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Abstract. Short term monitoring of soil and vegetation recovery following alien plant removal is required
to reveal how ecological restoration is progressing. This study examined the recovery of soil physical
properties and vegetation following Acacia mearnsii removal at Zvakanaka farm in Limpopo Province,
South Africa. Soil and vegetation measurements were conducted in paired cleared, invaded and natural
sites on 10 x 10 m plots. Results of the study show significantly (P < 0.001) higher soil moisture content
in invaded and natural compared to cleared sites. Soil penetration was significantly (P < 0.001) higher in
cleared than invaded and natural sites. Both infiltration rate and hydraulic conductivity showed no
significant (P > 0.05) difference between the three sites. Strongly repellent soils were recorded in cleared
sites only. Results showed a significant (P < 0.05) increase in measured diversity indices (species
richness, Shannon-Wiener, Simpson’s and evenness index) in cleared and natural than in invaded sites.
However, most secondary woody invasive alien plants were recorded in cleared sites. The study
concludes that A. mearnsii clearing triggers varying changes in soil physical properties. Although native
plants are present in cleared sites, recovery may be hampered by the growth of secondary woody invasive
alien plants.

Keywords: post-clearing monitoring, invasive plants, ecosystem repair, revegetation, secondary
invaders

Introduction

Invasion by Australian Acacia species in South Africa has resulted in biodiversity
loss (Werner et al., 2010; Gaertner et al., 2011), altered ecosystem functioning and
service provisioning (Kull et al., 2008; Le Maitre et al., 2011). Acacias are known to
stimulate changes in soil communities (Yelenik et al., 2004; Gaertner et al., 2011)
which enables them to dominate native species, resulting in native species displacement
(Le Maitre et al.,, 2011). Negative impacts of Acacia invasion on biodiversity and
ecosystems ultimately affect human well-being (Le Maitre et al., 2011). For example,
stands of A. mearnsii invasion in South Africa have been shown to utilize more water
compared to fynbos biome native vegetation (Dye et al., 2001; Dye and Jarmain, 2004),
this resulting in water reduction for agriculture, industry, recreation, conservation and
domestic use (Gorgens and van Wilgen, 2004). Also, the high biomass of Acacia
species has been known to increase fire severity (van Wilgen and Richardson, 1985),
thus not only affecting re-sprouting native plants but also housing properties.

Management interventions to address the impacts of Acacia invasions, and may other
invasive plants, are underway in South Africa (Le Maitre et al., 2011). The Working for
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Water (WfW) programme, a government initiative to manage and control invasives, has
adopted a passive restoration approach which aims to remove the invader as well as
limit and prevent their regeneration (Le Maitre et al., 2002; Esler et al., 2008; van
Wilgen et al., 2012). However, the passive restoration approach by WfW has yielded
mixed results when it comes to soil and vegetation recovery (Galatowitsch and
Richardson, 2005; Blanchard and Holmes, 2008; Pretorius et al., 2008; Ruwanza et al.,
2013a; Nsikani et al., 2017; Fill et al., 2018). As a result, there is a need to improve
understanding of factors that hinder or facilitate soil and vegetation recovery after alien
plant clearing.

For ecological restoration to be successful, periodic monitoring of cleared areas is
required to reveal how restoration is progressing and were management interventions
are required (Ruiz-Jaen and Aide, 2005; Fill et al., 2018). However, a complicating
factor in monitoring ecological restoration projects is the defining of appropriate
variables to be measured (Ruiz-Jaen and Aide, 2005). In cases were the restoration goal
is to return natural vegetation structure, function and processes to reference condition,
monitoring native vegetation diversity and soil processes e.g. physical (soil structure),
chemical (soil nutrients) and biological (soil bacteria) becomes important (Ruiz-Jaen
and Aide, 2005; Wortley et al., 2013). Unfortunately, both short and long-term
monitoring in most WfW alien clearing projects is rarely done (Fill et al., 2018).

Methodological constraints associated with monitoring biological invasions have
been reported in the past (Stricker et al., 2015). Although most observational studies
compare differences between invaded, uninvaded and cleared areas (Fill et al., 2018), a
more appropriate method is to observe changes before and after invasion (Stricker et al.,
2015). The challenges associated with before and after observational experiments is
time, given that invasion could have occurred several years ago, and observations prior-
invasion might not have been done. Observing changes between invaded, uninvaded
and cleared areas does not allow deduction on causation to be made, because observed
differences may be driven by other ecosystem processes and not necessarily by invasive
plants (MacDougall and Turkington, 2005; Guido and Pillar, 2015; Guido and Pillar,
2017). Despite these methodological limitations, observing invaded, natural and cleared
areas can assist in generalizing recovery patterns that can be used to inform recovery
trajectories. This study present findings on soil and vegetation recovery post A. mearnsii
removal. The goal is to assess changes in both soil physical properties and native
vegetation diversity after A. mearnsii clearing, to provide a picture of ecological
recovery. Results will guide future ecological restoration initiatives following A.
mearnsii removal.

Materials and methods
Study area and site identification

The study area was Zvakanaka farm (22°97'72.23"S and 29°95'30.90"E; Fig. 1),
some 10 km outside Louis Trichardt in Limpopo Province, South Africa. The farm is
used for tourism purposes, with a few guest houses and camp sites. Vegetation in the
farm is classified as both Soutpansberg Summit Sourveld and Soutpansberg Mountain
Bushveld by Mucina and Rutherford (2006). Soils in the study area are derived from
shale and siltstones of the Soutpansberg group (Mucina and Rutherford, 2006). They are
generally shallow and drain quickly leading to leached and acidic soils. Average annual
rainfall is between 450 and 900 mm, with most rain falling in summer between October
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and March. Temperature ranges from approximately 5°C in winter to 35°C in summer
(Mucina and Rutherford, 2006).

South Africa

Figure 1. The location of the study area in Zvakanaka farm located outside Louis Trichardt in
the Limpopo province of South Africa

Within Zvakanaka farm three invasion conditions (approximately 2 km apart),
namely cleared, natural and invaded were identified (Table 1). Two sites were setup at
each of the above-mentioned invasion condition (paired sites were approximately 50 m
apart). Due to the small size of the cleared area, only two sites were possible in the
cleared area, therefore the experimental design was limited to site pairing per each of
the above-mentioned invasion condition.

Table 1. Characteristics of the study area showing the three invasion conditions namely
cleared, invaded, and natural sites. Each site’s Universal Transverse Mercator coordinate
location is shown

Inva_5|_on Site Coordinates Site characteristics
condition name
Cs1 22 058,47'02 ,,S’ - Cleared of A. mearnsii and other woody invasive in
. 29°57'25.77"E
Cleared site - m early 2016
CS2 22°58'46.86"S, - Follow-up clearing treatment in progress
29°5721.37"E P g prog
NS 1 22°58'38.59"S,
Natural site 29°57'21.70"E - Dominated by stands of native species
NS 2 22°58'38.32"S, - Canopy cover > 60%
29°57'17.36"E
IS1 22 058 ,32'64 ,,S’ - Invaded by huge stands of A. mearnsii with little
. 29°5726.08"E .
Invaded site 2295832 43S underground vegetation
. s - 0,
IS2 2095720, 54"E Canopy cover > 60%

Cleared sites had A. mearnsii (and any other existing woody invasives) removed by
WIW in early 2016 (Maytham, 2017, personal communication). Clearing by WfwW
involved the felling of alien trees and herbicide application on cut stumps to prevent re-
growth. Cleared plant material were stack burnt on site. The cleared area had received
only one follow-up treatment (meant to remove all alien plant saplings) since the initial
clearing was conducted. No soil or vegetation surveys were conducted before WfW
clearing, therefore, the condition of the cleared areas prior both invasion and clearing is
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unknown. Close to the cleared site is a mature stand of A. mearnsii that is yet to be
cleared. The stand which is dominated by A. mearnsii represented the invaded site. In-
between the cleared and invaded sites, dense stands of native species exist, and these
acted as the natural reference sites. Therefore, the three invasion conditions comprised
two cleared sites where A. mearnsii was removed in 2016, two invaded sites where A.
mearnsii dominate (canopy cover above 60%), and two natural sites where stands of
native species dominate (canopy cover above 60%).

Survey design and field sampling

In winter 2017, five randomly distributed replicated plots, each measures 10 m x 10
m, were set-up on each of the above-mentioned site. A total of 30 plots were setup (5
plots x 2 sites x 3 invasion conditions). Within each plot soil and vegetation surveys
were conducted. Soil cores (30 in total) measuring 10 cm in diameter and 10 cm depth
were collected from the center of each plot for gravimetric soil moisture and soil water
repellency measurements which were conducted under laboratory conditions at the
University of Venda. Before the above-mentioned laboratory measurements were
conducted, soils were first sieved using a 2-mm sieve to remove debris. Gravimetric soil
moisture (expressed as a percentage) was assessed by weighing wet soils, dry them in
an oven at 105°C for 72 hours, then re-weighing them to obtain the water content
(Black, 1965). The Water Droplet Penetration Time (WDPT) method was used to
measure soil water repellency (Doerr and Thomas, 2000). Sieved soils were air dried for
seven days under laboratory conditions (temperature 18+2°C which is the average
Thohoyandou winter temperatures) before being set into petri dishes and levelled. The
WDPT test was conducted by placing five water droplets on the soil surface and record
the time taken for the water droplet to penetrate the soil (Doerr and Thomas, 2000). The
penetration time was averaged to represent the WDPT for each soil sample. Soils were
classified based on repellecy classes suggested by Bisdom et al. (1993) (see Table 2).

Table 2. Classification of soil water repellency based on the The Water Droplet Penetration
Time (WDPT) method

Classification The Water Droplet Penetration Time (in seconds)
Non-repellent <5
Slightly water repellent 6 - 60
Strongly water repellent 61 - 600
Severely water repellent 601 - 3600
Extremely water repellent > 3601

Soil penetration resistance levels and infiltration rates were measured under field
conditions 30 cm away from soil collection points at the center of each plot. Soil
penetration resistance levels were measured using a pocket penetrometer (SOILTEST,
Inc., Evanston, Illinois, USA). To take measurements, the penetrometer is pushed into
the soil and a metal ring is pushed up to mark the resistance value in kg cm (Leung
and Meyer, 2003). Infiltration rate and hydraulic conductivity in the soil were measured
with a mini disk infiltrometer (Decagon Devices, Pullman, WA, USA). The
infiltrometer is an acrylic tube with a semipermeable plastic disk, a suction tube inside,
and a rubber stopper (Latorre et al., 2013). Suction rate was set at 2.0 cm in this study.
Both the upper and lower chambers were filled with water before taking measurements
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on flat soil surfaces following the hand removal of litter. The water infiltration rate was
measured from the drop of water level in the lower chamber in mL after every 30-s
interval for 5 minutes. The cumulative infiltration rate over time was determined using
the method suggested by Zhang (1997). Similarly, hydraulic conductivity was
calculated from the infiltration data using the van Genuchten-Zhang method (Zhang,
1997, 1998). For more information see the mini disk infiltrometer manual which can be
found at Decagon Devices (2014).

A detailed vegetation survey was conducted in all plots. Richness of trees and shrubs
was determined from counts of the total individual plant species in the plot. Richness of
herbs and graminoids was determined from counts of all the individuals in a 1 m?
quadrat placed at the center of the plot. All recognized plant species in the plot were
collected for identification at University of Venda herbarium in the Department of
Botany. Plant species were assigned to four broad growth form classes based on
morphology and height. The four-growth form used in this study are trees, shrubs, forbs
and grasses, as described by Goldblatt and Manning (2000).

Data analysis

To avoid pseudo-replication, soil and vegetation results from the ten plots per
invasion condition (two sites x five plot replicates) were averaged. Gravimetric soil
moisture, soil penetration resistance levels, infiltration rates, and hydraulic conductivity
for the different sites, were analysed using one-way ANOVA in Statistica version 13.1
(Statsoft Inc, 2016). For each site, species richness, Shannon-Wiener diversity index
(H’), Simpson’s index of diversity and Evenness index (J) using Pielou’s ‘J’ (Zar, 1996)
were calculated per plot and used to examine the effects of alien plant clearing on
species diversity. The effects of the above-mentioned diversity indices on invesion
conditions were compared using one-way ANOVA in Statistica. Proof of normality and
homogeneity of varience were tested using Kolmogorov-Smirnov tests and Levene test
respectively. Data was normally distributed and where ANOVAs were significant,
Tukey’s HSD unequal n test was used to determine differences between sites. Soil water
repellency classes were analyzed using the Chi-squared test. Plant species occupancy
frequencies, which is the number of species occupying different plots per site
independent of their abundance, were calculated as a percentage for all the identified
species at each site (presented as Appendix).

Results

Comparisons between the three sites showed significant (P < 0.001) differences in
gravimetric soil moisture levels (Fig. 2A). Soil moisture levels were higher in invaded
and natural sites than in cleared sites. Contrary, soil penetration resistance levels were
significantly (P < 0.001) higher in cleared sites than in the invaded and natural sites
(Fig. 2B). The average infiltration rate in the cleared and natural sites was 3.2 = 0.58 cm
and 3.2 £ 1.11 cm respectively after 5 minutes, compared to 2.0 + 1.26 cm in the
invaded sites. However, the above-mentioned results on infiltration rates showed no
significant (P > 0.05) differences between the three sites (Fig. 2C). Similarly, soil
hydraulic conductivity showed no significant differences between the three sites (Fig.
2D).
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Figure 2. Results show (A) gravimetric soil moisture content (%), (B) soil penetration
resistance levels (C) cumulative infiltration and (D) hydraulic conductivity in soil samples taken
from cleared, natural and invaded sites. Bars represent mean + se and ANOVA results are
shown. Bars with different superscripts are significantly different at p < 0.05

The chi-squared analysis of WDPT classes showed no significant (P > 0.05)
differences between the three sites (Fig. 3). The above-mentioned result is because a
greater percentage (80%) of soils in all the three sites were slightly repellent. The
remaining 20% in cleared sites were strongly repellent, whereas in the natural and
invaded sites the remaining 20% of collected soils were wettable (Fig. 3).
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Figure 3. Distribution of water repellency classes (based on the Water Droplet Penetration
Time (WDPT) method) in soil samples taken from cleared, natural and invaded sites. Chi-
squared analysis results are shown
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A total of 42 plant species were identified of which 27 were trees and shrubs, six
were herbs and nine were grasses (Appendix). Cleared sites recorded a higher
occurrences of woody alien invasive plants compared to natural and invaded sites. The
most commonly occurring woody invasive alien plants in the cleared sites were A.
mearnsii, Lantana camara, Psidium guajava, Solanum mauritianum, Eucalyptus spp.
and Rubus rigidus. Species richness showed significant (P < 0.001) differences between
all the three sites (Table 3). Higher species richness was recorded in cleared sites
compared to natural and invaded sites. Comparisons on species richness per growth
form showed significant (P < 0.05) differences between all three sites for all the growth
forms (Table 3). Trees, shrubs and herbs were higher in cleared and natural sites
compared to invaded sites, whereas grasses were higher in cleared sites than in natural
and invaded sites. Both Shannon-Wiener and Simpson’s index of diversity were
significantly (P < 0.01) higher in cleared and natural sites compared to invaded sites
(Table 3). Evenness index showed no significant (P > 0.05) differences between all the
three sites.

Table 3. Comparison of indices of diversity between cleared, natural and invaded sites. Data
are means + se and One-ANOVA results are shown

Cleared Natural Invaded One-way ANOVA
F - values P - values

Species Richness 23.20 +1.832 16.20 + 1.83° 10.20 £ 1.02° 16.45 0.001

Shannon-Wiener 2.40 +0.072 2.29+0.122 1.71+£0.17° 12.14 0.001

S‘mpfj‘?n sindexof | a7 0012 | 0872002 | 0.75%0.03 10.37 0.002

iversity

Evenness index 0.77 £0.022 0.83 +0.02°2 0.74 £0.032 3.73 0.06
Species richness per growth form

Richness of trees | 1550, | 162 | 920+080° | 6.400.75° 9.94 0.003

and shrubs
Richness of herbs 5.00 +£0.892 4.20+0.372 2.40 +0.25b 5.32 0.02
Richness of grasses 6.00 £ 1.052 2.80 £0.74° 1.40 £0.25° 9.82 0.003
Discussion

The removal of A. mearnsii has triggered varied changes in soil physical properties,
decreased soil moisture content, increased soil compaction, and intensifying soil water
repellency. Soils underneath both A. mearnsii and natural areas exhibited higher soil
moisture content compared to soils were A. mearnsii was removed. The above findings
agree with previous findings by Ruwanza et al. (2013b) who showed that soils in
cleared areas have lower moisture content than soils in natural and invaded areas,
though the above study was conducted in Eucalyptus cleared sites. The reasons for
higher soil moisture content underneath natural and A. mearnsii invaded areas could be
linked to higher stand densities compared to the cleared areas. Generally, soils
underneath vegetated areas have higher water holding capacity than soils in areas where
vegetation has been removed (Wang et al., 2013; Schoonover and Crim, 2015). High
water holding capacity in vegetated areas could be a result of hydraulic redistribution,
thus the transportation of water via plant roots from wet to drier parts of the soil profile
(Leffler et al., 2005). Orwa et al. (2009) indicated that A. mearnsii develop a superficial
lateral root system whose taproot development is largely depends upon the depth of the
soil, thus allowing the plant access to water from the water table. Besides hydraulic
redistribution as a factor contributing to the observed soil moisture content differences
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between sites, increased litter content cover underneath both natural and invaded areas
could explain the higher soil moisture under these areas compared to cleared areas.
Litter is known to provide soil cover, which facilitates the capture of rainwater and
avoid evaporation (Dormaar and Carefoot, 1996). Besides, the canopy of both natural
and Acacia species has the potential to provide shelter for soil moisture thus making it
high upon being captured by litter (Mugunga and Mugumo, 2013).

The removal of A. mearnsii is expected to cause soils to become less repellent given
that some studies have shown that invasion by A. mearnsii causes soils to be repellent
(Ruwanza, 2017). Contrary, results of this study showed that soils in cleared areas were
strongly repellent with the bulk being slightly repellent. The reason why some soils in
the cleared areas were strongly repellent compared to the natural and invaded areas
could be linked to reduced soil moisture content and soil compaction that was reported
in the cleared areas. Soil with low moisture content, which are generally compact, are
known to be repellent (Diehl, 2013). Soil compaction on cleared areas could be linked
to the clearing method used to remove the invasive trees, especially were mechanical
harvesting is used. Mechanical harvesting of plants has been found to trigger soil
compaction and repellency, which can persist for years after clearing (Titshall et al.,
2013).

The removal of alien plants by WfW assumes that natural vegetation will recover
unassisted (Esler et al., 2008; Fill et al., 2018). Although results of this study indicate
that the clearing of A. mearnsii facilitates an increase in native vegetation diversity, the
presents of woody invasive alien plants may hinder this recovery process. Previous
studies have reported that removal of Acacias facilitates native species recovery
(Pretorius et al., 2008; Ndou and Ruwanza, 2016; Fill et al., 2018). However, rapid
secondary invasion by invasion alien grasses and herbs was observed in all the above-
mentioned studies. However, this study observed the dominance of woody invasive
alien plants in cleared areas. The reason for the dominance of these recruiting woody
invasives could be that the removal of Acacias facilitated soil stored seed bank of other
invasives to germinate. Also, the clearing of Acacias is known to facilitate the
recruitment of woody invasive alien plants due to the increased availability of soil
nutrient resources (Pretorius et al., 2008). The recruitment of woody invasive alien
plants can negatively affect native species recovery and slow down the native
vegetation recovery process. This is because the fast-growing recruiting woody invasive
alien plants have the potential to outcompete recruiting native species for resources (e.g.
soil nutrients) thus negatively affecting the recovery process.

Conclusions and recommendations

Although native vegetation recovery is improving in cleared sites, it can be slowed
down by the recruitment of secondary woody invasive alien plants. The above results
point to the need for effective follow-up and monitoring of cleared areas so that
recruiting secondary invaders are removed. Effective monitoring may include
increasing the follow-up interval to facilitate continues removal of any recruiting
invasive plants. Besides, removing recruiting invasive alien plants during follow-up,
effective monitoring should include developing appropriate interventions to improve
both soil and vegetation recovery. Such interventions during follow-up can include, soil
nutrient manipulation and native plant species introduction in cleared areas. However,
the efficacy of these interventions will need to be tested.
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Our comparison of cleared, invaded and natural sites has revealed some changes in
measured soil and vegetation variables. However, the study results cannot infer that the
observed changes were a result of clearing alone, since knowldge on pre-invasion and
pre-clearing condition is limited. Given that previous studies have showed that A.
mearnsii invasion trigger changes in soil properties and vegetation diversity (see Le
Maitre et al., 2011; van der Waal et al., 2012), the reported changes in soil and
vegetation diversity in this study’s cleared sites can be a consequence of A. mearnsii
removal. The above explanation is further supported by the fact that plant composition
in invaded and natural sites were significantly different, this pointing to the notion that
invasion cause changes to plant composition, so does removal of the invader in this case
A. mearnsii (Kumschick et al., 2015; Guido and Pillar, 2017).

Acknowledgements. We are grateful to the owners of Zvakanaka farm for permission to conduct this
research on their farm. We also thank Prof. Tshisikhawe M.P for plant identification.

REFERENCES

[1] Bisdom, E. B. A., Dekker, L. W., Schoute, J. F. T. (1993): Water repellency of sieve
fractions from sandy soils and relationships with organic material and soil structure. —
Geoderma 56: 105-118.

[2] Black, C. A. (1965): Methods of soil analysis: Part | physical and mineralogical
properties. — American society of agronomy, Madison, Wasconsin, USA.

[3] Blanchard, R., Holmes, P. M. (2008): Riparian vegetation recovery after invasive alien
tree clearance in the Fynbos biome. — S. Afr. J. Bot. 74: 421-431.

[4] Decagon, Device, Inc. (2014): Mini disk infiltrometer user’s manual. — 2365 NE Hopkins
Court, Pullman, WA 99163.

[5] Diehl, D. (2013): Soil water repellency: Dynamics of heterogeneous surfaces. — Colloid.
Surface. A. 432: 8-18.

[6] Doerr, S. H., Thomas, A. D. (2000): The role of soil moisture in controlling water
repellency: new evidence from forest soils in Portugal. — J. Hydrol. 231-232: 134-147.

[71 Dormaar, J. F., Carefoot, J. M. (1996): Implications of crop residue management and
conservation tillage on soil organic matter. — Can. J. Plant Sci. 76: 627-634.

[8] Dye, P., Jarmain, C. (2004): Water use by black wattle (Acacia mearnsii): implications
for the link between removal of invading trees and catchment streamflow response. — S.
Afr. J. Sci. 100: 40-44.

[9] Dye, P.J., Moses, G., Vilakazi, P., Ndlela, R., Royappen, M. (2001): Comparative water
use of wattle thickets and indigenous plant communities at riparian sites in the Western
Cape and KwaZulu-Natal. — Water SA. 27: 529-538.

[10] Esler, K. J., Holmes, P. M., Richardson, D. M., Witkowski, E. T. F. (2008): Riparian
vegetation management in landscapes invaded by alien plants: insights from South
Africa. — S. Afr. J. Bot. 74: 401-552.

[11] Fill, J. M., Kritzinger-Klopper, S., van Wilgen B. W. (2018): Short-term vegetation
recovery after alien plant clearing along the Rondegat River, South Africa. — Restor. Ecol.
26: 434-438.

[12] Gaertner, M., Richardson, D. M., Privett S. D. J. (2011): Effects of alien plants on
ecosystem structure and functioning and implications for restoration: insights from three
degraded sites in South African fynbos. — Environ. Manage. 48: 57-69.

[13] Galatowitsch, S., Richardson, D. M. (2005): Riparian scrub recovery after clearing of
invasive alien trees in headwater streams of the Western Cape, South Africa. — Biol.
Conserv. 122: 509-521.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(2):1705-1716.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1702_17051716
© 2019, ALOKI Kft., Budapest, Hungary



[14]

[15]

[16]
[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]
[27]
[28]

[29]

[30]

[31]

[32]

Ruwanza — Tshililo: Ecosystem recovery after Acacia mearnsii removal
-1714 -

Goldblatt, P., Manning, J. (2000): Cape plants. A conspectus of the Cape Flora of South
Africa. — Strelitzia 9, National Botanical Institute, Pretoria.

Gorgens, A. H. M., van Wilgen, B. W. (2004): Invasive alien plants and water resources
in South Africa: current understanding, predictive ability and research challenges. — S.
Afr. J. Sci. 100: 27-33.

Guido, A., Pillar, V. D. (2015): Are removal experiments effective tools for assessing
plant community resistance and recovery from invasion? — J. Veg. Sci. 26: 608-613.
Guido, A., Pillar, V. D. (2017): Invasive plant removal: assessing community impact and
recovery from invasion. — J. Appl. Ecol. 54(4): 1230-1237.

Kull, C. A., Tassin, J., Rambeloarisoa, G., Sarrailh, J. M. (2008): Invasive Australian
acacias on western Indian Ocean islands: a historical and ecological perspective. — Afr. J.
Ecol. 46: 684-689.

Kumschick, S., Gaertner, M., Vila, M., Essl, F., Jeschke, J. M., Pysek, P., Ricciardi, A.,
Bacher, S., Blackburn, T. M., Dick, J. T. A, Evans, T., Hulme, P. E., Kuhn, 1., Mrugala,
A., Pergl, J., Rabitsch, W., Richardson, D. M., Sendek, A., Winter, M. (2015): Ecological
impacts of alien species: quantification, scope, caveats and recommendations. —
BioScience 1: 55-63.

Latorre, B., Moret-Fernandez, D., Pefia, C. (2013): Estimate of soil hydraulic properties
from disc infiltrometer three-dimensional infiltration curve: theoretical analysis and field
applicability. — Procedia Environ. Sci. 19: 580-589.

Leffler, A. J., Peek, M. S., Ryel, R. J., Ivans, C. Y., Caldwell, M. M. (2005): Hydraulic
redistribution through the root systems of senesced plants. — Ecology 86: 633-642.

Le Maitre, D. C., van Wilgen, B. W., Gelderblom, C. M., Bailey, C., Chapman, R. A,,
Nel, J. A. (2002): Invasive alien trees and water resources in South Africa: case studies of
the costs and benefits of management. — Forest Ecol. Manag. 160: 143-159.

Le Maitre, D. C., Gaertner, M., Marchante, E., Ens, E., Holmes, P. M., Pauchard, A.,
O’Farrell, P. J., Rogers, A. M., Blanchard, R., Blignaut, J., Richardson, D. M. (2011):
Impacts of invasive Australian acacias: implications for management and restoration. —
Divers. Distrib. 17: 1015-1029.

Leung, Y. F., Meyer, K. (2003): Soil compaction as indicated by penetration resistance:
A comparison of two types of penetrometers. — In: Harmon, D., Kilgore, B. M., Vietzke,
G. E. (eds.) Protecting our diverse heritage: The role of parks, protected areas, and
cultural sites. — Proceedings of the George Wright Society/National Park Service Joint
Conference, Hancock, Ml, 370-375.

MacDougall, A. S., Turkington, R. (2005): Are invasive species the drivers or passengers
of change in degraded ecosystems? — Ecology 86: 42-55.

Mucina, L., Rutherford, M. C. (2006): The vegetation of South Africa, Lesotho and
Swaziland. — Strelitzia 19, South African National Biodiversity institute, Pretoria.
Mugunga, C. P., Mugumo, D. T. (2013): Acacia sieberiana effects on soil properties and
plant diversity in Songa pastures, Rwanda. — Int. J. Biodivers. 13: 1-11.

Ndou, E., Ruwanza, S. (2016): Soil and vegetation recovery following alien tree clearing
in the Eastern Cape province of South Africa. —J. Afr. Ecol. 54: 460-470.

Nsikani, M. M., Novoa, A., van Wilgen, B., Keet, J. H., Gaertner, M. (2017): Acacia
saligna’s soil legacy effects persist up to 10 years after clearing: Implications for
ecological restoration. — Austral Ecol. 42(8): 880-889.

Orwa, C., Mutua, A., Kindt, R., Jamnadass, R., Anthony S. (2009): Agroforestry
database: A tree reference and selection guide version 4.0. — World Agroforestry Centre,
Kenya.

Pretorius, M., Esler, K. J., Holmes, P. M., Prins, N. (2008): The effectiveness of active
restoration following alien clearance in Fynbos riparian zones and resilience of treatments
to fire. — S. Afr. J. Bot. 74: 517-525.

Ruiz-Jaen, M. C., Aide, T. M. (2005): Restoration success: how is it being measured? —
Restor. Ecol. 13: 569-577.

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(2):1705-1716.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1702_17051716
© 2019, ALOKI Kft., Budapest, Hungary



[33]

[34]

[35]

[36]
[37]
[38]

[39]

[40]

[41]

[42]

[43]
[44]
[45]
[46]

[47]
[48]

[49]

Ruwanza — Tshililo: Ecosystem recovery after Acacia mearnsii removal
-1715 -

Ruwanza, S. (2017): Invasion of abandoned agricultural fields by Acacia mearnsii affect
soil properties in Eastern Cape, South Africa. — Appl. Ecol. Env. Res. 15(1): 127-1309.
Ruwanza, S., Gaertner, M., Esler, K. J., Richardson, D. M. (2013a): The effectiveness of
active and passive restoration on recovery of indigenous vegetation in riparian zones in
the Western Cape, South Africa: A preliminary assessment. — S. Afri. J. Bot. 88: 132-141.
Ruwanza, S., Gaertner, M., Richardson, D. M., Esler, K. J. (2013b): Soil water repellency
in riparian systems invaded by Eucalyptus camaldulensis: A restoration perspective from
the Western Cape Province, South Africa. — Geoderma 200-201: 9-17.

Schoonover, J. E., Crim, J. F. (2015): An introduction to soil concepts and the role of
soils in watershed management. — J. Contemp. Water Res. Educ. 154: 21-47.

StatSoft, Inc. (2016): STATISTICA (Data Analysis Software System), Version 13. —
http://www. statsoft.com.

Stricker, K. B., Hagan, D., Flory, S. L. (2015): Improving methods to evaluate the
impacts of plant invasions: lessons from 40 years of research. — AoB Plant 7: 1-10.
Titshall, L., Dovey, S., Rietz, D. (2013): A review of management impacts on the soil
productivity of South African commercial forestry plantations and the implications for
multiple-rotation productivity. — South. Forests 75(4): 169-183.

van der Waal, B. W., Rowntree, K. M., Radloff, S. E. (2012): The effect of Acacia
mearnsii invasion and clearing on soil loss in the Kouga mountains, Eastern Cape, South
Africa. — Land Degrad. Dev. 23: 577-585.

van Wilgen, B. W., Richardson, D. M. (1985): The effects of alien shrub invasions on
vegetation structure and fire behaviour in South African fynbos shrublands: a simulation
study. — J. Appl. Ecol. 22: 955-966.

van Wilgen, B. W., Cowling, R. M., Marais, C., Esler, K. J., McConnachie, M., Sharp, D.
(2012): Challenges in invasive alien plant control in South Africa. — S. Afr. J. Sci.
108(11/12): Art. #1445, http://dx.doi.org/10.4102/sajs.v108i11/12.1445.

Wang, C., Zhao, C., Xu, Z., Wang, Y., Peng, H. (2013): Effect of vegetation on soil water
retention and storage in a semi-arid alpine forest catchment. — J. Arid Land 5(2): 207-219.
Werner, C., Zumkier, U., Beyschlag, W., Maguas, C. (2010): High competitiveness of a
resource demanding invasive acacia under low resource supply. — Plant Ecol. 206: 83-96.
Wortley, L., Hero, J. M., Howes, M. (2013): Evaluating ecological restoration success: A
review of the literature. — Restor. Ecol. 21(5): 537-543.

Yelenik, S. G., Stock, W. D., Richardson, D. M. (2004): Ecosystem impacts of invasive
Acacia saligna in South African Fynbos. — Restor. Ecol. 12: 44-51.

Zar, J. H. (1996): Biostatistical Analysis. — Prentice Hall, London, United Kingdom.
Zhang, R. (1997): Determination of soil sorptivity and hydraulic conductivity from the
disk infiltrometer. — Soil Sci. Soc. Am. J. 61: 1024-1030.

Zhang, R. (1998): Estimating soil hydraulic conductivity and macroscopic capillary
length from the disk infiltrometer. — Soil Sci. Soc. Am. J. 62: 1513-1521.

APPENDIX

Appendix 1. Forty-two frequently occurring species in relation to invasion condition and
sites. Values indicate calculated species occupancy frequencies (as a %)

Cleared sites Natural sites Invaded sites

Plant name Site one | Site two | Site one ‘ Site two Site one ‘ Site two

Trees and shrubs

Brachylaena discolor 40 40 40 20 10 10
Conostomium natalense 35 5 30 10 0 0
Rhus pentheri 20 0 15 45 0 0
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Cleared sites Natural sites Invaded sites
Plant name Site one | Sitetwo | Siteone | Sitetwo | Siteone | Site two
Nuxia floribunda 20 60 0 20 0 0
Vernonia spp. 0 80 5 15 0 0
Carissa edulis 15 45 50 10 0 0
Lantana camara 45 65 0 0 40 40
Caesalpinia decapetala 60 0 0 80 35 25
Acacia mearnsii 5 80 0 0 40 60
Eucalyptus spp. 55 25 0 0 0 0
Athrixia phylicoides 70 10 10 10 0 0
Asparagus spp. 15 5 5 15 0 0
Vachellia karroo 20 40 50 10 0 0
Psidium guajava 20 20 0 0 0 0
Landolphia kirkii 15 5 0 0 0 0
Euclea natalensis 0 40 10 50 10 30
Lippia javanica 30 30 20 40 0 0
Combretum kraussii 5 15 30 30 0 0
Ziziphus mucronata 30 10 0 0 0 0
Zanthoxylum capense 0 0 30 50 20 20
Nerium oleander 0 0 10 30 0 0
Asparagus falcatus 5 35 20 60 5 15
Diospyros lycioides 0 0 30 10 0 0
Jacaranda spp. 15 25 0 0 10 30
Dombeya rotundifolia 10 10 40 0 15 5
Solanum mauritianum 5 55 0 0 20 60
Rubus rigidus 30 30 0 0 10 10
Herbs
Bidens pilosa 45 15 0 0 0 0
Felicia sp. 10 30 20 40 5 15
Dicoma anomala 15 5 5 15 20 0
Tylophora sp. 30 10 0 40 0 0
Vernonia natalensis 60 0 5 15 0 0
Ipomoea sp. 20 0 0 0 5 15
Grasses
Panicum maximum 35 45 20 20 20 60
Cyperus spp. 0 40 0 0 0 0
Setaria sphacelata 20 40 10 10 0 0
Urochloa spp. 5 15 0 0 0 0
Cyperus rotundus 30 10 20 40 25 15
Cynadon dactylon 60 40 5 15 0 0
Themeda triandra 40 0 20 0 0 0
Eragrostis spp. 0 0 0 20 0 0
Aristida transvaalensis 0 20 0 0 0 0
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