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razing, ploughing and kraaling
can all reduce vegetation cover,
and in arid parts of the Karoo, bare
patches in the veld may stay bare and
continue to erode for centuries. This is
because, once the plant roots are gone,
wind and water move away the loose
soil permeable soil leaving a pavement
of desert dust or bedrock. Hard surfaces
shed water and dry out soon after rain,
moreover wind- and water-dispersed
seeds are quickly washed or blown
off bare patches. Deflation hollows on
Khoekhoen kraal abandoned 250 years
ago are evidence for the slow recovery of bare patches. Much larger-scale
damage to natural veld is now a daily
occurrence as developments such as
roads, mines and energy infrastructure
sweep across the rugged koppies and
vast, sparsely vegetated plains of the
Karoo (Milton & Dean 2021). Ongoing
repair or rehabilitation of damaged veld
is essential to sustain future livelihoods
in this arid region and counter the effects of climate change (Genis 2021).
Wolwekraal Nature Reserve (-33.1902 S,
22.0292 E) to the north of Prince Albert
is typical of rain-shadow succulent Karoo in that the long-term annual rainfall
is 170 mm and non-seasonal. Although
the property has carried no livestock
for 50 years, reduced vegetation cover
in comparison with neighbouring properties, a historical stone boundary wall
and Khoekhoen kraals and campsites
along the riverbank suggests that the
land had a history of intensive grazing
from which the veld has not yet recovered. It was therefore a suitable site
for testing various types of restoration
infrastructure described in restoration
guidelines for the Karoo (Coetzee &
Stroebel 2015, Milton & Dean 2021).
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With the assistance of B-tech students
from Nelson Mandela University, we designed and implemented the trials described in this article.
Sites and treatments
Trials we set up in 2016 and 2017 during
an unusually severe drought that lasted
from 2015 until 2021 in the Central and
southern Karoo and led to a loss of 2540% of plants and vegetation cover
(Milton et al. 2022; Saayman 2021). The

average monthly precipitation recorded
on the Wolwekraal Nature Reserve from
January 2016 until September 2021 was
10.3 mm. In 2017 and 2019 < 100 mm of
rain was recorded over a period of 12
months. The soils of the two sites selected for the rehabilitation trials differed in
depth and texture, but both were fairly
flat.
Site 1: Eroded deep silty-sand
In August 2016 a group of 25 students

Figure 1. Rehabilitation structures installed at Site 1 in 2016. (A) mulched and
brush-covered hollow, (B) materials used, (C) alternating brush-covered hollows
and brush fences, (D) brush-packed gullies. (D)
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runoff and trap seed and sediment (Figure 1b-d). Together the treatments covered an area of approximately 0.5 ha. On
completion of the erosion control structures, the whole area was sown with 4
kg of locally collected seed comprising
equal weights of Osteospermum sinuatum, Salsola aphylla, Augea capensis
and Stipagrostis ciliata. The vegetation
surrounding the eroded area was dominated by Augea capensis, Pteronia pallens, Salsola spp. and Stipagrostis spp.
Site 2: Skeletal soil on mudstone

Figure 2. Rehabilitation structures on skeletal soil when installed in 2017 and four
years later in 2021.

In September 2017, a group of NMMU
25 students under the supervision set
out rehabilitation structures on bare
ground where Ecca Mudstone bedrock
was covered with 10-40 mm of skeletal
silty soil. The structures included furrows, brush fencing, mulched hollows,
brush-packs of reeds and T. ramossissima and V. karroo branches (Figure 2).
Restoration infrastructure and controls
covered approximately 0.25 ha. On
completion of the rehabilitation works,
the whole area was sown with 4 kg of locally-collected seed comprising a mixture of Cenchrus ciliaris, Fingerhuthia
africana, Osteospermum sinuatum,
Stipagrostis ciliata, Stipagrostis obtusa
and Augea capensis. The vegetation
surrounding the bare area was dominated by Ruschia spinosa, Enneapogon
scaber, Kleinia longiflora and Rhigozum
obovatum.
The sites were monitored in August
2018, February 2020 and September
2021 by counting and identifying all live
plants in an 80 cm diameter hoop (0.5
sq m) placed alternatively in or adjacent
to rehabilitation structures (hollows,
fences, brush-packs). Average species
richness and plant densities were calculated for each site and treatment and
compared visually using bar graphs.
Results in 2021

Figure 3. Plant establishment in various rehabilitation interventions at Sites 1
and 2.
spent three days installing rehabilitation infrastructure on wind-eroded and
water-eroded bare patches on deep
silty sand. The rehabilitation structures
comprised 50 hand-dug small (0.5 m
wide and 0.2 m deep), and 25 large
(1.0 m wide and 0.3 m deep) minicatchments. The excavated soil was
used to form an elevated rim (150 mm
high) on the down-slope side of each
catchment. The catchments were partly
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filled with a mulch of chipped Vachelia
karroo. Branches were placed over the
mini-catchments to attract perching
birds in the hope that they would bring
seeds of fleshy-fruited plant species to
these microsites (Figure 1a). The microcatchments were interspersed with the
erosion control fences on the watereroded area and small gullies were
brush-packed with V. karroo and Tamarix ramossissima branches to slow down
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Despite the extreme drought plants
established on both sites. Mulched hollows, with or without brush-packing,
supported more plants and greater
species richness than did untreated soil
surfaces (controls), loosened soil surfaces or brush-packed surfaces without
hollows on both deep and shallow soils
(Figure 3). Annual (or ephemeral) plants,
shrubs and grasses were all more abundant in hollows than on other treatments. As the drought continued into
2021, plants on untreated and brushpacked sites tended to die and disappear, whereas many of those in hollows
survived.
At Site 1, 12% of all plants and 17% of
all species recorded in 2020 were species included in the seed mix. This increased to 24% of plants and 26% of
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Although plant and species densities
were similar on the deep (Site 1) and
shallow (Site 2) soil, plants appeared
to perform better on deeper soils and
produce more cover, biomass and seed
than they did on shallow soils (compare
Figures 2 and 4).
As evidenced by trap camera photographs and dung observations, plants
established in hollows at both sites
attracted herbivores and granivores.
While brush-packing protected plants
from excessive herbivory, the herbivores
visitors contributed to diversity and productivity through seeds and nutrients in
the dung they deposited on the rehabilitation sites (Figure 5).
Lessons learned

Figure 4. Development of plants in brush-packed hollows in Site 1 over five years
from August 2016 until September 2021.

Figure 5. Development of plants in brush-packed hollows in Site 1 over five years
from August 2016 until September 2021. (A) Two Steenbok (Raphicerus campestris)
grazing plants in a hollow at Site 1, (B) Scrub Hare (Lepus saxatilis) dung in a hollow
at Site 1.
species in 2021. At site 2 the patterns
were similar with 18% of plants and 22%
species originating from the seed mix
in 2018, with the representation of seed
mix species increasing to 24% of plants
and 31% of species in 2021. The most
abundant species on the stony ground
were Cenchrus ciliaris and Fingerhuthia
africana (in the mix) and Enneapogon
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scaber (self dispersed). On deep silty
soil the most abundant species were
the alien invasive shrub Atriplex lindleyi
(self-dispersed) succulents Augea capensis (in the mix) and Mesembryanthemum tetragonum (self-dispersed), and
the grasses Fingerhuthia africana (in
the mix) and Ennepogon scaber (selfdispersed).

We have shown that in very arid areas
such as Prince Albert, the concentration
of the available water appears to be
the most successful means of achieving plant establishment and survival on
bare ground, even during drought. This
can be achieved through the creation of
small, shallow hollows, either by hand
digging or use of a modified plough
known as a “hap ploeg” (Coetzee &
Stroebel 2015). The hollows are aligned
to trap runoff water and should have a
rim on the downslope side so as to retain some of the water they capture. The
optimal depth for hollows will vary with
soil texture and sandy soils drain fast
and the hollows rapidly dry out, whereas on clay soils the hollows retain water
long enough to drown seedlings (Milton & Dean 2021; Genis 2021). Ideally,
the hollows and surrounding soil should
stay moist for at least a week after rain
to facilitate germination and seedling
establishment (Figure 6). Mulching of
hollow helps retain moisture and also
prevents fine-textured soils from peeling, cracking and lifting seedlings out
of the ground. Covering hollows with
thorn bush protects seeds from medium
to large herbivores for a few years until
they are established.
Although brush-packing without hollows can stabilize soil and promote
germination in some areas (Saayman
& Botha 2010), this treatment was not
successful on our study sites. Possible
reasons for lack of success may be the
failure of brush-packed areas to retain
rainwater, exclusion of light in denselypacked areas, and possibly also diversion of tumble-seeds away from the
brush-packed areas.
The addition of seeds appropriate for
the site conditions is justified when seed
availability in the surrounding landscape is limited by grazing, drought or
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clearing of surrounding vegetation. Our
trials indicate that about one-quarter of
all plants established over the 4-5 year
period originated from the seed mixture added to the site when the trials
were established.

In addition to teaching us what rehabilitation methods work best in our area,
our small-scale trials have been useful
for student training, as demonstration
sites for landowners.
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Figure 6. Soil in and around hollows remained moist for two weeks after rain on 2021.10.22.
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