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Abstract: Rangelands in southern Africa are degrading as human pressure on them increases. Better grazing management is
clearly needed. Intensive management can also be applied to a few small areas, such as by harvesting rainwater to soak into
the ground and support the growth of natural grasses and planted trees. Initial experiments were attempted at three sites by
digging contour ditches, and in addition by constructing ponding banks at one of those sites. Earthmoving machinery was
used at a 100 ha rural site, while contour ditches were manually dug with pick and spade at two small urban sites. Diverse
tree species were planted below contour ditches for different functions and products, including ‘chop-and-drop’ mulching,
tall protective canopies, and edible leaves, fruits, and pods. Much of the low rainfall experienced was soaked into the ground.
However, the initial survival rates of tree seedlings was low, suggesting that tree planting should await some years to allow
sufficient rainwater to be planted first. Useful lessons were learned from the various designs of infrastructure tried, which
will be applied to further evolve appropriate regeneration methods. These must be integrated with other techniques that ad-
dress the root causes of degradation, such as through the appropriate management of grazing and fires, while fitting into the

heterogeneity occurring at different scales in the landscape.

Resumo: As pastagens do Sul de Africa estdo a degradar-se enquanto a pressio humana aumenta. Uma melhor gestio do
pastoreio € claramente necessaria. A gestdo intensiva pode também ser aplicada a algumas pequenas areas, como ao colher
a agua da chuva para ensopar o solo e apoiar o crescimento de graminias naturais e arvores plantadas. Experiéncias iniciais
foram realizadas em trés locais, com a escavagdo de valas de contorno e a constru¢do de ponding banks num destes lugares.
Magquinaria de terraplanagem foi utilizada num local rural de 100 ha, enquanto que as valas de contorno foram escavadas
manualmente com picareta e pa em dois pequenos locais urbanos. Diversas espécies de arvores foram plantadas abaixo das
valas de controno para diferentes fungdes e produtos, incluindo mulching chop-and-drop, copas de proteccéo altas, e folhas,
frutos e vagens comestiveis. Grande parte da pouca chuva vivenciada infiltrou-se no solo. No entanto, as taxas iniciais de so-
brevivéncia das plantulas de arvores foi baixa, sugerindo que a plantagdo devera aguardar alguns anos para permitir primeiro
a infiltracdo de agua suficiente. Li¢Ges uteis foram retiradas dos varios projectos de infra-estruturas testados, as quais serao
aplicadas para desenvolver futuros métodos de regeneracdo adequados. Estes devem ser integrados com outras técnicas que
abordem as causas principais da degradacao, como através da gestdo adequada do pastoreio e dos fogos, a0 mesmo tempo

que se encaixam na heterogeneidade que ocorre em diferentes escalas na paisagem.

Introduction
Rangeland is defined by Craggs (2017) as
land that provides grazing and foraging

for livestock and wildlife, where the nat-
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ural vegetation consists of native grasses,
grass-like plants, flowering plants and
shrubs, and introduced plant species that
are naturalised. The Namibian rangelands
of this study all receive a mean annual

rainfall of approximately 350 mm, fall-
ing mostly during the single rainy season
from December to April. The soil texture
is mostly sandy loam with a gently slop-
ing topography. The rangelands used to
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be savanna of perennial grassland with
scattered bushes and trees of diverse spe-
cies, but over the past decades they have
become dominated by annual grasses and
been encroached on by a few species of
thorn bushes of the genera Acacia and
Dichrostachys (de Klerk, 2004).

Some observers, including many Na-
mibian farmers, believe that in the past,
before inadvertent damage by modern
humans, rangelands used to be highly
productive. They supported abundant
and diverse fauna and flora, behaving as
a ‘stepped diffusion hydroponic system’
largely through self-reinforcing barriers
on contour (Andrews, 2008) and sea-
sonal migrations of animals (Fynn &
Bonyongo, 2011), made possible by the
heterogeneity of the landscape (Sianga
et al., 2017). The process of rangeland
degradation has been described by au-
thors such as Ludwig & Tongway (1995)
for the small scale; Milton et al. (1994)
generally; and Pringle & Tinley (2003),
Pringle et al. (2011), and Tinley & Pring-
le (2013Db) for the broad scale. In sloping
rangelands, gully incision and lowered
base levels, often initiated by animal
tracks, result in a downward spiral of
desiccation and lowered fertility as wa-
ter, organic debris, and soil flow out of
the landscape (Pringle & Tinley, 2003).
The common theme, regardless of the
scale at which degradation occurs, is less
efficient use of raindrops because of in-
creased runoff and evaporation, while
infiltration and transpiration decline.

There has been less documentation of
rangeland degradation specific to Na-
mibia. Over the past decades, most of
Namibia’s rangelands have degraded,
as evidenced by symptoms such as low-
ered animal production and bush en-
croachment (de Klerk, 2004). Ward &
Ngairorue (2000) measured the herbage
standing crop on Namibian commercial
farms along a rainfall gradient rang-
ing in mean annual rainfall from 140 to
450 mm. They found that the herbage
yield was approximately half that of
50 years previously, which they attribute
to long-term heavy grazing. In addition,
a large amount of soil and water has been
lost, the fertility of the remaining soil has
declined, and plant species composition
has changed.
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The greatest disruptions to nutrient
cycling occurred through the sale of
milk until the mid-1900s, and thereaf-
ter through sale of farm animals (Lau &
Reiner, 1993) without farmers returning
to the soil the minerals that the animals
consumed by grazing year after year. In
communal areas, the common practice
of overnight kraaling of livestock also
robs the land of minerals and organic
matter, as much manure is deposited
and confined to the kraals. In instances
where it is recycled, the manure is not
returned to the grazing land but instead
to arable land and usually after much of
its nitrogen and sulphur have been lost
to the atmosphere as volatile gases. The
few minerals returned to the rangeland
through mineral licks and supplementary
feed tend to focus on only a few elements
such as phosphorous and sodium, thus
failing to restore the balance of elements
lost. The former practice of farmers sup-
plying their animals with bonemeal has
been declared illegal to comply with EU
veterinary regulations (Kaurivi, 2013),
and most Namibian and Botswanan
bonemeal is now exported, as is most of
the beef, together with all their minerals.

The degraded nutrient status of range-
land soil not only results in less nutritious
grass but is also likely to contribute to
bush encroachment (Mills et al., 2013).
The encroached bushes are often blamed
for degrading the rangeland, yet they are
a symptom of the degradation and not its
cause (Andrews, 2008). The increased
bush growth can be viewed as nature’s
way of trying to regenerate a healthy soil
by bringing up minerals through their
deep roots (Sandhage-Hofmann et al.,
2015) and increasing the soil’s carbon
content largely through growing roots
that exude organic acids and sugars to
feed beneficial soil microorganisms in
return for minerals and organic nutrients
(Bais et al., 2006). Large-scale clearing
of bushes disrupts both water and nutri-
ent cycles, leading to soil capping, in-
creased runoff and evaporation, reduced
organic matter, and lowered production
from perennial vegetation.

Numerous approaches have been ap-
plied elsewhere using locally available
materials to restore water and nutrient cy-
cling. Critchley (1991) describes two pro-

jects in Burkina Faso. In the Agroforestry
Project of Yatenga Province, farmers had
built stone bunds at a slight gradient to di-
vert runoff away from their fields. During
successive years of drought, however,
the project helped them shift these stone
bunds to follow the contour to maximize
infiltration and soil moisture availabil-
ity for crops while building up organic
matter from debris deposited upslope
from the rocks. Where there were insuf-
ficient stones to adequately raise the bund
height, a perennial grass, Andropogon
guyanus, was planted on the upslope side
of the stone line to serve the same filter-
ing purpose. In the conservation and land
development project known as Patecore
in Kongoussi, many long, low permeable
rock dams were constructed from loose
stones and stretched across valley floors,
thereby spreading floodwater and healing
gullies. In Zimbabwe, the innovative wa-
ter harvester Zephaniah Phiri developed
ways to slow, spread, and sink runoff wa-
ter in an integrated system of stone walls,
pits, and ditches (Witoshynsky, 2000).
Nevertheless, it took more than 15 years
for these methods to be adopted by oth-
ers, largely resulting from the negative
attitude of extension workers who lacked
faith in the locally developed technology
(Murirwa et al., 2001). In Kenya, a high
density of farmers allowed the intensive
application of terracing, planting, and
management of grazing to support their
high population (Tiffen et al., 1994). The
abundance of stone wall terraces of the
Bakoni ruins in South Africa provide
‘evidence of advanced technological and
agricultural innovation, long before the
colonial era’ (Whitlock, 2015).

Methods

A few attempts were initiated to regen-
erate healthy water and mineral cycles
on three small portions of Namibian
rangeland (Fig. 1) by establishing con-
tour ditches (Lancaster, 2013) for plant-
ing trees below them and by construct-
ing ponding banks (Bastin et al., 2001)
and bush filters aligned on contour to
invigorate natural grasses at one of the
sites. This was done on an experimental
basis to learn from such action research
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Figure 1: Location of the three sites where intensified use of rangelands was piloted.

for further application of successes and
modification of partial failures.

Fruitful landscape at Farm Mid-
delplaats

At Farm Middelplaats, approximately
40 km south-west of Otjiwarongo, evi-
dence remains of rangeland degrada-
tion that has been taking place over past
decades. Aligned patches of dark soil in
slight depressions testify to former inter-
connected ephemeral wetlands. Domi-
nance by annual grasses, with only a few
remnant perennial grasses often on raised
pedestals, bear testimony to the loss of
water and soil in sheet flow, exacerbated
by deep channelling of nearby ephemeral
rivers. Overbrowsing by high densities
of game animals that often visit the farm,
such as oryx and red hartebeest, is evi-
dent on palatable woody species kept in a
low coppiced state, except for a few ma-
ture individuals that previously escaped
beyond browsing height.

On a 30 ha portion of the farm, 12 con-
tour lines were marked out by laser or
dumpy level in 2014 at 0.5 m height in-
tervals. Two strips were bulldozed along
the contour lines while avoiding large
trees to leave them in place (Fig. 2), and
a line was ripped (Fig. 3) for later key-
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ing in of soil heaped over it to form a
bund (Stanton & Waterson, 2007). A
grader was then used to dig a ditch along
each contour line while heaping the dug
soil on the downslope side over the rip
line to form the bund. The combined
depth of ditch and height of bund could
hold water approximately 0.5 m deep
to slowly infiltrate and moisten the soil
below (Fig. 4). At each end of the ditch,
the grader made an upward turn to hook
the ditch and bund upwards by approxi-
mately 2 m to prevent water from spilling
around the ends of the bund. The hook
connected with a hump across the road
(Fig. 5) in cases where it was considered
worthwhile to divert water flowing down
the road into the ditch, or from a ditch
outside of the fruitful landscape to bring
water across the road and into the ditch.
Initially, spillways of 10 m width were
made by removing soil from the top of
the bund (Fig. 5), with the positions of
spillways staggered between successive
ditches, aimed at getting spilled water to
zigzag its way down the landscape and
increase infiltration time. In 2017, it was
decided to install a second spilling ditch
below each contour ditch, which would
spread excess flow from spillways along
the contour and then release it widely

(Fig. 6), rather than as a concentrated re-
lease that then ‘hit’ the next contour ditch
and bund downslope. We did this because
it was felt the system was not accommo-
dating major storm events effectively and
that such events may increase in magni-
tude and frequency.

A variety of tree seedlings were plant-
ed below the ditches to provide different
products and perform different functions
(Leakey, 2014). These included large
protective canopy trees with edible pods
and deep roots, such as Faidherbia al-
bida and Acacia erioloba; shorter thorn-
less trees for ‘chop-and-drop’ mulching
(Thurston, 1997), such as Peltophorum
africanum and Bolusanthus speciosus;
and trees that produce fruits, such as
Sclerocarya birrea and Berchemia dis-
color, or edible leaves, such as Moringa
oleifera. In 2017 two wires were added to
the bottom of the fence around the 30 ha
fruitful landscape to exclude large game
animals.

Ponding banks at Farm Middel-
plaats

On another portion of Farm Middel-
plaats of approximately 50 ha, where
bushes had previously been cleared and
soil was therefore likely to be less fertile,
locations were identified where water
appeared to have been held back in the
past, such as where the soil was darker in
colour. Here contour lines were marked
out for the bases of ponding banks, with
gradients of approximately 1:200 to hook
the bank upwards into an arm at each end
to pond 10 to 20 cm of water. Care was
taken to spill the water widely and slowly
at one or both ends. Starting in 2015, but
mostly in 2016, a bulldozer was used to
construct the banks using two approach-
es. For banks receiving strong flows,
soil was scraped from above the bank
(Fig. 7), while for others it was scraped
from below, which was further applied in
2017 (Fig. 8). For most banks, a power-
ful grader would have been far more cost
effective than a bulldozer.

To construct several neighbouring
ponding banks along the same contour,
the contour line was marked out for ap-
proximately 80 m and then taken up-
wards by approximately 15 cm height
over 30 m before being lowered again

CLIMATE CHANGE AND ADAPTIVE LAND MANAGEMENT IN SOUTHERN AFRICA



Figure 2: Contour strips are cleared, except for large trees that are
left in place.

Figure 4: Water infiltrates in a contour ditch after a rain shower of
11 mm.

Figure 6: When gradin a new itch belo te old contour ditch,

the dug soil is heaped upslope so that water spilled from the upper
ditch will first spread out to fill the lower ditch before spilling as wide

sheet flow over the lower edge at ground level.

Fiur 8: A ponding bank is built in September 2017 by scraping
soil from below the bank.

B1oDIVERSITY & EcoLoGgYy 6 2018

Figure 3: Aline is ripped where soil dug from the ditch will be heaped
to key in the bund to better secure it with the ground below.

-

Lowered bund

for spillway Hook upwards

Hump
across
road

Figure 5: Upward hook to avoid spillage at end of ditch, and hump to
divert water from road.

Figure 7: A ponding bank is built in Setember 2016 by scraping soll
from above the bank.

Figure 9: The bank is pushed down at its highest positions to allow
spillover from ponding banks on each side to first fill the ditch below
before excess water spills as wide sheet flow over the lower edge of
the contour ditch.
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Figure 10: Sketch map to illustrate functioning of neighbouring ponding banks after rain.

over the next 30 m to rejoin the contour
for another 80 m. After soil was bull-
dozed upwards along this wavy line,
thereby digging a ditch below, the result-
ing bank was broken through from above
(Fig. 9) and heaped below the ditch for
water to spill from banks into the diver-
sion ditch to flow into the contour sec-
tions of the ditches and later spill as sheet
flow over the lower edge (Fig. 10). Deep
ripping above and below the bank cre-
ated a calming ‘sponge’ and prevented
any tunnelling, respectively. Some wet-
land grass species were brought onto the
farm and transplanted into the homestead
garden for multiplication and eventual
transplanting of propagules into the pon-
ded areas above the banks.

Bush filter lines at Farm Middel-
plaats

On yet another portion of Farm Middel-
plaats of approximately 20 ha, two con-
tour lines of several hundred metres each
were marked out in 2016 and a longer
one in 2017. OId grass seed was scat-
tered along the lines and lightly raked
in (Fig. 11) before being covered with
branches cut from nearby thorn bushes
with the cut stem facing downslope
(Fig. 12). Different sections of these
bush filters were experimentally con-
structed at two levels of intensity. The
light filter comprised a single layer of
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medium-sized branches, while the dense
filter had tightly packed small branches
below medium-sized branches, followed
by larger branches on top.

Urban fruitful landscapes in
Windhoek

On a 2 haportion of the campus of the Ka-
tutura Youth Enterprise Centre (KAYEC),
four successive contour ditches were
marked out and dug by NUST students
using pick and spade between 2014 and
2016. Where each of the two lower ditch-
es crossed a gully, a leaky weir was con-
structed with old tyres (Fig. 13) to divert
most of the initial water flowing down
the gully to the ditches on either side. A
bund was heaped on the downslope side
of three of the ditches, while soil from the
other ditch was heaped to create a large
diversion bund where water from the tar
road outside the campus flowed in. This
left the lower edge of the whole ditch of
approximately 60 m length serving as the
spillway.

In 2017 at the campus of Dagbreek
School, the soil dug from a contour
ditch of approximately 40 m was heaped
to form a large bund across a shallow
gully to divert its water into the ditch.
At the other end, a pit was dug 1.5 m
deep for organic material to be thrown
in (Fig. 14) for improving fertility of
spilled water.

Results

Fruitful landscape at Farm Mid-
delplaats

Although the intention had been to let the
seedlings depend entirely on rainwater
and care for themselves with minimal in-
put (Shepard, 2013), the 2014/2015 rainy
season was very poor. This caused many
of the planted tree seedlings to die, with
only 17 seedlings surviving out of the
152 seedlings planted that season. There-
fore, it was decided to irrigate surviving
or newly planted seedlings with 1 L of
water every 10 days unless sufficient
rain had fallen. Another challenge was
that many of the seedlings were browsed
upon, especially in the dry season, by
either wild or domestic animals. It took
three years for sufficient soil moisture to
accumulate below the contour ditches, as
aresult of which tree survival is expected
to greatly improve.

By the end of the 2017 dry season, 315
planted tree saplings survived in the 30 ha
fruitful landscape, mostly of Moringa
oleifera (Fig. 15). More will be planted
now that the surrounding fence has been
strengthened by adding two wires and re-
placing some worn droppers and posts to
keep out oryx and hartebeest, while hors-
es are no longer allowed to graze there.

Spillage from contour ditches tended to
occur as concentrated flow, either at de-
signed spillways or at breaches through
weak points in the bund. This required
some maintenance work to repair bunds
after intense rain and led to spreader
ditches being dug in 2017 (Fig. 6).

Ponding banks at Farm Middel-
plaats

The 2017 rainy season resulted in a good
vegetation response above the ponding
banks (Fig. 16), where a dense cover of
creeping legumes had established itself
(Fig. 17). It was interesting to observe
that the abundant wild melon plants were
fruiting only where creeping legumes
covered the soil underneath them. This
was attributed (Hugh Lovel, Quantum
Agriculture Consultancy, pers. comm.)
to the organic acids exuded by legume
roots releasing the tightly bound calci-
um-complexed minerals in the soil for
uptake by both legumes and melons, to

CLIMATE CHANGE AND ADAPTIVE LAND MANAGEMENT IN SOUTHERN AFRICA



Figure 11: Grass seed is scattered and lightly raked in along a Figure 12: Branches are stacked to form a filter along the contour.
contour line before being covered with thorn branches.
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Figure 13 Old tyres are secured by steel posts to create a leaky Figure 14: Orgamc matenal is thrown |nto a pit at the end of a con-
weir. tour ditch to improve fertility of infiltrating water.

Figure 15: Moringa oleifera tree grow below a contour |tch. Flgure 16 V|ew in Apnl 2017 of the same pondlng banks as |n F|gure 7

Figure 17: Creeplng legumes densely cover the ponded area above Flgure 18: Herbaceous plants establlsh under a bush filter line on
a bank. contour.
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Figure 19: Rainwater spills over
ditch.

el

later facilitate the establishment of more
perennial grasses. At the end of the 2017
dry season, while most of the rangeland
was dry, the perennial plants in and below
the ponding banks were sprouting green
growth, indicating the improved mois-
ture stored in the soil.

Bush filter lines at Farm Middel-
plaats

Herbaceous plants established better un-
der the dense filters (Fig. 18) than under
the light filters, although forbs tended
to dominate grasses. Termites started to
consume many of the branches and ani-
mal paths crossed some of the light fil-
ters, as this portion of the farm was still
exposed to high pressure from both wild
animals and cattle.

Urban fruitful landscapes in
Windhoek
Trees planted below the contour ditches
initially established well, as the rocky soil
allowed water to infiltrate deeply, and the
lateral flow of water seems to have oc-
curred rapidly, with good response from
trees within one year of being planted.
However, the planted trees then faced
the enormous challenge of vandalism by
a minority of the hundreds of commu-
nity members making use of the campus,
mostly from the neighbouring school
that had access to the soccer field on the
KAYEC campus. Uprooted tree saplings
were often found lying along the ditches.
The contour ditches with bunds on the
lower side resulted in concentrated spill-
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a slightly Iowe edge of a contour

Figure 20: Denser grass growé where water spilled previously, thus

trapping more sediment and puffing up soil underneath to achieve

self-reinforcement.

age that required some maintenance after
intense rain. The contour ditch without a
bund often filled with extra water from
the tar road outside. The initial spill-
age took place over the slightly lower
sections of the lower edge of this ditch
(Fig. 19), resulting in denser grass grow-
ing in that moister soil (Fig. 20). This
initiates self-reinforcement as used to oc-
cur in nature when the denser grass traps
more sediment and puffs up the soil un-
derneath because of the greater activity
of soil organisms until water starts spill-
ing more elsewhere, leading to a ‘wind-
screen wiper’ effect over the long term.
The fruitful landscape at Dagbreek
was only started in 2017, but from the
few rain showers that fell thereafter, it ap-
peared that this setup was working well.

Discussion

Each of the different methods used for
infiltrating more rainwater had its ad-
vantages and disadvantages, yet all ap-
peared to be producing improved land-
scape functioning. They are addressing
degradation processes of many decades,
so none was expected to be a ‘silver bul-
let’. All need to be integrated into a wider
ecosystem management approach (Tin-
ley & Pringle, 2013a). Therefore, despite
setbacks, the true value of the works is
not yet realised and the positive results
are inspiring.

The ditches with bunds excavated
from above could hold more water per

volume of soil dug from them. However,
the spilled water concentrating at their
spillways or breached bunds tended to
cause some erosion that required mainte-
nance. The ditches without bunds started
to show signs of self-reinforcement that
would minimise maintenance require-
ments and lead to a more naturally
stepped landscape. It is expected that the
many contour ditches dug from below
on Middelplaats in 2017 will allow wide
spillage as sheet flow with such self-rein-
forcement properties.

Less earthmoving would be required
for construction of a micro-catchment
for each tree (Jo & Park, 2017). Although
this may improve survival and growth
rate of trees, it is unlikely to adequately
control loss of rainwater as sheet flow. It
may alternatively be possible to improve
the establishment of trees by raising and
planting them as long-stem tube-stock
(Australian Plants Society, 2010), with
their roots planted approximately 1 m
deep to escape the harsh conditions ex-
perienced in shallow soil of fluctuating
extremes of temperature and moisture.

The ponding banks built from soil
scraped below them had a lower capac-
ity to pond water before spillage, but the
undisturbed soil in their ponded areas
grew better ground cover and the water
from a small rain shower ponded over a
larger area above the bank, thus irrigating
more grass. Scraping soil from above the
bank is warranted only where a sponge
is required for calming the flow of water
before it hits the bank. The challenge is to
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choose carefully where to spill the excess
water from these ‘buffer’ check banks
and do so calmly over as wide an extent
as possible. The bunds should be only as
wide as needed to ‘take the hit’, and the
pacified flow should be intercepted and
spread as close below as possible before
the flow can accelerate (particularly on
steeper slopes).

The bush filter lines are much cheaper
than earthmoving, especially when la-
bour is essentially free (students) or low
cost (farm labourers) to the farmer, and
they serve the dual purpose of filtering
and reducing bush encroachment. How-
ever, they are likely to take much longer
before effectively infiltrating rainwater
to anywhere near the levels achieved by
ditches and banks. Whether or not they
are capable of self-reinforcement will de-
pend on whether grass can establish fast
enough to replace the filtering function of
the decomposing branches, which largely
depends on the grazing pressure being
exerted by wild animals and livestock.
Some maintenance and augmentation
may be required, and this will depend on
both grazing pressure and the quality of
seasons.

It is too early to observe the micro-
habitat benefits expected from planted
trees as they grow. Over the years, they
are likely to improve soil conditions,
not only through better nutrient cycling
(Sandhage-Hofmann et al., 2015) but
also through improved water cycling
(Joffre & Rambal, 1988). The high death
rate of tree seedlings initially planted
below contour ditches could have been
avoided by following the advice of Zim-
babwean water harvester Zephaniah Phiri
(Witoshynsky, 2000) to plant the water
before planting the trees.

Since there is enormous variation in
climatic conditions from year to year,
monitoring should rely on contrast be-
tween treated and untreated sites rather
than before and after measurements.
Indicators related to soil moisture that
can be measured easily are the depth to
which rainwater percolated at the start
of the rainy season in relation to water
harvesting infrastructure (Zimmermann
et al., 2015) and the extent of sprouting
perennial plants in spring, at the end of
the dry season.
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Conclusion

No single technique for infiltrating more
rainwater can be singled out as being bet-
ter than others. Each has its own advan-
tages and disadvantages that may better
serve the particular circumstances ex-
perienced at any site and the objectives
desired by the farmers. To recoup the
high cost of earthmoving, the value of
the resulting increase in production must
be sufficiently large within an acceptable
time frame. This requires a high survival
rate and fast growth of valuable trees
planted below contour ditches, and fast
establishment of productive and nutri-
tious grass above ponding banks. These
challenges are being addressed by apply-
ing the lessons learned so far in this ac-
tion research.

All of these innovative approaches
should be viewed as tools in a diverse
toolbox that allows intensified rangeland
food production to be extended from tra-
ditional small family gardens to commu-
nity gardens of tens of hectares or more.
We have made a start and do not contend
that we have a final product. It is prob-
able that the combined efforts of families
will extend and improve food production
and production per human input and hec-
tare. The potential rewards of localising
the security and quality of key food needs
have driven us to try many approaches in
different environments, and we hope to
develop a framework for wider adoption
in different situations. The challenge now
is to select tools and techniques in harmo-
ny with landscape patterns and processes
to maximise the depth, breadth, and du-
ration of positive soil moisture balance.
We will then utilise that for a diversity
of fruitful outcomes that suit local com-
munity needs.

It is also important that no single tech-
nique be viewed as a stand-alone entity.
Since techniques that infiltrate more rain-
water tend to treat only the symptoms of
rangeland degradation, it will be neces-
sary to integrate them with other tech-
niques that address the root causes, such
as through the appropriate management
of grazing and fires.

The ditches, banks, and filters have
started to regenerate water cycling, and the
planted trees will eventually contribute to

regenerating nutrient cycling. To replace
the whole spectrum of minerals lost from
the system over past decades, however,
some inputs will be required (Zimmer-
mann et al., 2017).

In cases where communities have ac-
cess to the enhanced land, a concerted
effort is needed to gain community own-
ership and leadership (governance) to
ensure longevity and minimise theft and
vandalism, preferably before projects
commence.

Intensive management of relatively
small areas fitting natural patterns and
processes can not only reverse existing
degradation processes but also improve
productivity beyond good grazing con-
dition. In the face of challenges such as
climate change and increasing population
pressure, localising diverse food security
offers rural communities many benefits,
including participation in the commercial
economy.

Acknowledgements

The research was carried out in the
framework of SASSCAL and was spon-
sored by the German Federal Ministry of
Education and Research (BMBF) under
promotion number 01LG1201M.

References

Australian Plants Society. (2010) The long-stem
planting guide. http://www.tamariskcoalition.
org/sites/default/files/resource-center-docu-
ments/Austrailian_Longstem Guide.pdf

Andrews, P. (2008) Beyond the brink — Peter
Andrews’ radical vision for a sustainable
Australian landscape. Harper Collins, Syd-
ney.

Bais, H.P., Weir, T.L., Perry, L.G., Gilroy, S. &
Vivanco, J.M. (2006) The role of root exu-
dates in rhizosphere interactions with plants
and other organisms. Annual Review of Plant
Biology, 57, 233-66.

Bastin, G.N., Tongway, D.., Sparrow, A.D.,
Purvis, B. & Hindley, N.L. (2001) Soil and
vegetation recovery following water ponding.
Range Management Newsletter, July 2001,
1-7.

Craggs, G. (2017) Rangelands: Critical to the en-
vironment and under constant threat. Future
Directions International, Dalkeith, Australia.
http://www.futuredirections.org.au/publica-
tion/rangelands-critical-environment-con-
stant-threat/

Critchley, W. (1991) Looking after our land: soil
and water conservation in dryland Africa. Ox-
fam, Oxford, UK.

233



de Klerk, J.N. (2004) Bush encroachment in
Namibia. Report on Phase 1 of the Bush En-
croachment Research, Monitoring and Man-
agement Project, Ministry of Environment and
Tourism, Windhoek.

Fynn, R. & Bonyongo, C. (2011) Functional con-
servation areas and the future of Africa’s wild-
life. African Journal of Ecology, 49, 175-188.

Jo, H. & Park, H. (2017) Effects of pit plantings
on tree growth in semi-arid environments. Fo-
rest Science and Technology, 13, 66-70.

Joffre, R. & Rambal, S. (1988) Soil water impro-
vement by trees in the rangelands of southern
Spain. Oecologia Plantarum, 9, 405-422.

Kaurivi, B. (2013) Why was bone meal in cattle
feed banned in Namibia: link to mad-cow di-
sease? The Villager, 16 September 2013.

Lancaster, B. (2013) Rainwater harvesting for
drylands and beyond. Volume 2. Water harve-
sting earthworks. Rainsource Press, Tucson,
AZ, USA.

Lau, B. & Reiner, P. (1993) 100 years of agricul-
tural development in colonial Namibia: a hi-
storical overview of visions and experiments.
Archeia 17. National Archives of Namibia,
Windhoek, Namibia.

Leakey, R.R.B. (2014) Twelve principles for bet-
ter food and more food from mature perennial
agroecosystems. Perennial crops for food se-
curity - proceedings of the FAO expert work-
shop, 28-30 August 2013, Rome, Italy (ed.
by C. Batello, L. Wade, S. Cox, N. Pogna, A.
Bozzini, and J. Choptiany), pp. 282-306. Food
and Agriculture Organization (FAO), Rome.

Ludwig, J.A. & Tongway, D.J. (1995) Spatial
organisation of landscapes and its function in
semi-arid woodlands, Australia. Landscape
Ecology, 10, 51-63.

Mills, A.J., Milewski, A. V., Fey, M.V., Grongroft,
A.,Petersen, A. & Sirami, C. (2013) Constraint
on woody cover in relation to nutrient content
of soils in western southern Africa. Oikos,
122, 136-148.

Milton, S.J., Dean, R.J., du Plessis, M.A. &
Siegfried, W.R. (1994) A conceptual model
of arid rangeland degradation: the escalating
cost of declining productivity. BioScience, 44,
70-76.

Murirwa, K., Hagmann, J. & Chuma, E. (2001)
Mainstreaming participatory approaches to
soil and water conservation in Zimbabwe.
Farmer innovation in Africa: A source of
inspiration for agricultural development (ed.
by C. Reij and A. Waters-Bayer), pp. 300-309.
Earthscan, London, UK.

Pringle, H.J.R. & Tinley, K.L. (2003) Are we
overlooking critical geomorphic determinants
of landscape change in Australian rangelands?
Ecological Management and Restoration, 4,
180-186.

Pringle, H., Zimmermann, 1. & Tinley, K. (2011)
Accelerating landscape incision and the down-
ward spiraling rain use efficiency of Namibian
rangelands. Agricola, 21, 43-52.

Sandhage-Hofmann, A., Kotzé, E., van Del-
den, L., Dominiak, M., Fouch, H.J., van der
Westhuizen, H.C., Oomen, R.J., du Preez,
C.C. & Amelung, W. (2015) Rangeland ma-
nagement effects on soil properties in the sa-
vanna biome, South Africa: a case study along
grazing gradients in communal and commer-
cial farms. Journal of Arid Environments, 120,
14-25.

Shepard, M. (2013) Restoration agriculture.
Acres USA, Austin, TX, USA.

234

Sianga, K., van Telgen, M., Vrooman, J., Fynn,
R.W.S. & van Langevelde, F. (2017) Spatial
refuges buffer rangelands against homog-
enisation and degradation by large herbivore
populations and facilitate vegetation het-
erogeneity. Koedoe, 59, al434. https://doi.
org/10.4102/koedoe.v59i2.1434

Stanton, C. & Waterson, D. (2007) Introduction
to soil erosion. Edition 1. Vegetation and Land
Management, Northern Territory Govern-
ment, Alice Springs.

Thurston, H.D. (1997) Slash/mulch systems. Sus-
tainable methods for tropical agriculture. In-
termediate Technology Publications, London.

Tiffen, M., Mortimore, M. & Gichuki, F. (1994)
More people, less erosion: Environmental re-
covery in Kenya. John Wiley & Sons, Chich-
ester, UK.

Tinley, K.L. & Pringle, H.J.R. (2013a) Range-
land rehydration: field guide. Rangelands
NRM, Western Australia.

Tinley, K.L. & Pringle, H.J.R. (2013b) Range-
land rehydration: the manual. Rangelands
NRM, Western Australia.

Ward, D. & Ngairorue, B.T. (2000) Are Namib-
ia’s grasslands desertifying? Journal of Range
Management, 53, 138—-144.

Whitlock, R. (2015) Research on Bakoni ruins
of South Africa debunks colonial perceptions
of primitivism. Ancient Origins. http://www.
ancient-origins.net/news-history-archaeol-
ogy/research-bakoni-ruins-south-africa-de-
bunks-colonial-perceptions-020418

Witoshynsky, M. (2000) The water harvester:
episodes from the inspired life of Zephaniah
Phiri. Weaver Press, Harare, Zimbabwe.

Zimmermann, 1., Nghikembua, M., Shipingana,
D., Aron, T., Groves, D. & Marker, L. (2017).
The influence of two levels of debushing in
Namibia’s thornbush savanna on overall soil
fertility, measured through bioassays. Namib-
ian Journal of Environment, 1A, 52-59.

Zimmermann, I., Pringle, H.J.R., Shamathe, K. &
Kahl, U. (2015) First steps of converting bush-
encroached Namibian rangeland into a fruitful
landscape. Collection of extended abstracts
for the international symposium: Silviculture
and Management of Dryland Forests, pp. 29—
31. Department of Forest and Wood Science,
Stellenbosch University, in collaboration with
TUFRO Unit 1.02.05. Stellenbosch, South Af-
rica, 16-19 March 2015.

CLIMATE CHANGE AND ADAPTIVE LAND MANAGEMENT IN SOUTHERN AFRICA



References [CrossRef]

Australian Plants Society. (2010) The long-
stem planting guide.

http://www.tamariskcoalition.org/sites/default/f
iles/resource-center-
documents/Austrailian_Longstem_Guide.pd
f

Andrews, P. (2008) Beyond the brink — Peter
Andrews’ radical vision for a sustainable
Australian landscape. Harper Collins,
Sydney.

Bais, H.P., Weir, T.L., Perry, L.G., Gilroy, S.
& Vivanco, J.M. (2006) The role of root
exudates in rhizosphere interactions with
plants and other organisms. Annual Review
of Plant Biology, 57, 233-66. CrossRef

Bastin, G.N., Tongway, D.J., Sparrow, A.D.,
Purvis, B. & Hindley, N.L. (2001) Soil and

vegetation  recovery  following  water
ponding. Range Management Newsletter,
July 2001, 1-7.

Craggs, G. (2017) Rangelands: Critical to the
environment and under constant threat.
Future Directions International, Dalkeith,
Australia.
http://www.futuredirections.org.au/publicati
on/rangelands-critical-environment-
constant-threat/

Critchley, W. (1991) Looking after our land:
soil and water conservation in dryland
Africa. Oxfam, Oxford, UK. CrossRef

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, Windhoek.

Fynn, R. & Bonyongo, C. (2011) Functional
conservation areas and the future of Africa’s
wildlife. African Journal of Ecology, 49,
175-188. CrossRef

Jo, H. & Park, H. (2017) Effects of pit
plantings on tree growth in semi-arid
environments.  Forest  Science  and
Technology, 13, 66-70. CrossRef

Joffre, R. & Rambal, S. (1988) Soil water
improvement by trees in the rangelands of
southern Spain. Oecologia Plantarum, 9,
405-422.

Kaurivi, B. (2013) Why was bone meal in
cattle feed banned in Namibia: link to mad-
cow disease? The Villager, 16 September
2013.

Lancaster, B. (2013) Rainwater harvesting for
drylands and beyond. Volume 2. Water
harvesting earthworks. Rainsource Press,
Tucson, AZ, USA.

Lau, B. & Reiner, P. (1993) 100 years of
agricultural ~ development in  colonial
Namibia: a historical overview of visions
and experiments. Archeia 17. National
Archives of Namibia, Windhoek, Namibia.

Leakey, R.R.B. (2014) Twelve principles for
better food and more food from mature
perennial agroecosystems. Perennial crops
for food security - proceedings of the FAO
expert workshop, 28-30 August 2013, Rome,

Italy (ed. by C. Batello, L. Wade, S. Cox, N.
Pogna, A. Bozzini, and J. Choptiany), pp.
282-306. Food and Agriculture
Organization (FAO), Rome.

Ludwig, J.A. & Tongway, D.J. (1995) Spatial
organisation of landscapes and its function
in  semi-arid  woodlands,  Australia.
Landscape Ecology, 10, 51-63. CrossRef

Mills, AJ., Milewski, AV. Fey, M.V,
Grongroft, A., Petersen, A. & Sirami, C.
(2013) Constraint on woody cover in
relation to nutrient content of soils in
western southern Africa. Oikos, 122, 136—
148. CrossRef

Milton, S.J., Dean, R.J., du Plessis, M.AA. &
Siegfried, W.R. (1994) A conceptual model
of arid rangeland degradation: the escalating
cost of declining productivity. BioScience,
44, 70-76. CrossRef

Murirwa, K., Hagmann, J. & Chuma, E. (2001)
Mainstreaming participatory approaches to
soil and water conservation in Zimbabwe.
Farmer innovation in Africa: A source of
inspiration for agricultural development (ed.
by C. Reij and A. Waters-Bayer), pp. 300-
309. Earthscan, London, UK.

Pringle, HJ.R. & Tinley, K.L. (2003) Are we

overlooking critical geomorphic
determinants of landscape change in
Australian rangelands? Ecological

Management and Restoration, 4, 180-186.
CrossRef

Pringle, H., Zimmermann, I. & Tinley, K.
(2011) Accelerating landscape incision and
the downward spiraling rain use efficiency
of Namibian rangelands. Agricola, 21, 43—
52.

Sandhage-Hofmann, A., Kotzé, E., van Delden,
L., Dominiak, M., Fouch, H.J.,, van der
Westhuizen, H.C., Oomen, R.J., du Preez,
C.C. & Amelung, W. (2015) Rangeland
management effects on soil properties in the
savanna biome, South Africa: a case study
along grazing gradients in communal and
commercial farms. Journal of Arid
Environments, 120, 14-25. CrossRef

Shepard, M. (2013) Restoration agriculture.
Acres USA, Austin, TX, USA.

Sianga, K., van Telgen, M., VVrooman, J., Fynn,
R.W.S. & van Langevelde, F. (2017) Spatial
refuges buffer rangelands against
homogenisation and degradation by large
herbivore  populations and  facilitate
vegetation heterogeneity. Koedoe, 59,
al434. CrossRef

Stanton, C. & Waterson, D. (2007)
Introduction to soil erosion. Edition 1.
Vegetation and Land Management, Northern
Territory Government, Alice Springs.

Thurston, H.D. (1997) Slash/mulch systems.
Sustainable methods for tropical agriculture.

Intermediate  Technology  Publications,
London.

Tiffen, M., Mortimore, M. & Gichuki, F.
(1994) More people, less erosion:

Environmental recovery in Kenya. John
Wiley & Sons, Chichester, UK.

Tinley, K.L. & Pringle, HJ.R. (2013a)
Rangeland  rehydration:  field guide.
Rangelands NRM, Western Australia.

Tinley, K.L. & Pringle, H.J.R. (2013b)
Rangeland  rehydration: the manual.

Rangelands NRM, Western Australia.

Ward, D. & Ngairorue, B.T. (2000) Are
Namibia’s grasslands desertifying? Journal
of Range Management, 53, 138-144.
CrossRef

Whitlock, R. (2015) Research on Bakoni ruins
of South  Africa debunks colonial
perceptions of primitivism. Ancient Origins.
http://www.ancient-origins.net/news-history-
archaeology/research-bakoni-ruins-south-
africa-debunks-colonial-perceptions-020418

Witoshynsky, M. (2000) The water harvester:
episodes from the inspired life of Zephaniah
Phiri. Weaver Press, Harare, Zimbabwe.

Zimmermann, |., Nghikembua, M., Shipingana,
D., Aron, T., Groves, D. & Marker, L.
(2017). The influence of two levels of
debushing in Namibia’s thornbush savanna
on overall soil fertility, measured through
bioassays. Namibian Journal of
Environment, 1A, 52-59.

Zimmermann, I., Pringle, H.J.R., Shamathe, K.
& Kahl, U. (2015) First steps of converting
bush-encroached Namibian rangeland into a
fruitful landscape. Collection of extended
abstracts for the international symposium:
Silviculture and Management of Dryland
Forests, pp. 29-31. Department of Forest
and Wood Science, Stellenbosch University,
in collaboration with IUFRO Unit 1.02.05.
Stellenbosch, South Africa, 16-19 March
2015.


http://www.tamariskcoalition.org/sites/default/files/resource-center-documents/Austrailian_Longstem_Guide.pdf
http://www.tamariskcoalition.org/sites/default/files/resource-center-documents/Austrailian_Longstem_Guide.pdf
http://www.tamariskcoalition.org/sites/default/files/resource-center-documents/Austrailian_Longstem_Guide.pdf
http://www.tamariskcoalition.org/sites/default/files/resource-center-documents/Austrailian_Longstem_Guide.pdf
https://doi.org/10.1146/annurev.arplant.57.032905.105159
https://doi.org/10.3362/9780855987879
https://doi.org/10.1111/j.1365-2028.2010.01245.x
https://doi.org/10.1080/21580103.2017.1312559
https://doi.org/10.1007/BF00158553
https://doi.org/10.1111/j.1600-0706.2012.20417.x
https://doi.org/10.2307/1312204
https://doi.org/10.1046/j.1442-8903.2003.00154.x
https://doi.org/10.1016/j.jaridenv.2015.04.004
https://doi.org/10.4102/koedoe.v59i2.1434
https://doi.org/10.2307/4003273



