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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.
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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 1highlighting the most severely affected areas. This resultsin
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 (CO,) 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 km? 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 CSl-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).

Changesinland 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
etal., 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).

Burningremains a widely used tool for controlling woody biomass inrangelands, 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 CO, levels may further boost
plant growth and SOC in grasslands (Pellegrin, 2021)

Chemical bush control, particularly the use of arboricides, iscommon 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 CO, 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 contentin 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).
Researchalso 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 km? 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).

\4
\){, Environmental Management Plan - 4 April 2025 Page 9



Further research in Namibia estimated nitrogen fixation along an aridity gradient, showing that
nitrogen-fixing speciesin 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 reqgulating 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 grassesin 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).

Itis 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 misquided intervention as whole-scale removal
of bush results in continued degradation of land (Boys, 2022).

2. Converting the bushinto charcoal. Namibian charcoal is a major export and resultsin
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 forwide-spread veldfires, eitherasaresult 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 within 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 Qutjo has
employed fieldworkers for a decade to remove bush on her 12,000-hectare farm. The biomassis
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 onregions
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 projectsin 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/0Otjikondo 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

Farm Rafidum Legend
¥ Farm Rafidum

pEarm Rafidum

[

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.

Farm Dabib v : Legend

& Farm Dabib

Figure 3: Geolocation of Farm Dabib

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
amore refined approach, suggesting that the negative effects of BE become apparent when the
median number of Evapo-Transpiration Tree Equivalents(ETTESs) 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 orremoved
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
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of the woody layer are typically used to calculate the number of TEs or ETTEs per hectare, which
isthen compared with the area’s long-termrainfall 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 m?) 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 quidelines 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:

Senegalia mellifera
Dichrostachys cinerea
Vachellia reficiens,
Catophractes alexandri
Colophospermum mopane
Combretum apiculatum
Vachellia karroo

Noo s aN s

PHASE 2:
8. Terminalia prunioides
9. Grewiaflava
10. Vachellia leuderitzii
1. 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
floraand faunais sensitive to changesin 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 speciesare going to be used within
the first stage of the PRRP.

Terminalia prunioides, Grewia flava, Vachellia leuderitzii, Vachellia erubescens, Senegalia Senegal,
and Terminalia sericeawillcome 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
speciesin Namibia, contributing to widespread bush thickeningacross 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)
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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 disruptinglocal ecosystems. This adaptability is oftenlinked to its rapid growth rate and high
reproductive capacity, which enable it to colonise large areas swiftly and outcompete species
forresources(National Strategy on the Sustainable Management of Bush Resources, 2022-2027,
MEFT).

Theimpacts 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 itsresilience 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)

Vachellia luederitzii - Vachellia reficiens complex

Legend
® Main town
Trunk road
[ Protected area
[_1 Region
—~__-| Probability of occurence
Absent
Low
Medium
B High

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
speciesin 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 alexandriis one of the main
speciesinvolved 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(GlIZ, 2015).
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Catophractes alexandri Distribution in Namibia (Mannheimer and Curtis, 2018: pp 460)
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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)
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In addition to national documentation, mopane isrecognised 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).
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Senegalia mellilfera Distribution in Namibia (MEFT, 2024)
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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 melliferais 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).

Declared indicators of bush encroachment in South Africa (The Conservation of
Agricultural Resources Act, 1983 (Act No. 43 of 1983).

Botanical name

Common name

Azima tetracantha
Combretum apiculatum
Dichrostachys cinerea
Euclea crispa

Euclea divinorum
Grewia bicolor
Leucosidea sericea
Senegalia ataxacantha
Senegalia senegal
Terminalia sericea
Vachellia karroo

MNeedle bush

Red bush-willow

Sickle bush

Blue guarri

Magic guarri

Bastard raisin bush

Old wood

Flame thorn

Three-hook thorn, Three-thorned Acacia
Silver cluster leaf
Sweet thorn/Soetdoring

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 theirinteraction 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 speciesin 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)
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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 Grewiaflava

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.
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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 presencein
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.

\4
\){, Environmental Management Plan - 4 April 2025 Page 26



Vachellia luederitzii Distribution in Namibia (MEFT, 2024)
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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)
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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.). Althoughit isnot 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
speciesin 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 forits 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)
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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 disruptionsanditsimpact 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 sericeais also noted in various mapping efforts, as shown in the works of Bester(1396)
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 farmersin Namibia. This use underscoresits 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.
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Table 1: Bush Encroacher Tree and Shrub Species in Namibia(MEFT, 2017)

Main encroacher tree and shrub specles
# Acacia luederitzii (Vachellia luederitzii)
» Acacia mellifera (Senegalia mellifera)
Acacia reficiens (Vachellia reficiens)
Colophospermum mopane
Dichrostachys cinerea

Rhigozum trichotomum

Terminalia prunioides

Terminalia sericea

Other specles of lesser Importance as encroachers
# Acacia erubescens (Senegalia erubescens)

# Acacia fleckii (Senegalia fleckii)

# Acacia nilotica (Vachellia nilotica)

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

Category of thickened bush Hectares

Ne. en  Main bush species Density of bushes | Commercial Communal

map land land
| C. mopane 2,500 per hectare 1,451,000 2 984 000
2 . Acocia reficiens? . 3,000 per hectare 1,476,000 . &91,000
3 e | 2,000 per heciare 3360000 | 195000
4 C. mopane | 4,000 per hectare 482,000 | 1,090,000
5 Acocia mellifera | 8,000 per hectare 2,067,000 | 13,000
é Acacia melifera | 4,000 per hectare 2692000 | 210,000
7 e e e e e 2513000 | 1,220,000
8 Acacia melifera | 5,000 per hectare 950,000 | 2,453,000
Q . lerminalia sericea . 8,000 per hectare 586,000 . 1,624 000
Total 15,777,000 10,482,000

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

Main encroachers Less important as encroachers Invasive species

Dichrostachys Terminalia sericea : Combretum collinum Acacia fleckii (inareas Prosopis sp (They outnumber and
dinerea Acacia nebrownii {mainly in Zambezi of eastern Omaheke) produce high yields eliminate other
Acacia mellifera Rhigozum trichot- Region) Acacia mearnsii (black of nutritious fodder, indigenous species)
Acacia reficiens omum Acacia hebedlada wattle —a patch in timber and fuelwood, Leucaena leuco-
Colophospermum Catophractes (in areas of eastern (Otavi area) h'-'ll ‘E"d_“’ If“”“ cephala
mopane alexandri Omaheke) Acacia nilotica MKkt n ver Lantana sp

L : . 8 beds and adjacent
T ,,Tmﬁm Acacia erubescens areas, where they
prunoides
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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. cinereaq, T. sericea
Epukiro Community Forest S. mellifera, D. cinereaq, T. sericea
Ondjou Community Forest and S. mellifera, D. cinereaq, T. sericea
Conservancy
Eiseb Community Forest and S. meliifera, T. sericea
Conservancy
Omuramba Ua Mbinda Community ; .
S. mellifera, T. sericea
Forest and Conservancy
Otjimbinde Community Forest S. mellifera, T. sericea
. . African Wild Dog Community S. mellifera, D. cinerea, T. sericea, V.
Otjozondjupa .
Forest and Conservancy reficiens, G. flavescens
Ozonahi Community Forest and S. mellifera, V. reficiens, T. sericea, G.
Conservancy flavescens
Otjituuo Community Forest and S. mellifera, V. reficiens, T. sericea, T.
Conservancy prunoides
Mkata Community Forest T. sericea
Oshikoto Ohepi Niilonga Community Forest T sericed, 0. cinerea, V. nilotica, V.
luederitzii
]l:’el]e;nmgsettl Small Scale Leasehold 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)

\/

Environmental Management Plan - 4 April 2025

Reaion Site Dominant Potential Potential Feasible Use of
9 Species Offtake Yield Biomass
S. mellifera, D. 1187.5 Firewood,
Omaheke Otjinene cinerea, T. e 6.43t/ha charcoal/biochar,
: BE/ha
sericea poles/dropper, fodder
S. mellifera, G. 633 Firewood,
Otjozondjupa 0Ozonahi flavescens, V. 5.59t/ha charcoal/biochar,
e BE/ha
reficiens poles/dropper, fodder
S. mellifera, V. 1700 Firewood,
Otjituuo reficiens, G. . 13.7t/ha  charcoal/biochar,
BE/ha
flavescens poles/dropper, fodder
Kavango Nkurenkuru , -1,097.5 Limited use: droppers,
West and Mpungu T. sericea BE/ha 0.0t/ha fodder
Muduvu . -1,285.5 Limited use: droppers,
Kavango East Nyangana T. sericea BE/ha 0.0t/ha fodder
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George . -1,100 Limited use: droppers,
Mukoya T sericea BE/ha 90V todder
i Firewood
kK U
Oshikoto King Nehale - nfotica™ D. 2008.3 45 o Charcoal/biochar,
cinerea BE/ha .
wood chips, fodder
Omuthiya C. gratissimus, -37.5 0.0t/h Limited use: droppers,
East T. sericea BE/ha ) @ fodder
Firewood,
Omuthiya 3,660 charcoal/biochar,
West C.mopane BE/ha oo 0Uha L od chips, poles/
dropper, fodder
T. sericea, C. 769 7 Firewood,
Oshivelo gratissimus, G. . 3.4t/ha  charcoal/biochar,
. BE/ha .
bicolor 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 canresult 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.
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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
afterthinning. Contour swales and maintaining ground cover will help retain soil moisture
and prevent erosion, supporting healthier rangelands. Dr Ibo Zimmerman, a local expert
onrangeland 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 CO, 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
degradationis 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
comparedto 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-stimulantsare not available, the Artisan Pro may use other stimulantslike 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.
¥ Enbances 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 Kelpactively absorbs CO, 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 Woodvinegar contains organicacids, 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 PRIl 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 CSl regulations, biochar must be mixed with soil in a 1:1ratio,
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 biocharinto 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 beenapplied, 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 reqularly
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 contaminantsinto 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
beneficialamendment 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).

¥ Industrialand 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., 2018).

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 0Ongoing Monitoring and Safe Biochar Application

Even after theinitial 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 safeqguards 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, PRl 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

¥ Carbonand hydrogen content
¥ Bulk density

¥  pHvalue

¥  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:

¥ Enbhanced 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 remainsin 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 carbonin 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.

¥ Enbhanced 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, richinnutrientsand organic matter, remainsintact. 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
deeproot 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 sail,
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 biocharand charcoal will lie in theirimpact 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 offersinsightsinto 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 mineralsin
the original biomass. The minerals will be locked into the biochar’s porous structure,
allowingthemto be gradually released back into the soil when the biocharis 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 m® 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 lossin 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 willencourage 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 itsimpact onrangeland 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, Al 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
coveracross 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.

¥ Thiswill include remote pollinator tracking using Al 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.

\4
\){, Environmental Management Plan - 4 April 2025 Page 49



8 Appendix A: References

Abdollahi, M., & Hosseini, A.(2014). Charcoal. In Encyclopaedia of Toxicology (pp. 779-781).
Elsevier.

Abdullahi, M., & Birka, A.(2022). Impact of Bush Encroachment Control on Rangeland Vegetation
in the Rangelands of Bale Southeastern Ethiopia. Journal of Rangeland Science, 12(1).

Abel, S.J., Haywood, J.M., Highwood, E.J., Li, J., and Buseck, P.R., 2003. Evolution of biomass
burning aerosol properties from an agricultural fire in southern Africa. Geophysical Research
Letters, 30(15).

Abraham, J. (2013). Organic carbon estimations in soils: Analytical protocols and their
implications. RubberScience, 26(1): 45-54.

Ali, E. (2020). Global Positioning System (GPS): Definition, Principles, Errors, Applications &
DGPS.

Allam, M., Radicetti, E., Quintarelli, V., Petroselli, V., Marinari, S. & Mancinerri, R.(2022). Influence
of Organic and Mineral Fertilizers on Soil Organic Carbon and Crop Productivity under Different

Tillage Systems: A Meta-Analysis. Soil Quality and Health to Assess Agro-Ecosystems Services,
12(4).

Amrhein, V., Greenland, S., and McShane, B., 2019. Retire statistical significance. Nature, 567,
305-307.

Angassa, A., Sheleme, B., Oba, G., Treydte, A. C., Linstadter, A. & Sauerborn, J.(2012). Savannah
land use and its effects on soil characteristics in Southern Ethiopia. Journal of Arid
Environments, 81, 67-76.

Bagchi, S. & Ritchie, M. E. (2010). Introduced grazers can restrict potential soil carbon
sequestration through impacts on plant community composition. Ecology letters, 13, 959-968.

Baillieul, T.A., 1975. A reconnaissance survey of the cover sands in the Republic of Botswana.
Journal of Sedimentary Petrology, 45(2), 494-503.

BCBU (2020). Bush Control and Biomass Utilisation Project. Greenhouse Gas Assessment of
Bush Control and Biomass Utilisation (BCBU) in Namibia - Policy Brief.

Belayneh, A., & Tessema, Z. K. (2017). Mechanisms of bush encroachment and its inter-
connection with rangeland degradation in semi-arid African ecosystems: A review. Journal of
Arid Land, 9(2), 299-312.

Ben-Shahar, R.(1992). The Effects of Bush Clearance on African Ungulates ina Semi-Arid Nature
Reserve. Ecological Applications, 2(1), 95-101.

Bernard, N., Losologolo, M., Batlang, U., Ngwako, S., Mashungwa, G.N., Tselaesele, N.M., and

Pule-Meulenberg, F., 2018. Symbiotic performance of grain and wild herbaceous legumes in the
Okavango Delta and Tswapong region of Botswana. Symbiosis, 75(3), 179-188.

\4
\){, Environmental Management Plan - 4 April 2025 Page 50



Berryman, E., Hatten, J., Page-Dumroese, D. S., Heckman, K.A., Amore, D. V. D., Puttere, J.,
SanClements, M. & Connolly, S. J.(2020). Forest and Rangeland Soils of the United States Under
Changing Conditions

Bester, F. V. (1996). Major problem, bush species and densities in Namibia. Agricola, 10, 13.
Bester, F. V.(1998). Major problem - bush species and densities in Namibia. Agricola, 10, 1-3.

Beukes, P.C. and Ellis, F., 2003. Soil and vegetation changes across a Succulent Karoo grazing
gradient. African Journal of Range &amp; Forage Science, 20 (1), 11-19.

Beven, K. J.(2012). Rainfall-runoff modelling: The primer(2nd ed). Wiley-Blackwell.

Birch, C., Middleton, A., Harper-Simmonds, L. & Lindeque, P. (2017). Economics of Land
Degradation Initiative: Benefits of bush control in Namibia. A national economic study for
Namibia and a case for the Otjozondjupa Region.

Black, C.A. and Evans, D.D., 1965. Methods of soil analysis. Madison, Wis.: American Society of
Agronomy.

Blench, R., & Sommer, F. (1999). Understanding rangeland biodiversity. Overseas Development
Institute, Portland House Stag Place London SW1E 5DP.

Blois, J.L., Williams, J.W., Fitzpatrick, M.C., Jackson, S.T., and Ferrier, S., 2013. Space can
substitute for time in predicting climate-change effects on biodiversity. Proceedings of the
National Academy of Sciences, 110(23), 9374.

Bogunovic, I., Dugan, 1., Galic, M., Kisic, I. and Pereira, P. (2024) Can biostimulant usage with
farmyard manure provide a higher carbon level in low-quality, conventionally managed
croplands?. Case studies in chemical and environmental engineering, 9, p.100638.

Bosch, 0.J.H. and Gauch, H.G., 1991. The use of degradation gradients for the assessment and

ecological interpretation of range condition. Journal of the Grassland Society of Southern
Africa, 8(4), 138-146.

Boys, J. (2024) Bush Control for Long-term Restoration of Rangelands in Namibia. [video]
YouTube. Available at: https://www.youtube.com/watch?v=VmH-x0r9BAQ

Boys, J.M. and Smit, G.N., (2021). User manual: Namibia Bush Biomass Quantification Tool.
Windhoek: De-Bushing Advisory Services on behalf of MEFT and GIZ Namibia.

Brady, N. C. & Weil, R. R. (2014) The Nature and Properties of Soils. Pearson New International
Edition. Fourteenth Edition

Brockett, B., (2001). Sampling efficiency for species composition assessments using the wheel-
point method in a semi-arid savanna. African Journal of Range &amp; Forage Science, 18 (2-3),
93-101.

Brooks, R. H., & Corey, A. T.(1966). Properties of Porous Media Affecting Fluid Flow. Journal of
the Irrigation and Drainage Division, 92(2), 61-88.

\4
\){, Environmental Management Plan - 4 April 2025 Page b1


https://www.youtube.com/watch?v=VmH-xQr9BAQ

Buckeridge, K. M., Creamer, C., & Whitaker, J.(2022). Deconstructing the microbial necromass
continuum to inform soil carbon sequestration. Functional Ecology, 36(6), 1396-1410.

Burbano, C. S., Gronemeyer, J. L., Hurek, T. & Reinhold-Hurek, B. (2015). Microbial community
structure and functional diversity of nitrogen-fixing bacteria associated with Colophospermum
mopane. FEMS Microbiology Ecology, 91

CABI, 2023. Acacia senegal (gum acacia).[online] Available at:
https://www.cabidiqgitallibrary.org/doi/abs/10.1079/cabicompendium.2405

Canadell, J. G., Le Quéré, C., Raupach, M. R., (2007). "Contributions to accelerating atmospheric
CO2 growth from economic activity, carbon intensity, and efficiency of natural sinks."
Proceedings of the National Academy of Sciences, 104(47), 18866-18870.

Carter, M.R.and Gregorich, E.G., eds., 2008. Soil sampling and methods of analysis. 2nd ed. Boca
Raton, Florida: Canadian Society of Soil Science; CRC Press.

Christian, C., de Klerk, N., Bockmhl, F., van der Merwe, B., and Mostert, A., 2010. Desk Top Study
on the effect of Bush Encroachment on Groundwater Resources in Namibia. Windhoek: Colin
Christian Associates cc, Unpublished report for the Namibia Agricultural Union. Coetzee, C.,
Bond, W.J., and February, E.C., (2010). Frequent fire affects soil nitrogen and carbon in an
African savanna by changing woody cover. Oecologia, 162 (4), 1027-1034.

Cloete, W. H. (2022). Determining the effect of soil on bush encroachment between 1993 and
2018 in the North West Province. Available at:
https://repository.nwu.ac.za/bitstream/handle/10394 /39548 /Cloete%20WH%2027225658.p

df?sequence=1.

Colin Christian & Associates. 2010. The effect of bush encroachment on groundwater resources
in Namibia: a desk study. A report commissioned by the Namibia Agricultural Union. Windhoek,
Namibia126 pp.

Cottam, G. and Curtis, J.T., 1956. The use of distance measures in phytosociological sampling.
Ecology, 37(3), 451-460.

Creamer, C. A., Filley, T. R., Oik, D. C., Stott, D. E., Dooling, V. & Boutton, T.W. (2013).
Biogeochemistry, 113:307-321.

Davis, M., Alves, B., Karlen, D., Kline, K., Galdos, M., and Abulebdeh, D., 2017. Review of Soil
Organic Carbon Measurement Protocols: A US and Brazil Comparison and Recommendation.
Sustainability, 10(2), 53

Davis, S. C., Boddey, R. M., Alves, B. J., Cowie, A. L., George, B. H., Ogle, S. M., Smith, P., van
Noordwijk, M., & van Wijk, M. T.(2018). "Management swing potential for bioenergy crops." Global
Change Biology Bioenergy.

De Blécourt, M., Grongroft, A., Baumann, S. & Eschenbach, A. 2019. Losses in soil organic carbon
stocks and soil fertility due to deforestation for low-input agriculture in semi-arid southern
Africa. Journal of Arid Environments.

\4
\){, Environmental Management Plan - 4 April 2025 Page b2


https://www.cabidigitallibrary.org/doi/abs/10.1079/cabicompendium.2405
https://repository.nwu.ac.za/bitstream/handle/10394/39548/Cloete%20WH%2027225658.pdf?sequence=1
https://repository.nwu.ac.za/bitstream/handle/10394/39548/Cloete%20WH%2027225658.pdf?sequence=1
https://repository.nwu.ac.za/bitstream/handle/10394/39548/Cloete%20WH%2027225658.pdf?sequence=1

De Klerk, J. N. (2004). Bush Encroachment in Namibia. Report on Phase 1 of the Bush
Encroachment Research, Monitoring and Management Project. Ministry of Environment and
Tourism.

De Klerk, J. N. (2004). Bush Encroachment in Namibia: Report on Phase 1 of the Bush
Encroachment Research, Monitoring, and Management Project. Windhoek, Namibia: Ministry of
Environment and Tourism. Available at: http://the-
eis.com/elibrary/sites/default/files/downloads/literature/Bush%20Encroachment%20in%20

Namibia.pdf.

De Pauw, E., Coetzee, M.E., Calitz, A.J., Beukes, H., and Vits, C., 1998. Production of an Agro-
Ecological Zones Map of Namibia (first approximation). Part Il: Results. Agricola, 10, 33-43.

De Vos, B., Vandecasteele, B., Deckers, J., and Muys, B., 2005. Capability of Loss-on-Ignition as
a Predictor of Total Organic Carbon in Non-Calcareous Forest Soils. Communications in Soil
Science and Plant Analysis, 36 (19-20), 2899-2921.

Denboba, M. A. (2022) Grazing management and Carbon sequestration in Dry Lowland
Rangelands of Southern Ethiopia. Environmental Management and Conservation, 8(1).

Dictionary of Environment and Conservation. (2007). Publisher: Oxford University PressPrint
Publication Date: 2007. Print ISBN-13: 9780198609957

Dix, R.L., 1961. An application of the Point-Centred Quarter Method to the Sampling of Grassland
Vegetation. Journal of Range Management, 14(2), 63-69.

Dong, L., Martinsen, V., Wu, Y., Zheng, Y., Liang, C., Liu, Z & Mulder, J. (2021) Effect of grazing
exclusion and rotational grazing on labile soil organic carbon in north China. Journal of Soil
Science,72:372-384.

Dérgeloh, W.G., (1998). A comparison of tree density and canopy cover between different plant
communities in Mixed Bushveld, Northern Province. South African Journal of Botany, 64 (1), 86-
87.

Du Preez, C.C., van Huyssteen, C. W.,and Mnkeni, P.N. S.,(2011). Land use and soil organic matter
in South Africa 1: A review on spatial variability and the influence of rangeland stock production.
[Review]. South African Journal of Science, 107(6), 1-8

Edwards, T.(2021). Measuring and reporting soil organic carbon. Agriculture and Food.

Environmental Investment Fund of Namibia (EIFN). (2014). Project Handover Ceremony for the
Bush to Feed Plant in Ozonahi Conservancy.

EPA(2012). Solid Waste and Emergency Response.

European Communities (2009) Sustainable agriculture and soil conservation Soil degradation
processes.

FAQ, 2020. A protocol for measurement, monitoring, reporting and verification of soil organic
carbonin agricultural landscapes - GSOC-MRV Protocol. Rome: FAO.

\4
\){, Environmental Management Plan - 4 April 2025 Page 53


http://the-eis.com/elibrary/sites/default/files/downloads/literature/Bush%20Encroachment%20in%20Namibia.pdf
http://the-eis.com/elibrary/sites/default/files/downloads/literature/Bush%20Encroachment%20in%20Namibia.pdf
http://the-eis.com/elibrary/sites/default/files/downloads/literature/Bush%20Encroachment%20in%20Namibia.pdf

FAO. 2019. Standard operating procedure for soil organic carbon. Walkley-Black method.
Titration and colorimetric method. Version number: 1. Global Soil Laboratory Network
(GLOSOLAN).

Foran, B.D., Tainton, N.M., and Booysen, P. de V., 1978. The development of a method for
assessing veld condition in three Grassveld types in Natal. Proceedings of the Grassland Society
of southern Africa, 13, 27-33.

Forster, P., Ramaswamy, V., Artaxo, P., et al. (2007). "Changes in Atmospheric Constituents and
in Radiative Forcing." In: Solomon, S., Qin, D., Manning, M., et al. (Eds.), "Climate Change 2007:
The Physical Science Basis. Contribution of Working Group | to the Fourth Assessment Report
of the Intergovernmental Panel on Climate Change."

Franzluebbers, A. J.(2002). Soil organic matter stratification ratio as an indicator of soil quality.
Soil and Tillage Research, 66(2),95-106

Fryer, J. D.(1955). The role of arboricides in bush and forest eradication. Journal of the Science
of Food and Agriculture, 6(2), 73-78.

Gauch, H.G., 1982. Multivariate analysis in community ecology. Cambridge: Cambridge University
Press.

Gavlak, R.G., Horneck, D.A., & Miller, R.0.(2005). Plant, Soil and Water Reference Methods for the
Western Region. 3rd ed. p. 111. WREP 125.

Gibbs Russell, G.E., Watson, L., Koekemoer, M., Smook, L., Barker, N.P., Anderson, H.M., and
Dallwitz, M.J., 1990. Grasses of southern Africa. Pretoria, ZA: National Botanic Gardens /
Botanical Research Institute.

Giess, W.(1998). A Preliminary Vegetation Map of Namibia. Dinteria, 4, 1-112.

Gill, R. A. & Burke, I. C. (1999) Ecosystem consequences of plant life form changes at three sites
in the semi-arid United States. Oecologia (in press).

GIZ.(2017b). Bush control methods. GIZ- de- bushing bush control manual. p. 22- 36.

Greenland, S., Senn, S.J., Rothman, K.J., Carlin, J.B., Poole, C., Goodman, S.N., and Altman, D.G.,
2016. Statistical tests, P values, confidence intervals, and power: a guide to misinterpretations.
European Journal of Epidemiology, 31(4), 337-350.

Grongroft, A., De Blécourt, M., Classen, N., Landschreiber, L., and Eschenbach, A., 2018. Acacia
trees modify soil water dynamics and the potential groundwater recharge in savanna
ecosystems. In: R. Revermann, K.M. Krewenka, U. Schmiedel, J.M. Olwoch, J. Helmschrot, and
N. Jlirgens, eds. Climate Change and Adaptive Land Management in Southern Africa. Gottingen
& Windhoek: Klaus Hess Publishers, 177-186.

Gschwantner, T., Schadauer, K., Vidal, C., Lanz, A., Tomppo, E., Bi Cosmo, L., Robert, N., Englert
Duursma, D., & Lawrence, M. (2009). Common tree definitions for national forest inventories in
Europe. Silva Fennica, 43(2).

Gyde Lund, H.(2007). Accounting for the World's Rangelands. Rangelands, 29(1), 3-10.

\4
\){, Environmental Management Plan - 4 April 2025 Page b4



Hagen, D., Kotiaho, J., Kareksela, S., Lindhagen, A., Isaksson, D., Paivinen, J., Svavarsdéttir, K.,
Tennokene, M., & Hansen, K. T. (2018). Restoration priorities and strategies. Nordic Council of
Ministers.

Hahmann, T., & Usery, E. L. (2015). What is in a Contour Map? A Region-Based Logical
Formalization of Contour Semantics. In S. I. Fabrikant, M. Raubal, M. Bertolotto, C. Davies, S.
Freundschuh, & S. Bell (Eds.), Spatial Information Theory (Vol. 9368, pp. 375-399). Springer
International Publishing.

Hanafy, M.S., Heikal, A.A.M,, El-Ghawwas, E.O. and Alj, Z.H. (2017) The effect of cattle manure
and biostimulants on growth and essential oil production of southernwood Artemisia

(Artemisia abrotanum L.) plant. Middle East ]. Agric. Res, 6(4), pp.1218-1231.
Haque, M. A., & Sakimin, S. Z.(2022). Planting Arrangement and Effects of Planting Density on
Tropical Fruit Crops: A Review. Horticulturae, 8(6), 485.

Hardle, W. and Simar, L., 2015. Applied multivariate statistical analysis. Fourth Edition. Berlin
Heidelberg New York Dordrecht London: Springer.

Harmse, C.J., Kellner, K., Dreber, N. (2016). Restoring productive rangelands: A comparative
assessment of selective and non-selective chemical bush control in a semi-arid Kalahari
savanna, Journal of Arid Environments, Volume 135, Pages 39-49, ISSN 0140-1963,

Harris, I., Jones, P.D., Osborn, T.J., and Lister, D.H., 2014. Updated high-resolution grids of
monthly climatic observations -the CRU TS3.10 Dataset. International Journal of Climatology, 34
(3), 623-642.

Harris, I., Osborn, T.J., Jones, P., and Lister, D., 2020. Version 4 of the CRU TS monthly high-
resolution gridded multivariate climate dataset. Scientific Data, 7(1), 109.

Haussmann, N. S., Kalwij, J. M., & Bezuidenhout, S. (2016). Some ecological side-effects of
chemical and physical bush clearing in a southern African rangeland ecosystem. South African
Journal of Botany, 102, 234-239.

Heck, P. (2025). Biomass Industry Park: Creating sustainability by landscape management.
Presentation at the Bush to Value (ButoVal) Research Project, Witvlei, 12 March 2025.

Hely, C., Alleaume, S., Swap, R.J., Shugart, H.H., and Justice, C.0., 2003. SAFARI-2000
characterisation of fuels, fire behavior; combustion completness, and emissions from

experimental burns ininfertile grass savannasin western Zambia. Journal of Arid Environments,
54(2), 381-394.

Hely, C., Caylor, K., Alleaume, S., Swap, R.J., and Shugart, H.H., 2003. Release of gaseous and
particulate carbonaceous compounds from biomass burning during the SAFARI 2000 dry season
field campaign. Journal of Geophysical Research, 108 (D13), 8470.

Hendler, S., et al. (2023). Allometric relationships between sapwood area and shrub dimensions
for six common Southern African savanna bush encroacher species: Universal or species-specific?
Ecology, 104(6). Available at:_https://onlinelibrary.wiley.com/doi/epdf/10.1002/ec0.2609 .

\4
\){, Environmental Management Plan - 4 April 2025 Page 55


https://onlinelibrary.wiley.com/doi/epdf/10.1002/eco.2609

Henry, M., Picard, N., Trotta, C., Manlay, R. J., Valentini, R., Bernoux, M. & Saint-Andre, L. (2011).
Estimating tree biomass of sub-saharan African forests: a review of available allometric
equations, Silva Fenn. 45, 477-569.

Heyting, A., 1968. Discussion and development of the Point-centred Quarter Method of sampling
Grassland vegetation. Journal of Range Management, 21(5), 370-380.

Hilinski, T. E. (2001). Implementation of exponential depth distribution of Organic Carbon in the
CENTURY Model.

Hoffman, T. and Ashwell, A., 2001. Nature divided: Land degradation in South Africa. Cape Town:
University of Cape Town Press.

Hogberg, P., 1986. Nitrogen-fixation and nutrient relations in savanna woodland trees(Tanzania).
Journal of Applied Ecology, 23, 675-688.

Hoogsteen, M.J.J., Lantinga, E.A., Bakker, E.J., Groot, J.C.J., and Tittonell, P.A., 2015.
Estimating soil organic carbon through loss on ignition: effects of ignition conditions and
structural water loss. European Journal of Soil Science, 66(2), 320-328.

Hurt, C.R. and Bosch, 0.J.H., 1991. A comparision of some range condition assessment
techniques used in southern African grasslands. Journal of the Grassland Society of southern
Africa, 8(4), 131-137.

ICC, MAWRD, and AECI, 2000. Project to support the Agro-Ecological Zoning Programme (AEZ)
in Namibia. Main Report. Windhoek, NA: Institut Cartografic de Catalunya (ICC), Namibian
Ministry of Agriculture, Water and Rural Development (MAWRD) and Spanish Agency for
International Co-operation (AECI).

IPCC. (2019). "Climate Change and Land: An IPCC Special Report on Climate Change,
Desertification, Land Degradation, Sustainable Land Management, Food Security, and McCune,
Bruce., Grace, J.B.,and Urban, D.L., 2002. Analysis of ecological communities. Gleneden Beach,
US: MjM Software Design.

Jones, B. et al.(2020). "Impact of Periodic Thinning on Carbon Storage and Biodiversity: A Study
from Managed Semi-Arid Bushlands." Journal of Applied Ecology.

Joubert, D. & Zimmermann, |.(2017). Decision support system on how to control bush thickening
by Acacia mellifera in Namibian savanna rangelands. GIZ- DebushingDSS- Booklet-2017.

Joubert, D.F., 1997. Grazing gradients in the Highland savanna vegetation of Namibia. Dinteria,
25, 69-86.

Kahumba, A. (2010). Comparison of the rehabilitative effects of mechanical and chemical methods
of bush control on degraded highland savanna rangelands in Namibia. Available at:
https://repository.unam.edu.na/bitstream/11070/507 /1 /kahumba2010.pdf .

Kahumba, A., Shigwedha, D.N., and Shikangalah, R.N., 2022. The effect of arboricide application
on soil chemical properties at Neudamm farm, Namibia. Welwitschia International Journal of
Agricultural Sciences, 3(1), 1-10.

\4
\){, Environmental Management Plan - 4 April 2025 Page 56


https://repository.unam.edu.na/bitstream/11070/507/1/kahumba2010.pdf
https://repository.unam.edu.na/bitstream/11070/507/1/kahumba2010.pdf

Kent, M., 2012. Vegetation Description and Analysis. A practical approach. 2nd edition.
Chichester, GB: Wiley-Blackwell.

Kiefer, C., Severing, E., Karl, R., Bergonzi, S., Koch, M., Tresch, A., & Coupland, G. (2017).
Divergence of annual and perennial species in the Brassicaceae and the contribution of cis-
acting variation at FLC orthologues. Molecular Ecology, 26(13), 3437-3457.

Kohli, A., Wagner, C., Kakembo, V., Smit, I.P.J. and Mapani, B., 2022. Landscape Function
Analysis: Responses to Bush Encroachment in a Semi-Arid Savanna in the Molopo Region, South
Africa. Sustainability, 14(14), p.8616.

Kruskal, J.B., (1964). Nonmetric multidimensional scaling: a numerical method. Psychometrika,
29(2), 115-129.

Kuyper, T.W. and de Goede, R.G.M., 2013. Interactions Between Higher Plants and Soil-dwelling
Organisms. In: E. van der Maarel and J. Franklin, eds. Vegetation Ecology. Chichester, UK: John
Wiley & Sons, Ltd, 260-284.

Lal, R.(2004). "Soil Carbon Sequestration Impacts on Global Climate Change and Food Security."
Science, 304(5677), 1623-1627.

Lancaster, N.(1988). Development of linear dunes in the southwestern Kalahari, southern Africa.
Journal of Arid Environments, 14(3), 233-377.

Lehmann, J., & Joseph, S. (2008). "Biochar for Environmental Management: Science and
Technology." Earthscan

Leser, H. (1972). Geodkologische Verhéltnisse der Pflanzengesellschaften in den Savannen des
Sandveldes um den Schwarzen Nossob und Epukiro. Dinteria, 6, 1-44.

Li, L., Liu, H. & Baoyin, T.(2022). Mowing Increases Root-to-Shoot Ratio but Decreases Soil
Organic Carbon Storage and Microbial Biomass C in a Semiarid Grassland of North China.
Agriculture, 12(9), 1324;

Lopez-Cruz, C. S.(2022). Effect of Prescribed Burning on Tree Diversity, Biomass Stocks and Soil
Organic Carbon Storage in Tropical Highlands Forests. Forests, 13(12), 21-64;

Lori, T, Ditlhogo, MK, Setshogo, M.P. and Koosaletse-Mswela, P. (2019). Classification,
description and mapping of the vegetation in Khutse Game Reserve, Botswana. Available at:
https://www.researchgate.net/publication /342746663 Classification description and mappin
g of the vegetation in Khutse Game Reserve Botswana.

Mannheimer, C. and Curtis, B. (2018). Le Le Roux and Miiller's Field Guide to the Trees and Shrubs
of Namibia. 2nd ed. Windhoek: Namibia Publishing House.

Maphanga, T, Shoko, C. Sibanda, M. Kavhu, B., Coetsee, C., and Dube, T. (2025). Bush
encroachment with climate change in protected and communal areas: A species distribution
modelling approach. Ecological Modelling. Available at:
https://doi.org/10.1016/j.ecolmodel.2025.111056 .

\4
\){, Environmental Management Plan - 4 April 2025 Page 57


https://www.researchgate.net/publication/342746663_Classification_description_and_mapping_of_the_vegetation_in_Khutse_Game_Reserve_Botswana
https://www.researchgate.net/publication/342746663_Classification_description_and_mapping_of_the_vegetation_in_Khutse_Game_Reserve_Botswana
https://www.researchgate.net/publication/342746663_Classification_description_and_mapping_of_the_vegetation_in_Khutse_Game_Reserve_Botswana
https://doi.org/10.1016/j.ecolmodel.2025.111056
https://doi.org/10.1016/j.ecolmodel.2025.111056

Marzec, M., Melzer, M., & Szarejko, . (2015). Root Hair Development in the Grasses: What We
Already Know and What We Still Need to Know. Plant Physiology, 168(2), 407-414.

Mathale, C. J. (1997). Botswana's National Inventories of Green House Gas Emissions, 2nd
National Climate Change Conference, Gaborone, Botswana.

Mbanjwa, V. E., Hughes, J. C. & Muchaonyerwa, P.(2022). Organic Carbon and Aggregate Stability
of Three Contrasting Soils as Affected by Arable Agriculture and Improved Pasture in Northern
KwaZulu-Natal, South Africa. Journal of soil Science and plant nutrition, 22, 2378-2391.

McCune, B. and Mefford, M.J., 2016. PC-ORD. Multivariate Analysis of Ecological Data.

McCune, Bruce., Grace, J.B., and Urban, D.L., (2002). Analysis of ecological communities.
Gleneden Beach, US: MjM Software Design.

McKillup, S., 2011. Statistics explained: an Introductory guide for life scientists. 2nd ed.
Cambridge; New York: Cambridge University Press

MEFT (2022) National Strategy on the Sustainable Management of Bush Resources 2022-2027.
Ministry of Environment, Forest and Tourisms, Dept. of Environmental Affairs and Forestry
Private, Windhoek, Namibia.

MEFT. (2017) Bush control
Manual. https://cms.my.na/assets/documents/p1cj8a04131djghOhelg17195sl1.pdf

Mendelsohn, |., Jarvis, A, Roberts, C. and Robertson, T. (2002). Atlas of Namibia: a portrait of the
land and its people. Cape Town: New Africa Books.

Mendelsohn, J., Jarvis, A., Roberts, C., and Robertson, T., 2002. Atlas of Namibia. Cape Town,
ZA: David Phillips Publishers.

Mentis, M.T., (1981). Evaluation of the wheel-point and step-point methods of veld condition
assessment. Proceedings of the Grassland Society of southern Africa, 16, 89-94.

Michener, W.K., 2000. Metadata. In: W.K. Michenerand J.W. Brunt, eds. Ecological Data: Design,
Management and Processing. Oxford: Blackwell Science, 92-116.

Michener, W.K., 2006. Meta-information concepts for ecological data management. Ecological
Informatics, 1(1), 3-7.

Ministry of Environment, Forestry and Tourism (MEFT) (2022). National Strategy on the
Sustainable Management of Bush Resources (2022-2027). Windhoek, Namibia. Available at:
https://panorama.solutions/sites/default/files/meft national-strategy sustainable-
management-of-bush-resources 94 dpi.pdf.

Ministry of Environment, Forestry and Tourism (MEFT) (2023). Government Framework and
Management System for Sustainable Bush Control in Selected Communal Areas of Namibia.
Windhoek, Namibia. Available at:_https://www.n-big.org/download/governance-framework-
and-management-system-for-sustainable-bush-control-in-selected-communal-areas-of-
namibia-october-2023/ .

\4
\){, Environmental Management Plan - 4 April 2025 Page 58


https://eur06.safelinks.protection.outlook.com/?url=https%3A%2F%2Fcms.my.na%2Fassets%2Fdocuments%2Fp1cj8a04l31djgh0helq17195sl1.pdf&data=05%7C02%7Cdaisy%40rangeland.africa%7C32ea51de0a3549bdc0f108dd527e129b%7C586fd8eebc6445f690e15359b3f03217%7C0%7C0%7C638757423742443507%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=V0wvxuyaykbJmlWgucV9SxrSyknex0Z284qpIC9jThQ%3D&reserved=0
https://panorama.solutions/sites/default/files/meft_national-strategy_sustainable-management-of-bush-resources_94_dpi.pdf
https://panorama.solutions/sites/default/files/meft_national-strategy_sustainable-management-of-bush-resources_94_dpi.pdf
https://panorama.solutions/sites/default/files/meft_national-strategy_sustainable-management-of-bush-resources_94_dpi.pdf
https://www.n-big.org/download/governance-framework-and-management-system-for-sustainable-bush-control-in-selected-communal-areas-of-namibia-october-2023/
https://www.n-big.org/download/governance-framework-and-management-system-for-sustainable-bush-control-in-selected-communal-areas-of-namibia-october-2023/
https://www.n-big.org/download/governance-framework-and-management-system-for-sustainable-bush-control-in-selected-communal-areas-of-namibia-october-2023/

Ministry of Environment, Forestry and Tourism (MEFT) (2024). Review and Consolidation of
Namibia’s Bush Thickening Maps. Windhoek, Namibia. Available at:
https://biomassfair.com.na/download/review-and-consolidation-of-namibias-bush-thickening-
map-presentation-2024/ .

Mlambo, D., Nyathi, P. & Mapaure, |. (2005). Influence of Colophospermum mopane on surface
soil properties and understorey vegetation in a southern African savannah. Forest Ecology and
Management 212, 394-404.

Mukesiwa, N. B., Angombe, S. T., Kambatuku, J., Mudereri, B. T. & Chitata, T. (2022). Can
encroached rangelands enhance carbon sequestration in the African Savannah? Trees, Forests
and People, 7: 100-192.

Muller, M.A.N., 2007. Grasses of Namibia. 2nd ed. Windhoek, NA: Ministry of Agriculture, Water
and Forestry.

Murtaza, G., Ahmed, Z., Eldin, S.M,, Alj, B., Bawazeer, S., Usman, M., Igbal, R., Neupane, D., Ullah,
A., Khan, A. and Hassan, M.U. (2023) Biochar-Soil-Plant interactions: A cross talk for sustainable

agriculture under changing climate. Frontiers in Environmental Science, 11, p.1059449.
Mussa, M. & Yunus, A.(2022). Impact of Bush Encroachment Control on Rangeland Vegetation in
the Rangelands of Bale, South-eastern Ethiopia. Journal of Rangeland Science, 12(1).

Mussa, M., Abule, E., Lisanework, N. & Habtamu, T.(2018). Response of herbaceous vegetation
to woody plant species in the rangelands of eastern Ethiopia. Tropical and Subtropical
Agroecosystems, 21: 177-187.

Mzezewe, J., Gotosa, J. & Manyevere, A. (2007). Effect of bush encroachment on vertical soil
organic carbon distribution in a clay loam soil in Shangani Ranches, Zimbabwe. South African
Journal of Education, Science and Technology, 2(1).

Naidoo, L., Eckardt, F., Mathieu, R., and Cho, M. (2011). Using an airborne Hyperspectral and
LiDAR integrated sensor approach to spectrally discriminate and map savanna bush encroaching
species in  the  Greater  Kruger National Park  Region. Available at:
https://open.uct.ac.za/server/api/core/bitstreams/f0d3582d-44a5-4773-ac24-
127e021fde90/content .

Narzari, R., Neonjyoti Bordoloi, Chutia, R. S., Borkotoki, B., Nirmali Gogoi, Ajitabh Bora, & Rupam
Kataki. (2015). Chapter 2- Biochar: An Overview on its Production, Properties and Potential
Benefits.

NETL (2020). Best Practices for: Terrestrial Sequestration of Carbon dioxide.

New Era Namibia. (2017). Directorate of Agricultural Research and Development's efforts to
update the map on the distribution of encroacher bush to support the National Rangeland
Management Policy and Strategies. Available at:_https://neweralive.na/focus-on-rangeland-

importance/ .

Ngatia, L. W., Daniel, M., Johnny, M. G., Rigiang, F., Cassel, S. G. & Robert W. T.(2020). Land Use
Change Affects Soil Organic Carbon: An Indicator of Soil Health. Environmental Health.

\4
\){, Environmental Management Plan - 4 April 2025 Page 59


https://biomassfair.com.na/download/review-and-consolidation-of-namibias-bush-thickening-map-presentation-2024/
https://biomassfair.com.na/download/review-and-consolidation-of-namibias-bush-thickening-map-presentation-2024/
https://biomassfair.com.na/download/review-and-consolidation-of-namibias-bush-thickening-map-presentation-2024/
https://open.uct.ac.za/server/api/core/bitstreams/f0d3582d-44a5-4773-ac24-127e021fde90/content
https://open.uct.ac.za/server/api/core/bitstreams/f0d3582d-44a5-4773-ac24-127e021fde90/content
https://open.uct.ac.za/server/api/core/bitstreams/f0d3582d-44a5-4773-ac24-127e021fde90/content
https://neweralive.na/focus-on-rangeland-importance/
https://neweralive.na/focus-on-rangeland-importance/

Nguyen, H. et al. (2021). "Adaptive Management for Optimizing Ecosystem Services in Regrowth
Forests." Forest Ecology and Management.

Nijbroek, R., kempen, B., Mutua, J., Soderstrom, M., Piikki, K., Hengari, S. & Andreas, A. (2017).
Development of a soil organic carbon baseline for Otjozondjupa, Namibia.

NOAA.(2022). What Is a Watershed? Great Atlantic Regional Fisheries Office.

Nuule, W. K. L. (2018). The Effect of Bush Clearing on Soil Respiration in North Central Namibia:
Cheetah Conservation Fund and Erichsfelde. Master of arts (Geography and environmental
studies) of the University of Namibia.

Olson, K. R. (2013). Soil organic carbon sequestration, storage, retention and loss in U.S.
croplands: Issues paper for protocol development. Geoderma, 195-196, 201-206.

Pamelah Amor, Destura, A., Venice Quicoy, Erok, V., Jufaith Ranara, Sotero Malayao Jr, Castro,
E., Esmar Sedurifa, & Sequete, F.(2018). Transpiration (Do It Yourself Science Experiment).

Panico, S. C., Memoli, V., Santorufo, L., Esposito, F., Marco, A. D., Barile, R & Maisto, G. (2020).
Linkage Between Site Features and Soil Characteristics Within a Mediterranean Volcanic Area.
Frontiersin Forests and Global Change, 3: 621231.

Paulson, J.(2017). Modern control methods for chemical process systems.
Paustian, K., Lehmann, J., Ogle, S.,(2016). "Climate-smart soils." Nature, 532(7597), 49-57.
Paustian, K., Lehmann, J., Ogle, S.,(2016). "Climate-smart soils." Nature, 532(7597), 49-57.

Peck, J.E., 2010. Multivariate Analysis for Community Ecologists: Step-by-Step using PC-ORD.
Ist Edition. Gleneden Beach, Oregon, US: MjM Software Design.

Pellegrin, A. (2021). Controlled burning of natural environments could help offset our carbon
emissions, University of Cambridge's Department of Plant Sciences.

Pisces Conservation, 2000. Density From Distances. A program for calculating animal and plant
densities using plotless and distance sampling methods.

R: The R Project for Statistical Computing[online], 2018.

Ringrose, S., Matheson, W., and Vanderpost, C., 1998. Analysis of soil organic carbon and
vegetation cover trends along the Botswana Kalahari Transect. Journal of Arid Environments,
38, 379-396.

Rohde, R.F. and Hoffman, M.T., 2008. One Hundred Years of Separation: The Historical Ecology
of a South African’Coloured Reserve’. Africa: Journal of the International African Institute, 78(2),
189-222.

Rothauge, A.(2017). Bush Control Manual. De-bushing Advisory Service, Ministry of Agriculture,

Water and Forestry. Available at: https://www.n-big.org/wp-content/uploads/2022/05/Bush-
Control-Manual-2017_2.pdf .

\4
\){, Environmental Management Plan - 4 April 2025 Page 60


https://www.n-big.org/wp-content/uploads/2022/05/Bush-Control-Manual-2017_2.pdf
https://www.n-big.org/wp-content/uploads/2022/05/Bush-Control-Manual-2017_2.pdf

Rothauge, A.(2017a). Bush encroachment in Namibia. GIZ- de- bushing bush control manual. p.
9-19.

Rowell, M.J. 2000. Measurement of soil organic matter: A compromise between efficacy and
environmental friendliness. Agricola, 11:66-69.

Rowell, M.J. and Coetzee, M.E., 2003. The measurement of low organic matter contents in soils.
South African Journal of Plant and Soil, 20(2), 49-53.

Savory Institute (2015). Climate change, healthy soils and holistic planned grazing: A restoration
story.

Scholes, R. S. & Walker, B. H. (1993). An African Savanna, synthesis of the Nylsvley study.
Cambridge: Cambridge University Press. 300.

Schreiner-McGraw, A.P., Vivoni, E.R., Ajami, H. et al. (2020) Woody Plant Encroachment has a
Larger Impact than Climate Change on Dryland Water Budgets. Sci Rep 10, 8112.

Schulte, E.E., Kaufmann, C., and Peter, J.B. 1991. The influence of sample size and heating time
on soil weight loss-on-ignition. Commun. Soil Sci. Plant Anal. 22: 159-168

Schulte, E.E., Kaufmann, C., and Peter, J.B., 1991. The influence of sample size and heating time
on soil weight loss-on-ignition. Communications in Soil Science and Plant Analysis, 22 (1-2), 159-
168.

Schulze, E.D., Gebauer, G., Ziegler, H., and Lange, 0.L., 1991. Estimates of nitrogen fixation by
trees on an aridity gradient in Namibia. Oecologia, 88, 451-455.

Schulze, E.D., Gebauer, G., Ziegler, H., and Lange, O.L., 1991. Estimates of nitrogen fixation by
trees on an aridity gradient in Namibia. Oecologia, 88, 451-455.

Schuman, G. E., Janzen, H. H., Herrick, J. E.(2002). Soil Carbon dynamics and potential Carbon
sequestration by rangelands. Environmental Pollution, 116, 391-3986.

Seboko, K. R., Kotze, E., van Tol, J. & van Zijl, G. (2021). Characterization of Soil Carbon Stocks in
the City of Johannesburg. Land, 10(1), 83.

Shigwedha, D.N., Kahumba, A., and Shikangalah, R., 2020. A cross-sectional comparison of
chemical treatment on plant biodiversity at Neudamm farm, Namibia. Welwitschia International
Journal of Agricultural Sciences, 2, 45-57.

Shikangalah, R. N. and Mapani, B. (2020). A review on bush encroachment in Namibia: From a
problem to an opportunity? Available at:
https://www.researchgate.net/publication/340887405_A_review_on_bush_encroachment_in_
Namibia_From_a_problem_to_an_opportunity .

Siebert, F., Bredenkamp, G.d., and Siebert, S.J., 2003. A comparison of Mopaneveld vegetation
in South Africa, Namibia and Zimbabwe. Bothalia, 33 (1), 121-134.

\4
\){, Environmental Management Plan - 4 April 2025 Page 61


https://www.researchgate.net/publication/340887405_A_review_on_bush_encroachment_in_Namibia_From_a_problem_to_an_opportunity
https://www.researchgate.net/publication/340887405_A_review_on_bush_encroachment_in_Namibia_From_a_problem_to_an_opportunity
https://www.researchgate.net/publication/340887405_A_review_on_bush_encroachment_in_Namibia_From_a_problem_to_an_opportunity

Sim, J. X. F., Drigo, B., Doolette, C. L., Vasileiadis, S., Karpouzas, G. D. & Lombi, E.(2022). Impact
of twenty pesticides on soil carbon microbial functions and community composition.
Chemosphere, 307: 135820.

Sims J.R. and Haby V.A. 1971. Colorimetric determination of soil organic matter. Soil Science
112:137-141.

Smit, G.M., Schneider, M.B. & Van Eck, J. (2015). Detailed assessment of the biomass resource
and potential yield in a selected bush encroached area of Namibia. Commissioned by the MAWF
/ GIZ Support to De-bushing Project.

Smit, G.N., 2014. BECVOL 3: an expansion of the aboveground biomass quantification model for
trees and shrubstoinclude the wood component. African Journal of Range & Forage Science, 31
(2),179-186.

Smit, G.N., 2014. BECVOL 3: an expansion of the aboveground biomass quantification model for
trees and shrubstoinclude the wood component. African Journal of Range & Forage Science, 31
(2),179-186.

Smith, J. et al. (2019). "Carbon Uptake and Ecological Benefits of Regrowth Following Bush
Clearing: Implications for Management and Carbon Offset Initiatives." Environmental Research
Letters.

Spohn, M., Bagchi, S., Biederman, L.A. et al. The positive effect of plant diversity on soil carbon
depends on climate. Nat Commun. 14, 6624 (2023).

Stocker, T. F., Qin, D., Plattner, G. K. (2013). "Climate Change 2013: The Physical Science Basis.
Contribution of Working Group | to the Fifth Assessment Report of the Intergovernmental Panel
on Climate Change."

Strohbach, B. J. (2014). Vegetation of the Eastern Communal Conservancies in Namibia: |.
Phytosociological descriptions. Koedoe - African Protected Area Conservation and Science,
56(1), 18.

Strohbach, B. J., Adank, W. F., Coetzee, M. E., & Jankowitz, W. J.(2019). A baseline description
of the vegetation and soils of Farm Klein Boesman, Khomas Region, Namibia. Namibian Journal
of Environment, 3, 37-55.

Strohbach, B.J. and Kutuahuripa, J.T., 2014. Vegetation of the Eastern Communal
Conservancies in Namibia: Il. Environmental drivers. Koedoe - African Protected Area
Conservation and Science, 56 (1), 12.

Strohbach, B.J. and Strohbach, M.M., 2023. A first syntaxonomic description of the vegetation
of the Karstveld in Namibia. Vegetation Classification and Survey, 4, 241-284.

Strohbach, B.d., 2019. Vegetation of the Thornbush Savanna of central Namibia: Baseline
description of the present vegetation at Farm Erichsfelde, Otjizondjupa Region. Namibia Journal
of Environment, 3, 17-36.

Strohbach, M.M., 2002. Vegetation description and Mapping along a strip transect in central
Namibia with the aid of satellite imagery. M.Sc. thesis. University of Pretoria, Pretoria, ZA.

\4
\){, Environmental Management Plan - 4 April 2025 Page 62



Tainton, N.M., Foran, B.D., and Booysen, P. de V., 1978. The veld condition score: an evaluationin
situations of known past management. Proceedings of the Grassland Society of southern Africa,
13, 35-40.

Teague, W.R., Trollope, W.S.W.,and Aucamp, A.J., 1981. Veld management in the semi-arid bush-
grass communities of the Eastern Cape. Proceedings of the Grassland Society of southern
Africa, 16, 23-28.

Tews, J., Schurr, F. and Jeltsch, F. (2004). Seed dispersal by cattle may cause shrub
encroachment of Grewia flava on southern Kalahari rangelands. Ecology Letters, 7(8), pp. 144-
148. Available at: https://doi.org/10.1111/j.1654-109X.2004.tb00599.x .

Thomas, A.D., 2012. Impact of grazing intensity on seasonal variations in soil organic carbon and
soil CO2 efflux in two semiarid grasslands in southern Botswana. Philosophical Transactions of
the Royal Society B: Biological Sciences, 367(1606), 3076-3086.

Tidmarsh, C.E.M. and Havenga, C.M., 1955. The Wheel-Point Method of Survey and Measurement
of Semi-open Grasslands and Karoo Vegetation in South Africa. Pretoria, ZA: Dept. of
Agriculture.

Tjelele, J., Muller, F., Pule, G. & Letsoalo, L. (2017). Veld Management and Planted Pastures.
Agricultural Research Council - Animal Production, Range and Forage Sciences.

Todd, S.W. and Hoffman, M.T., 1999. A fence-line contrast reveals effects of heavy grazing on
plant diversity and community composition in Namaqualand, South Africa. Plant Ecology, 142 (1-
2),169-178.

Tokozwayo, S., Mopipi, U. K., Timpong-Jones, E. C., Gulwa, T., Thubela, T. and Nyangiwe, N.
(2018). Pastoralist’s perceptions on the impact of Vachellia karroo encroachment in communal
rangelands of the Eastern Cape, South Africa. Journal of Agricultural Economics and Rural
Development, B6(9), pp. 348-354. Available at:
https://academicjournals.org/journal/JAERD/article-full-text-pdf/DICB41759363 .

Tu, M., Hurd, C. & Randall, J. M.(2001). The Nature Conservancy Wildland Invasive Species Team.
The Nature Conservancy.

Uhlmann, E., Gorke, C., Petersen, A., and Oberwinkler, F., (2006). Arbuscular mycorrhizae from
arid parts of Namibia. Journal of Arid Environments, 64, 221-23

United Nations Industrial Development Organization (UNIDQO) (2019). Strategic Action Plan for
Sustainable Bush Value Chains in Namibia - Bush Species in Namibia. Vienna: UNIDO. Available
at: https://www.unido.org/sites/default/files/files/2020-02/Namibia_v_2.20-
spreads%20%281%29.pdf .

Van der Merwe, H., Van Rooyen, N., Bezuidenhout, H., Bothma, J. du P. & Van Rooyen, M.W.
(2020). Woody vegetation change over more than 30 yearsin the interior duneveld of the Kalahari
Gemsbok National Park. Bothalia, 50(1), a2. Available at:
http://dx.doi.org/10.38201/btha.abc.v50.i1.2.

Van der Watt, H.v.H. & Van Rooyen, T.H. (1995). A Glossary of Soil Science. 2nd ed. The Soils
Science Society of South Africa, Pretoria

\4
\){, Environmental Management Plan - 4 April 2025 Page 63


https://doi.org/10.1111/j.1654-109X.2004.tb00599.x
https://academicjournals.org/journal/JAERD/article-full-text-pdf/D9CB41759363
https://academicjournals.org/journal/JAERD/article-full-text-pdf/D9CB41759363
https://www.unido.org/sites/default/files/files/2020-02/Namibia_v_2.20-spreads%20%281%29.pdf
https://www.unido.org/sites/default/files/files/2020-02/Namibia_v_2.20-spreads%20%281%29.pdf
http://dx.doi.org/10.38201/btha.abc.v50.i1.2
http://dx.doi.org/10.38201/btha.abc.v50.i1.2

Van Rooyen, N., Bredenkamp, G.J., and Theron, G.K., 1991. Kalahari vegetation: veld condition
trends and ecological status of species. Koedoe, 34 (1), 61-72.

Veenendaal, E.M., Monnaapula, S.C., Gilika, T., and Magole, I.L., (1992). Vesicular-Arbuscular
Mycorrhizal infection of grass seedlings in a degraded semi-arid savanna in Botswana. New
Phytologist, 121(3), 477-485.

Venter, Z. S., Hawkins, H. J., Cramer, M. D., Milla, A. J.(2021). Mapping soil organic carbon stocks
and trends with satellite-driven high-resolution maps over South Africa. Science of the total
Environment, 771, 145-384.

Vetaas, 0. R.(1992). Micro-site effects of trees and shrubs in dry savannas. Journal of Vegetation
Science 3: 337-344.

Vorster, M., 1982. The development of the ecological index method for assessing veld condition
in the Karoo. Proceedings of the Grassland Society of southern Africa, 17, 84-89.

Walkley, A. and Black, I.A., 1934. An examination of the Degtjareff method for determining soil
organic matter, and a proposed modification of the Chromic Acid Titration Method. Soil Science,
37(1).

Wang, L., D'Odorico, P., Ringrose, S., Coetzee, S., and Macko, S.A., (2007). Biogeochemistry of
Kalahari sands. Journal of Arid Environments, 71(3), 259-272.

Ward, D.(2005). Do we understand the cause of bush encroachment in African Savannas? African
Journal of Range Forage Science. 22(2), 101-1086.

Wasserstein, R.L. and Lazar, N.A., 2016. The ASA Statement on p-Values: Context, Process, and
Purpose. The American Statistician, 70(2), 129-133.

Wei, Y., Zhang, Y., Wilson, G. W. T., Guo, Y., Bi, Y., Xiong, X., & Liu, N.(2021). Transformation of
litter carbon to stable soil organic matter is facilitated by ungulate trampling. Geoderma, 385,
114828.

Wildi, 0., 2017. Data analysis in vegetation ecology. 3rd edition. Wallingford, Oxfordshire, UK ;
Boston, MA: CABI.

Yang, L., Wang, J., Geng, Y., Niu, S., Tian, D., Yan, T., Liu, W., Pan, J., Zhao, X. & Zhang, C.(2022).
Heavy thinning reduces soil organic carbon: Evidence from a 9-year thinning experiment in a
pine plantation. CATENA, 211: 106013.

Zepner, L., Karrasch, P., Wiemann, F., and Bernard, L., 2021. ClimateCharts.net - an interactive
climate analysis web platform. International Journal of Digital Earth, 14(3), 338-356.

Zeriua, J. N. (2020). Assessment of the impacts of chemical de-bushing on herbaceous
vegetation and ground- dwelling invertebrate communities at Neudamm farm. (Master of
science in rangeland resources management (animal science), The University of Namibia)

Zimmerman, |. (2022). "Enhancing Land Restoration and Water Recharge through Contour
Swales." Journal of Sustainable Land Management.

\4
\){, Environmental Management Plan - 4 April 2025 Page 64



Zimmerman, |., 2009. Causes and Consequences of Fenceline Contrasts in Namibian Rangeland.
PhD thesis. University of the Free State, Bloemfontein.

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 organismsin 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/m?, 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: Animaginary 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., 2018).

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
etal., 2015).

Forest: Land with more than 10% tree crown cover, an area larger than 0.5 hectares, and trees
capable of reaching 5 metersin 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 plantsinto
the atmosphere (Pamelah Amor et al., 2016).

Tree: Awoody perennial plant with a single stem or, inthe 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).
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