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ABSTRACT

Alien grasses are thought to pose a significant threat to the growth and survival of
indigenous specles. Within the Cape Floristic Region, there Is concern surrounding the
establishment of alien grasses in renostervald fragments This study aimed 1o determine the
impact of alien grass infestation on the (ife history type of Moraea tulbaghensis, a threalened
geophyte endemic to renosterveld. Moraea fulbaghensis was found to be unaffected by varying
densities of alien grass infestation. A second aspect of this sfudy attempted to evaluate potential
control methods for allen grasses that would not detrimentally aflect indigenous species. Organic
amendmeants In the forms of woodchips and sugar were applied to the allen grass Lolium
multifiorum, and the endemic threatened species Lampranthus filicaulis and Moraea
lulbaghensis. Additional nitrogen was applied to particular treatments in order to gauge the
various responges of allen and indigenous species ta nitrogen enrichmeant. Organic amendments
were found 1o be ineffective in controlling germination and growth of Lelfum multifferum over 5
months, whilst nitrogen enrichment significantly enhanced its growth. Moraea lulbaghensis was
unaffected by all treatments, and Lampranthus filicaulis was found to respond pasitively 1o
nilrogen addition, This demonstrates that organic amendments are ineffective in controlling alien
grass growth in the short term. These flindings also suggest thal the threat of alien grass

i
intestation may vary according to indigencus life history type, and warrant further investigation.
A



INTRODUCTION

Alien invasions are presently second only to land use change as the major cause for
extinctions (D'Antonio & Vitousek 1992}, Grass invasians are widespread throughout the warld,
are active and aggressive competitors with indigenous species, and have the potential 1o alter
ecosystem processes (D'Antonio & Vitousek 1992, Dukes & Mooney 1888) European grasses
have become well established in Mediterranean-climate regions (Kruger &f al 1889 in Richardson
ol al 1992, D'Antonio & Vitousek 1982), and within South Africa they are notably evident in
lowland areas of lhe Cape Floristic region (Viek 1988) WVery little is known aboul the
consequences of alien grass impact on different life-history types, In the interest of preserving
biodiversity, a better understanding of the threat of alien grasses is required in order for effective

control methods to be applied.

The Cape Floristic Region (CFR) is an area of remarkable plant diversity (Goldblatt &
Manning 2000) that is exposed 1o many threats associated with human impact. Agniculture is the
largest threat to vegetation in the CFR. Itz effect is most prominent in renosterveld, which has
been extensively transformed for agricultural use (Rebelo 1982, Vion Hase el al. 2003). As a
result, fragments of lowland fynbos and renosterveld persist within a mosaic of wheat fields. Many
fragmented landscapes within the CFR border on agricultural lands, particularly wheat, and runoff
from crop fertilizers appears to be enriching remnanl palches of indigenous renosterveld wilh
unnaturally high nitrogen levels (SANBI obs) Alien grasses are known to displace indigenous
perennial species in nitrogen-rich environmeants (Viok 1988, Davidson af al 19590 in Zink & Alien
2001) and are commonly associated with disturbance (Viok ef al 18988), As a result, alien grassas
are readily establishing themselves |n fragments that are already highly threatened due to human

land use,

As B result of severe habitatl fragmentation, less than 5% of renoslerveld is

preserved (Rebelo 1392). Consequantly, conservation of renosterveld fragments is imperative for



the survival of an alarming number of endemic and threalened species that occur in this
vegetation fype (Von Hase ef af 2003). A large number of the rare and endemic plants are
Iridaceas, a family characteristic of Renosterveld vegetation. Almost 250 Iridaceae species are
endemic to renosterveld, and of these 160 are known to be rare or threatened (Von Hase sf al.

2003, Viclor et al, in prep )

From current research it is ofen assumed that alien grass invasion threatens the survival
of indigenous species, as alien grassas have rapid growth rates and high reproductive potential
{Holmes & Rice 1986, Monaco ef &/ 2003), They are also known lo shade out indigenous
species, (D'Antonio & Vitousek 1892), alter sail nutrient cycling (Ehrenfeld 2003} and reduce soil
waler availabilily for indigenous species (Melgoza et al. 1980 in Levine &t al. 2003). As a resull
allen grasses can readily oulcompete indigenous species for habital space, light and nutrients.
Wiok (1988) demonsirated thal invasion of alien grasses in fynbos resulted in a significant
decrease in densily and number of indigenous annuals and geophyies, Conseguently, the
invasion of alien grasses at localities where restricted endemic and threalened species occur may
resull in the decline and eventual extinction of these plants (\Viok 1988). Once established, alien
grasses can potentially alter ecosystem processes by moedifying nutrient regimes, affecting soil
microclimate, and increasing frequency and intensity of fires (D'Antonio & Vitousek 1992). Thus
alien grass invasions can be detrimental far the survival of indigenous species, as weall as having

potential ecosystem-level effects.

Although alien species are frequently implicated in population decline and extinction of
indigenous species, few cases have been thoroughly documenled (Mooney and Cleland 2004,
Gurayiteh and Padilla 2004), According to Goldblstt (1979 in Richardson el &/ 1892) invasive
herbaceous species are not thought to be a cause of extinction in the Fynbos biome. It has been
arguad thal invasive species too often 'take the blame’, where as it is more likely that multiple
threals act synergistically to cause extinctions (Gurevitch and Padila 2004), such as the

combination of habital fragmentation, pollinator decline and alien invazion. There is no doubt that
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alien species can detrimentally effect ecosystem function (D'Antonio & Vitousek 1982), but it Is
suggested that one must first accurately identify the threat in order to better focus efforts on the
most effective way to mitigate those threats. One aspect of this study attempls to investigate
whether a highly endemic and threatened life history type, a geophyle in the Indaceae family, is

being negatively impacied by the presence of alien grasses.

A second aspect of this study investigates whether the application of organic
amendments to sites with alien grasses will cantrol alien grasses withoul negatively impacting an
endemic indigenous species found there. The application of organic amendments such as
charcoal, sugar, wood chips and wood bark have been suggested as a resloration ool for grass-
invaded areas (Zink & Allen 2001, Suding et al. 2004, Schutz unpubl} Organic amendments
result in Immobilization of soil nitrogen by microbial activity (Lambers el al. 1998). The process of
immobilization ocours when micro-organisms utilize soil nutrients if their requiremeants are not met
by the decomposition of organic matter, and as a resull these nutrients become unavailable to
plants (Zink & Allen 2001}, Thus the addition of nutrient-poor organic amendments increases
microblal activity, which in turn increases soll immeobilization and reduces the amount of nitrogen
avallable for plant uplake As the establishment of allen grasses appears dependent on a
nutrient-rich environment (Monaco et all 2003), organic amendments appear 1o be a fairly

economical method of contralling their spread.

Context of study
The specific quastions of this study are:

1. To what extent do alien grasses pose a threat lo the growth and survival of a particular
fife history type (geophyte) within a fragmented and disturbad habital? The prediclion is that high
densities of alien grasses decrease the density of geophytes and consequently pose a substantial
threat to their establishment and survival, This prediction i1s based primarily on the findings of Viok
{1288), who correlated high alien grass density with a decline in density and diversity of

indigenous annuals and geophytes



2. Are the organic amendments woodchips and sugar effective in controlling alien grass
growih without hampering survival of two particular life history types of indigenous threatened
species? The prediction is that nitrogen immobilization resulting from organic carbon addition will
inhibit alien grass growth. As demonstrated by Schutz (unpublished), sugar addition reduces
germination and growth of alien grasses but negatively impacts indigenous species growth. It is
predicted that woodchips will be comparatively more effective than sugar in controlling alien grass

growth as they are less likely to inhibit indigencus species growth.
METHODS

Choice of study species

Three species were used in this expariment: Lolium mullifiorum (Poaceae), Moroea
lutbaghensis (Indaceae) and Lampranthus fillicaulis (Aizoaceae). Lalivm multifarum var plank is
an annual grass native lo Southern Europe, commonly known as Italian ryegrass (Hannaway ef
al 1898, Lolfum mulliflorum was originally hybridized and bred as a high performance pasture
grass, but has become widespread in cultivated lands and disturbed areas (Bromilow 1985).M.
{ulbaghansis is an endangered geophyle (Victor el al. in prep.) thal is found on clay flats in
Renosterveld from Tulbagh to Wellington (Goldblatt & Manning 2000). Seed was collected by D,
Raimonde and G, Hansford in Gouda in November 2004/ L%ﬁi.;;:m; : l; iu_-.-:ljnerabre mesemb

L il

{Victor et al in prép.) that occurs naturally in moist depressions on Iateritic soils from the Cape
Peninsula fo the Cape Flats (Goldblatt & Manning 2000). L fillcaulis seed was collected from
Uitkamp, Durbanville in October 2004 Both M lulbaghensis and L flicaulis are endemic {o the

Cape Flonstic Region. These two species were chosen in order o examine responses of

threatened plants with differant life histaries,



In order to test question 1, the impact of alien grass on the population dynamics of
Moraea tulbaghensis was investigated by sampling the density and size of individuals growing in

areas with varying densities of alien grass infestation.

On 16 September field data were collected in Gouda, Tulbagh Distnct, Western Cape.
Two sites where Morasa (ulbaghensis ocour were sampled. Both are commonages that are
frequently burnt. To determine the relalive densities of alien grasses and Moraea fulbaghensis,
0.5 x 0.5m quadrats were sampled for number of M. fulbaghensis flowers, number of juveniles
{<15cm), number of adults (=156cm), and percentage cover of alien and indigenous grass. Five
guadrats of data were recarded in low, medium and high densities of alien grass with and without
Moraea lulbaghensis presenl. Sampling was performed by walking 5 steps and distributing the
quadral at random. As tha site contained alien grasses at differant densities, five quadrats of data
wera recorded In low, madium and high allen grass dansity with and without M. tulbaghensis

present,

It was notl possible 1o examine the effect of alien grasses on Lampranthus filicaulis due lo

titne constraints and accessibility 10 sites where this threatenad species ocours.

Data analysis
Correlation analysis was performed on the dala using Statistica version 7 (Statsoft 2002)

to test the effect of allen grass density on number and size of Moraea tulbaghensis individuals.

In order 1o test question 2, the growth of the three species with two organic treatmenis,
sugar and woodchips, and nitrogen were lested in a greenhouse experiment, Six different
treaiments were set up for each of the three study species, Lampranthus filicaulis, Moraea

tulbaghensis and Lalium multifforum, The design was separated Into pots with and without pols of
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additional nitrogen. Within this spiit design, treatments consisted of a control, the addition of
sugar and the addition of woedchips, For each treatment 6 20m by 20m pols were used and filled
with soll provided by Kirstenbosch Botanical Gardens, Soil consisted of course sand, loam and
teaf litter in the ratio 2:1:1 in order to have the same composition as typical fynbos soil, Five
seeds were planted in each pol, approximately equidistant to each other, Pots were placed In the
Karoo Greenhouse at the South African Mational Biodiversily Institute. All seeds were planled on
the 26" and 27" of May 2005 The seeds were planted just below the soll surface at a depth 2.5
times the size of the seed. Eight grams of nitrogen was added lo the relevant treatments, in the

-

form of solid fertilizer that contained 24,710 mmol’kg of @rgg_en.’z in order to approximately double

e e
the amount of nitrogen in the system. Enough woodchips and sugar was added to complelely
N —— e e i e ke A o4

cover the surface of the soil in each pol. Each lreatment consisted of B replicates. resulting in 36

pots for each species, 108 pots in total.

Weodchips and sugar were chosen as suilable carbon sources. These two sources differ
as sugar is soluble and a readily accessible form of carbon, whereas woodchips decompose
slowly and provide carbon over a longer period of time. Nitrogen was added for two purposes. A
known amount of nitrogen was added lo the system in order to accurately gauge how much
inorganic nitrogen is rernoved from the system over the time penod of the experimen, If organic
amendments increased microbial activity, inorganic nitrogen usually used by plants would be
immobilized by microbes, Nitrogen was also added to reflect the environmental impact of nitrogen

enrichment of renosterveld fragments from fertilizer runoff upon which this experiment is based.

Plants were watered by hand every 3 days, All Lampranthus flicauhs individuals were
harvested on 12 September 2005, and Lolium multiflorum individuals were harvested on 14
Seplember 2005. For both species this was done by cutting off the above ground biomass, and
then washing the sail off the roots with a high pressure hose through a 0.5mm sieve, Roots and
shoots were dried in a 70 degrees Celsius oven for 72 hours, and then weighed with a fine

balance scale



Moraga lulbaghensis individuals were harvested on the 27" September. As the
Individuale were very small (av. < Bem), measurements were taken of leaf langth and length from
root to lip, and the wet weighl was obtained with a fine balance scale. Due to the small size of the |'
Moraea llbeghensis, wet weight was chosen as an acceplable measure as all pols were evenly /'ll s

watered and thus would have little varation in waler content,

Soil samples were taken of all conirols at the beginning of the experiment, and of all
treatments the day the plants were harvested. Limited financial rescurces resulted in the analysis
of selective soil samples from Lampranthus ficeulis pols., Samples from treatments of control,
woodchips, nitrogen, and nitrogen + woodchips treatment were analyzed for NHy and NO,
content by BemLab, Somerset Wesl. These treatments were chosen as there was very little or no
growth in the particular pots  thereby allowing us to altribute potenhal nitrogen changes to

microbial activity rather than plant uplake,

Data analysis

The data were analyzed using Statistica version 7 (Statsoft 2002). In order to delermine
the application of paramelric or non-parametric tests variables were tested for normality using the
Shapiro-Wilk test and for equal variance using Levene's test for Homogeneity of variances,
Whare conditions of normality were not met the data were log transformed. and where this
transformation was unsuccessful the Kruskal-Wallis non-parametric test was used (o test the
averages for significant differences. Where low replication prevented application of analysis of
variance, a Chi-squared analysis was used and the mean and standard deviation of the data

were delermined,



RESULTS

Examining the impact of alien grasses on lation dynamics of Moraea tul S

The number of Moraea (ulbaghensis plants are not correlated to the density of alien grasses
present (Figure 1 and 2). There is no evident relationship between alien grass density and
number of Moraea tulbaghensis adults (Figure 1). The observed trend displays thal Moraza
tulbaghensis juveniles increase with Increasing density of alien grass although there is no

significant correlation (p>0.05) (Figure 2).
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Figure 1: Scatterplot showing the relationship between percentage cover alien grass and number
of Moraea lulbaghensis adults, There is no significant relationship (p>0.05).
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Figure 2: Scalterplot showing the relationship between percentage cover alien grass and number
of Moraea tulbaghensis juveniles, There is no significant relationship (p>0.05).
Ffi nic amendments on alien grass and threatene ies

Lolium multifiorum seedlings first appeared on the 30" of May, 3 days after the seeds were sown.
Lampranthus ficaulis seedlings first emerged on the 22™ of June. Morasa lulbaghensis
seedlings appeared towards the end of August. Mould appeared on the 8" of June In all pots of
the sugar addition lreaiment, After walering the mould hardened and died, leaving a while crust
an the surface of the soil This did not appesar to impact the growth of Lolium multiflorum

Individuals Moraea (ulbaghensis and Lampranthus filicaulis seeds remained dormant
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Figure 3: Mean number of plants that established per trealment (bars denote standard
deviation).



it is evident that Lofium multifforum had much higher success of germination and growth in

comparisan to the Indigencus species. No Lampranthus filicaulis ptants grew in control and sugar

addition treatment. Establishment of Morasa tulbaghensis was low across all lreatments, with

most individuals emerging in the control, wood and N + sugar addition treatments.

Treatment effects on Lolium multifiorum and Lampranthus filicaulis
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Figure 4: Mean above ground biomass of
Lofum multifiorism in all treatments, Letlers
indicate significant differences according to
the Kruskal-Wallis lest (p<0.05 Kw =
28.3453),
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Figure 6: Mean above ground biomass of L
filicauls individuals between (realments.
There were no significant differences in
observed vs. expected values according to
the Chi-Squared test (Hu = 24764,
p=0.08),
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Figure 5. Mean below ground biomass of
Lofium multiflorum in all treatments, Letters
indicate significant differences according to the
Kruskal-\vallis test {p<0.05, Kw = 6.8798).
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Figure 7: Mean below ground biomass of L
filicaulis between treatments. There were no
significant differences In observed vs.
expected values according lo the Chi-Sguared
test (Hys 10 = 2.2145, p>0.05).

Lolium multifforum biomass in the mitrogen + sugar treatment is not significantly different to

freatments wilhoul nitrogen addition. Above and below ground blomass of plants grown in

nitrogen and nitrogen + wood differed significanily from treatments without nitrogen addition.



(Figure 4 & 5). Lampranthus filicawis individuals did not grow in the control or sugar addition pols.
Thus data existed only from Woodchips, nitrogen + woodchips, nitrogen, and nitrogen + sugar,
No significant differences were found in mean above or below ground biomass of Lampranihus
fiicaulis between treatments (Fig 6 & 7). However, it is evident that Lampranthus Rlicaulis plants
had lowesl above ground biomass in the nitrogen + wood treatment, and lowest below ground
biomass in the nitrogen + sugar treatment. Above and below ground biomass in the wood

treatment was high

Treatment effects on Moraea tulbaghensis

Moraea lulbaghensis size, in terms of both leaf length and rool to tip length, did not vary
significantly between treatments (Figure 8 & 9). Leaves were smallest in the sugar addition
treatment, and largest in the nitrogen + wood trealment. There was almost no vanation in root to

tip length of Moraea {ulbaghensis individuals between treatments.

There were no significant differences in wet weight of M luhaghensiz belween lreatments

{Kruskal-Wallis p=0.05, Kw = B.707),
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Figure 8: Mean differences in leaf length of M
tulbaghensis for all trealments. There were no
significant differences in means according to
the Kruskal-Wallis test (p=0,05, Kw = 7.084).
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Figure 9: Mean differences in root to tip
length of M. lulbaghensis for all treatments.
There were no significant differences in
means according lo the Kruskal-Wallis test
(p>0.05, Kw = 4.415).



Nitrogen availability
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Figure 10: Mean differences in NH,; levels
between treatments. The means were found
to be significantly different (one-way ANOVA
p<0.05, F = 17.57, df = 10). Letlers indicate
significant differences according to Post Hoc
Tukey test
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Figure 11: Mean differences in NO, levels
across treatments. The means were found o
be significantly different (one-way ANOVA
p<0.05, F = 83309, df = 10). Lelters indicate
significant differences according to Paost hoc
Tukey test,
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There are significant differences in NH, and NO; levels across treatments, NOy/levels decreased

in the control and wood addition pots, whereas NO, decreased only in the conirel, The addition of
f — =

wood lowers NH, levels (fig 10) bul not NO, lavels (fig 11). NOs levels have increased over time in

the wood addition pots.
DISCUSSION

Examining the f al n ion dynamics of Moraea tulbaghensis

It 15 evident that allen grasses do not impact M. lulbaghensis density (Figure 1 & 2). This
particular life history type can competently compete with alien grasses possibly because it can
allocale resources to underground storage organs, and conseguently is not actively competing for
ihe same rescurces. Thus once the bulb is established this organ facilitates growth and survival

Juvenile Moraga lulbaghensis are also evidently unaffected by alien grass growth. Potentially this

is due to their thin, narrow leaf sEpe. enabling them {o grow siraight up through grass cover in
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order to access light. Geophytes are known o respond well to disturbance (Rossitor 1966 in Viok
1988), especially fire, as many have fire-slimulated flowenng (Le Maitre and Midgley 1592) As a
resull they can potentially remain unaffected by disturbance such as burning that stimulates afien

grass invasion.

Effect of organic amendments on alien grass and threatened species

Lolivm muitifiorum

Organic amendments have no significant effect on grass growth, subseguently their
addition for the purpose of controliing alien grasses is questionable. Suding ef al. (2004) found
that alien plant compslitive abllity was not reduced afler two years of sugar application. Since
sugar addition Is intended to immaobilize nitrogen, Suding ef al (2004) suggested that competitive
advantage of invasive species may be limited by phosphorus, rather than nitrogen. The relative
contribution of phosphorus to nitrogen to plant growth was not examined in this study, but from
the vigorous response of Lolivm multiforum to nitrogen addition it is clear that nitrogen addition

significantly enhances alien grass growth.

However, Zink & Allen (1988) found that in comparison to the alien grass Avena falua,
indigenous speces had increased survival in organic mulch addition after two years. Their study
concluded that immobilization of nitrogen as a result of carbon addition increased indigenous

species compelitive ability in comparison lo alien grasses. This was attributed to the reduction in

available nitrogen eslablishing an environment more sultable for indigenous pElnt growth, thus
allowing them lo outcompete Avena falua that was suffering the effects of reduced nitrogen. The
successful application of nrﬁal;i:?rr:;ndmants in Zink & Allen's (1998) sludy demonstrates that
wood is effsctive in improving indigenous species growth and survival, rather than suppressing
allen grass growth and survival Although not in the context of & competition experiment,
Lampranthus filicaulls biomass was highest in the treatment with wood addition (Figure & & 7),

suggesting our study may demonstrate a similar effect of the wood addition enhancing growth of

indigenous species,



Lampranthus filicaulis

The faet thal no significant difference in biomass of Lampranthus filicaulis individuals
across (reatments was evident (Figure 6 & 7) may be aftributed to low germination and
emergence of individuals, resulting in low replication of results. However, assuming that all
Lampranthus filcaulis seeds were viable, nitrogen addition stimulated growth and germination of
seeds, as plants grew in every pot of the nitrogen treatment and only in one or two pots of other
treaiments (Figure 1), Organic amendments had no significant effect an germination and growth,
Above ground biomass was marginally lower in nitrogen + weod treatment, and below ground
biomass appeared slightly lower in the nitrogen + sugar treatment, although these resulls were

not significant and may be attributed to low replication,

Moraea tulbaghensis

It is challenging to make any conclusive comments on the effect of organic amendments
on Moraea tulbaghensis due to late germination and growth of individuals. However, the lack of
significant differences In growth across treatments (Figure 8 & 9) suggesis there is not one

particular treatment that effects their growth,

Sugar or Wood?

The response of species to different carbon sources varies. Amongst Lolivm multiflorum
individuals, sugar addilion partially counteracts effects of nitrogen addition {Fig 4 & 5). It is
possible that sugar addition stimulates bacterial activity, resulting in mould growth which hampers
plant germination and growth. Wooedchip addition marginally improves above ground grass
grawih rather than inhibiting it (Figure 4 & 5). It is possible that wood addilion has a ‘'mulch’ effect,
aiding in retention of moisture in the soll which promotes plant growth and survival. It is possible
that me 13 an inportant factor, Sugar i5 readily absorbed info the soil, and may need repeal

application to have a continued effecl. Woodchips on the other hand take a longer penod of time



1o break down, thus having a 'slow release’ effect on the soil, which proves 1o be more effective

(e.g. Zink & Allen 1958),

Nitrogen

Both above and below ground biomass of Lofium multifforum individuals are markedly
increased by the addition of nitrogen (Fig 4 & 5). Monaco ef al. (2003) found a nolable increase in
dry root mass of two alien grasses in nilrogen treatments in comparison to treatments withoul
nilrogen addition, attrbuting it to the fact thal species with high polential growth rates are maore
strongly effected by low nutrient availability than species with lower potential growth rates.
Nitrogen 18 known ta stimulate germination (Giba ef al. 2003) and this effect was clearly seen with

both Lolium multiforsm and Lampranthus filicaulis.

Zink & Allen (1998) demonstrated thatl organpic muich [ncreased immobilization of
nitrogen, but there was no significant difference in total soll nitrogen over the two year
experiment. Suding el al. (2004) found that sucrose did reduce available nitrogen, but this still
had no effecl on the growth of alien weed as phosphorus was the limiting nutrient. Overall,
decreased soll NH, levels in treatments with wood addilion can be attributed to microbial
immobilization of nitrogen. The increase in NO, levels in the wood addition treatment is an

unexplained occurrence, and would benefit from re-examination.

s0Ns fi ud

A number of changes to the project design would have polentially improved this study.
Viability studies for indigenous seeds would prove useful, as low germination of Moraea
tuibaghensis and Lampranthus filicaulis were difficult to attribute only to treatments, Original soil
collected from the site of seed collection shoul be used in order lo accurately gauge plant growth
in natural soil conditions. For example, Lampranthus filicaulis grows specifically in lateritic solis
(Goldblatt & Manning 2000), and thus could have responded differently in the current experiment
due to unfamiliar soil type. As demonstrated by the success of Zink & Allen's (1998) study that



was performed over 2 years, conducting the experiment over a longer period of time would allow

for considerably greater plani growth which may in lurn produce more informative results.

Conservation implications and recommendations

The findings that Moraea fulbaghensis densities are not negatively impacted by alien
grass growth is significanl, They are in contrast to Viok's (1988) findings that geophyte density
decreases with increasing alien grass density. Al a single species level, alien grasses do not
effect this particular life hislory, and highlights that it is not possible to generalize the impact of
allen grasses on bulb species. Il |s possible that M fulbaghensis was not affected by allen
grasses al the study site due to the high fire frequencies. In areas withoul frequent fires the build
up of grass biomass and litter may be more detrimental to geophyle densities. Further studies
within Iridaceae at the species level would be Informative in order lo determine the mechanism

that makes cerain geophyles more vulnerable to the effects alien grass infestation than others

This study demonstrates that nitrogen addition is a huge dnver for increasing alien grass
invasion. Alien grasses are conspicuously absent from undisturbed natural areas of the CFR
(MacDonald & Morley 1988 in Richardson e! al 1882), and s study suggests that vigorous
establishment of alien grasses 15 heightened by nilrogen enrichment, The principal threal to
indigenous endemic and threatened species is nulrient enrichment of fragments due to fertilizer
runoff, which potentially heightens the compelitive ability of allen grasses against indigenous

Species.

Recommendations to constrain the threat of nitrogen enrichment are challenging
Agricultural use of ferilizers occurs on a massive scale throlghout the lowlands of the CFR, and
recommending a reduction in the application of fertilizers s unrealistic. Potenhal
recommendalions could include encouraging differert land use around fragments, and

preferentially conserving fragments that are uphill from agricultural land,



Conclusions

Althoaugh requiring further investigation, preliminary answers have been obtained to the
two questions upon which the study was based. Alien grasses do not appear lo have a
detrimental effect on the geophyte life history type. In the short term, application of organic
amendments is unsuccessful in inhibiting arass growth, and has no apparent detnmental effect on
the growth of the two indigenous life history types examined. Assuming viability of seeds, nitrogen
addition does not hamper germination and growth of Moraea lulhaghensis and Lampranthus
filicaufis. In contrast, mesembs appear to respond well to nitrogen addition. Renosterveld shale
soils are naturally more nutrient rich than fynbos soils, which could explain why charactenstic

renosterveld species are nol detrimentally affected by nitrogen addition

The response to increased nitrogen of the twe life history types examined appears
positive considering the environmental scenario in which they find themselves. More pressing
however, is the comparative response of alien grasses to nitrogen addition. It would prove highly
informative to repeat organic amendment {reatments in competition experiments with similar
species using natural renosterveld soils and nitrogen enriched soils. In natural soil nutrient levels,
it would be expected thal organic amendments would effectively immaobilise nitrogen and
conseguently inhibit establishment and growth of alien grasses. Taking inlo account the findings
of Zink & Allen (1298}, the competitive ability of alien grasses in soil with increased nitrogen may
Increase o a greater degree than that of indigenous species, but addition of organic amendments
may effectively immobilize nitrogen, thereby improving indigenous species competilive ability

against alien grasses over a longer time period.

Essentially, our study determines that organic amendments are ineffective in contralling
alien grass germination and growth in the time period over which this study was conducted, From
prior sludies (e g Zink & Allen 1988, Monaco ef al. 2003), if is evident that alteration of nutrieni
levels was performed in order to Improve germination, emergence and growth of indigenous

species in comparnson to alien grass species, rather than to actively decrease alien grass growth.
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Our project design does naot allow us to compare relative success rales, but it does demonstrate
that organic amendments do not have a detrimental effect on the two life history types of

lhrealened species examined,



ACKNOWLEDGEMENTS

Thank you to the Threatened Species Program, South Afncan National Biodiversity Institute for
financial support. Thank you to the SAMBI Kirstenbosch Research Center for generously
providing a greenhouse for my use, to Graham Duncan for his advice on growing Moraea
fulbaghensis, to Deryk de Will for his help with technical aspects of the greenhouse experiment,
and to De Wet Boosenberg for providing me with necessary equipment and for helpful comments

on performing the greenhouse experimeant.

Thank you to my supervisors: Jeremy Midaley for his guidance, encouragement, comments and
useful discussion, Domitilla Raimondo for her enthusiasm, ldeas, comments and lhoughtful
discussion; Charles Musll for his useful advice concerning project design and statistical analysis;

and William Bond for constructing the original idea behind this project.

Thank you to Benjamin Wigley for his incredible assistance, for patiently helping me with lhe
menial aspects of putting this together, and for helping me keep my sense of humour
Thank you lo Case Bakhker for help with fleldwork, and for tws support

Thank you Lo Jasper Slingsby for reminding me to look al the bigaer picture



REFERENCES

Bromilow, C., 1995. Problerm Plants of South Africa; a guide to the identification and control of
more than 300 invasive plants and other weads, Briza Publications. Pretoria.

D'Antonio, C M and Vitousek, P.M. 1982 Biological Invasions by exolic grasses, the grass/fire
cycle, and global change Annual review of Ecology and Systematics 23: 63-87.

Dukes, JS. and Mconey, H.A, 1999 Does global change increase the success of biological
invaders? Trends in Ecology and Evolution 14 (4): 135-139.

Ehrenfeld, J.G. 2003. Effects of exolic plant invasions on soil nutrient cycling processes.
Ecosystems 6: 503-523.

Goldblatt, P and Manning, J. 2000, Cape Plants: a conspectus of the Cape Flora of South Africa.
Strelitzia 9

Guravitch, J and Padilla, D.K. 2004, Are invasive species a2 major cause of extinctions? Trangds in
Ecology and Evolution 19 (9): 470-474,

Hannaway, D., Fransen, S., Cropper, J,, Teel, M., Chaney, M., Griggs, T., Halse, R., Hant. J.
Cheeke, P.. Hansen, D. and Lane, W. 1839. Annual Ryegrass. Pacific Northwest
Extention Publications 501,

Holmes. TM. and Rice; K.J. 1995. Patterns of growth and soil-water utilizallon in soma exotic
annuals and perennial bunch grasses of California. Annuals of Botany 78: 233-243

Le Maitre, D.C. and Midgley, J.J. 1992 Plant reproductive ecology in The Ecology of Fynbos:
nutnents, fire and diversity. Cape Town. Oxford University Press.

Levine, J.M, Montserrat, V., D'Antonio C M., Dukes, J.5., Grigulis, K and Lavorel, 5. 2003.
Mechanisms underlying the impact of exotic plant invasions. Proceedings of the Royal
Scciety of Londan B 270, 775-781.

Monaco, T.A, Mackown, CT., Johnson, D.A., Jones, TA., Noren, JM. Noron, JB, and
Redinbaugh, M.G. 2003. Nitrogen effects on seed gemmination and seedling growth
Journal of Range Management 56 646-653

Mocney, HA. and Cleland, E.E. 2001. The evclulionary impact of invasive species. Proceedings
of the National Academy of Sciences 98 (10); 5446-5451,



Rebelo, A, 1992. Preservation of biotic diversity in The Ecology of Fynbos: nutrients, fire and
diversity. Cape Town. Oxford University Press.

Richardson, D.M , Macdonald, | AW,, Holmes, P.M and Cowling, R.M. 1392 Plant and animal
invasions in The Ecology of Fynbos: nutrients, fire and diversity. Oxford University
Press. Cape Town.

Schutz, A. Unpublished. Organic amendments: a recipe for the resloration of Acacia invaded
fynbos? Honours thesis 2003

Suding, K.N., Ledeune, K.D. and Seastedl, T.R. 2004, Competitive impacts and responses of an
invasive weed: dependencias on nitrogen and phosphorus availability, Oscologia 141
526-535.

Victor, JE. Pillay, D., Daniels, F,, Naidoo, K and Potter, L (in prep). Red Data List of South
African Plants. South African National Biodiversity Institute.

Viok, J.H.J. 1988. Alpha diversity of lowland fynbos herbs at various levels of infestation by alien
annuals, South African Journal of Botany 54 (6) 623-627

Von Hase, A, Rouget, M., Maze, K. and Helme, M. 2003. A fine scals conservation plan for Cape
Lowlands Renosterveld: Technical Report. Report no. CCU 2/03. Cape Canservation
Unit. Botanical Society of South Afnca.

Zink, T.A and Allen, MF. 1928 The effects of organic amendments on the restoration of a

disturbed coastal sage scrub habitat. Restoration ecology B (1), 52-5B,



Appendix 1: Photographs of field experiment to examine the impact of alien grasses on

population densities of Moraea tulbaghensis.

Moraea tubaghensis and alien grasses at Tulbagh study site
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Moraea tulbaghensis and alien grasses at Tulbagh site
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Appendix 2: Experimental layout to demonstrate effects of organic amendments on
Lampranthus filicaulis
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Appendix 3: Experimental layout to demonstrate the effect of organic amendments on Lolium

multiflarum.
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