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Abstract: Southern African grasslands with a rich flora, shaped by fire, grazing, climate and geol-
ogy, as well as playing a role in carbon sequestration, are becoming more important in conservation.
Fire is often used as a management tool to improve vegetation and to protect property against un-
controlled fire. We therefore attempt to determine the effect consecutive burning has on vegetation.
Paired plots along firebreaks were used to collect vegetation data using the Braun-Blanquet cover
abundance scale. Soil samples were also collected to determine the impact of fire on below-ground
nitrogen (N) and carbon (C) stocks and ratios. The results indicate that there is no difference between
the plant communities of the firebreaks and the adjacent grassland; however, there are certain spe-
cies that are favoured by firebreaks and others by the adjacent grassland. There is also no difference
in diversity between the firebreaks and adjacent grassland areas. Carbon and nitrogen stocks as well
as C:N ratios did not differ significantly between the firebreaks and the adjacent grassland plots
although trends indicate a decline in both C and N with repeated burning.
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1. Introduction

Globally, the grassland biome is known for its high biodiversity [1,2] and various
ecosystem services [2]. This biome is impacted by habitat loss, fragmentation and esti-
mated future threats which include climate change and anthropogenic activities [3]. Other
threats also include soil disturbance and the extirpation of plant species [4,5]. In South
Africa, the grassland biome is the second largest and covers almost one-third of the land
surface of the country [6]. This biome is species-rich with high diversity within commu-
nities and contains global centres of plant endemism [7]. It covers large parts of the Free
State, but has largely been modified through cultivated agriculture, mostly maize and
wheat [8], and less than 3% is formally protected [5]. This biome also contributes to the
bioeconomy of South Africa in terms of its carbon sequestration and pollination [9], as
well as acting as carbon and methane sinks and regional climate regulators [10]. Natural
grasslands play an important role in the global carbon cycle. It is estimated that the soil
carbon stocks of grasslands are between 10% and 30% of the total global carbon pools [11].
Scurlock and Hall (1998) [11] further indicated that below-ground storage, seasonal burn-
ing and regrowth are major players in the carbon cycle of grasslands. There is an intrinsic
relationship between biodiversity, ecosystem stability and ecosystem processes [12]. This
relationship will be destabilised in the future by management problems and pressures of
growing agricultural demand, climate change and sea-level rise which will add additional
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pressure on the natural grassland ecosystems which provide humankind with multiple
ecosystem services [2].

Dominated by the Poaceae (grasses), grasslands are structurally simple with a can-
opy cover that is moisture dependent. The canopy cover is also dependent on grazing, fire
regimes [13] and soil fertility [6,14]. Nerlekar and Veldman (2020) [15] indicated that fire
and herbivores shaped grasslands millions of years before the existence of humans. Grass-
land ecosystems are fire-prone, and therefore fire is vital in the maintenance of structural
and textural patterns [6,16,17] as well as the climatic system due to carbon release into the
atmosphere [18].

The intensity of fires in grasslands varies depending on fuel load (accumulation of
biomass), fuel condition (compaction, moisture content), relative humidity, wind speed
and topography. Furthermore, the implementation of incorrect fire management strate-
gies can reduce heterogeneity and lower species diversity [4]. Although fires can occur at
any time during the year, it is mostly beneficial at the beginning of the growing season
when the grasses are still dormant [19].

Fire is widely used as a management tool in grasslands to maintain the vigour and
palatability of the vegetation [13,20-22]. Le Maitre and Midgley (1992) [23] indicated that
fire in grasslands typically occur every 1-4 years in late winter from July to September.
Various studies have investigated the effects of fire on grasslands in South Africa; how-
ever, studies on the effects of firebreaks are limited [22,24]. These firebreaks are fixed on a
property and normally the same area is subjected to annual burns. Firebreaks can com-
prise up to 10% of the surface area of a property [22,24], which comprises a substantial
surface area of land and therefore needs more intense research as their ecological effects
have been ignored [22]. Differences of opinion exist regarding the influence of firebreaks
on the diversity of plants in southern Africa. Some studies indicate the effect as marginal
[22,24-26], while others state that prescribed burning can potentially change the nutrient
status and species composition of an ecosystem [27].

The negative effects on biodiversity, human health and the economy of runaway veld
fires have resulted in the legal requirement for annual burning of firebreaks in the grass-
land and savanna biomes of South Africa [18]. According to the National Veld and Forest
Fire Act 101 of 1998, South Africa, it is compulsory that landowners implement firebreaks
along the boundaries of their properties. As a state-owned enterprise, the Golden Gate
Highlands National Park (hereafter Golden Gate) needs to adhere to this law and there-
fore has prepared firebreaks along the boundaries of the park and any adjoining land [28].
The use of firebreaks has been implemented since 2006.

Firebreaks in Golden Gate are prepared from May by cutting vegetation by hand,
brush cutters or using “bossie kappers” in combination with fuel reduction burns. The
firebreaks can vary from seven to fifty meters wide and occur along certain roads and all
infrastructure. These firebreaks are made by rangers and the Working on Fire team located
in the park. Back fires are mostly used for the burning of the firebreaks. Fuel load is deter-
mined visually, to see if firebreaks are needed; however, good summer rainfall usually
results in an increased growth of grasses that during winter produce a high fuel load
which poses a high fire danger in the park. Therefore, these firebreaks are burned and
maintained on an annual basis. The areas of the firebreaks are therefore devoid of vegeta-
tion until the onset of the rainy season which in the case of the Golden Gate is early No-
vember.

The aim of this study was to investigate the effect of annual burning of firebreaks on
vegetation composition, species diversity, veld condition as well as soil carbon and nitro-
gen stocks in Golden Gate.
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2. Materials and Methods
2.1. Study Site

This study was conducted in Golden Gate, located in the eastern parts of the Free
State Province, approximately 50 km southeast of Bethlehem and on the border of Lesotho
[29] (Figure 1). The park covers 32,690 ha of the grassland biome and stretches across the
Rooiberg Mountain Range (1892-2837 m.a.m.s.1), forming part of the greater Maloti-Dra-
kensberg system [30].
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Figure 1. Map of the Golden Gate Highlands National Park with the different vegetation types [6].

The reserve falls within the summer-rainfall region with mild to warm summers and
cold winters [30]. Rainfall is mostly restricted to the months of November to April [30-32]
and occurs in the form of thunderstorms [6,32,33]. Late afternoon thunderstorms are
mostly accompanied by lightning and sometimes hail [32,33]. Rainfall average is around
764 mm per year, varying considerably across the region. During the cold winters, frost is
a frequent phenomenon [32] because of the continental climate [6] and snow might fall on
the higher peaks in the park [30].

The vegetation in the park is composed of the Basotho Montane Shrubland (Gm 5),
Drakensberg Amathole Afromontane Fynbos (Gd 6), Eastern Free State Sandy Grassland
(Gm 4), Lesotho Highveld Basalt Grassland (Gd 8) and the Northern Drakensberg High-
veld Grassland (Gd 5) [6]. The firebreaks were situated in the middle of the park along the
gravel road to Kestell and the northern boundary of the park (Figure 1). The vegetation in
this area is the Eastern Free State Sandy Grassland (Gm 4) and plots were restricted to this
vegetation type. This is seen as a closed grassland dominated by species such as Eragrostis
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curvula, Tristachya leucothrix and Themeda triandra. These are, however, not the only
grasses, as Eragrostis capensis, E. racemose, E. plana, Elionirus mitucus, Cymbopogon pospis-
chilii and Aristida junciformis can also be dominant. Numerous herbs, mostly from the
Asteraceae family, increase the diversity [6].

2.2. Sampling Techniques

Twenty-four paired plots, consisting of a firebreak (treatment) and adjacent grassland
(control) plots (Figure 2), were placed in areas experiencing similar environmental condi-
tions, which include slope and topography, along the firebreaks in Golden Gate during
January 2023. The unburned plots were located roughly 20 m from the firebreak bound-
ary. The firebreaks in the Golden Gate are burned annually during the winter months of
May/June.
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Figure 2. Example of some paired data plots along the firebreaks and the adjacent grassland in
Golden Gate.

The sample plot sizes for data collection were fixed at 16 m? which is the size recom-
mended by Brown et al. (2013) [34] for dry and moist grassland communities. Within each
community, cover abundance values were assigned to each species using the Braun-Blan-
quet cover abundance scale [35-37]. This method is widely used in international and na-
tional vegetation classification studies [34,36,38]. The data collected were captured using
VegCap; a macro-enabled Excel spreadsheet developed by N. Collins.

One soil sample was collected within each plot to a depth of 10 cm. The soil was
analysed for carbon (C) and nitrogen (N) content. A core sample was also collected to
determine the bulk density in order to calculate the carbon and nitrogen stocks of the top-
soil.

2.3. Data Analysis

The following parameters were calculated and analyses were performed:

In order to compare species composition of firebreak sites with adjacent grasslands,
vegetation classification was carried out using JUICE [39]. A Modified TWINSPAN classi-
fication [40] analysis was performed. Thereafter, Braun-Blanquet procedures [34] were
used to refine the table in both JUICE and Excel for the final classification. Naming of
communities and sub-communities were carried out according to the guidelines of Brown
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et al. (2013) [34]. The diagnostic, constant and dominant species were calculated using the
Analysis of Columns of a Synoptic Table in JUICE. Frequency thresholds were set at 75,
60 and 50 for lower threshold and 80, 70 and 60 for upper threshold values for the respec-
tive diagnostic, constant and dominant species [34]. Species that have values higher than
the threshold are indicated in bold.

We also compared local-scale (a-diversity) of firebreaks and adjacent grasslands. We
used three measures, namely species richness (the number of species per site, S), the Shan-
non-Wiener index (H’) and the Simpson index (D), such that:

H, = - Zf=1 piln(pi)/
and
1

i1p?

where pi are proportional contributes of the ith species in the set. H” and D therefore differ
from S in that they account for variation in the relative abundances and evenness of each
species. These values were obtained by transforming Braun-Blanquet values to a numeri-
cal scale (r=0.5;+=1;1=2; 2a=8.5; 2b = 17.5; 3 = 35; 4 = 70; 5 = 140) [37,41]. All three a-
diversity indices were estimated per site, and for each growth form (annual herb, geo-
phyte, graminoid, parasite, perennial herb, sedge and shrub) separately, and compared
using linear mixed models where the treatment (firebreak or adjacent grasslands) and
growth form (nested within treatment) were fixed effects, and the plot pair was a random
effect to account for the fact that parameter estimates may be biased due to the non-inde-
pendence of paired sampling. For pairwise comparisons, we compared the 95% confi-
dence intervals of the marginal means of each group. These analyses were conducted in R
v. 4.3.1 [42], and the ImerTest package was used to fit mixed models [43]. Residuals were
often non-normally distributed and/or heteroscedastic, and no transformation could be
found that universally led to satisfying assumptions of the parametric tests. Therefore, we
report on results of non-parametric approaches, i.e., using ranked series of S, H and D,
respectively, and descriptive statistics are presented as medians and percentiles. Never-
theless, it is worth noting that results of parametric tests were qualitatively similar to the
non-parametric counterparts, and therefore the ranking procedure did not appear to incur
any significant loss of power.

The soils collected using the core method were used for the determination of bulk
density [44]. Bulk density is seen as the mass per unit volume of soil in g cm=. A 4.8 cm
(diameter) metal core ring was pushed into the soil (5 cm deep) and a volume of 90.48
cm™ undisturbed soil was collected. The sample was then placed in an oven at 105 °C for
48 h to dry and weighed afterwards to determine the dry mass [45]. The bulk density was
then calculated using the following equation:

D =

ob=Ms /Vt

where gb = bulk density (g cm™), Ms = dry mass (g) and Vt = volume of core (cm?).

An auger-collected soil sample was used for the carbon and nitrogen analysis. A
weighted sample of 0.2 g soil was combusted in a furnace up to 980 °C (dry combustion
method) [46] using a Leco TruSpec CNS analyser. Since the soils do not contain inorganic
C, the Leco derived C was assumed to be equal to the organic carbon. Soil organic carbon
(SOC) and nitrogen stocks (NS) were determined using the following equation:

SOC or NS stock =H x BD x OC x 10

where, SOC and NS are the stocks in t ha™; H is soil depth (10 cm); BD, bulk density (g
cm?); OC, soil organic carbon concentration (%). We only looked at the first 10 cm as fire
will most likely impact this layer of the soil.

A single factor ANOVA analysis was carried out to determine whether there is a dif-
ference between the carbon and nitrogen stock as well as C:N ratios between the treatment
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(firebreaks) and control (adjacent grassland). Significant correlations were assumed if p <
0.05.

3. Results and Discussion
3.1. Phytosociological Classification

Table A1 (Appendix A) presents the phytosociological classification of the vegetation
found in the firebreaks and adjacent grassland areas in Golden Gate, South Africa. Three
plant communities, seven sub-communities and two variants were found during the anal-
ysis. The relevés indicated in orange are from the firebreaks (treatment). Species indicated
with an * are alien invasive species.

1. Tristachya leucothrix—Commelina africana Community
1.1. Tristachya leucothrix—Commelina africana—Pycreus nigricans Sub-community
1.2. Tristachya leucothrix—Commelina africana—Heteropogon contortus Sub-community
2. Hyparrhenia tamba—Eragrostis curvula Community
2.1. Hyparrhenia tamba—Eragrostis curvula—Cyperus esculentus Sub-community
2.2. Hyparrhenia tamba—Eragrostis curvula—Conyza podocephala Sub-community
2.3. Hyparrhenia tamba—Eragrostis curvula—Helichrysum rugulosum Sub-community
2.3.1. Aristea woodii Variant
2.3.2. Pelargonium luridum Variant
3. Sporobolus fimbriatus—Trifolium burchellianum Community
3.1. Sporobolus fimbriatus—Trifolium burchellianum—Cyperus longus Sub-community

3.2. Sporobolus fimbriatus—Trifolium burchellianum—Ipomoea oblongata Sub-community

3.2. Description of the Firebreak (Treatment) and Adjacent Grassland (Control) Communities

1 Tristachya leucothrix—Commelina africana Community

Diagnostic species: None

Constant species: Eragrostis capensis 67

Dominant species: Eragrostis chloromelas 8, Feurena pubescens 17, Helichrysium

aureonitens 17, Heteropogon contortus 17, Kyllinga erecta 25

Community 1 is defined by the grass Tristachya leucothrix and perennial herb Comime-
lina africana from Species Group A (Table A1; Appendix A). Species from Species Group A
that define this community also occur in other communities, however, with low cover
abundance values. O’Connor et al. (2004) [22] indicated that the grass Tristachya leucothrix
is characteristic of conservation grasslands in general. Although there is no distinction
between firebreak and adjacent grassland communities in this study, it is prominent that
Tristachya leucothrix mostly occurs in the adjacent grassland and not in firebreak plots. This
is confirmed by the sum of numerical values found in Table A2 (Appendix B), where
Tristachya leucothrix has a value of 35.5 in the adjacent grassland and only 2.5 in the fire-
break. This agrees with the research by Bachinger et al. (2016) [24] that indicated Tristachya
leucothrix’s association with unburnt veld (adjacent grassland vegetation). Research by
O’Connor et al. (2004) [22] also indicated that Commelina africana can withstand fire on
account of their storage organs underground from which they resprout. This seems to
correspond with the presence of this species mostly in the firebreak plots with the sum of
numerical values being 15.5 compared to 7 for the adjacent grassland.

1.1 Tristachya leucothrix—Commelina africana—Pycreus nigricans Sub-community
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Diagnostic species: Pycreus nigricans 100.0, Kyllinga erecta 79.5, Scirpoides burkei 79.5
Constant species: Commelina africana 67, Pycreus nigricans 100, Eragrostis capensis
83, Fuirena pubescens 83, Helichrysium aureonitens 83, Kyllinga erecta 67, Monopsis
decipiens 67, Scirpoides burkei 67

Dominant species: Fuirena pubescens 33, Helichrysium aureonitens 33, Kyllinga erecta 50

Sub-community 1.1 is distinguished by the presence of species from Species Group
B (Table Al; Appendix A). The sedge Pycreus nigricans is more prominent in the firebreaks
(78.5) than in the adjacent grassland (39) (Table A2; Appendix B). Kyllinga erecta is more
prominent in the adjacent grassland areas (140) where Fuerena pubescens is more promi-
nent in the firebreaks (214) (Table A2; Appendix B). These species are mostly sedges,
which might be indicative of wetness found within this sub-community.

1.2 Tristachya leucothrix—Commelina africana—Heteropogon contortus Sub-community
Diagnostic species: Brachiaria serrata 79.5, Lasiosiphon caffer 79.5, Indigofera tristoides
79.5

Constant species: Brachiaria serrata 67, Eragrostis nindensis 67, Lasiosiphon caffer 67, La-
siosiphon kraussiana 67, Harpochloa falx 67, Heteropogon contortus 83, Hypoxis angusti-
folia 67, Indigofera tristoides 67, Senecio othonniflorus 67, Themeda triandra 83

Dominant species: Eragrostis chloromelas 17, Heteropogon contortus 33

Sub-community 1.2 is distinguished by the presence of species from Species Group
C (Table Al; Appendix A); these species are absent or occur with low cover abundances in
other sub-communities. Research by Bachinger et al. (2016) [24] indicates that Heteropogon
contortus and Themeda triandra that occur with high cover abundance values in this sub-
community are associated with firebreaks on abandoned croplands. However, their find-
ings contradict what this study found. When looking at Table A2 (Appendix B), it is seen
that Heteropogon contortus (318.5) prefers the adjacent grassland, while Themeda triandra
(Species Group O) (193) is more prominent in the firebreak compared to the adjacent
grassland (134.5). However, both species occur in the firebreak plots and the adjacent
grassland plots. O’Connor et al. (2004) [22] indicated that Themeda triandra shows no ob-
vious environmental affiliation. Harpochloa falx, a species found in this community, occurs
in conservation grasslands [22], which is also true for this study in Golden Gate, a conser-
vation area. When looking at the sum of the numerical values, there is a tendency for Har-
pochloa falx to favour the adjacent grassland (5) and not the firebreaks (3) (Table A2; Ap-
pendix B).

2 Hyparrhenia tamba—Eragrostis curvula Community

Diagnostic species: None

Constant species: Hyparrhenia tamba 68

Dominant species: Eragrostis capensis 5, Eragrostis curvula 5, Helichrysium aureonitens
5, Helichrysum callicomum 5, Helichrysum nodifolium 5, Hyparrhenia tamba 36, Kyllinga
pulchella 5, Nidorella anomala 5, Themeda triandra 9

Community 2 is dominated by the presence of Hyparrhenia tamba and Eragrostis cur-
vula from Species Group D (Table Al; Appendix A). This community is again a combina-
tion of firebreak and adjacent grassland plots. Eragrostis curvula, one of the dominant spe-
cies in this community, was found to be associated with grazing and disturbance as well
as occurring (O’Connor et al., 2004) [22] on abandoned cropland areas (Bachinger et al.,
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2016) [24]. The findings of this study again contradict the findings of both O’Connor et al.
2004 [22] and Bachinger et al. (2016) [24] as the grass occur in firebreaks and adjacent
grassland plots which are disturbed and undisturbed sites. From Table A2 (Appendix B),
it is clear, however, that both Hyparrhenia tamba (963.5) and Eragrostis curvula (190) are
more prominent in the firebreaks than the adjacent grassland. Furthermore, Bachinger et
al. (2016) [24] indicated that Eragrosits curvula (Species Group D), E. chloromelas (Species
Group E) and Hyparrhenia hirta (Species group H) are associated with unburnt plots. This
is contradictory to our findings that indicate that the grass species (E. curvula, E. chlorome-
las and H. hirta) are mostly associated with firebreaks (Table A2; Appendix B). The differ-
ence here is that the areas studied were not croplands but rather natural grasslands. Fur-
thermore, although there is a preference for firebreaks, the grasses also occur in the adja-
cent grassland.

2.1  Hyparrhenia tamba—Eragrostis curvula—Cyperus esculentus Sub-community
Diagnostic species: Cyperus esculentus 88.0

Constant species: Cyperus esculentus 80, Hyparrhenia tamba 100

Dominant species: Eragrostis curvula 20, Hyparrhenia tamba 60, Kyllinga pulchella 20,

Nidorella anomala 20

This sub-community is distinguished by species from Species Group E (Cyperus escu-
lentus, Eragrostis chloromelas and Kyllinga pulchella) (Table Al; Appendix A), which are ei-
ther absent or occur with low cover abundance values in other sub-communities. Cyperus
esculentus, which distinguishes this sub-community, is more prominent in firebreaks.
Bachinger et al. (2016) [24] indicated that Eragrostis chloromelas was found in unburnt plots
in abandoned croplands. However, in this study, E. chloromelas occurs in both firebreak
(133; Table A2; Appendix B) and adjacent grassland (8.5) plots but is more prominent in
firebreak (burnt) areas, which does not support the findings of Bachinger et al. (2016) [24].
One must however keep in mind that this research was undertaken in natural grasslands
and not in abandoned croplands like that of Bachinger et al. (2016) [24].

2.2 Hyparrhenia tamba—Eragrostis curvula—Conyza podocephala Sub-community
Diagnostic species: None

Constant species: Eragrostis curvula 100, Hyparrhenia tamba 100, Conyza podoceph-
ala 100

Dominant species: Hyparrhenia tamba 100

The annual herb Conyza podocephala from Species Group F (Table Al; Appendix A)
distinguishes this sub-community from all the other sub-communities. This sub-commu-
nity is the only one that is composed of plots that were restricted to the firebreak. This
sub-community also contains the lowest number of species (17) (Table A1; Appendix A) of
all the sub-communities. When looking at Table A2 (Appendix B), it is also clear that Co-
nyza podocephala prefers to occur in the firebreak plots (102) compared to the adjacent
grassland (12.5) plots.

2.3 Hyparrhenia tamba—Eragrostis curvula—Helichrysum rugulosum Sub-community
Diagnostic species: None

Constant species: Felicia muricata 62, Helichrysium aureonitens 69, Helichrysum nodifo-
lium 77, Helichrysum rugulosum 92, Helictotrigon turgidulum 77, Themeda triandra 77
Dominant species: Eragrostis capensis 8, Helichrysium aureonitens 8, Helichrysum callico-

mum 8, Helichrysum nodifolium 8, Hyparrhenia tamba 8, Themeda triandra 15
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The presence of species from Species Group G (Table Al; Appendix A), which in-
cludes Helichrysum rugulosum, Helictotrigon turgidulum, Felicia muricata, Eragrostis plana,
Helichrusum aureonitens and Ajuga ophrydis, distinguishes this sub-community from the
other sub-communities. These species are absent or occur with low cover abundance val-
ues in other sub-communities. The dominating species are mostly perennial herbs. Table
A2 (Appendix B) shows that Helichrusum rugulosum (121.5) is the only species that strongly
occurs in the firebreaks, while Helictotrichon turgidulum (180.5) and Helichrysum aureonitens
(348) strongly prefer the adjacent grasslands. The grass Eragrostis plana is, according to
O’Connor et al. (2004) [22], commonly associated with grazing and disturbance, however,
in this community it was more prominent in the adjacent grassland (25) compared to the
firebreak (4). This might be an indication that the adjacent grassland is grazed by either
game or domestic livestock. Another possible reason could be that the firebreaks are in
the road reserve, outside the fence of the park, while the adjacent grassland is located
inside the park. This is only the case where firebreaks occur on the border of the park.

2.3.1 Aristea woodii Variant

Diagnostic species: Aristea woodii 85.1

Constant species: Aristea woodii 75, Centella asiatica 62, Conyza bonariensis 62, Dicoma
anamala 62, Eragrostis capensis 62, Eragrostis curvula 75, Eragrostis plana 62, Felicia muri-
cata 62, Gazania krebsiana 75, Helichrysium aureonitens 100, Helichrysum nodifolium 62,
Helichrysum rugulosum 88, Helictotrigon turgidulum 88, Pollicha campestris 62,
Themeda triandra 62

Dominant species: Eragrostis capensis 12, Helichrysium aureonitens 12, Helichrysum cal-

licomum 12

Variant 2.3.1 is distinguished from other variants by the presence of species from Spe-
cies Group H (Table Al; Appendix A), mostly perennial herbs and grasses. This variant
also contains some alien invasive species such as *Verbena bonariensis, *Hypochaeris radicata
and *Richardia brasiliensis. The alien invasive *Richardia brasiliensis (78.5) and native grass
Hyparrhenia hirta (56) are mostly associated with the firebreaks (Table A2; Appendix B).

2.3.2 Pelargonium luridum Variant

Diagnostic species: None

Constant species: Helichrysum nodifolium 100, Helichrysum rugulosum 100, Oxalis
obliquifolia 80, Pelargonium luridum 80, Themeda triandra 100

Dominant species: Helichrysum nodifolium 20, Hyparrhenia tamba 20, Themeda triandra
40

This variant is dominated by species from Species Group I (Table Al; Appendix A),
mostly composed of geophytes such as Pelargonium luridum, Oxalis obliquifolia and Gladio-
lus crassifolius. Gladiolus crassifolius (12.5), Pelargonium luridum (2.5) and Acalypha punctata
(2) (Table A2; Appendix B) are more prominent in the adjacent grassland compared to
Oxalis obliquifolia (11), which is more prominent in the firebreaks.

3 Sporobolus fimbriatus—Trifolium burchellianum Community

Diagnostic species: Sporobolus fimbriatus 93.5

Constant species: Centella asiatica 71, Eragrostis capensis 86, Helichrysum nodifolium
64, Pseudognaphalium luteo album 64, Sporobolus fimbriatus 100, Themeda triandra 79,

Trifolium burchellianum 64
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Dominant species: Helichrysum callicomum 7, Helictotrigon turgidulum 7, Ipomoea oblan-

gata 7, Sporobolus fimbriatus 43, Themeda triandra 7, Trifolium burchellianum 7

Community 3 is dominated by Sporobolus fimbriatus, Trifolium burchellianum, Gna-
phalium *polycaulon and Plantago lanceolata (Species Group J; Table Al; Appendix A), which
are absent or occur with very low cover abundance values in other communities. Sporobo-
lus fimbriatus is a climax species which is indicative of good growing conditions such as
high rainfall, less grazing pressure and an intact local seed bank [47]. Although Sporobolus
fimbriatus also occurs in the firebreaks (246 see Table A2; Appendix B), it is much more
prominent in the adjacent grassland (464.5 see Table A2; Appendix B). Trifolium burchel-
lianum (78.5) and Plantago lanceolata (13), on the other hand, are more prominent in the
firebreaks. This community can be divided into two sub-communities.

3.1  Sporobolus fimbriatus—Trifolium burchellianum—Cyperus longus Sub-community
Diagnostic species: None

Constant species: Centella asiatica 67, Cyperus longus 67, Eragrostis capensis 100, Hel-
ichrysum callicomum 67, Ledebouria ovatifolia 67, Lobelia flaccida 83, Pseudognaphalium
luteo album 83, Sporobolus fimbriatus 100, Trifolium burchellianum 67

Dominant species: Helichrysum callicomum 17, Helictotrigon turgidulum 17, Sporobolus
fimbriatus 17, Themeda triandra 17

This sub-community is distinguished by the presence of the species form Species
Group K (Table A1; Appendix A). No plots from the firebreaks occur in this sub-commu-
nity. This might be due to the presence of moisture indicated by the high cover abundance
of Cyperus longus. Table A2 (Appendix B) shows that, all the species distinguishing this
sub-community occur with higher values in the adjacent grassland when compared to the
firebreaks. Although fire was absent in this sub-community, it does not have the highest
number of species present in it (34; Table A1l; Appendix A).

3.2 Sporobolus fimbriatus—Trifolium burchellianum-Ipomoea oblongata Sub-commu-
nity

Diagnostic species: Berkheya pinnatifida 84.9, Cymbopogon caesius 84.9, Ipomoea
oblangata 92.6

Constant species: Berkheya pinnatifida 75, Centella asiatica 75, Cymbopogon caesius 75,
Dyschoriste setigera 75, Eragrostis capensis 75, Helichrysum nodifolium 75, Hermanmia
depressa 88, Ipomoea oblangata 88, Nidorella podocephala 75, Plantago lanceolata 75,
Pollicha campestris 88, Sporobolus fimbriatus 100, Themeda triandra 100, Trifolium
burchellianum 62

Dominant species: Ipomoea oblangata 12, Sporobolus fimbriatus 62, Trifolium burchel-

lianum 12

Sub-community 3.2 is distinguished by the presence of species from Species Group
L (Table A1; Appendix A) that occur with low cover abundance values or are absent from
the other sub-communities. This sub-community is again a mix of firebreaks and adjacent
grassland plots. All the species that distinguish this sub-community (Species Group L) are
dominant in the firebreaks and not in the adjacent grassland (Table A2; Appendix B) plots.

The classification of plant communities did not show a difference between commu-
nities that occur in firebreaks and communities that occur in adjacent grassland areas.
There is, however, one sub-community, the Hyparrhenia tamba—Eragrostis curvula—Conyza
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podocephala Sub-community, that only occurs in firebreak areas and one sub-community,
the Sporobolus fimbriatus—Trifolium burchellianum—Cyperus longus Sub-community, that only
occurs in the adjacent grasslands. These findings contradict that of Bachinger et al. (2016)
[24] who found clear separations between the species assemblages of firebreaks and un-
burnt plots. A possible explanation for this difference could be that the study of Bachinger
et al. (2016) [24] was conducted in grasslands on abandoned croplands. Although alien
invasive species were limited, it is only *Richardia brasiliensis that is highly associated with
the presence of fire and is mostly found in firebreaks (Table A2; Appendix B).

When looking at the grasses specifically, it is noticeable that most of the species are
either sub-climax or climax grasses (Table A2; Appendix B); only Aristida congesta and Mi-
chracloa caffra (Table A2; Appendix B) are pioneer species. One can therefore not say that
there are differences in successional stages between the firebreaks and the adjacent grass-
land. Bachinger et al. (2016) [24] indicated that Tristachya leucothrix and Brachiaria serrata
are mostly associated with unburnt (adjacent grassland) plots, which corresponds to the
findings of this study. There is, however, controversy about Themeda triandra. Bachinger
et al. (2016) [24] indicate that T. triandra is mostly associated with firebreaks, similar to the
findings of this study (Table A2; Appendix B). However, O’Connor et al. (2004) [22] indi-
cate that T. triandra has no association with fire. Research has shown that grasslands in
Mpumalanga that are dominated by Hyparrhenia species seldom progress to a more eco-
logically diverse stage [48,49]. In this study, the firebreaks were often dominated by either
Hyparrhenia tamba (963.5 Table A2; Appendix B) or Hyparrhenia hirta (56 Table A2; Appen-
dix B) often with limited other species in the plots.

3.3. Diversity

Diversity is a measure of the number of species, and their relative abundances [38].
The diversity indices used here, i.e., H and D, are thus interpreted alongside raw species
counts (S) to compare the levels of diversity of firebreaks and the adjacent grassland, as
well as how this varied across growth forms.

As was the case with the above evaluation of variation in species composition, we
found no effect of treatment on a-diversity. In the mixed models fitted to the data, there
were no significant differences between species richness (S) (p = 0.4912; Figure 3a), the
Shannon-Wiener diversity (H’) (p =0.6015; Figure 3b) or the Simpson index (D) (p =0.5739;
Figure 3c) of firebreaks and grasslands. Moreover, although the effect of growth form was
significant in all three cases (p < 0.0001) (Table 1), this was only because certain growth
forms (i.e., graminoids and perennial herbs) had higher diversity indices than other forms.
None of the growth forms varied significantly in a-diversity levels between the two treat-
ment levels, i.e., firebreaks and grassland (all had strongly overlapping 95% confidence
intervals of their marginal means).
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Figure 3. Graph of the (a) species richness (S), (b) Shannon diversity (H") and (c) Simpson diversity
(D) for the firebreaks and adjacent grassland (grassland) in the Golden Gate Highlands National

Park.
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Table 1. a-diversity analysis of the firebreaks and adjacent grassland as well as the growth forms nested within the firebreaks and adjacent grassland.
95% Confidence Intervals for the Marginal Means
Variable Effect SS df F p Growth Form CI95 (FB) CI9%5 (G)
S Firebreak vs Adjacent grassland (FBvG) 745.6101 1186.16 0.4759 0.4912 Annual herb [35.421; 83.44] [51.16; 88.67]
Growth form (nested within FBvG) 494,144.3659 12,188.51 26.2806  0.0000 Geophyte [46.58; 92.55] [36.78; 75.37]
Graminoid [134.19; 166.64] [146.09; 178.54]
Parasite [-16.73; 75.33] [-28.33; 84.43]
Perennial herb [145.10; 178.26] [157.25; 189.71]
Sedge [46.44; 92.41] [54.74; 92.25]
Shrub [59.50; 98.10] [51.19; 97.16]
H Firebreak vs Adjacent grassland (FBvG) 662.8043 1189.40 0.2736 0.6015 Annual herb [41.33; 100.76] [57.74; 104.11]
Growth form (nested within FBvG) 328,447.0034 12,191.45 11.2992  0.0000 Geophyte [57.00; 113.89] [43.90; 91.63]
Graminoid [114.45; 154.55] [126.89; 166.99]
Parasite [-25.84; 88.26] [-41.60; 98.18]
Perennial herb [139.89; 180.86] [141.72; 181.82]
Sedge [36.34; 93.23] [51.34; 97.72]
Shrub [71.32; 119.05] [54.83; 111.72]
D Firebreak vs Adjacent grassland (FBvG) 868.6776 1190.01 0.3173 0.5739 Annual herb [43.70; 106.90] [61.95; 111.26]
Growth form (nested within FBvG) 262,785.9615 12,191.97 7.9994 0.0000 Geophyte [61.74; 122.24] [48.33; 99.08]
Graminoid [107.51; 150.15] [122.16; 164.80]
Parasite [-29.08; 92.24] [-46.31; 102.32]
Perennial herb [133.86; 177.43] [133.20; 175.84]
Sedge [35.47; 95.96] [561.72; 101.04]
Shrub [76.38; 127.13] [54.24; 114.74]
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The research by O’Connor et al. (2004) [22] found a slightly greater graminoid density
and a tendency for a greater total species richness on fire breaks, when compared to the
adjacent grassland, which also does not correspond to this study. No difference between
graminoids or species richness were found during this study.

The results in this study do not correspond to the findings of Bachinger et al. 2016
[24] who found a higher species richness in the fire-break plots than the unburnt plots
(adjacent grassland) for both the grassland and abandoned cropland. The research by
Bachinger et al. (2016) [24] further indicated that the firebreaks accumulate more species
than the unburnt areas which again is in contrast to this study since there were no signif-
icant differences between the diversity of the firebreaks or the adjacent grassland.

Fire was in the past mostly used to improve grass quality for livestock production
and thus diversity was not seen as important, as diversity lies in the forb richness [25]. In
contrast to the findings of O’Connor et al. (2004) [22], there is no difference in species
composition between the firebreaks and the adjacent grassland. From this research, it is
evident that there are certain species that are more likely to occur in firebreaks than in the
adjacent grassland and vice versa. In terms of biodiversity in the firebreaks and adjacent
grassland, there is a no difference in diversity (Table 1), which contrasts with the findings
of O’Conner et al. (2004) [22] that indicated only a slight effect on diversity.

3.4. Nitrogen and Carbon Stock

The Grassland biome can act as a carbon sink [10].

There were no significant differences observed in nitrogen (p = 0.435) or carbon stocks
(p = 0.522) between the firebreaks and adjacent grassland (Figure 4). Additionally, no sig-
nificant differences were noted in the C:N ratio (p = 0.808) (Figure 4). While most of the
literature reports an increase in C and N stocks with fire suppression, some studies con-
tradict this trend [50]. Local studies on firebreaks also indicate an increase in carbon and
nitrogen concentrations outside the firebreaks [22,24]. A long-term study in a similar Af-
romontane environment also demonstrated that frequent fires do not lead to a decrease in
topsoil carbon contents [51]. Conflicting findings are attributed to variations in soil type,
fire behaviour, vegetation and seasonal fluctuations [52]. General trends in long-term
studies indicate a decline in soil C due to burning [53]. Although significant differences
were not found, the trend suggests an increase in C stocks in the grasslands compared to
the firebreaks.

Despite localized increases in soil total N in certain long-term studies [54,55], a global
analysis suggests an overall decline in N [53].

Ideal C:N ratios create a conducive environment for microbial organisms to cycle nu-
trients [56] and make them available for plant uptake. Optimal C:N ratios for mineraliza-
tion typically fall between 20:1 and 30:1. Although the C:N ratios in our study were not
significantly different (p = 0.808), the trend indicates more favourable ratios in the grass-
land compared to the firebreaks (Figure 4).

In summary, it appears that frequent fires do not alter the C and N dynamics in this
grassland environment. Whether significant changes will occur in the long term remains
to be seen. However, fire exclusion is certainly not recommended as a management prac-
tice to increase carbon stocks for carbon credits in this environment.
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Figure 4. Nitrogen and carbon stocks as well as C:N ratio of the firebreaks (burn) and adjacent grass-
land (no-burn) in the Golden Gate Highlands National Park. Means reported as red dots.

4. Conclusions

This research aims to contribute to the small body of knowledge on the effects of
firebreaks on vegetation composition, diversity and soil properties. Firebreaks are burned
annually as recommended by the National Veld and Forest Fire Act 101 of 1998 in South
Africa to protect properties from runaway fires. However, there is limited research stud-
ying the effect of these firebreaks on plants and soils.

The research findings of this paper contradict or do not correspond to the research
undertaken by other researchers in finding that firebreaks influenced the diversity of spe-
cies. Our findings indicate that there is no difference in species richness or diversity. In-
stead, we found that firebreaks do not affect the community composition, nor the soil C
and N stocks or ratios. There are also no differences between the successional stages of the
grasses found in this research. We therefore suggest that the vegetation of the Eastern Free
State Sandy Grassland (Gm 4) vegetation type in the eastern parts of the Free State is rel-
atively resilient against annual fires, based on the data of one season as presented here.
The limited research and the substantial surface area occupied by firebreaks underlines
the urgent need for more research related to the effects of firebreaks on vegetation com-
position, diversity and soil properties, including the collection of data over more growing
seasons (long-term studies), and the effect of fire on geophytes, parasites and shrubs.

The limitations of this study include:

e Only one vegetation type in the park was studied;

e Only areas with similar topography and slope were studied;

e  Only carbon and nitrogen were studied in terms of soil properties;
¢  Only one growing season was studied.
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Appendix A

This appendix contains the phytosociological classification of the firebreaks and ad-
jacent grassland. All the communities, sub-communities and variants identified during
the study are depicted here.
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Table A1. Caption Phytosociological classification of the vegetation associated with firebreaks and adjacent grassland plots in the Golden Gate Highlands
National Park, Free State Province, South Africa. * Indicates alien invasive species.

Community 1 2 3
Sub-Community 11 1.2 2.1 2.2 2.3 3.1 3.2
Variants 2.3.1 2.3.2
Number of Species 27 40 18 17 49 28 34 39
Number of Releves 6 6 5 4 8 5 6 8
Releve Number 25 22 23 24 26 21 19 40 39 18 17 20 51 50 37 49 52 7 8 6 5 42 46 41 45 34 43 44 35 54 48 53 38 4733 3 4 36 2 1 9 131115 10 16 12 14
Species Group A Growth form
Tristachya leucothrix Grass 11 . r . 1 . 1 1t . (. . . . . . . . . 4+ .2 . .2 . . . . .
Commelina africana Perennial herb 1 2a 1 + 1 1 1 r r
Hypoxis angustifolia ~ Geophyte + T r r r +
Aristida canescence Grass 1 1 1 + r o+ + 2a
Ischaemum fascicula- Grass . .1 . r .1 . . .1 r|. . . .1
tum
Species Group B
Pycreus nigricans Sedge 3 1 1 3 3 2a
Kyllinga erecta Sedge 2 . 4 4PN DU BT B DU P B Em e - mEmm
Fuirena pubescens Sedge N 4 . QoSN 2a BCH . DU . ISR . IS . ISR . AN . BN . . AN . B . e . . 1 + . . . . N r B+
Scirpoides burkei Sedge + 2a . 1 . r
Monopsis decipiens Perennialherb| 2a . . 2a 1 2a|. . . . . . . . r + . . . . . - BBl e - - 11+
Emgrt.)s%‘zs pe Grass 1 . . 1 . 2a
tentipilosa
Hypericum lalandii Perennialherb| r r . . . .| . . . . . . . . r . . . . . . . . . . T . . . . . r . +r . .or
Species Group C
Hmmp"f:: M Grass .2 . . . .|l51 .5 3%2|l. . . . .1 . . . 1 1. .. .1. . .1 .2%2.......1
Eragrostis nindensis Grass 5 1 . S . ] B 2a PO . B . B 1 BN 1 B . . B . B . B . . . . . . . .l
Brachiaria serrata Grass . A -
Lasiosiphon caffer Shrub . .. . . .| r . .+ T T
Lasiosiphon kraussi- Shrub . - R N - - - - - E Rl
ana
Juncus dregeanus Sedge . e B B2 - - - . . -
Pentams‘zu prunel- Perennial herb . P I e |
loides
Polygala hottentotta Dwarf shrub . o k- - | - - - - - - N . -
Indigofera tristoides Shrub . .. . . .]1 2a 21
Ficinia nigrescens Sedge . B I e T |
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Andro;?agon appen- Grass 2a b
diculatus
Harpochloa falx Grass . r r r 1 1 .1 . .
Senecio othonniflorus Perennial herb 1 1 r 11 1 1
Species Group D
Hyparrhenia tamba Grass 1 2a 4 3 5 3 5 4 5 5 4 . 2a 2a 2b 1 5 2a .
Eragrostis curvula Grass 4 2a.1 2b 1 3 2a 2a 2a 3 1 2a 2a + 11
Species Group E
Cyperus esculentus Sedge 2b 2a 3 3
Emgrostllsa Schlorome— Grass 4 2 92 2a 3 1
Kyllinga pulchella Sedge r 1 5
Species Group F
Conyza podocephala  Annual herb 22 1 3 2a r 3 21 1 2a1
Species Group G
Helichrysum rugu- . - ennial herb 1 + 1 221 3 . 12 32 6 12 2a 1.3 .2 .1
losum
Helictotrichon fur-—— 1o 1.1 2a2a . 1 322 3 2 1 1|2
gidulum
Felicia muricata Shrub . 2.1 1 . r . 11
Eragrostis plana Grass 2a 1 11 11 2a
Hdlcmy;gz O perennial herb % 4 265 1 . 1 3 + 1 1 11 12b4 +2b 1 . |2 1.1
Ajuga ophrydis ~ Perennial herb + r r + 1
Species Group H
Aristea woodii ~ Perennial herb . + r 1 r 1 r .
Erigeron bonariensis Annual herb + r + r . r o+ 1 .
Gazania krebsiana ~ Perennial herb . . . 1 1 + 1 r + R -
* Verbena bonarinesis Annual herb ~ + + 1 r r . r . + +
Dicoma anomala  Perennial herb N 1 &G r o+
Aristida congesta Grass 2b 1 1 .
Melinis repens Grass 1 1 1
 Hypocharis radi- Perennial herb 1 + r
cata
' Rlchardw't brasili- Perennial herb 3 3 2a
ensis
Seriphium plumosum Shrub 1 1 . 2b 1 .
Felicia filifolia Shrub . 1 .1 r
Lotononis eriantha  Perennial herb . 1 . 2a .
Euphorbia striata  Dwarf shrub . r A + 1 .
Hyparrhenia hirta Grass r 1 B 2a 2a 1
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Species Group I
Pelargonium luridum
Oxalis obliquifolia
Gladiolus crassifolius
Acalypha punctata
Crabbea acaulis
Michracloa caffra
Species Group ]
Sporobolus fimbria-
tus
Trifolium burchel-
lianum
Gnaphalium * poly-
caulon
Plantago lanceolata
Species Group K
Cyperus longus
Ledebouria ovatifolia
* Erigeron sumatren-
sis
Lobelia flaccida
Helichrysum callico-
mum
Species Group L
Ipomoea oblongata
Dyschoriste setigera
Cymbopogon caesius
Berkheya pinnatifida
Schistostephium cra-
taegifolium
Plantago major
* Oenothera tretrap-
tra
Aristida bipartita
Gladiolus papilo
Rhynchosia totta
Species Group M
Centella asiatica
Selago densiflora
Species Group N
Hermannia depressa

Geophyte
Geophyte
Geophyte
Dwarf shrub
Perennial herb
Grass

Grass
Perennial herb

Annual herb
Perennial herb
Sedge
Geophyte
Annual herb
Annual herb

Perennial herb

Perennial herb
Dwarf shrub
Grass
Perennial herb

Perennial herb
Perennial herb
Perennial herb

Grass
Geophyte
Perennial herb

Perennial herb
Perennial herb

Perennial herb

r . 1 r r . r
r . + 1 2a . + r + . . r
r + 1 1 . 1 2a
. r 1 .
. r . r o1 1 1
1 1 +
r + 343 r2a353 443 43 14
+ 2a2a . 1 1 1 4 2a 2a 2a
1 1. .11 . . + . + . 2a
r 1 + T 1 1 + 2a
+ . . 33 .23
1 r r r r 1 1
r +
r r 1 2a r r + 2a + +
2 . . . . . . . . . r . . . . . .2 . . 4 2b . |4 . 12 r .|+
. 1 + + 4 2b 3
1 2a 2a 1 1 . 1 r 1
1 r . 1 r 1 . +
+ 1 + 111
+ 2a 1 1
1 1 + 1
1 r + + +
1 . o+ 1
. + + + +
+ T T + + 2a
1 1 1 1 + . . + + T T 4 1 r 1 +
+ 1 12br r 1 1 + + 1 1 1
1 1 + + + 1 1 1 r . 1221 11 . 1 2a



Diversity 2024, 16, 373

20 of 25

Pseudognaphalium
luteo-album
Pollicha campestris Perennial herb

Annual herb

Elionuris miticus Grass
Hellchrys'um nudifo- Perennial herb
lium

Species Group O
Eragrostis lehmanni-
ana

Grass

Themeda triandra Grass
Eragrostis capensis Grass

r + r 2a + + . 1 + 1 2a r
.+ 1 1 1 1 + . . + + 1 1 r + +
1 2b 2a 3 2a 1 1 + 2a 1
2a 1 r r 1 3 r r 2a2b 42b1 3 1 11 31 2b r 1 2a
1 2a 2a2a 1 1 1 1
1 2b 1 2a 1 . 2a 2a 1 4 3 1 4 1 4 1111 1 11 11
2a 1 4 r + 2a 1 1 1 32 + 1 1 1 2a 2a
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Appendix B

Appendix B contains the sum of all the numerical values for the species occurring in
the firebreaks and adjacent grassland. This provides an idea of the preference each species
has in terms of firebreaks vs adjacent grassland environments.

Table A2. Sum of the numerical values per species to compare adjacent grasslands with fire-
breaks.* Indicates alien invasive species.

Adjacent Grassland Fire-Breaks
Species Group A
Tristachya leucothrix 35.5 2.5
Commelina africana 7 15.5
Hypoxis angustifolia 5 2
Aristida canescence 6 12
Ischaemum fasciculatum 4.5 4.5
Species Group B
Pycreus nigricans 39 78.5
Kyllinga erecta 140 72
Fuirena pubescens 83 214
Scirpoides burkei 8.5 3.5
Monopsis decipiens 10.5 26
Eragrostis patentipilosa 0 12.5
Hypericum lalandii 3 1.5
Species Group C
Heteropogon contortus 318.5 40.5
Eragrostis nindensis 18.5 10.5
Brachiaria serrata 9 3
Lasiosiphon caffer 1.5 1
Lasiosiphon kraussiana 4 4
Juncus dregeanus 3 1
Pentanisia prunelloides 0.5 3
Polygala hottentotta 1 3.5
Indigofera tristoides 4 17
Ficinia nigrescens 3 37
Andropogon appendiculatus 0 26
Harpochloa falx 5 3
Senecio othonniflorus 10.5 5
Species Group D
Hyparrhenia tamba 72 963.5
Eragrostis curvula 29.5 190
Species Group E
Cyperus esculentus 43.5 52.5
Eragrostis chloromelas 8.5 133
Kyllinga pulchella 142,5 0,5
Species Group F
Conyza podocephala 12.5 102
Species Group G
Helichrysum rugulosum 92.5 121.5
Helictotrichon turgidulum 180.5 38.5

Felicia muricata 15 9
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Eragrostis plana 25 4
Helichrysum aureonitens 348 69.5
Ajuga ophrydis 2 3.5
Species Group H

Aristea woodii 5 1.5
Erigeron bonariensis 5 2
Gazania krebsiana 4.5 6
* Verbana bonariensis 4 4.5
Dicoma anamala 2.5 5.5
Aristida congesta 2 19.5
Melinis repens 0 6
* Hypochaeris radicata 25 1

* Richardia brasiliensis 7 78.5
Seriphium plumosum 21.5 4
Felicia filifolin 0.5 4
Lotononis eriantha 10.5 0
Euphorbia striata 1.5 3.5
Hyparrhenia hirta 0.5 56
Species Group I

Pelargonium luridum 2.5 2
Oxalis obliquifolia 6 11
Gladiolus crassifolius 12.5 3.5
Acalypha punctata 2 0.5
Crabbea acaulis 2.5 4.5
Michracloa caffra 1 4.5
Species Group ]

Sporobolus fimbriatus 464.5 246
Trifolium burchellianum 41 78.5
Gnaphalium *polycaulon 16.5 2
Plantago lanceolata 4.5 13
Species Group K

Cyperus longus 113.5 1
Ledebouria ovatifolia 6 3

* Erigeron sumatrensis 1.5 0
Lobelia flaccida 24.5 0.5
Helichrysum callicomum 160.5 35.5
Species Group L

Ipomoea oblangata 19 108
Dyschoriste setigera 11 16.5
Cymbopogon caesius 25 55
Berkheya pinnatifida 4 6
Schistostephium crataegifolium 1 12.5
Plantago major 3 4
* Oenothera tretraptra 2 3.5
Avristida bipartita 1 4
Gladiolus papilo 1 3
Rhynchosia totta 2.5 11
Species Group M

Centella asiatica 8.5 11
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Selago densiflora 29.5 6.5
Species Group N

Hermannia depressa 13.5 27
Pseudognaphalium luteo-album 29 4.5
Pollicha campestris 13 9.5
Elionuris miticus 59.5 31.5
Helichrysum nudifolium 193.5 82
Species Group O

Eragrostis lehmanniana 71.5 7
Themeda triandra 134.5 193
Eragrostis capensis 157.5 21.5
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