied raisin, is recognised as a versatile and resilient 
encroacher species in Namibia, notably within the Southern Kalahari savannas. This species is 
part of the multi-stemmed bushy plants group and is known for its fleshy fruits, which are highly 
attractive to livestock and wildlife, aiding in its seed dispersal across varied landscapes. 

 



       Environmental Management Plan – 4 April 2025 Page 26 

Grewia flava Distribution in Namibia (Mannheimer and Curtis, 2018: pp 328) 

 

As documented in various studies from leading rangeland ecologies, Grewia flava exhibits a 
remarkable tolerance to browsing, which contributes to its persistence and spread even in 
managed landscapes. For example, despite efforts to control bush encroachment, there was no 
significant reduction in Grewia flava populations, reflecting its resilience and adaptability (De 
Klerk, 2004). This characteristic makes it a challenging species to manage in efforts aimed at 
reversing or controlling bush thickening. 

In the context of livestock farming, Grewia flava's presence is a double-edged sword. While its 
fruits provide valuable forage, its encroachment can reduce the grazing capacity of the land, 
thereby affecting the productivity of pastoral systems. Moreover, studies have shown that 
different bush control treatments, such as mechanical and chemical methods, have varied 
impacts on its density, with significant differences observed in its population under control and 
chemical treatments compared to mechanical methods (Ahumba, 2010). The study showed that 
all 11 woody species found on farm Spes Bona, Acacia mellifera, Catophractes alexandri and 
Grewia flava were the most abundant species in the control and chemical and less in mechanical 
bush control treatment (ibid: pg 50). 

New research indicates that Grewia flava is not only prevalent but also expanding its presence in 
certain areas, despite conservation efforts in large protected areas like the Kalahari Gemsbok 
National Park. This expansion suggests a need for continuous monitoring and adaptive 
management strategies to mitigate its impact on native ecosystems (Van der Merwe et al., 
2020). 

3.4.3.10. Vachellia luederitzii 

Vachellia luederitzii is also recognised as a key encroacher species in Namibia. Its inclusion in 
Namibia’s Bush Control Manual presents sufficient evidence of this characterisation. As shown 
in the map below, Vachellia luederitzii has spread widely across Namibia. 
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Vachellia luederitzii Distribution in Namibia (MEFT, 2024) 

 

The National Strategy on the Sustainable Management of Bush Resources (2022-2027, MEFT) 
explicitly lists Vachellia luederitzii as a bush thickening species. This document provides a 
framework for addressing the challenges posed by bush encroachment, including the reduction 
of biodiversity, alteration of habitat structures, and decreased land usability for pastoral and 
agricultural activities (MEFT, 2022). 

Further emphasising its impact, Vachellia luederitzii is identified as a dominant bush thickening 
species in the Republic of Namibia's Government Framework and Management System for 
sustainable Bush Control in selected Communal Areas. This categorisation reflects its 
widespread distribution and the significant challenges it poses to maintaining ecological 
balance and productive land use. 

3.4.3.11. Vachellia erubescens 

Vachellia erubescens, commonly known as the Blue Thorn, is recognised in various strategic 
documents and environmental assessments as a species contributing to bush encroachment in 
Namibia, though often categorised as of "lesser importance" compared to more dominant 
encroacher species. This classification, however, does not diminish its impact on local 
ecosystems and land usability. 
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Vachellia erubescens Distribution in Namibia (Mannheimer and Curtis, 2018: pp 98) 

 

The National Strategy on the Sustainable Management of Bush Resources (2022-2027, MEFT) 
includes Vachellia erubescens as a species linked to increasing bush thickening. This strategic 
document outlines comprehensive management practices aimed at controlling the spread of 
this species among others, emphasizing the necessity of maintaining ecological balance and 
enhancing land usability for agriculture and conservation (MEFT, 2022). 

Vachellia erubescens is also mentioned in the context of bush encroachment issues in Namibia 
in the report by De Klerk (2004), which details the various species contributing to this ecological 
problem. It is highlighted alongside other species such as Senegalia mellifera and Dichrostachys 
cinerea, which are known for their significant negative impact on the environment. 

Moreover, it is listed as an encroacher in the UNIDO’s Strategic Action Plan for Sustainable Bush 
Value Chains in Namibia (2019).  

3.4.3.12. Senegalia senegal 
Senegalia senegal (formerly Acacia senegal), commonly known as three-hook thorn or gum 
arabic tree, is indigenous to parts of Namibia (notably the variety rostrata occurs in Namibia and 
Angola) (PROTA, n.d.). Although it is not the most dominant bush encroacher, it has been officially 
recognised as an encroacher species in Namibia. A comprehensive report in 2015 (MEFT, 2015) 
included S. senegal among the encroaching woody plants in Namibia. 
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Senegalia senegal Distribution in Namibia (Mannheimer and Curtis, 2018: pp 122) 

 

This places S. senegal in the same category as better-known encroachers like blackthorn 
(Senegalia mellifera) and sickle bush (Dichrostachys cinerea). Global invasive species databases 
also note that S. senegal is a prolific, thorny shrub capable of forming dense thickets and 
becoming invasive; it is documented as present in Namibia (CABI, 2023). Shilume (2020) also 
discusses how drought-tolerant acacias (Senegalia/Vachellia) come to dominate overgrazed 
rangelands. It notes that Senegalia species withstand arid conditions and heavy browsing, and 
that seeds (including those of S. senegal) are spread via livestock dung, contributing to 
encroachment. 

3.4.3.13. Terminalia sericea 

Terminalia sericea, commonly referred to as Silver Terminalia, is a significant encroacher 
species in Namibia, impacting vast tracts of land most notably in the North and Central East and 
contributing to the phenomenon of bush thickening. This species is known for its resilience and 
adaptability to various environmental conditions, making it a persistent challenge in efforts to 
manage and control bush encroachment. 
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Terminalia sericea Distribution in Namibia (MEFT, 2024) 

 

The National Strategy on the Sustainable Management of Bush Resources (2022-2027, MEFT) 
identifies Terminalia sericea as a key species in the bush thickening crisis, highlighting its role in 
ecological disruptions and its impact on land usability for agricultural and conservation purposes 
(MEFT, 2022). This strategy outlines the need for effective management practices to mitigate 
the effects of Terminalia sericea. 

Terminalia sericea is also noted in various mapping efforts, as shown in the works of Bester (1996) 
and Mendelsohn et al. (2002), which detail its distribution and the ecological zones it dominates.  

In addition to its ecological impact, Terminalia sericea is utilised in bush-to-feed conversion 
programmes, as evidenced by its inclusion among the species used by approximately 50 
commercial farmers in Namibia. This use underscores its abundance and the adaptive strategies 
employed to manage its presence on the landscape (Shilume, 2020). 

Listed prominently in the UNIDO's Strategic Action Plan for Sustainable Bush Value Chains in 
Namibia (2019) and the GIZ's report, Strategic Environmental Assessment of Large-Scale Bush 
Thinning and Value-Addition Activities in Namibia (2015), Terminalia sericea's classification as a 
main encroacher highlights the ongoing challenges and the critical need for sustained 
management efforts. 

All of the 13 species above have more supporting evidence of their characterisation as an 
encroacher species. Please see this PDF compiled by the PRI team that lists out more 
scientific and government-commissioned papers on their classification. Maps are found at 
the end of the PDF that assist in this determination. The Tables 1-5 also present the official 
lists released by Namibia’s Ministry of Environment, Forestry and Tourism and Dr De Klerk. 
Note that there is substantial research required domestically in Namibia to bolster records for 
one uniform complete list of encroacher species in Namibia. 

https://drive.google.com/file/d/13PQJJ9NpSDKFx_Lw-7NEHcSr3VmGXKkm/view?usp=sharing
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Table 1:  Bush Encroacher Tree and Shrub Species in Namibia (MEFT, 2017) 

 

Table 2:Approximate area covered by different dominant bush species in commercial and communal area in Namibia 
(De Klerk, 2004) 

 

Table 3: Bush Species in Namibia (UNIDO, 2019) 

 



       Environmental Management Plan – 4 April 2025 Page 32 

Table 4: Summary of communal land areas which are eligible to apply for forestry permits under this governance 
framework (MEFT, 2019) 

Region Name Dominant Bush Thickening Species 

Omaheke Otjinene Community Forest S. mellifera, D. cinerea, T. sericea 

  Epukiro Community Forest S. mellifera, D. cinerea, T. sericea 

  Ondjou Community Forest and 
Conservancy 

S. mellifera, D. cinerea, T. sericea 

  
Eiseb Community Forest and 
Conservancy S. mellifera, T. sericea 

  Omuramba Ua Mbinda Community 
Forest and Conservancy 

S. mellifera, T. sericea 

  Otjimbinde Community Forest S. mellifera, T. sericea 

Otjozondjupa African Wild Dog Community 
Forest and Conservancy 

S. mellifera, D. cinerea, T. sericea, V. 
reficiens, G. flavescens 

  
Ozonahi Community Forest and 
Conservancy 

S. mellifera, V. reficiens, T. sericea, G. 
flavescens 

  Otjituuo Community Forest and 
Conservancy 

S. mellifera, V. reficiens, T. sericea, T. 
prunoides 

  Mkata Community Forest T. sericea 

Oshikoto Ohepi Niilonga Community Forest T. sericea, D. cinerea, V. nilotica, V. 
luederitzii 

  
Mangetti Small Scale Leasehold 
farms T. sericea, D. cinerea, G. bicolor, V. nilotica 

 

Table 5: Summary of communal land areas which are eligible to apply for forestry permits under this governance 
framework (MEFT, 2019) 

Region Site 
Dominant 
Species 

Potential 
Offtake 

Potential 
Yield 

Feasible Use of 
Biomass 

Omaheke Otjinene 
S. mellifera, D. 
cinerea, T. 
sericea 

1,187.5 
BE/ha 

6.43 t/ha 
Firewood, 
charcoal/biochar, 
poles/dropper, fodder 

Otjozondjupa Ozonahi 
S. mellifera, G. 
flavescens, V. 
reficiens 

633 
BE/ha 5.59 t/ha 

Firewood, 
charcoal/biochar, 
poles/dropper, fodder 

  Otjituuo 
S. mellifera, V. 
reficiens, G. 
flavescens 

1,700 
BE/ha 13.7 t/ha 

Firewood, 
charcoal/biochar, 
poles/dropper, fodder 

Kavango 
West 

Nkurenkuru 
and Mpungu T. sericea 

-1,097.5 
BE/ha 0.0 t/ha 

Limited use: droppers, 
fodder 

Kavango East 
Muduvu 
Nyangana T. sericea 

-1,285.5 
BE/ha 0.0 t/ha 

Limited use: droppers, 
fodder 
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George 
Mukoya T. sericea 

-1,100 
BE/ha 0.0 t/ha 

Limited use: droppers, 
fodder 

Oshikoto King Nehale 
V. nilotica**, D. 
cinerea 

2,008.3 
BE/ha 17.5 t/ha 

Firewood, 
charcoal/biochar, 
wood chips, fodder 

  
Omuthiya 
East 

C. gratissimus, 
T. sericea 

-37.5 
BE/ha 0.0 t/ha 

Limited use: droppers, 
fodder 

  Omuthiya 
West 

C. mopane 3,660 
BE/ha 

33.0 t/ha 

Firewood, 
charcoal/biochar, 
wood chips, poles/ 
dropper, fodder 

  Oshivelo 
T. sericea, C. 
gratissimus, G. 
bicolor 

762.7 
BE/ha 

3.4 t/ha 
Firewood, 
charcoal/biochar, 
wood chips, fodder 

4.5.4 Manual and Semi-Manual Thinning 

Within the PRRP, manual and semi-manual harvesting methods will be employed to ensure the 
selective and sustainable thinning of encroacher bush species. These methods will prioritise 
environmental sensitivity, allowing for precise control over which plants will be removed and 
ensuring minimal disturbance to the surrounding ecosystem. 

Manual and semi-mechanised harvesting, which will involve the use of hand tools such as axes 
and chainsaws, will be the most selective and environmentally friendly approach. It will allow 
workers to carefully target specific bush species that contribute to encroachment while 
preserving valuable indigenous vegetation. This high level of precision will help maintain 
biodiversity and will support the natural regeneration of grasses and other native species 
essential for ecosystem health and rangeland productivity. 

Bush rollers for use may be approved by PRI, subject to environmental assessments 

In contrast, fully mechanised systems, which will employ heavy machinery, will tend to be less 
environmentally friendly due to their unselective nature. These systems often will clear large 
areas indiscriminately, which can result in significant damage to non-target species and disrupt 
soil structure. The use of heavy machinery will also contribute to soil compaction, reduced water 
infiltration, and erosion, further degrading the land. 

All selectively thinned bush species will dry out under the sun until the moisture content of the 
wood is 15% or less. 

4.6 Biochar Biomass Utilisation 

The following principles are implemented for all Artisan Pros to abide by. The project areas under 
the PRRP resulting from bush thinning will be decided by the Artisan Pro. 

No Waste Policy: All harvested material must be utilised. Leaving felled branches in the field is 
prohibited due to the associated GHG emissions from decomposition. 

Old Harvested Remains: Artisan Pros intending to use remains from previous harvesting 
processes must undergo an GHG emissions impact assessment. 



       Environmental Management Plan – 4 April 2025 Page 34 

Site Inspections: PRI inspectors will verify that only approved species have been harvested. 
Unauthorised species removal is a violation of the programme’s environmental policy. 

All thinning activities must comply with the National Strategy on the Sustainable Management of 
Bush Resources and PRRP environmental policies: 

 No clear-cutting: Areas should retain a mix of trees and grasses to maintain biodiversity. 
 Selective removal of smaller encroachers while retaining mature trees that support 

biodiversity. 
 Post-thinning regrowth monitoring: Artisan Pros must implement follow-up thinning to 

prevent re-encroachment. 

4.7 After-Care Management 

Following bush thinning activities, the regrowth rate of bush biomass is approximately 5% per 
annum. This rapid regrowth underscores the need for ongoing management and utilization 
strategies to prevent re-encroachment and to maintain the ecological balance (Heck, 2025). 

After-care management is therefore a critical component of the PRRP to ensure the long-term 
success of selective thinning efforts and will be a required action by PRI for Artisan Pros to 
implement. Once encroacher bush species have been thinned, it will be essential to actively 
manage the project areas to prevent re-encroachment and promote the recovery of soil 
structures, ground water availability, and perennial grass and other vegetative species. 

Effective after-care management will include the following practices: 

 Monitoring and Maintenance: Regular monitoring of the thinned areas will be necessary 
to assess vegetation regrowth and ensure that encroacher species do not re-establish. 
This may involve periodic maintenance thinning of re-sprouting bushes to keep them in 
check while allowing wanted species to flourish. 

 Grazing Management: Temporary grazing limitations may be required to protect the 
regenerating grass cover. Restricting or rotating grazing in newly thinned areas will help 
prevent overgrazing and allow herbaceous plants to fully recover. This will ensure the 
restored habitat remains resilient and can support sustainable livestock grazing in the 
future. 

 Soil Conservation Measures: After-care management will also involve implementing soil 
conservation strategies, such as erosion control, to protect the soil from degradation 
after thinning. Contour swales and maintaining ground cover will help retain soil moisture 
and prevent erosion, supporting healthier rangelands. Dr Ibo Zimmerman, a local expert 
on rangeland restoration, has provided PRI with previous guidance on the most effective 
methods. 

 Regrowth Control: Periodic monitoring and selective thinning of coppicing bushes to 
maintain desired vegetation structure and prevent dominance by any aggressive 
regrowth, thereby ensuring that the ecosystem remains balanced and diverse. 

4.7.1 Improved Grazing Management Practices 

To ensure the sustainability of livestock production in this fragile environment, it will be 
essential to restore the resilience and health of the rangelands within the ecological limitations 
of the region. Large-scale rangeland rehabilitation, anchored in a robust grazing management 
system, will be key to achieving this goal. One such system will be the Split-Ranch System (SRS), 
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a practical simplification of rotational grazing that can be easily applied on both communal and 
commercial lands. 

4.7.1.1 Goals and Principles of the Split-Ranch System (SRS) 
Healthy and resilient rangelands will need to provide sufficient, high-quality forage year-round, 
allowing livestock to efficiently convert this forage into marketable products. Achieving this 
balance between productive rangelands and livestock performance will be essential, particularly 
in Namibia’s harsh environment. At the heart of the SRS will be the goal of restoring rangeland 
health while ensuring that livestock production remains sustainable and profitable. 

The SRS will ensure that rangelands are given sufficient time to recover through periods of rest, 
which will help prevent and reverse overgrazing. It will also emphasize the need for the early and 
proactive adjustment of livestock numbers based on the availability of fodder, particularly during 
periods of erratic rainfall, to avoid overstocking and overgrazing. By balancing these two 
conditions (resting and adjusting livestock numbers), the SRS will help maintain rangeland 
productivity and resilience. 

4.7.1.2 Key Components of the Split-Ranch System 
The SRS will operate on two primary principles: 

 Resting of Grazing Areas: A key feature of the SRS will be the provision of adequate 
resting periods for a portion of the grazing land during the growing season. This rest 
period will allow grasses to germinate, establish themselves, and restore their root 
reserves, especially for perennial grasses. This will ensure that sufficient forage is 
produced and available for the following dry season. Resting the land during its growing 
period will be vital to maximizing fodder production and improving the overall quality of 
the rangeland. 

 Targeted Grazing for Livestock Performance: The remaining portion of the rangeland will 
be dedicated to livestock grazing during the growing season. This area must be large 
enough to sustain the herd without overstocking or overgrazing. The focus will be on 
improving livestock performance by providing access to short, high-quality grasses that 
enhance animal health and productivity. 

4.7.1.3 Implementing the Split-Ranch System (SRS) 
Implementing the SRS will involve several practical steps that can be applied even in community 
settings without costly infrastructure investments like fencing: 

 Mapping the Grazing Area: The first step will be to map out and demarcate the entire 
grazing area used by the village or community. Participatory methods will be encouraged 
to ensure that community members feel ownership over the process. This step will take 
into account the grazing areas used by neighbouring communities to avoid conflicts. 

 Resting Area Selection: A large enough section of the grazing area will be identified and 
set aside for rest during the growing season. Natural boundaries such as roads or dry 
riverbeds can serve as dividers. Livestock grazing will be strictly prohibited in this area 
during the growing season to maximize forage production for use in the dry season. 

 Active Grazing Area Selection: The remaining portion of the rangeland will be used for 
intensive grazing during the growing season. This area, which is usually around half of 
the total grazing land, will provide high-quality short grasses to support livestock health 
and boost production. If livestock numbers are too high, timely reductions will be 
recommended to prevent overgrazing. 
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 Rotational Grazing: Around the middle of the dry season (typically September), a switch 
will be made between the two areas (allowing the previously rested area to be grazed), 
while resting the grazed area for the next growing season. This rotational system will 
ensure that no area is overgrazed while maintaining forage availability throughout the 
year. 

4.7.1.4 Advantages of the Split-Ranch System 
The SRS will be a cost-effective, easily implementable system that will not require extensive 
infrastructure like fences or combined herding. The primary role of herders will be to ensure 
livestock remain within designated areas, preventing them from crossing between the two 
grazing zones. By allowing the land to regenerate and ensuring sustainable livestock numbers, 
the SRS will promote long-term productivity, ecosystem health, and economic sustainability for 
communities reliant on livestock. 

4.7.2 Land Management and Water Recharge: Contour Swales  

Contour swales are an essential component of land management strategies aimed at enhancing 
water recharge and preventing soil erosion, especially in arid and semi-arid regions. These 
landscape features are designed to follow the natural contour lines of hillsides, capturing runoff 
and promoting water infiltration, which is critical for recharging groundwater and supporting 
vegetation. 

According to Zimmerman, contour swales significantly increase soil moisture levels, which are 
crucial for restoring degraded lands and supporting new vegetation growth. Zimmerman's 
studies have demonstrated that areas with contour swales show a measurable increase in soil 
stability and reduced erosion rates compared to areas without such structures (Zimmerman, 
2022). His research advocates for the strategic placement of swales to align with natural water 
flow patterns, optimizing their effectiveness in water capture and soil retention. 

In areas with excessive bush encroachment, using thinned bush material to construct contour 
swales is a sustainable practice. This approach not only utilises biomass that would otherwise 
contribute to land degradation but also enhances the swales' ability to trap sediment and slow 
water runoff. Zimmerman highlights the dual benefits of this method: it reduces the bush 
density, mitigating fire risks and promoting biodiversity, while also improving the hydrological 
function of the land (Zimmerman, 2022). 

4.7.2.1 Greenhouse Gas Emissions: Considerations 
The incorporation of organic materials like bush biomass in constructing contour swales can 
lead to GHG emissions through decomposition. However, Zimmerman's findings indicate that 
the carbon sequestration potential of newly established vegetation, supported by improved 
water availability and soil conditions, can offset these emissions. PRI may deploy carbon 
accounting systems if contour lines and other environmental engineering tools, like gully 
reconstruction, is delivered. 

4.7.3 Suppressing Regrowth 

Regrowth management is important in carbon sequestration strategies and rangeland 
restoration. Scientific evidence shows that young, regrowing bushes can have a higher rate of 
carbon dioxide uptake compared to mature vegetation due to their faster growth rates and 
higher photosynthetic activity (Smith et al., 2019). This rapid growth phase allows regrowing 
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bushes to absorb significant amounts of CO2 from the atmosphere, which is then stored as 
biomass.  

The best practices for managing bush regrowth include regular thinning interventions to prevent 
bushlands from reaching a stage where they dominate the landscape again. Maintaining an open 
canopy that supports diverse understorey growth and enhances biodiversity (Jones et al., 2020). 

Effectively managed, this regrowth can serve as a continual carbon sink. Utilising regrown bush 
for biochar production is an effective way to stabilise the captured carbon. All regrown bush 
targeted for removal will be part of the Biochar Carbon Removal Project and follow the same 
processes as listed in Appendix H Biochar Production Manual.  

The PRRP Project Areas would be subject to continual monitoring of regrowth patterns and 
carbon stock changes enables adaptive management practices that respond to ecological 
feedback, ensuring optimal carbon capture and ecosystem health (Nguyen et al., 2021). 

4.7.4 Perennial Grass Re-Seeding 

PRI have explored the integration of biochar application with perennial grass seedlings. Biochar 
laced with perennial seeds would only be applied into grassland ecosystems where land 
degradation is severe.  

To integrate the biochar with perennial seeds, the biochar should be finely ground and 
thoroughly mixed with a carrier medium, such as compost or soil, to facilitate even distribution. 
This mixture can be pre-inoculated with bio-stimulants to enhance root growth and nutrient 
uptake in seedlings. Perennial grass seeds would be coated or pelleted with the biochar to 
enhance contact, providing immediate access to the biochar’s benefits upon germination. This 
technique also protects the seeds from predation and reduces the risk of being blown away by 
wind (Buss et al., 2018). 

The biochar-seed mixture would be applied to the rangelands prior to the rainy seasons, typically 
starting in December. 

Several studies have documented the success of combining biochar with seed planting. For 
instance, a study by Jeffery et al. (2011) demonstrated that plots treated with biochar and seeded 
with native grasses showed significantly higher biomass production and plant diversity 
compared to control plots. Further, research by Zhang et al. (2012) found that biochar application 
improved germination rates and seedling survival under drought conditions. Biochar can 
additionally provide oxygen for germination and improve seedling development (Murtaza et al., 
2023).  

PRI has not yet adopted this approach within the PRRP, however note its significant potential for 
after-care management. 

4.8 Prescribed Use of Bio-Stimulants: Kelp Extracts and Distilled Wood Acid (Wood 
Vinegar) 

The PRRP mandates the use of kelp-based bio-stimulants and/or distilled wood acid (wood 
vinegar) in all biochar application processes. Artisan Pros and project operators are required to 
integrate at least one of these amendments into their post-harvesting and soil enhancement 
protocols. This is a non-negotiable environmental standard implemented by PRI. If kelp-based 
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or wood acid bio-stimulants are not available, the Artisan Pro may use other stimulants like cattle 
dung. Although, these stimulants must be pre-approved by PRI.  

Cattle dung and other animal manure may be appropriate for biochar inoculation due to their 
ability to provide nutrients like nitrogen, phosphorous and potassium which are critical for plant 
growth. Organic manure also stimulates microbial activity (Bogunovic et al., 2024; Hanafy et al., 
2017).  

The compulsory use of these bio-stimulants is based on their ability to enhance soil microbial 
activity, accelerate soil carbon stabilisation, and improve plant nutrient uptake, thereby 
maximising the climate and ecosystem benefits of biochar application. 

4.8.1 Environmental and Climate Benefits of Kelp Bio-Stimulants 

PRI prescribes the mandatory use of kelp-based bio-stimulants due to their significant role in 
restoring soil health and mitigating climate change impacts: 

 Promotes Soil Carbon Sequestration: Kelp extracts enhance microbial colonization on 
biochar surfaces, increasing long-term soil organic carbon (SOC) retention. 

 Enhances Plant Growth and Drought Resilience: Kelp contains plant growth hormones 
(cytokinins, auxins, gibberellins) that improve root development and enhance water-use 
efficiency in drought-prone rangelands. 

 Reduces Ocean Acidification and Supports Marine Carbon Capture: 
o Kelp actively absorbs CO₂ from ocean waters, helping to offset rising acidity. 
o Harvesting kelp for bio-stimulants enhances oceanic carbon removal capacity, 

complementing land-based carbon sequestration efforts. 

4.8.2 Environmental and Climate Benefits of Distilled Wood Acid (Wood Vinegar) 

Where kelp is not used, PRI mandates the integration of distilled wood acid (wood vinegar) in 
biochar application, owing to its ability to enhance soil microbial activity and improve nutrient 
availability while offering broader climate mitigation co-benefits: 

 Reduces Greenhouse Gas (GHG) Emissions from Biomass Projects: 
o Wood vinegar captures and repurposes volatile organic compounds (VOCs) and 

pyrolysis gases from burning biomass, preventing them from being released into 
the atmosphere. Properly distilled wood acid reduces methane and nitrous oxide 
emissions from biomass waste streams. 

 Enhances Nutrient Cycling in Degraded Soils: 
o Wood vinegar contains organic acids, phenols, and esters that increase microbial 

diversity, leading to faster nutrient mineralization and improved soil fertility. 
o It enhances the availability of essential minerals (nitrogen, phosphorus, 

potassium), critical for returning the minerals back into the rangelands.   
 Suppresses Soil Pathogens Without Synthetic Chemicals: 

o Wood vinegar acts as a natural soil fumigant, reducing reliance on synthetic 
pesticides. 

o It promotes fungal and bacterial communities that suppress harmful soil-borne 
pathogens. 
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4.8.3 Compliance and Implementation 

Artisan Pros and project operators must demonstrate the use of either kelp-based bio-
stimulants or wood vinegar in all post-bush thinning soil rehabilitation activities. The Perivoli 
Field Data Collector ensures this is a completed step and captures evidence using the 
Circonomy dMRV tool on-site during the “Mixing” phase. 

Annual soil health monitoring reports must include verification of bio-stimulant application, 
with PRI inspectors conducting field assessments to ensure compliance. 

Any deviation from this protocol requires explicit written authorisation from PRI 
management and must be supported by evidence-based justification. Other forms of 
accepted bio-stimulants may be approved animal dung or compost. 

Failure to comply with this requirement may result in corrective action measures under the 
PRRP’s Internal Control System (ICS) and may affect project certification under Carbon 
Standards International (CSI) guidelines. 

4.9 Biochar: Soil Application 

Biochar application to soil is a prescribed requirement under the PRRP to ensure long-term 
carbon sequestration, soil fertility improvement, and compliance with CSI guidelines for 
permanent carbon storage. As per CSI regulations, biochar must be mixed with soil in a 1:1 ratio, 
or in cases where the proportion of soil is more than the proportion of biochar, to enhance 
stability and prevent carbon losses. The PRRP mandates that all applied biochar must remain in 
the soil for a minimum of 1,000 years to uphold its role as a permanent carbon sink. 

To achieve this, PRI requires all participating Artisan Pros to use best-practice soil application 
techniques that minimise biochar loss and degradation over time. If biochar is not properly 
mixed into the soil, it may be subject to natural and environmental forces that break it down or 
remove it from the system, including: 

 Wildfires and high temperatures – Biochar, being carbon-based, can re-combust if 
exposed to extreme heat or uncontrolled burning, leading to complete loss of stored 
carbon. 

 Mineralisation rates – In some cases, microbial activity may degrade biochar into carbon 
dioxide, particularly in warm, moist environments with high organic activity. 

 Wind erosion – Fine particles of biochar can be blown away if left exposed on the soil 
surface, reducing its effectiveness and contributing to carbon loss. 

 Water runoff and leaching – Heavy rainfall can wash away biochar particles, particularly 
in sloped areas where soil retention is weak. 

Carbon sequestration depends on the long-term stability of biochar in the soil, any loss of 
biochar over the years will constitute a reversal of stored carbon, reducing creditability for 
Artisan Pros.  

4.9.1 Distribution on Dryland 

The majority of Namibia’s land area falls under dryland conditions, where rainfall is scarce, 
vegetation cover is low, and soils are often sandy or degraded. This makes biochar distribution 
on dryland a critical aspect of the PRRP, as it offers potential improvements in water retention, 
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soil fertility, and microbial activity. However, due to the vast areas involved and the absence of 
mechanised soil-working practices, biochar application in drylands presents unique challenges. 

Under PRRP guidelines, biochar must be worked into the soil immediately after application to 
prevent loss through wind erosion or water runoff. The most likely method of distribution will be 
manual spreading, where biochar is applied by hand across designated areas. To ensure 
effective incorporation into the soil, Artisan Pros must use one or more of the following 
methods: 

 Custom rakes: Artisan Pros can develop or modify rakes with deep-tine structures to 
manually incorporate biochar into the soil surface after spreading, making sure the soil 
present is equal to or more than the biochar present. 

 Livestock trampling: Allowing cattle, goats, or sheep to graze over freshly spread biochar 
will help press it into the soil, mimicking natural incorporation processes. 

 Water-assisted settling: In certain areas during the rainy season, light watering can be 
used to help biochar settle into soil pores, reducing wind loss and surface exposure. 

 Tools such as a rotovator can be used to loosen and turn over the soil so the biochar is 
mixed in adequately. 

Exact records will be kept of where biochar has been applied, ensuring that follow-up monitoring 
and compliance inspections can verify that the material has been properly mixed into the soil 
and remains in place over time. 

4.9.2 Distribution on Crop Land 

Biochar application on crop land is considerably easier than in dryland areas, as soil is regularly 
disturbed and worked through normal agricultural practices. PRRP Artisan Pros using biochar in 
cropping systems will benefit from mechanized soil incorporation, ensuring that biochar is 
mixed into deeper soil layers where it is protected from erosion and loss. 

Key application methods for crop land include: 

 Plowing and harrowing – Standard tractor-pulled plows or disc harrows can mix biochar 
into the topsoil during pre-planting field preparation. 

 Seed row placement – Biochar can be applied in furrows at the same time as seeding, 
ensuring it is directly incorporated with crop roots for maximum soil enhancement. 

 Post-harvest application – Artisan Pros may choose to apply biochar after harvest and 
incorporate it into the soil along with cover crops or organic matter for enhanced carbon 
storage. 

 Biochar composting integration – In some cases, biochar can be pre-mixed with compost 
or organic fertilizers before being worked into crop soils, improving microbial 
colonization and nutrient cycling. 

Because crop soils are more frequently disturbed, biochar stability is enhanced, and carbon 
sequestration benefits are more easily monitored. PRI will ensure that all biochar applied to 
cropland be recorded in field logs, with annual reporting on soil incorporation rates to ensure 
compliance with CSI carbon crediting guidelines. 

4.9.3 Testing for Toxic Impurities 

The PRRP is committed to rigorous testing and monitoring to ensure that biochar applications 
do not introduce harmful contaminants into the ecosystem. While the dispersed and arid nature 
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of the rangelands significantly reduces the risk of toxin accumulation, PRI maintains a strict 
evaluation protocol to identify, manage, and mitigate potential contamination risks. 

To uphold environmental integrity and compliance with best practices, PRI implements a 
comprehensive pre-feasibility study and ongoing monitoring plan at each project site before 
engaging with Artisan Pros. This proactive approach ensures that biochar remains a safe and 
beneficial amendment for soil restoration, carbon sequestration, and rangeland improvement. 

4.9.3.1 Pre-Feasibility Study for Potential Contaminants 
As part of the Artisan Pro selection process, PRI conducts site-specific pre-feasibility studies to 
evaluate potential heavy metal contamination and other impurities that could affect biochar 
quality and soil health. This assessment is necessary because certain environmental and 
anthropogenic factors can introduce hazardous elements into the biochar feedstock, including: 

 Geological Composition of the Site – Some regions have naturally occurred heavy metals 
such as lead (Pb), cadmium (Cd), and arsenic (As), which may accumulate in woody 
biomass (Sohi et al., 2010). 

 Industrial and Agricultural Proximity – Sites near mining operations, industrial emissions, 
and pesticide-intensive farms may have higher levels of toxic contaminants (Lehmann & 
Joseph, 2015). 

 Atmospheric Deposition – Airborne pollutants, including persistent organic pollutants 
(POPs) and heavy metal particulates, can settle on vegetation, potentially introducing 
contaminants into biochar (Woolf et al., 2021). 

 Water Contamination – Certain bush species may uptake contaminants from polluted 
groundwater sources, increasing the likelihood of biochar toxicity (Novak et al., 2016). 

The preliminary site assessment consists of soil and biomass sampling, followed by laboratory 
analysis to determine the concentration of heavy metals, polycyclic aromatic hydrocarbons 
(PAHs), and other potential toxins. If a site exhibits elevated contaminant levels, it will be 
excluded from the PRRP to prevent potential environmental harm. 

4.9.3.2 Ongoing Monitoring and Safe Biochar Application 
Even after the initial site feasibility assessment, PRI maintains a continuous monitoring protocol 
to ensure that biochar remains free from harmful contaminants and safe for soil application. The 
monitoring plan consists of regular chemical and physical testing, environmental impact 
assessments, and water quality monitoring. 

Through rigorous bi-annual assessments, PRI ensures compliance with CSI biochar safety 
regulations, while expanding safeguards beyond mandatory standards to maintain the highest 
level of environmental integrity. This monitoring approach protects soil health, optimises 
biochar application rates, and prevents potential negative ecological impacts. 

By integrating continuous pH testing, expanded chemical assessments, and strict quench water 
monitoring, PRI ensures that biochar production and application align with the highest 
environmental and safety standards. This proactive monitoring approach safeguards the long-
term sustainability of biochar applications and reinforces PRI’s commitment to climate-resilient 
land management. 

Testing for pH Values 
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PRI exceeds CSI standards by implementing regular pH testing to assess the chemical stability 
of biochar and its suitability for agricultural and grassland applications. By monitoring biochar 
pH, PRI ensures that biochar applications enhance soil productivity without negatively impacting 
soil microbial ecosystems or plant growth (Schmidt et al., 2014). Since pH variations in biochar 
can impact soil microbial activity, nutrient availability, and plant compatibility, PRI requires the 
following pH assessment measures: 

 Bi-annual pH testing is conducted on representative biochar samples to track 
consistency across different production batches. 

 Feedstock-specific pH records are maintained to understand how different wood 
sources influence biochar alkalinity or acidity. 

 Application suitability assessments are conducted based on pH results to determine the 
most appropriate soil types and land-use categories for biochar distribution. 

Chemical and Physical Assessments 

PRI follows Carbon Standards International (CSI) requirements for testing key biochar 
properties, including: 

 Total moisture content 
 Inherent moisture levels 
 Ash content at 550°C 
 Carbon and hydrogen content 
 Bulk density 
 pH value 
 Water-binding capacity 

Beyond these mandatory tests, PRI is exploring additional safeguards by considering the 
adoption of the European Biochar Certificate Agro Test for certain single-species biochar 
batches. These additional assessments allow PRI to fine-tune biochar applications, ensuring 
that only high-quality, non-toxic biochar is introduced into rangeland and cropland ecosystems. 
This certification offers: 

 Enhanced chemical property analysis, including electrical conductivity and volatile 
organic compounds (VOCs), which influence nutrient availability and soil interactions. 

 Screening for harmful substances, such as polycyclic aromatic hydrocarbons (PAHs) and 
heavy metals, which could pose long-term environmental risks if present in high 
concentrations. 

Quench Water Assessments 

The reuse of quench water is a critical consideration in PRI’s sustainable water management 
strategy, particularly given Namibia’s arid conditions and water scarcity challenges. Through 
strict quench water assessments, PRI ensures that water reuse remains environmentally safe, 
preventing the introduction of harmful substances into soils while maintaining efficient 
resource management in biochar production. While PRI encourages water reuse in the biochar 
production process, strict monitoring is required to prevent pollutant accumulation in quench 
water. 

 PRI mandates that quench water is reused no more than three times, ensuring that 
contaminants do not accumulate to unsafe levels. 
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 On-site water sourcing is recommended to minimise external water extraction impacts 
and align with local water conservation efforts (Novak et al., 2016). 

5 Biological Carbon Restoration 

The PRRP is committed to enhancing carbon sequestration through the restoration of degraded 
ecosystems and the sustainable management of rangelands. A key component of this effort 
involves increasing SOC by implementing strategies that mitigate soil erosion and rebuild 
healthy soil structures. These efforts not only support carbon sequestration but also improve 
soil fertility, water retention, and ecosystem resilience.  

5.1 Mitigating Soil Erosion and Rebuilding Soil Structure 

Mitigating soil erosion and rebuilding soil structure will be essential practices within the PRRP 
that directly contribute to biological carbon sequestration. Soil plays a critical role in storing 
carbon, and its degradation through erosion can lead to the release of stored carbon back into 
the atmosphere, exacerbating climate change. By implementing strategies to prevent soil 
erosion and restore healthy soil structures, the PRRP will enhance the land’s capacity to 
sequester carbon long-term. 

5.1.1 Mitigating Soil Erosion 

Soil erosion, caused by wind and water, will remove nutrient-rich topsoil and diminish the soil’s 
ability to support plant growth and retain organic matter. When topsoil is lost, so too is the 
carbon stored within it. By reducing soil erosion through selective thinning, maintaining ground 
cover, and using erosion control methods such as contour swelling or vegetative buffers, the 
PRRP will help: 

 Retain Carbon in the Soil: By preventing erosion, the programme will ensure that the 
carbon stored in the soil’s organic matter remains in place, enhancing its role as a carbon 
sink. 

 Protect Soil Organic Matter (SOM): The stability of SOM will be crucial for carbon storage. 
Erosion not only will deplete SOM but also will reduce the soil’s capacity to absorb carbon 
from decaying plant matter and root systems. 

5.1.2 Rebuilding Soil Structure 

A well-structured soil will have a network of pores and aggregates that will allow for the retention 
of water, air, and nutrients; conditions that will promote plant growth and microbial activity. This 
structure will play a key role in carbon sequestration because: 

 Enhanced Carbon Storage: Soils with good structure will absorb and store more organic 
carbon from plant roots and microbial activity. Well-structured soils will promote the 
formation of stable SOC, which locks carbon in the soil for extended periods, contributing 
to long-term sequestration. 

 Improved Root Growth: Healthy soil structures will enable deeper root penetration, 
which will increase the amount of organic material added to the soil through plant roots. 
As plants grow and decay, their carbon will be stored in the soil, further increasing the 
land’s carbon sequestration potential. 

 Promoting Soil Microbial Health: Rebuilding soil structure will support diverse microbial 
communities that are essential for the decomposition of organic matter and the cycling 
of nutrients, both of which will be crucial for maintaining the carbon sequestration 
process. 
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5.2 Long-Term Increase in Soil Organic Carbon 

The measures outlined in the previous section will play a critical role in driving the long-term 
increase of SOC within the PRRP. SOC is a key component of healthy soils, contributing to carbon 
sequestration, nutrient cycling, water retention, and overall ecosystem health. By mitigating 
erosion and improving soil structure, the PRRP will create favourable conditions for the 
accumulation and stabilisation of organic carbon in the soil. Measures of SOC will be recorded by 
Downforce Technologies.  

5.2.1 How Mitigating Soil Erosion Contributes to Long-Term SOC Increase 

Preventing soil erosion will ensure that nutrient-rich topsoil, which is crucial for plant growth 
and microbial activity, remains intact. The retention of this topsoil will have a direct impact on 
SOC levels by: 

 Retaining Organic Matter: The organic matter present in topsoil is rich in carbon. When 
erosion is controlled, this carbon will remain in the soil, allowing it to contribute to the 
SOC pool rather than being lost through runoff or wind erosion. 

 Maintaining Soil Fertility: By preventing the loss of nutrient-rich topsoil, plants will thrive 
and contribute more organic matter to the soil through root systems and plant residues. 
This continuous input of organic matter will feed the soil carbon cycle, contributing to 
long-term SOC accumulation. 

5.2.2 How Rebuilding Soil Structure Contributes to Long-Term SOC Increase 

The restoration of healthy soil structure will be fundamental to increasing SOC over time. A well-
structured soil will provide the physical environment needed to capture, store, and stabilise 
organic carbon. The benefits will include: 

 Improved Carbon Storage Capacity: Healthy soil structure will promote the formation of 
soil aggregates, which physically will protect organic carbon within the soil matrix. This 
protection will reduce the rate at which carbon is broken down and released, allowing it 
to remain sequestered in the soil for extended periods. 

 Enhanced Plant Growth: Well-structured soils will enable deeper and more extensive 
root growth. As plants grow and die, their root systems will contribute organic matter to 
the soil, enriching the SOC pool. Additionally, better root penetration will allow for more 
carbon to be stored in deeper soil layers, where it is more stable and less prone to 
disturbance. 

 Increased Microbial Activity: A healthy soil structure will support a thriving microbial 
ecosystem, which will play a key role in breaking down plant residues and converting 
them into stable organic carbon. Microbial processes will be crucial for the long-term 
stabilization of SOC, as they facilitate the formation of humus; a highly stable form of 
organic carbon that can remain in the soil for centuries. 

5.2.3 Cumulative Impact on SOC 

The combination of erosion control and soil structure enhancement will create a virtuous cycle 
where organic carbon inputs from plants and microbial activity are retained and stabilized within 
the soil. Over time, this will lead to a significant increase in SOC, which not only will contribute to 
carbon sequestration but also will enhance soil fertility, water retention, and ecosystem 
resilience. By implementing these measures, the PRRP will ensure that SOC levels continue to 
increase, providing long-term environmental benefits and supporting sustainable rangeland 
management. 
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5.2.4 Monitoring SOC with Remote Sensing Technology 

To further enhance our efforts in monitoring and increasing SOC across all Project Areas, the 
PRRP plans, subject to further discussions, partner with Downforce Technologies, an Oxford-
based organisation who specialise in remote sensing technologies. Through this collaboration, 
we would leverage advanced remote sensing methods to monitor and track SOC levels with 
precision and accuracy across large and diverse landscapes. Downforce Technologies would 
provide annual, high-resolution data on SOC levels in all our Project Areas. This data would allow 
us to monitor the effectiveness of our rangeland management strategies and make data-driven 
adjustments to maximize SOC accumulation over time. This proactive approach would help to 
ensure that our restoration efforts yield long-term benefits for soil health and carbon 
sequestration. 

5.3 Return of Perennial Grasses 

The strategies outlined previously will directly contribute to the successful return of perennial 
grasses, especially those most palatable, in the areas managed by the PRRP. The return of these 
grasses will be a key indicator of rangeland health and will play a vital role in long-term ecological 
restoration and sustainability. Perennial grasses are foundational to healthy ecosystems, and 
their return will enhance biodiversity, soil stability, and agricultural productivity, while also 
contributing to carbon sequestration.  

This section outlines how the PRRP’s strategies will support the return of these essential 
grasses. 

5.3.1 How the Strategies Contribute to the Return of Perennial Grasses 

The following benefits are incorporated into the PRRP: 

 Soil Stability and Erosion Control: By mitigating soil erosion, the PRRP will ensure that 
topsoil, rich in nutrients and organic matter, remains intact. This stable soil environment, 
in conjunction with biochar application, will provide a fertile foundation for the re-
establishment of perennial grasses, which will require well-anchored soil to develop 
deep root systems. The reduction of soil loss from wind and water erosion will allow grass 
seeds to germinate and grow successfully, promoting healthy grass cover. 

 Improved Soil Structure: The rebuilding of soil structure will support the return of 
perennial grasses by enhancing water infiltration, root penetration, and nutrient 
availability. Well-structured soil will allow perennial grasses to develop extensive root 
systems, which will anchor the soil, improve soil health, and promote resilience against 
future degradation. As grasses take root, their deep roots will further stabilize the soil, 
contributing to a self-sustaining cycle of growth and ecosystem restoration. 

 Increased SOC: The long-term increase in SOC resulting from the PRRP’s strategies will 
improve soil fertility, creating an ideal environment for the growth of perennial grasses. 
High SOC levels will enhance the soil’s water retention capacity and nutrient availability, 
supporting the growth of grasses even in semi-arid conditions. As perennial grasses 
grow and die, they will contribute additional organic matter to the soil, further enriching 
SOC levels and promoting continued vegetation growth. 

5.3.2 Advantages of the Return of Perennial Grasses 

The return of perennial grasses will bring numerous ecological and environmental benefits to the 
rangelands managed under the PRRP: 
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 Soil Stabilisation and Erosion Prevention: Perennial grasses play a critical role in 
stabilising the soil with their deep root systems. These roots will bind the soil, reducing 
the risk of erosion from wind and water, and will help maintain the structural integrity of 
the rangeland. This natural erosion control will be crucial in preserving topsoil, which is 
essential for sustained agricultural productivity and ecosystem health. 

 Improved Water Retention: The root systems of perennial grasses will enhance the soil’s 
ability to retain water, reducing surface runoff and improving groundwater recharge. 
This increased water retention will be particularly beneficial in semi-arid environments 
like Namibia, where water scarcity is a major concern. Healthy grass cover will ensure 
that moisture is held in the soil for longer periods, supporting plant growth during dry 
seasons. 

 Enhanced Carbon Sequestration: The return of perennial grasses will significantly boost 
biological carbon sequestration. The extensive root systems of these grasses will 
capture and store carbon in the soil, contributing to the overall increase in SOC. 
Additionally, the above-ground biomass of grasses will sequester carbon. 

 Biodiversity and Ecosystem Restoration: Perennial grasses will contribute to the 
restoration of biodiversity by providing a habitat for various species of wildlife and 
insects. Their presence will support the recovery of indigenous plant species and will 
promote the return of herbivores and other fauna that depend on healthy grasslands. 
This biodiversity recovery will contribute to the long-term resilience and stability of the 
ecosystem. 

 Improved Agricultural Productivity: The return of perennial grasses will improve the 
productivity of the land by increasing grazing capacity and reducing the need for 
intensive land management. Healthy grasslands will support livestock farming, provide 
forage for animals, and will improve the overall health and resilience of the rangeland. 

5.4 Mineral and Nutrient Recycling via Biochar 

In the PRRP, biochar will play a crucial role in mineral and nutrient recycling, offering significant 
advantages over traditional charcoal in preserving and enhancing soil health. The key difference 
between biochar and charcoal will lie in their impact on the soil’s mineral balance. While charcoal 
acts as a net exporter of minerals, biochar is designed to recycle and restore minerals back into 
the soil. 

5.4.1 Mineral Balance in Biochar vs. Charcoal 

The comparison made below offers insights into the different mineral balances post-production 
of charcoal and biochar: 

 Charcoal: During the production of traditional charcoal, the process will result in the 
depletion of essential soil minerals, such as calcium, potassium, magnesium, and 
phosphorus. When charcoal is produced and removed from the system, these minerals 
will be lost, contributing to soil degradation and nutrient depletion over time.  

 Biochar: Biochar, on the other hand, will preserve a significant portion of the minerals in 
the original biomass. The minerals will be locked into the biochar’s porous structure, 
allowing them to be gradually released back into the soil when the biochar is applied. This 
slow-release mechanism will help maintain a balanced mineral profile in the soil, 
enriching it with essential nutrients that are vital for plant growth, microbial activity, and 
overall ecosystem health. 
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5.4.2 Advantages of Biochar in Mineral and Nutrient Recycling 

The porous structure of biochar will allow it to retain minerals during production, preventing the 
loss of key nutrients. Once applied to the soil, biochar will act as a reservoir for minerals, slowly 
releasing them over time. This slow-release mechanism will help maintain a steady supply of 
nutrients. 

Biochar’s ability to recycle minerals back into the soil will contribute to enhanced soil fertility. 
Unlike charcoal, which will deplete the soil of nutrients, biochar will enrich the soil with nutrients 
that are vital for healthy plant growth and microbial activity.  

Biochar will have a high cation exchange capacity (CEC), which will allow it to adsorb and hold 
onto positively charged nutrients, such as calcium, potassium, and magnesium, preventing them 
from being leached out of the soil during rainfall or irrigation. This retention of nutrients will 
ensure that they remain available for plant uptake, contributing to more efficient nutrient use 
and reducing the need for synthetic fertilisers. 

The mineral-rich environment created by biochar will support beneficial soil microbes, which will 
play a key role in nutrient cycling and SOC stabilisation. By promoting microbial activity, biochar 
will contribute to the decomposition of organic matter and the transformation of nutrients into 
forms that plants can easily absorb, further enhancing soil productivity. 

The application of biochar will also help to restore nutrient-depleted soils and reduce the soil 
acidity, making it a valuable tool for sustainable soil management. Biochar’s ability to improve 
the nutrient balance in the soil will lead to better plant growth, higher crop yields, and improved 
rangeland health, without the need for intensive chemical inputs. 

5.5 Groundwater Recharge 

About 80 percent of Namibia depends on under-ground water for economic activities. 
Hydrologists found that with bush encroachment, there is less water inflow into dams and less 
water to recharge underground reservoirs. Results from a study have found that bush 
encroachment reduces the moisture availability in the soil and reduces the probability of 
groundwater recharge to approximately one-third (Rothauge, 2017). 

The strategies implemented within the PRRP will all play a crucial role in enhancing groundwater 
recharge. Healthy soil structure, restored by the addition of biochar and improved organic 
matter content, will allow for better water infiltration and retention. Biochar’s porous nature will 
help soils absorb and hold more water, reducing surface runoff and ensuring that rainwater and 
irrigation will penetrate deeper into the soil. This increased water infiltration will replenish 
groundwater reserves by allowing more water to percolate through the soil layers and reach 
aquifers. 

Assuming an average groundwater recharge rate across the entire country of 1% of the rainfall 
(Christellis et al., 2011; Christian et. al. 2010), just over 600 million m³ per annum is estimated to 
be used by bush encroachment. By addressing bush encroachment through selective thinning, 
the PRRP will help reduce the excessive water uptake by these invasive species, freeing up more 
water for the rangelands and groundwater recharge. 

Perennial grasses, with their deep root systems, will further assist in this process by stabilising 
the soil and promoting water absorption, reducing water loss through evaporation and surface 
erosion. By preventing soil erosion and maintaining a stable, healthy soil profile, the PRRP 
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strategies will ensure that rainwater is efficiently used to replenish groundwater, rather than 
being lost through surface runoff or erosion. 

6 Biodiversity Returns 

46 million hectares of Namibia’s rangelands have experienced dramatic loss in biodiversity levels 
over the past decades due to extensive habitat loss. The PRRP will contribute to the significant 
restoration of biodiversity. By selectively thinning encroacher woody species and promoting the 
re-establishment of native vegetation, the programme will create more balanced and resilient 
ecosystems. The restoration of biodiversity will benefit not only plant species but also wildlife 
and pollinators, supporting long-term ecosystem health and sustainability. 

6.1 Restoration of Indigenous Plant Species 

One of the primary goals of the PRRP will be to restore the natural biodiversity of Namibia’s 
rangelands by promoting the recovery of indigenous plant species. Through the selective 
thinning of encroacher woody species, competition for essential resources such as water, 
sunlight, and soil nutrients will be reduced, allowing perennial grasses to re-establish 
themselves. The restoration of these plants will be crucial for the resilience and balance of the 
local ecosystem, as they will provide habitat and food sources for a variety of wildlife.  

6.2 Habitat Recovery for Wildlife 

As the PRRP improves vegetation cover and restores indigenous plants, it will create more 
favourable conditions for wildlife to return to these areas. The re-establishment of perennial 
grasses and native shrubs will provide critical habitat for herbivores, birds, and insects, 
supporting a diverse range of species. With the recovery of plant species, wildlife populations 
will increase, enhancing the overall ecological balance of the rangeland. Additionally, restored 
habitats will contribute to the resilience of wildlife populations, offering them food, shelter, and 
breeding grounds that are essential for their survival in Namibia’s challenging semi-arid 
environments. 

6.3 Improved Pollinator Populations 

Pollinators, such as bees, butterflies, and other insects, will play a crucial role in maintaining 
healthy ecosystems by facilitating the reproduction of plants. The restoration of indigenous 
flowering plants will encourage the return and growth of pollinator populations, which have often 
declined in degraded rangelands dominated by encroacher species. As more native plants 
bloom, these pollinators will help sustain biodiversity by ensuring that a wide variety of plant 
species can reproduce and thrive. Improved pollinator activity will also enhance crop 
productivity in agricultural areas adjacent to the restored rangelands, contributing to broader 
ecosystem services and benefits. 

7 Monitoring and Evaluation 

PRI deploy highly advanced tools for monitoring and evaluating environmental improvements. By 
employing a rigorous system of continuous tracking of agricultural productivity, SOC, ground 
cover and biodiversity, the PRRP can measure its impact on rangeland restoration and long-term 
carbon sequestration goals. These efforts not only help assess progress but also allow for data-
driven decision-making, ensuring that new and adaptive management practices can be 
implemented where necessary to enhance the programme’s outcomes. 
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7.1 Continuous Environmental Monitoring 

The programme will employ a combination of field inspections, Artisan Pro surveys and 
interviews, AI monitoring tools, satellite imagery, and digital Monitoring, Reporting, and 
Verification (dMRV) systems to track the progress of rangeland restoration efforts in real time. 
Key environmental indicators such as vegetation cover, SOC levels, and water availability will be 
monitored regularly to assess improvements in ecosystem health. 

Through this multi-year monitoring, any deviations or unexpected impacts on the environment 
can be quickly identified and addressed, allowing for adaptive management practices that 
respond to changing conditions on the ground. This will ensure that the PRRP not only meets its 
immediate restoration goals but also contributes to long-term ecological sustainability.  

Continuous environmental monitoring is a mandatory component of the PRRP to ensure that 
bush thinning, biochar production, and land restoration activities result in positive ecological 
outcomes while minimising unintended environmental consequences.  

The programme's environmental monitoring approach will be structured around the following 
key elements: 

7.1.1 Soil Organic Carbon (SOC) and Ground Cover Monitoring – Downforce Technologies 

 Downforce Technologies will be used to track SOC levels and changes in ground 
cover across PRRP project sites. 

 This system will provide high-resolution satellite-derived SOC assessments, 
enabling long-term tracking of soil health improvements, carbon sequestration 
performance, and erosion control. 

 Downforce Technologies will track moisture retention in the soils. 
 Regular SOC monitoring will be essential for verifying carbon accounting claims and 

ensuring compliance with climate finance requirements. 

7.1.2 Biodiversity Monitoring – UK Centre for Ecology & Hydrology (UKCEH) 

 The UK Centre for Ecology & Hydrology (UKCEH) will lead biodiversity assessments, 
measuring the impacts of bush thinning on plant diversity and wildlife habitats 
through pollinator populations. 

 This will include remote pollinator tracking using AI cloud modelling. 
 Biodiversity monitoring will directly support PRRP's ecological integrity assessments 

and ensure that land restoration efforts enhance, rather than disrupt, local 
ecosystems. 

The results of these monitoring tools will be shared with the Artisan Pros, off-take partners, and 
other key stakeholders. PRI will display these impacts via an online platform to interested 
parties.  
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9 Appendix B: Glossary 

Annuals (vegetation): Plants that complete their life cycle in one growing season and die 
afterward (Kiefer et al., 2017). See also: Perennial. 

Arboricide: A type of herbicide specifically designed to kill trees or shrubs (Fryer, 1955). 

Bush Encroachment (BE): The aggressive spread of unwanted woody plants, resulting in an 
imbalance between bush and grass cover. This leads to reduced biodiversity and a decline in 
grazing capacity for both wild and domestic herbivores in semi-arid rangeland ecosystems 
(Belayneh & Tessema, 2017). The term is synonymous with "thickening of woody plants," "woody 
regrowth," and "invasion of woody weeds" (Belayneh & Tessema, 2017). 

Bush Density: The number of individual woody plants per unit area (Haque & Sakimin, 2022). 

Bush Control: Actions taken to manage the density and composition of woody plants in areas 
affected by bush encroachment. Effective bush control helps prevent ecological and 
socioeconomic losses by preserving ecosystem integrity (Abdullahi & Birka, 2022). 

Biochar: A carbon-rich charcoal produced by the pyrolysis of organic biomass or agricultural 
residues. It is used to improve soil nutrient content and sequester carbon from the environment 
(Narzari et al., 2015). 

Biomass: (a) The total mass of living organisms in a particular area, expressed as mass or volume 
per unit area. (b) The mass of biologically derived materials, including both living and dead 
biomass (Van der Watt & Van Rooyen, 1995). 

Biomes: Large ecological communities of plants and animals within specific regions. Namibia 
has four terrestrial biomes (desert, karoo, savannah, and woodland) and two aquatic biomes 
(coastal/marine and wetlands) (MET, 2010). 

Bulk Density (soil): The mass of dry soil per unit volume, measured after drying to a constant 
mass at 105°C. Values typically range from 1000 to 1800 kg/m³, with higher values in compacted 
soils (Van der Watt & Van Rooyen, 1995). 

Bush: Woody perennial plants typically between 0.5 and 5 meters in height at maturity, without 
a well-defined crown (Gschwenter et al., 2009). 

Bush Thinning: The selective reduction of woody vegetation on a cyclical basis to promote 
herbaceous production, species richness, groundwater recharge, and improved soil moisture 
conditions (Haussmann et al., 2016). 

Coppice: The ability of woody plants to regrow from cut or damaged stems or roots (Kiefer et al., 
2017). 

Clearing: The removal of bush using mechanical, manual, chemical, or combined methods, 
including cutting, rolling, flailing, or chipping (Ben-Shahar, 1992). 
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Charcoal: A black, porous solid or fine black powder, typically used as a fuel. It is insoluble in 
water and organic solvents (Abdollahi & Hosseini, 2014). 

Climate Change: Long-term alterations in global or regional climate patterns, including 
temperature and precipitation (IPCC, 2014). 

Climate Change Mitigation: Strategies aimed at reducing or preventing greenhouse gas 
emissions to limit global warming (IPCC, 2014). 

Compaction (soil): The reduction of soil volume (increased bulk density) due to external forces 
like machinery or animal activity, resulting in reduced porosity (Van der Watt & Van Rooyen, 
1995). 

Contour: An imaginary line connecting points of equal elevation on the earth’s surface (Hahmann 
& Usery, 2015). 

Evaporation: The process of converting liquid water into gas (Pamelah Amor et al., 2016). 

Forbs: Herbaceous, broad-leaf plants that are not grass-like. Rangeland forbs are usually 
perennials and may dominate in overgrazed areas. Cropland forbs are typically annuals (Marzec 
et al., 2015). 

Forest: Land with more than 10% tree crown cover, an area larger than 0.5 hectares, and trees 
capable of reaching 5 meters in height (Gyde Lund, 2007). 

Gully: A deep channel formed by erosion, usually caused by intermittent water flow after heavy 
rainfall (Beven, 2012). 

Gully (Donga) Erosion: Erosion caused by water accumulating in narrow channels, which removes 
soil to considerable depths (Van der Watt & Van Rooyen, 1995). 

Grass: Members of the Poaceae (Gramineae) family, herbaceous plants with slender, jointed 
stems and leaves, and a monocotyledonous structure (Marzec et al., 2015). 

Global Warming: A subset of climate change, referring specifically to the increase in global 
average temperatures over time (Stocker, Qin & Plattner, 2013). 

GPS: A satellite-based navigation system with a network of 24 satellites used globally for civilian 
and military applications (Ali, 2020). 

Greenhouse Gases (GHGs): Atmospheric gases, such as carbon dioxide and methane, that trap 
heat from the sun and contribute to the greenhouse effect (Forster, Ramaswamy & Artaxa, 
2007). 

Gigatonnes (GT): A unit of mass used to measure large quantities, such as atmospheric carbon 
dioxide (Dictionary of Environment and Conservation, 2007). 

Herbicide: A chemical substance used to kill or inhibit the growth of plants (Tu, Hurd & Randall, 
2001). 

Hydromorphic: Soil that shows signs of waterlogging, often leading to iron reduction or 
segregation (Duchaufour, 1982). 
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Infiltration: The process by which water enters the soil, typically moving vertically downward 
(Van der Watt & Van Rooyen, 1995). 

Leaching: The removal of soluble substances from soil by percolating water (Van der Watt & Van 
Rooyen, 1995). 

Litter: Dead plant material, such as leaves and stems, that forms a layer on the soil surface. It  

Organic Soil: Soil formed under hydromorphic conditions with more than 15% organic matter 
throughout (Van der Watt & Van Rooyen, 1995). 

Perennials (vegetation): Plants that live for three or more growing seasons (Kiefer et al., 2017). 
See also: Annuals. 

Percolation: The downward movement of water through soil (Van der Watt & Van Rooyen, 1995). 

Rangelands: Geographical regions dominated by grass and grass-like species, covering 18-23% 
of the world’s land area (Blench & Sommer, 1999). 

Regeneration: The natural process by which plants and animals restore damaged or missing 
cells, tissues, or body parts (Narzari et al., 2015). 

Restoration: Assisting the recovery of an ecosystem that has been degraded, damaged, or 
destroyed (Hagen et al., 2016). 

Rill: A small channel formed by intermittent water flow, typically only a few centimeters deep 
(Van der Watt & Van Rooyen, 1995). 

Rill Erosion: Erosion characterized by the formation of small channels in recently cultivated soil 
(Van der Watt & Van Rooyen, 1995). 

Runoff: Water flow that leaves a watershed after rainfall, including quick flow, base flow, and 
groundwater outflow (Beven, 2012). 

Soil Degradation: The loss of physical, chemical, or biological qualities in soil, diminishing its 
ability to support ecosystems (Nunes et al., 2020). 

Soil Organic Carbon (SOC): The carbon found in organic compounds in soil, essential for soil 
health and fertility (Van der Watt & Van Rooyen, 1995). 

Soil Organic Carbon Sequestration: The process of capturing atmospheric carbon dioxide and 
storing it in the soil as part of soil organic matter (Olson, 2013). 

Soil Organic Matter (SOM): The organic fraction of soil, including decomposed plant and animal 
material, which contributes to soil fertility (Van der Watt & Van Rooyen, 1995). 

Transpiration: The process by which water evaporates from the leaves and stems of plants into 
the atmosphere (Pamelah Amor et al., 2016). 

Tree: A woody perennial plant with a single stem or, in the case of coppice, multiple stems. Trees 
typically have a defined crown and reach a minimum height of 5 meters at maturity in situ 
(Gschwender et al., 2009). 
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Terrestrial Carbon: The carbon stored in both organic and inorganic forms within soils and 
vegetation. This includes living and dead biomass, playing a critical role in global carbon cycling 
(NETL, 2020). 

Veld Condition: A measure of vegetation health in relation to its ability to sustain forage 
production and resist soil erosion, crucial for the maintenance of rangeland ecosystems 
(Trollope et al., 1989). 

Water Table: The level in the ground at which the pressure of water is equal to atmospheric 
pressure, marking the boundary between water-saturated and unsaturated soil layers (Brooks & 
Corey, 1966). 

 


