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1. This baseline study attemgto sketch the situation on the grourid mid-2014in terms ofthe three

major Programme outcomes

a. Institutional and political framework conditions acrdbe various relevanadminitrative levels
that enablesincreasedcapacity of land owners to deal with encroacher bush sustainably

b. Services that provide farmers with targeted advice and information on how tbudé and
utilise the wood, and

c. Value addition to wood harvested from ewacher bush and obtained while deishing or
thinning bush on the farm

2. As far as bush encroachment in Namibia is concerned, the cottepti Hc YAt f A2y KSOI
Namibian farmlandirebushSy ON2 | OKSR¢ A a @l adGf & 2 dzi R$ueyRI 0 SA

performed in the early nineties of the previous century that all but ignored the powerful tool of
landscapdevel measurements byemote sensing. Various pieces afl hocresearch since then
indicate thatat least 7592 ¥ b I YA 0 A | Qige. rdughly 82 milliozN¥Ecka@)®nsisting of all
vegetation and land units that are not climatological deserts (e.g. the Namib desert) or saline
deserts (e.g. the Etosha pan) and all land uses (commercial farming, communal farming and
conservation) are syéct to bush encroachment at varying intensity (i.e. bush density). Every bush
density (in bushequivalent¢ha) exceeding twice the average annual rainfall (in millimetres) is
O2yaARSNBR aSYyONRBIOKYSyY (¢ I (K2dz3Kn asnd bt f & 3
densities are equally deleterious in terms of land accessibility, land productivity, rangeland and
animal productivity and economic profitability. However, a more classified approach that considers
the effect of actual density on proébility still has to be developed, as is an update of actual bush
densities and potential wood yield.

3. ¢KS ljdzSaildAzy 2F GaK2g¢g YdzOK 0dzaK A& O2y iNRffSR
ways:

d. Investigations into the sale of arboricides by orajnput suppliers and specialist bush control
services in Namibia showed that arboricides sold in the year 20184 enoughto treat
nearly 84,000 hectares of farm landhemically against encroacher buskhisinvestigationdid
not considemther meansof controlling bush, e.g. manual, mechanical or biological control.

e. A questionnairébased rapid survey of mainly commercial farmers showed TRatespondents
had exposed 17% of the area of their farm land®Z%,447ha) to bush controbver the years.
While this survey did not elucidate how much bush control wasrently done, it did give
valuable insights into the rationale behind-tarm bush control, the preferred methods used,
the success of the methods and the reasons that motivate farmers to cant bush.

f.  Combining information gleaned from the sale of arboricide®013/14F Yy R FI NX¥SNAE Q LINB

method of bush controbver the yearshows that a total ohearly128,000ha of farm land may
currently be treatedagainst encroacher bustvery yeay by chemical, manual and mechanical
means Some of this area may have been treated a second or third timéhe absence of
proper aftercare, benefits may not be as cumulativeggected

4. All rangeland activities including bush control are in the preagfsbeing coordinated by a central

02R&83 LINP@GAaA2yLtte OFtfSR GKS awhyasSttyR /22NR

Union but serving all farmers and funded by thé" BEuropean Development Fund until late 2018. It
is recommended that th®e-Bushing Programmeoordinates withthis effort.
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10.

A number of recent, comprehensive studies have detailed the regulatory framework that applies to
sustainable rangeland management in general and to bush control in particular. It is recommended
that the De-Bushing Programme acts on the problems identified in these studies.

It is generally accepted that bush control and sustainable rangeland management is its own best
incentive, as it improves land productivity and farming profitability. However, additimtentives,
mostly pertaining to financial suppgnpolitical and legal factors are identified. Two major Namibian
banks have acted on the financial incentives needed and their targeted loan eshema detailed,

as well as the potential for enhanceddiucontrol if more money were made available for cheaper
loansthat also promote norchemical means of controlling bush

A sectoral monitoring and evaluation system is proposed to be incorporated into thetsdmm
F2N)XSR Gwl y3aSt I yR ritigted NGy Athlel Kainbign Rahggland éadd Baish
Encroachment Forum under the chairpersonship of the Director of Forestry in the MAWF, housed by
the Namiba Agricultural Union and funded (for the next four years) by & Huropean
Development Fund grant.

CuSyitezr y2yS 2F blYAoAlIQa GKNBS SEGSyarzy &SN
utilisation advice to land users or industrialists, although bush control is certainly part of their
advisory package to producers and land us&re characteristicsf the extension services and their

main challenges are detailed.

Five mgor value-addition chainsising the woodf encroacher bush in Namibése discussed

g. The ndustrial combustionvalue chainthat useswood or wood products like charcodbr
heatingand directfiring of industrialcombustion chambers such agnaces and boilers

h. The industrial eergy value chaithat useswood or wood productgo generate dectricity at an
industrial scale

i. The domestic energy value chairat useswood for domestic eargy purposes

j- The hiilding materials value chain and

k. The aimal feedstuffs value chain.

All but the industrialscaleenergyvalue chain are currentlfully operational in Namibiabut of

vastly different capacity.

¢KS OKFND2If AYRdzavbddRFalud éhainbahdYaigddd lex@rple Dff aR Hidustrial
combustion value chain. It haxisted as an industrfjor about 30 years and operates mainly on

farms in northern and central Namibia. Lansers making charcoal off their land (either by
themselves diectly or by suBD2 Yy i N} OG2Nb | NS 2NAFYAASR Ayid2 GKS
' 3a20AF0A2y¢é BKAOK Od2NNBy(ife KIF&a Y2NB-pliskkby pnn
contractors and individual workers who appear not to be organised. Most ofctiecoal is

delivered to nine factories that sift, sort and package it for export to South Africa and Europe.
Between 60,000 and 158,000 tons of charcoal are exported annually. The industry is beset by lack of
mechanisation, lack of control over harvestingbour problems, health and environmental issues

and has an exploitative image due to its labour practices and harvesting techniques. These problems

have been well documented within the last decade. The FSC certification process conveys a distinct
marketing advantage to qualifying charcoal producers and needs to be more widely accepted and
applied. The charcoal industry needs to be better organised, structured and controlled in line with

Baseline Assessment for the-Beshing Prgrammein Namibia \Y;



11.

12.

13.

14.

15.

its maturity, which would allow rapid expansion as the demand farabal, internationally, far
exceeds the supply.

Only one Namibian institution uses encroacher wood to fire ofireoits industrial combustion

chambers. This is the Ohorongo Cement factory near Otjiwarongo, which needs a total of 85,000

tons of wood/ear to fire its cement kilns. Currently, only about half this need is met, prompting
Ohorongo to launch a™party wood scheme whereby they offer to buy raw wood or wood chips

from producers. This scheme has already attracted at least one bulk suppheodfchips. Most of
hK2NRy3I2Qa ¢622R Aa KINBSaGtdSR gAGKAY | mnann 1Y NI
large Namibian institutions, Namibia Breweries, NamPower and MeatCo are considering
refurbishing their combustion chambers to be-fied with wood, or are at different stages of
refurbishment.Various O&L subsidiaries are about to test the difeeatg of some of their industrial

boilers with wood at their Windhoek brewery as well as organising a-segke supply chain.

As a domestic enrgy value chain, the consumption of wood as firewood is huge: by some estimates,
Namibians use about 440,000 tons of wood/year as firewood for own consumption and informally
and another 45,000 t/yr is sold formally. Not all of this wood derives from ewberabush, of
course.

In addition to firewood, three smaller producers manufacture about 30,000 t of firewood products

per year intended primarily for domestic purposes but certainly with potential to fire industries

l. The Cheetah Conservation Foundatimoduces 7,50 mn>nnn G 2F GKSANI &. dza
log made fromcompressed wood chips, annually

mhYFNANYz . A2YFaa Ly@SadySyida LINRPRdAzZOSR | o2dzi mnz
adzA LISY RAY 3 2 LISNI (A 2y a"payy wodbstheifeyand (2 hK2NRy3I2 O

n. Greencoal produced about 10,000 t of torrefied biomass recently, until beset by technical
problems which caused a decline in production this y&dhile the origin of torrefied biomass
was to supply domestic energyis value chain probablyhas most potential at the industrial
level.

Currently, there is no operational industrstale energy value chain of encroacher wood, although
developments to use wood for industrial energy, primarily to generate electricity from biomass, are
rapid and aried. Generally, here is huge interest to exploit the energy content of wood, specifically
encroacher woodand many plans at various stages of readiness .eltisippears that ndustry
efforts @uld be better coordinated and the supply side of encroackeyod could be better
organised.The DeBushing Programme could have an important role to play to assisttheturing

of emerging industriebrought about by constructive and transparent engagement of the different
interest groupsThe lack of this appach has been identified as a main hurdle in previous efforts to
conduct largescale debushing.

The building materials value chain of encroacher wood is small not well developed. As far as could
be ascertained, only one formal outlet, Pupkewitz Megahusklls farmmade fence droppers and

then only in one branch, serving mainly a hagnsity residential suburb of Windhoek with a lot of
informal building activity. The use of farmade fence droppers and posts on farms is huge but no
production estimate culd be made. Apparently, only one farmer uses encroacher wood very
imaginatively to produce highalue gardening products such as bedding edgings, decorative mulch,
and compostetc., sold informally to various towbased nurseries. There is also big iesdrin
producing chip wood products but wood quality and security of supply are issues that deter

Baseline Assessment for the-Bashing Prgrammein Namibia VvV



16.

17.

18.

investment. This budding industry certainly has huge expansion potential (including producing for
export) and is in dire need of stimulation (e.g. spreadimg ihessage of its potential), support (e.g.
with labour arrangements and standardisation of products/product quality) and direction (e.g.
innovative design of products).

A formal value chain to use encroacher wood in animal feeds does not exist in Blapriddably

because the main biochemical component of wolighinis completely indigestible, with countless

scientific studies that elaborate this characteristic. Yet, farmer claims that WIeR S &G o6dza K FSS
helped them sustain their animatkiringa drought or other lean times are legion. None have come

to the stage of formal marketing, though some farm recipes are sold amongst farmers. One product,

G. 2412862 A& AYLRNISR FTNRBY {2dziK ! FNAOI odzi A4
formal oulets. This value chaineeds further investigation of successful case studies to identify

under what conditions wood products could be used gainfully to enhance animal nutrition

The baselineeport makessome general recommendations pertaining to:

0. The raming of the Programme

p. The applicability of the Soil Congation Act to the whole country

g. The structuring of maturing industries and the taking of entreprenduiss

r. ¢KS LRIOGSYGAlIfT 2F 06dzAK O2y iNRf (2 OdRo/allthi®S NI o6f &
who wish to farm

s. Suggestionsn the location of pilot areas, and

t. The need for the D8&ushing Programme to link budding webdsed industries to the SME
supporting sector.

Recommendations endith 31 specific suggestions cropped from the textthe document.

The baseline report closes with a table of Progranpagormanceindicators that are quantified,
motivated and refethe readerto the relevant discussion in the text.

Baseline Assessment for the-Beshing Prgrammein Namibia Vi



Thebaselinedataandinformationto be generatedby this consultancyincludesthe following:

1 Scopeof bushencroachmentnd de-bushingin Namibia

It is of utmost importanceto have a baselineof the current bush encroachmentsituation and de-
bushingactivities,both in quantity and quality terms. Theinformation/ datarequiredinclude

0 agriculturaloutput/ productivity of farmlandconcerned

scopeof bushencroachmenin Namibia(e.g.areasize ,numberof households)

quality andreliability of dataavailable

extentof de-bushingactivities(areasize;no of organisationg individualsinvolved)

comparisorof de-bushingcategoriesg.g.labourintensive,mechanizegdchemical,
commercial/communal.

Theanalysisshouldresultin arecommendation’ assessmenof potential priority pilot areasfor the de-
bushingprogranme be it geographicalsectoralor otherwise

O O OO

2 Policyand Institutional frameworkfor de-bushing

Bushencroachmentand de-bushinghas been a topic of considerablepolitical prominencefor many

years.A policy and institutional framewark has (been)developedover time. The enablingframework

needs to be reviewed and possibly complementedand/or enhanced.Information / data required

include

o Auvailabilityof a NationalPolicyon bushencroachmeng/o de-bushingor sectorpoliciesthat impact
on bushencroachmen#/o de-bushing (updateof 2011 compilationand assessmentfocuson need
for enhancement/o enforcementa/o alignmentof sectorpolicies)

o Availabilityof a NationalStrategy SupportProgrammea/o IncentiveSchemeor bush
encroachmenta/o de-bushing

o Availabilityof a NationalCoordinatingBodyandor other institutional arrangementaddressinghe
bushencroachmentindde-bushingsector.

The analysisshould result in recommendationregarding enhancementof the policy, support and

institutional environment

3 Promotionand supportschemedor de-bushing

Futuresupportto de-bushingwill centrearoundan envisagede-bushingAdvisoryService Asa starting

point it is important to know about current support schemes,and the level of utilization. Required

information/datainclude:

o0 Availabilityof advisoryservicesandtheir levelof their utilization (no of communal/commercial
farmersX 0

o Auvailabilityof advisorya/o supportpackagesailoredto the needsof definedtarget groups(e.g
commercial/communalgattle incl. gamefarming;wider resourceutilization X vakdtheir levelof
utilisation

o Availabilityof financialsupportprogrammesd incentiveschemedor de-bushing,andthe levelof
their utilization (No of farmersusingfinancal supportschemesx 0

0 BushExpertDecisionSupportSystemievelof utilization (currentNo of users/ accessesand
financingstrategy/ basis.

Baseline Assessment for the-Beshing Prgrammein Namibia Vii



Theanalysigs meantto resultin parametersfor the institutional and operationaldesignof the DAS.

4 Valwe chainsfor bushbiomass

Acknowledginghe costlevel of de-bushingof farmland, bush utilisation opportunitiesare seenasthe
potential triggerto mobiliselargescalede-bushingprograms.Thus the identificationof viable/ feasible
valueaddition opportunitiesare critical. Information/ datarequiredincludethe following:

Realcostof de-bushingaccordingo categoriestakinginto considerationeconomiesof scale
Previoudrials of biomassbasedvalueaddition opportunitiesin Namibia

Currentvalue addition opportunitiesthat are underconsideratiorn/ research

Existingand commerciallyiablevaluechains

Potentiala/o future valueaddition opportunitiesunder considerationof int. experiences

o Nooffemale/ malefarmers/workessinvolvedbiomassvaluechains.

The analysisis meant to lead into a list of priority value addition opportunities and supportingvalue
chainsthat are likely to be viablein the very specificNamibiaenvironmentaland sociceconomicand
geographicatontext.

O O O 0o

5 Output/ Ddiverables

The consultant is expected to document the results of the systematic review in the form of a baseline
report, focusing on the above mentioned baseline information but @suducing resulting strategic
recommendations as well as recommendatioos how to monitor the progress of the program
according to the indicators mentioned.

Thedocumentwill also:

=

Identify risks and impacts (if any) and the source of information on which they are based

2. Takethe cross sectoral character of the program irgocount and overview of the interlinkages
between gender and HIV and Aids

3. Guide towards a lean but efficient®&E system including a critical review of thelicators originally

proposed.

Baseline Assessment for the-Beshing Prgrammein Namibia Vil



Few natural resources haveuch anadvantageasb I YAO Al Q&4 Sy ONRIF OKSNJ 6 dza K
extracted exploitatively, itsconsumptionwould still have beneficial effects on the environment and

farming enterprisesb YA 0 Al Qa4 SYONRIF OKSNJ 6dzAK 3INBGa GF2NI FNBS
aSOSNBte RIFEYIFI3IAyYy3T (G2 (KS Syg@iaNRyYSyilis SEGSyargs
ecotourism, it has @ immensehidden cost, that of foregone production. If it is extracted from the

rangeland in such @ay that it never regrows again, most everdand user would be extremely happy.

Its sustainable harvest, i.e. so that itgeows again for a future, second harvest, would raise many a
sceptical eyebrow in Namibidts extraction is also less inflatiggrone than that of comparable fossil

fuels.What a unique resource; what a unique business opportunity!

Yet, few Namibian land users actually-lsesh or control encroacher bushet alone add value to

extracted encroacher bushNhy not, if one need not worry about exploitation and could get rid of

hidden costs? The answer to this conundrum Inaany facets and the list below is by no means

complete

o Namibi€) & a complacent societheholdento re-action rather than preaction. ¢ KS 02 dzy (i NB Q
renewable energy sector is so poorly developed that onelldighink it is not blessed with ample
renewable energy source$he possibility to use encroacher bush for other purpdkas farming
especially for electricity generation, woulgrobably not have been seriously considered if the
country, in fact the whle SADC region, would not be facing a dramatic power shortage.
Complacency dovetails with resistance to forego some steomh gain for longer term
sustainability.

0 .dzaAK SYONRBIOKYSYyid A& | &at263 &aLRNIRAO bR OS&aaod
GAYSET a2 A& RAFFAOdAA G G2 NBIfA&AS & aRFYy3ISNRAzaé
easy to adjust to it over time, avoiding or delaying expensive emergency reactions. Ondddamms
with bush encroachment.

o Sofar,theproblenK| & 6SSy 2yS 2F bl YAOAlIY fFyYyR dzZaASNBP® 9y
and not a business opportunity for industries other than agriculture. A matdshift is needed from
bUKA& A& y20 2dzNJ LINPoOf SY 0dzi (deyIAGH @2 FF 2TNI NOYSSENTR ¢ G 2

o Control of encroacher bush costs a lot of moneich farmers operatingin an arid,perceived
hostile, highly variable and unpredictable environment are very reluctant to spend. Usually, as long
as it rainséenougt, farmers manage to scrapby without addressing encroacher bush large
areas Effective bush antrol measures would have to be applied to thousands of hectares, not just
on a small scale!

o For farmers, it was until recently (about 2009) cheaper to buy a new farm than to control
encroacher bush on the own farm. The encroachment problem was often siepped by
acquiring new land and selling encroached land to others, often newcomers to farming and
D2ZSNYYSyiQa NBIB aGnlyiccedty Saé iheseedofion@ruthaddaraind, with a
vengeancePrice relationshavechangedsuch that in 2014, the sale of one ox payskush control
on 23hectares (applying bromacil manually at 2 kgihdhe Grootfontein districend beef prices of
N$29/kg carcass massjereas it paid foonly 5 hectares of bush control in 1993

0 Thosefarmerswho control bushoften find that they do not have enough resources left to buy
additional livestock needed to harvest the extra grass produdedthe Grootfontein district for
example, chemical bushontrol increases the carrying capacity natural rangelandrom 20.4

1: ZENSI, P., 2014. Increasing livestock production tmatthigher profit in Namibian rangeland®@oceedingsf the 18" Namibian Rangeland
Forum p. 9, Gobabis, Namibia.
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ha/Large Stock Unit (LSU) to 9.6 ha/LSU, increases beef production from 6.5 kg/ha to 13.9 kg/ha and
increases profifrom beefby N$67/ha/year, but it costs N$283/ha to acquire the extcattle! Some
farmers cannot affod to stock up after ddushing, thus are unable to recover the expense of initial
bush control.Generally, financial incentives offered so far are perceived as not attractive enough to
support bush control and wood exicton.

o Very few farmersand institutionshave tried adding value to extracted encroacher bush because this
costs even more moneyat least initially. Bush utilisation would take some research and
development, which is comparatively expensive and an additiburden orentrepreneurs Due to
b YAOAlIQa avltf LRLMZIGAZ2YT GKS AyftlFyR YIEN] SO A
many opportunities to sell bush products.K S & LJdzt £ Q FIF Oi2NJ GKIG &aK2dzZ R
and a valueaddition mird setis thus poorly developedThis is exacerbated by the poorly organised
supply side of bush ary few large scale, successful bush extraction operations exist in Namibia.

o Economies of scalat the nationaland regionalevel and disorganisation orhe supply sidevould
remain a challenge to rapidly expanding production of bush products and rgcofistart-up costs.

At the same time, economies of scale at the land user leweke the implementation of bush
control and value addition prohibitively pgnsive especially with poor value chain support

0 In communalareas, the wood of encroacher and other bush is used extensively for a variety of
purposes so that landscapgevel debushing programmes are not desirable. In fact, bush around
some larger setements has become depleted.

¢ Government has until recently not seriously considered assisting commercial farmers to control
bush. After all, their inappropriate land use was perceiveddotribute to the problem, so why
would anyone else but themselvesveato address it?

The challenge to the éBushing Programmeis thus to facilitate this mind KA ¥ FNRBY & LINR O f
G 2 LILJ2 NITHmg dné ®féhd prime objective of the De-Bushing Programmeis to explore and
encourage the utilisation ofind value addibn to encroacher bushwood in various value chains;
encouragingoushharvest on farms (commercial and communal) in an ecologically sensible manner that
leads to mproved rangelandcondition increasedanimal productivity andenhancesecotourism. This
camot happen withoutexpandingthe capacity of land users and the country to harvest and utilise
encroacher bush, serving them with sound technical advioeganising the supply of bush,
implementinga single coordinating body that encourages, harmonises fantlitates, identifies gaps

and mobilises resource®tc. The DeBushing Prgramme seeks to optimise the enabling policy and
institutional framework that regulate organises and supportthis nascent industry and boost
promotion and support schemes.

This baseline report seeks to establish the situation on the ground in terms of bush control and value
addition at the start of the operational phaseof the De-Bushing Programmén September 2014

b YAOALF A& adAfft Ay (KSkBNPRPOSAaADE dUAKBNYFIAI fSOA
that could have been useful were virtually impossible to collect in the timeframe of this rdpaite

course of gathering relevant information, many opportunities for fruitful engagement were identified

and these are mentioned to assist the Proj@etamin their further course of action. Also, the author

tried to put things into a broader perspective based on the prevailing sentiments to point out further
opportunities or potential hurdles, but this is wlusly subjective and open to interpretatiaihis hoped

that this broader interpretation of the Terms of Reference will be a useful tool for the Project Team.

Baseline Assessment for the-Bashing Prgrammein Namibia 2



The methodology employed to execute this baseline assessment includedntiajee activities:

i. Review of the relevant literature formed the backbone of the information colleciEue
Programme Team was very helpful in supplying relevant litergsee also: App..l)

il Interpretation of this information, its relevance andinter-connectedness stakeholder
perceptionsand newest developments were then established by ftacéace interviews with
selected stakeholders or their designated representatigdpp. II) While much effort was
expanded to personally interview all relevant stakllers, this is nigh impossiblélypical
schedulindimitations andtight project deadlinesrestrictedthe list of stakeholders interviewed
personallyto those listed in Appl.lin addition, emailed communicationsvith these and other
stakeholderswvere ako conducted but are not listeften, stakeholders imparted confidential
information and thus not all pieces of important information in the text are referenced to
individually identified stakeholders.

iii. A rapid survey of bush encroachment control was caed amongst the farming community
(commercial and communald get more information on the extent of deushing on Namibian
farms A questionnaire was designed (AdH) and advertised repeatedly in print, radio and
electronic media. It was included mMKS HT ! dZAdzA4d wnmn SRAGAZ2Y 27
YySsaLll LISN) G¢KS bl YAOAlIYES 2F gKAOK 6SS{RIF& SRA
explanatory, technical article on bush control in Namibia English The questionnaire was
bound into the{ SLIGSYOSNJ Aa&adzS 2F (KS Y2yGaKfe 3Ifzaae
copies are distributed countrwide each monthalong with an explanatory, technical article on
bush contro] in AfrikaansThe AgriForum gets sent to all registered members of theibiam
Agricultural Union (NAU) and is on sale in bookshops and stores with an agricultural focus. The
guestionnaire was also placed on the websites of the NAU and The Namibian newspaper and
this was advertised repeatedly, amongst others via thmail mesaging service of the NAtHat
gets sent out to several thousandneail addresses each weeklhe questionnaire was sent via
email personallyi 2 I ff OKIANLISNAR2Yya 2F GKS T1tH NBIAZ2YL
registered with the NAUwith the request to pleasedistribute is to FA members. Finally,
personal interviews were aired repeatedly in late August and early September 2014 over four
radio stations (English, Afrikaans and German services of the NBC and Hitradio) to explain the
DeBushing Programe and alert farmers to the questionnair€he intention is also to give this
audience feedback on the results of the survey once this baseline assessment is concluded
successfully.

This information was processedssesse@nd compiled into thereport in front of the reader now.

Information was exchanged with the Programme Team and progress reported on a weekly basis,
YSSGAY3 Ay a.dzaK | 2dzasSé Ay & | @8Ry {GNBSGX 2 AYyRK;
and streamlined in coutessmeetings wih the Programme Team and its members, especially the Team

Leader, Mr. Frank Gschwendét this stage it is appropriate to thankd Programme Tearfor their

time and extremely valuable inputs into this report!

LT NBFSNBYyOS Aad Y2RISt & ySAKBSVIGEL GiRrA & | /SROROI GSa
studies should attempt to close, if relevant to the Programme.
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3. The extent of bush encroachment and drishing in Namibia

3.1 Extentof bushencroachmenin Namibia
G . dza K Sy O Mdleks @okihe Shickesing of indigenous woody plants in savanna and woodland

vegetation types¢ KS 2FFSYRAY3I g22Re& LI IFyda FINB AYyRAIASYy2dza

G§SNX¥SR aSyONERI| OKS N&noftehugeR thymd fule(DeAKie®, a0 SistBséthat if the
numericaldensity of 1.5 rrhigh bush equivalents (BE) exceeds twice the average annual rainfall (in mm),
the area is bustencroachedFor example, the average bush density in an area that receives 300 mm of
rainfall p.a. over the log term should not exceed 600 BE/ha. The woody component could be comprised
of:

o 1,200 dwarf shrubs of average height 75 cm, i.e. 1 delmwb=7%m height = %2 BE or

0 600 bushes of 1.5 m height or

0 200 trees of 4.5 m height, i.e. 1 tree = 4.5 m heigBtBE or

0 any combination thereof.

Importantly, the bush density should not be the same all over the landscape. Rather, the average
density should comprise thicker patches of dense bush and more open patches with less bush and
contain a diversity of woodypgcies of different sizes and ages.

P ctr: Rnea d ta s buséncroachedn the Grotfont n distrit
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Picture2: Rangeland that is not bustncroached

Bush encroachmentan potentially affect all areas of Namibidut the 16% othe land surface that is
hyperarid: the climatic (Namib) or saline (Etosha) des&4% of Namibia is composed @iveinna and
woodland vegetation typeshat are characterised by a continuous herbaceous layer domihdy
grasses in a competitive balance witthaken (fragmented)woody layer.These vegetation types are
inherently prone to bush thickening and encroachment. In woodlands, woody plantsddne denser
and tallerthan insavanna.

There is an inherdnecological, successional tendency of the woody layer to densify from an open
savanna towardsdenser woodland and eventually, into a (sttumid or equatorial) forest if the
competitive balance betweemerbaceous and woody plants alda'srupted In other wblR & = 0 dza K
SYONRBI OKYSyi(dé¢ Aa | ylFradz2NFt LINROSaaod LY LJNJ\au)\yS
contained by low or variable rainfall, infertile or shallow soil, regular dmggmsity fires and intense
ONR g AAY A LINB & dzvBsdeduihgyti &ffedtiveiess ddFsGmeldfif@se woodtaining
forces (especiallyfire and browsing pressure) and adds new drivers that favour woody expansion. In
Namibia for example, oveeliance on grazing livestock species and -adaptive grazing ntbods
weaken the grass sward and its competitive ability to contain the woody (browse) component. Fire is
still seen as a destructive force that has to be eliminated, thus facilitating the expansion of the woody
component. More recently, environmental pafion has raised atmospheric carbon dioxide levels that
GFSNIAT AT S 622 R& LI lphoibsynthéeticyie i Namibja) ay thefeRpendefof tieK S
grasses (predominantly of the,ghotosynthetic type in Namibia). In short, natural and mmaade
forces increasingly gang up on grasses and favour bush encroachment, or expeEnsioody plants

into areas (large) and patches (small) where they did not occur in recent history.
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3.1.1Encroachmenby indigenouswvoodyplants

Bush encroachment alreadgccurred in Namibian patchesin pre-colonial times, but it accelerated

quickly to the landscape levelith technologicaladvancesh y € I yR dzaS YSGK2Ra&a aa
(boreholes, fences and firefighting technology, primarily)widts recognised as a prgn of national
LINELR2NIGAZ2Y Ay (GKS MdbcnQad aNXP . SaaiS(sincd@tite8)NE | NJ
raised awareness of the problem to a new level and estimated in 1998/99 that 17.5 million hectares in
Namibia were affected by bush emachment, recording maximum densities of 21,400 bush/ha. He

excluded communal farming areas and the dwarf shrub savanna in southern Namibia from this estimate,
although acknowledging that these areas were also affected.

Mr. Nico de Klerk included sonoé these areas in his comprehensive overview of bush encroaciment
GKdza NI A&dAy3a GKS I NBI FTFFSOGSR G2 Hc YAtftA2y KSOI
an economic loss of N$700 million/year due to bush encroachmidat.estimatedbush density in

bl YAOAI Qa iewlogichl 2oBeNJAEZ] asdollows:

Bush density (bush/ha) per AEZ

< 1000 bush/ha: 19.4% bush/ha: 25.8%

1000-2000 bush
00 bush/ha: 28.7%

Chartl: Bush density peagro-ecological zones

This was measured iB,267 plots countrywide. The dominant species ihéseplotswere:

2:BESTER, F.V., 1998/99. Major problem: bush species and densities in Namibia. Agrila 10: 1
3: DE KLERK, J.N., 2004. Bush Encroatlmamibia. Ministry of Environment and Tourism, Windhoek, Namibia.
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Dominant woody species in plots

Terminalia sericea : 8.4%

Acacia reficiens : 94

Dichrostachys cine

Colophospermum mopdRg

Chart2: Dominant woody species

According tdDe Klerl(2004), the threemost bushencroached vegetation units were:

o0 Tamboti woodlandsvere most densely encroached 84% of plots contaied > 2,000 bush/ha and
were dassifiedasd RSy a St @ ¢y 2N &P SNEONRSF OKSR X

o Karstveld, wher&@6-92% of plotdrad> 2,000 bush/ha and

0 tree savanna and woodlangahere78% of plotsiad> 2,000 bush/ha.

The three least encroached vegetation units were:

0 Acacia hilly shrubland and inselbergs of the western esoar and Namib desertvhereonly 15%
of plotshad> 2,000 bush/ha,

o shrubdand of the central escarpment, wheamly 23% of plothiad > 2,000 bush/hand

0 Burkea/Baikiaea woodlands, wheoaly 39% of plothad> 2,000 bush/ha.

He calculated that 8@85% d the density distribution of bush on a maesgale was the result of rainfall,

with geology, terrain and soil contributing most of the remaining2086. Already at that stage, De Klerk

O2y Of dzZRSR GKI G &l LIWIINRBEAYF GSt @ yi,000budhes park&targ @andzR& 15N
Ad adzma2SO00 G2 Kdz3S fIRalfect8di65,00¢ comrhuyfalk housBhBld? datdl (6R8BA | & € d
commercial farmers and their farm workers.

More recently, Mr. Leon Lubbe quantified the areas in seedbtern Namibia affectedy bush
encroachmerit He is still busy with an assessment of sewtstern Namibia but already it looks like

the whole of thekarooid dwarf shrub savanna in southern Namibia is affected by bush encroachment,

with densities as high as 18,000 busha{nly Rhigozum trichotomuinbeing recordeger hectare Two

or three of these dwarf shrubs are equivalent to one BE so that 18,000 dwarf shrubs/ha translate into
about 9,000 BE/ha which is 30 times more than the average annual rainfall. The average bush
encroaciment would be much less than this extreme level, but still considerably more than twice the
F@SNF3AS FyydzZf NFXrAYFIEf 00G§KS ay 2 N@Aéroathéd S 6 KAOK |

4: LUBBE, L.G., 2013. Potential carrying capacity in northern andesastdrn Namibia adjusted to bush dgty. Agricola23: 2024.
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These estimates still exclude most parts of the northern communal afis&€3\), probably 3246 of

bl YAO0ALl Qa f I lghBscapddrnliEedtirng:df bosh encroachment in the NCA is available,
despite the fact that woodiness in Namibia increases from sewght to north-east.

Rothauge recently measured on average 4,292 BEglaivalent to 10 x average annual rainfall)

eight sites in the NCA, varying from 2,366 BE/ha in the drier, western Kaokegaldalent to 8 to 10 x
average annual rainfaltp 5,157 BE/ha in the moister, eastern Kalahari Sand Plateau in the Kavango
region (equivalent to 7 to 9 x average annual rainfad) part of a Millennium Challenge Account
Namibia (MCAN) project. Alarmingly, he also recorded an average of 4,246 woody seedlings/ha,
indicating that the next generation of woody plantsré&adyto augment or replace the current woody
generation if conditions are conducive. He also recorded that the dry yield of wood more than 2 cm in
diameter was about 18.5 tons/ha on average acrtdssse eight NCAsites. In the Zambezi region,
probl 6 f & b | WshvwohdedsdieaR6thauge measured an average of 8,007 BE(eguivalent to

12 x average annual rainfalhn two sites,plus 1,125 woody seedlings/ha and a dry wood (> 2 cm
diameter) yield of 31.0 t/ha on savanna and 182.7 t/ha on forested transects.

Anecdotally, only the arid karooid veid the far southwest (butoutsidethe winter-rainfall Sperrgebiet
desert) central Damaraland vegetation and faastern Bushmanland is not bushcroached.These
statistics (Table 1)indicate that at least 90% of Nami- Ck&rooid, savanna and woodland araare
affected by bush encroachmenwhere bush is denser (numerically) than 2 x average annual rairfell
encroached area thugepresens at least 7592 ¥ b | YA 0 A I Q &oughly 62 Riillién dedeFaresO S
Theefore, there is hardly a rural househotfiat is not affected by bush encroachmehinfortunately,

too little of this estimate is based on systematically collected, really measured data and too much on
expert opinion.

Tablel: Devdopmentof bush encroachment assessments in Namibia over time

Year Author Area affected Regions affected Max. bush density
(ha)
1998/99 | Bester 17.5 million Commercial farming areasorth of | 21,400 bush/ha
Rehoboth

2004 De Klerk 26 million Commercial farimg area north of| 10,000 bush/ha
Rehoboth plus northern Kunene

2013 Lubbe n/a Southeastern Namibia 18,000 bush/ha
2014 Rothauge | 8 sites Kunene to Kavango regions 2,3665,157 BE/ha
2014 Rothauge | 2 sites Zambezi region 8,007 BE/ha

Obviously, there arelegrees of bush encroachment and not all areas are affected eqiliallyseverity

of negative impad on graing accessibility and groundwater rechargad positive impact on wood
yield depends not only on bush density builso on specieand thorniness The map below classifies
bush encroachment in the main affectedeasby species and densignd was compiled biester in

1990

5: ROTHAUGE, A., 20B&seline Survey of Animdltrition in the Northern Communal Areas of Namilsimal report, Millennium Challenge
Account Namibia, Windhoek, Namibia.

6 : ROTHAUGE, A., 20Etological Studies at two Quarantine Stations in the Zambezi Ré&gnah.report, Millennium Challenge Acot
Namibia, Windhoek, Namibia.

7Y mci: 2F bl YAOALlI QA Aisidegerd DHe remadiniy 84% @re kamaidysavamma ahdrvwvoodland vegetation types prone to
bush encroachment.

8: BESTER, F.V., 1998/%#d.

©s
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Katima Mulilo

Problem species

. Acacia mellifera

" Acacia reficiens

Colophospermum mopane Dgnsily {irdies
. RAGSD! P of plants/ha)
. Dichrostachys cinerea © L 2,000-3,000
. Rhigozum trichotomum « 1+ 3,000-4,000
. Terminalia sericea 4,000-12,000

Oranjemund -
Noordoewer

Figurel:. S & ( BushEezeépachment map

Based on thisather outdatedmap, amore qualifiedassessment of bush encroachment would estimate
that, for example, an averagBichrostachys cinereush in the Tsumeb area (the most severely
affected region indicated on the map, indicated in dark green) is about 3 m tall, i.e. equivalent to 2
standardisél BE. At an average density of 8,Di@¢hrostachys cinerelaushes per hectare in this area,

the average bush density is 16,000 BE/ha which is 27 times the average annual rainfalb00 56

and represents very severe encroachment. In cont@stragebush density in southern Namibia is only
2,500 Rhigozumtrichotomum bushes per hectare (light blue area on the maggince Rhigozum
trichotomum bushes seldom reach 1 m in height, two such bushes would equal 1 BE and thus 2,500
Rhigozum trichotomunbushes/haequal only 1,250 BE/ha. This is however still about 10 times the
average annual rainfall of 1660 mm and thus quite a severe infectidn.fact, some ecologists would
argue that 10 x bush encroachment in an arid argass as bad a7 x bush encroachent in a sub
humid area.

This approach was followed by Lubbe (20}&)calculatedthe following bush encroachment classes for
northern and central Namibia 8 SR 2y . Sa anfl MJatad themp ththe cafrying) capacity
map of 2003, as follows:

Tale 2: Bush encroachment classes

Bush density (BE/hajeduced from Bester (1990) | Productivity related to 2003 carrying capacity
<900 100%

901-3,500 90%

3,501-:6,100 70%

6,101-8,700 40%

8,70111,300 20%

>11,301 10%

Baseline Assessment for the-Beshing Prgrammein Namibia 9



This is istructive as it shows clearly that the decline in grazing capacity in response to increasing bush
density is exponential; slow at lesseéensitiesand declining rapidly ahigher densties. This specific
application of this approach Isnited because it still based on the outdated survey of Bester (1990)
and misleadingn that it compares bush density to the carrying capacity of a single year, when carrying
capacityactuallyvaries greatly from year to year due to fluctuating rainfall. The 2002/03 r@agon,

the basis of the 2003 carrying capacity map, was alamgage in northern and average in central
Namibia.But itis apromisingapproach that still needs to beproved andine-tuned by the DeBushing
Programme.

Most of the easihencroaching wody species are hardwood speciésecdotal observationsand
scientific surveydndicate that national parks and conservancy areas are just as much affected as
commercial and communal ranching areas. This implies that all these different land usestdattitt
thickening of indigenous woody plant species; so there must be common drivers involved. This has
implications for bush control, as common drivers and processeanthat similar control methods can

be usedacrosdifferent land use systenia Namikia.

Why such alarm over a natural process that is merely accelerated by man? After all, most bush
encroached areas are highly productive and fairly stable ecosystems that offer plentiful feed to browsers
and protect themselves &m fierce fires. If Namikhiwasnot so reliant on grazing livestock (mainly cattle
and she@, but also equines), bush encroachmevduld presumably not matter much. However, bush
encroachment can reduce the grasd 8 SR OF NNBEAyYy 3 OF LI OA e o6-te@dNI T Ay 3
of the original, resulting in severe losses to individual ranchers and the nation as a Whel&ss of
grazing capacity is due to overwhelming bush competition that reduces grasspgiekkas well as
chandng the botanical composition of the grass swatowards more xerophytic, less productive,
palatable nutritious and resilientgrass specieChanges in the grass sward are exacerbated by the
inappropriate grazing methods practised for decades now in both commercial and communal ranching
areas.

Thenewly-formulated National Rangeland Management Policy and Strat@mpter 4.2, Annexure B:

The economics of good rangeland managemepits the direct losses due to the bush
encroachment/weakened grass sward comp&xN$1.4 billion each yegupdatedto N$1.6 billion in

the STEAG study of 201R) a country where more than 70% of the population depends on agricultural
(mainly livestock) production, this is a huge driver towards povar devastating environmental and
indirecteconomic impacts of l®h encroachment are well documented by De Klerk (2004). For example,
bush encroachment reduces groundwater reserves and limits groundwater recharge and extraction
rates. This is acritical consequence for an arid country like Namibia. Bush encroachmetttze
associated pioneestage herbaceous layer are a sign that the landscape has become drier. Therefore,
FNGAFAOALf RNPIUAKIRSBETKEE O @ Y Afand rasifede 16 GithdfehdNS T NB
harshnaturalevents (e.g. drought, otnf-sea®n wildfires, termites, locusts and climate change events)
decreaseslLess measurable is the impact of bush encroachment on the tourism industry. Bush invasion
and thickening changghe wide, open landscapéehat attracts tourists so muchand reduces visility

(of, for example, game animals in protected areas) and biodiversity. Stsfianpact on tourist arrivals

has not been determined.

9 : MINISTRY OF AGRICULTURE, WWERORESTRY, 20National Rangeland Management Policy (Part 1) & Strategy (Part Il): Restoring

bt YAOAlI Q& wlyaStlyRad t2fA08 R20dzySyid 2F al!2C3X 2AYyRK2S{1Z bl YAOALl ®
10Y CN}Yyl .201YNKE 2y GKS atftl (@St R;dndfdZA FSNI { (dzR&¢ 2F HnndI NBLER2NIAY
CHRI¢L! bX / &3 Wdbd 59 Y[ O9wYZI C® . h/ Y aDdsTop Study orthebEffestdvBush Bnerdaghmentan ® a h { ¢
Groundwater Resources in Namib®iza L2 Yy 8 2 NBR O2y adzZ G yi Qa8 NBLRNIZ bl YABALF ! ANAOdz G dzNT ¢
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The negative impact of bush thickening on biodiversity aB® been well documented, in Namibia

primarily by Dr. D& Joubert of the Polytechnic. An example is the Cape vulture, now extinct in
Namibia. It is a clifibreeding vulture that nested only on the steepckyslopes of the Waterberg

Plateau. It is also one of the heaviest vultures and needs to run some ckstefore it can take off and

fly. The landscape around the Waterberg is one of the most densely encroached in Namibia, offering the
Cape vulture too little open space to take off after landing. Thus, it was unable to feed on the animal
carcasseditteringi KS | NBF YR RASR 2dzi Ay GKS SINXeé& wnnnQ
thinned, the reintroduced Cape vulture may agaihabitit with success.

No-one has yet researched the growth rate of encroacher bush although Zimmermann & Joubert
(2002 postulated that small bush may regenerate for a second harvest withinOlgears, mature

bush may regenerate within 500 years and large treemay take centuriesto regenerate for a second
harvest, which invariably would yield less than the first baty

There is certainly a need for these assumptions and inferences relating to the extent of bush
SYONRI OKYSYy(d AYy blYAOAlI (2 0S @FrftARIFIGSR 6& AaNBIf¢£
cover the whole country. This is an area of applieseszch in which the DBushing Programme might

assist as it feeds into the proposed bush information system. Too much of the perceived wisdom arises
FTNRBY GSELISNI 2LAYAZ2YEé NIFGKSNI GKFYy KEFENR FFEOGd ¢KA:
establsh a representative, accurate and credible grazing capacity data base (map) of Namibia for the
purpose of determining fair and transparent land productivity values (anot@dZsupported
programme).Preferably, a countrevel assessment (by remote sensteghniques) should be accurate

enough to identify high woodgtield sites on a small scate thattheir wood yield can then béollowed

up andverified by local level methods.

3.1.2Encroachmenby alieninvasivewoody plants

Alien invasive woody plantre not usually included inthé SN &G o0dzaK Sy ONRI OKYSy (¢
discussed here as they are important. The most widespread and dangerous alien invasive woody plant in
Namibia is certainl{Prosopis glandulosadand others of its 44 species and hylsi Originally introduced

to southern Africa fromCentral America as a fodder plant and sand binder in the late nineteenth
century and by the German botanist Dinter to Namibia in 1912, it is nearly perfectly adapted to the
demanding, hostile ecphysical onditions of the semarid savannas of soutvestern Namibia. It
produces much valuable fodder in leaf and pod for livestock. It dominates native vegetation and
transforms the entire landscape, altering the structure and functioning of ecosystems. Iheded

8,540 ha of riparian ecosystems (drainage lines), disturbed sites and human settlement areas in areas of
less than 250 mm rain per year preferentially, but by no means exclusively. HoWweogopisnvasion

is scarce in areas of more than 400 mndyeand nonralkaline soils. This means thBrosopiscan
potentially invade 50,000 ha of higiotential, moist ecosystems in the twbirds of Namibia that are

arid (< 400 mm/year). This may be an exceedingly small area of the country but with immendandnge

and agronomic potential. HereProsopismay evapdranspire more than 15% of the total water,
seriously impactcatchment water yield, choke river channels, dracarce rivene wetlands and
suppresdative, diverse riverine vegetation.

11 : ZIMMERMNN, I. & D.F. JOUBERT, 2002. A crude quantification of wood that is and can be harvested from bush thickening species in
Namibia.Proc.1* National Forestry Research Workshop 9:686 1213 March 2002, Ministry of Environment®urism, Windhoek, Namibi

12: SMIT, P., 200%ecEcology and Environmental Change: An Applied Approach to MéragepisEncroacheddndscapes in Namibi&hD

thesis, Faculty of Humanities and Social Sciences (Geography Department), University of Namibia, Windhoek, Namibia.
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Prosopisyields very attractive hardwood to make rough furniture with (e.g. table tops, pillar casings).
There is one factory near Leonardville that uses it, while charcoal is made of it in the Olifants river in
southern Namibia.

Other alien woodyplantsthat occur inNamibia and have the potential to invade larger areas are the
mimosineO2 y i I A YA Yy 3 IedceyfisR&idbtephbl@d®ly planted on farms but not invasive
on a large scale, andantana camarahybrids that seem to escape no further than from the urban
garden into the suburbs. Various cadipuntig species readily become invasive, lwain hardlybe
O2yaARSNBR & ¢ 2Rdiabiéatfen Wwdally [lEnts ddd Mot to become invasive in Namibia
easily.

3.2 Extentof de-bushingactivitiesin Namibia

Debushing and bush control activities on commercial farms and in communal areas of Namibia is not
regulated by any specific law, although it should be guided by the principles of sustainable rangeland
management as expounded in the National Rangelanddgament Policy & Strategy of 2012. De Klerk
(2004) made many sensible suggestions regarding regulating such activities in chapter 9 of his book. In
GKS FIENYAYy3 O2YYdzyrAideée |yR OKFND2Ft AyRdza(iNEZ
Encroachment ManageSy (i  wS 3 dzf | doAe2hdsadetails hetedf. Iy the MAWF, -ape in
Forestry, Law Enforcement or Pasture Resedra$ theseregulations, currently or historically. Most
probably, such regulations were proposed many years ago but never got off thedyrés far as
farmers are concerned, their bush control activities are not subject to the Environmental Management
Act no. 7 of 2007 unless an area 20 ha or more in extent is cleatrto create a crop field (for which
approval from the Directora of Faestry is also required) or an area is especially sensitive
environmentally.

Just five years ago, it was cheaper in most areas to buy a new hectare of farm land thabushdan
existing hectare. Farmers had little direct (shterm) economic incenti& to de-bush. Lately, farm
prices have escalated faster than-deshing costs and it is (again) cheaper to control bush on your
existing farm than to buy new/additional farm lan@ihe coststructure of de-bushing has not changed
materially from that provided in the local assessment studfy2012 (App. 1V) althoughinflation at about

6% p.a.has increased the stated costs b@-15% across the board. It is the price of lahdt has
increased much faster than inflation.

Of course, over the longer term, should always be more profitable to increase productivity on your
own farm than to exchange a busimcroached for an open farnkor farmers (in particular livestock
ranchers) to take a lonterm view requires a good understanding of the dwmological proesses
underlying livestock production and a secure sgmiditical environment that promotes investment
because it secures lorgrm returns on investments. The former could be promoted by improved
training of and advisory services to farmers; the lattepends very much on the political climate in the
country. Training in bush control could hesented at two levels, for the land owner/manager and for
the farm worker
o Higherlevel training (NQA leveld) on the principles of bush contrahd wood usédor

farm/reserve owners and managers, and

13: MINISTRY GENVIRONMENT AND TOURISM, 2007. Guide to the Environmental Management Act No. 7 of 2007. Ministry of Environment &
Tourism Windhoek, Namibia.
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0 Handson, practical training (NQA level 2) in various bush control methods (e.g. cheamdat)ood
usefor farm workers and field staff.

To better determine the historical and current extent of bush control in M&mithe baseline study
investigated the sale of arboricides (chemicals that kill plants, specifically woody plants) and asked
farmers directly how much bush they control, how and whypi@asurvey detailed in chapter: 2

Methodology).

3.2.1Salesf arboricide

One measure of the extent of daushing in Namibia is the sale of arboricides by agricultural retailers

(Agra, Ltd., KaapAgri) and by specialist bush control services (Meat Board of Namibia, Odusa Trading,

Alex McDonald). Most aerial spraying seegicsupply their own arboricides and do not make use of
arboricides bought at agricultural retailers or the MBN. Exploring this avepee not capturenon-
chemical means of bush control and thus underestimates the area on which bush was controlled.

Pidure 3: Soitapplied arboricides a commonly used chemical bush control method

Thelarge South Africarownedinput supplierinformed that their arboricide sales have slowed recently
due to the competition of cheap Chinese arbatés distributed at cost by the MBN. In Z)1hey sold

11 different arboricides, containing a number of active ingredients and offered in a variety of
formulations;as liquid or powdebased sprays or in pelleted form@&ecent alesof arboricidesby the
MBNare as follows:

Table3: Sales of arboricides by MBN

Year Liquids sold I Treatablearea Solids sold (kg) | Treatable area

2012 2,600 at 2l/ha = 1,300 ha | 4,220 at 3 kg/ha = 1,407 ha
2013 2,040 1,020 ha 2,225 742 ha

2014 (extra- | 3,155 1,576 ha 2,350 783 ha

polated)

3-yr average | 2,598 1,299 ha 2,931 977 ha

Baseline Assessment for the-Beshing Prgrammein Namibia

13



















































































































































