are reported to be an important determinant for invasive success of exotic plants (Bais et
al. 2003), in regulating the soil microbial community structure is necessary, but my
results provide some evidence that L. microphyllum could regulate the structure of soil
microbial communities in its rhizosphere.

My results corroborate the results of Ehernfield (2003) and Callaway et al. (2004),
where invasive plants enhance productivity and nutrient availability in invaded soils via
an abundant litter deposition thus increasing their own success. Soil organic matter was
strongly correlated to the available soil nutrients (Table 4.4) which indicates that the
difference in the organic matter inputs to the soil under the natives and L. microphyllum
could influence the difference in the nutrient availability. The most significant effects on
soil characteristics were seen at sites with the lowest nutrient concentrations (Table 4.2).
Additionally, the site effect was highly significant for all the soil parameters analyzed,
indicating that L. microphyllum can adapt to and thrive in sites with a significant

variation in nutrients as well as other soil characteristics.
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Table 0.4 Pearson’s correlation coefficients between the selected soil parameters with all sites pooled.

Al C Ca N OM P /n pH TBC TFC
Al -
C -0.171 -
ns
Ca -0.173  0.892 -
ns skskk
N -0.241  0.894 0.792 -
ns skskk skskk
oM -0.030 0.928 0.874 0.875 -
ES skskk skskk skskk
P -0.099 0.542 0.571 0.524 0.433 -
ns %k %k %k sk
7n 0.255 0.389 0.447 0.325 0470 -0.151 -
ns * *k ns *k ns
pH -0.385 -0.127 -0.142 -0.069 -0.321 0.457 -0.716 -
* ns ns ns ns ** EE
TBC 0.254 0.463 0.339 0.533 0.651 -0.057 0.469 -0.632 -
ns skk ES skk skkk ns skk skskk
TFC 0.776 0.190 0.135 0.029 0.270 -0.035 0.524 -0.432 0.255 -
Heokok ns ns ns ns ns *k *k ns

Probability levels: *: P<0.05; ** P<0.01; ***P<(0.0001. Coefficients higher than 0.75 are in bold.

NN cnil Avrnnin smnttan. TDCOY tatal lhantaeial
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Overall, my results show increased mineral nutrient concentrations in the
rhizosphere of L. microphyllum compared to the rhizosphere of adjacent native species.
These results follow the general trend reported by various researchers, where the nutrient
pools in the invasive species rhizosphere are significantly increased compared to the
coexisting natives (Duda et al. 2003; Vanderhoven 2005; Dassonville et al. 2008; Liao et
al. 2008; Perkins 2011). This effect was most evident at sites with lowest nutrient
concentration. As reported by Ehrenfeld (2003) and Liao et al. (2008), this may be the
direct effect of increased amounts of C and N added to the soil with higher litter input.
Dassonville et al. (2008), have reported an opposite impact of invasive species in
nutrient-poor versus nutrient-rich sites. Although any pre-existing differences in the plots
with and without L. microphyllum cannot be disregarded with complete certainty, I
believe that the differences in the soil characteristics between the invaded and uninvaded
plots could be the result of difference in plant species in them. L. microphyllum invasion
is still expanding and pre- and post invasion comparison could provide a better insight.
Successful management of habitats invaded by exotic plant species requires a prior
knowledge of whether the invaders have significantly altered the ecosystem (Walker and
Smith 1997) because soil properties such as texture, pH, and organic matter content
influence herbicide efficiency and therefore control success. Along with the added
organic matter, nutrients, and changes in the pH of the soil, other specific ecosystem
process as outlined by Gordon (1998) could also be influenced by various exotic invasive
species that create positive feedback for themselves and future invaders. Additionally,

mechanisms such as production of allelochemicals, and changes in the microbial
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communities merit future research to achieve successful control of L. microphyllum and

other exotic invasive species in the Everglades.
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is also an important factor influencing the distribution of minerals, organic matter and
microbial community and other soil properties (Scott and Robert 2006). Along with soil
pH, soil texture plays an important role in controlling the mobility of elements in the soil,
with the mobility of metals being highest in acidic coarse-textured soils (McBride 1994).
Likewise, soils which are sandy or better drained have extensive fine roots compared to
clay soils. Volin et al. (2010) indicated that the growth of L. microphyllum was highest in
sandy soils which indicate that this plant prefers well drained sandy soils. Furthermore,
the root and rhizome growth of L. microphyllum was highest in the sandy soils of south
Florida compared to the native Australian soils (Volin et al. unpublished data).

Most of the research on exotic invasive species is focused on the traits that
enhance the probability such as high growth rate, short lifecycle, high levels of resource
allocation to reproduction, and flexible utilization of available environmental resources,
of a particular species being a successful invader in a recipient community. There are
several studies with biogeographic comparison of invasive species in their native range
and invaded range focusing on the impact of variable soil microbes on plant performance
(Callaway and Aschehoug 2000; Hierro et al 2005; Vermeij et al. 2009; Volin et al.
2010). However, there are no studies conducted comparing the soil element status and its
effect on plant growth in the native and recipient habitat.

I conducted a cross continent comparison of soil characteristics associated with L.
microphyllum. Here, 1 present evidence that the invasion by L. microphyllum in south
Florida is not only facilitated by the soil microbial community but also by the soil
chemical characteristics. In this paper I suggest that invasive plants not only escape from

their natural herbivores but also the toxic soil environment in their native habitats.
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5.2 Methods
5.2.1 Sites and sample collection

I compared soil samples collected from three different sites in Australia, where
the plant is native, and the invaded sites in Florida. Sampling dates and site information
are given in Table 5.1. The soil samples were collected during the dry season in both the
continents except for the central Florida site, which was added later, because of its unique
characteristics. At each sampling site, six 1 m x 1 m plots were selected randomly and
soil from the 10-15 cm deep zone was collected from all four corners and the center of
each plot with a soil corer (diameter: 18 mm) and mixed homogeneously into one bulk
sample for each plot. The soil samples from south Florida were transported to the
laboratory in a cooler. Samples from Australia and central Florida were stored in 4°C and

shipped overnight.

5.2.2 Soil nutrient analysis

Small portion of each soil sample was air dried, passed through a 2 mm sieve for
analysis of physicochemical properties. They were then ground to fine powder with a
mortar and pestle, and stored at room temperature in air-tight containers for further
analysis of nutrients and trace elements. The soil pH was measured with a pH meter, (soil
solution ratio 1:2 in water), texture was measured by the hydrometer method, total
organic matter was measured based on the standard loss on ignition method (500°C, 5
hours; Storer 1984). Total C and N in soil and leaves were measured with a Truspec CN
analyzer. Total Ca, Fe, Al, Mg, K, Mn and P in soil were measured with an ICP —MS at

USDA, ARS Laboratory, Miami, Florida after following the acid digestion Method
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3050B (USEPA 1996). One gram of finely ground soil samples were transferred to large
glass tubes and mixed with 10 ml of 30% HNOs. The tubes were covered with a vapor
recovery system and heated to 95+5°C and refluxed for 10 minutes without boiling under
the hood in a heating block maintained with a Partlow Mic 6000 Profile Process

Controller.

Table 0.1 Sampling sites, dominant vegetation and date of sample collection for the two

continents.

Site Coordinates Dominant vegetation Sample date
Tree Tops Park, FL, 26°4'0.04"N, Royal fern Dec, 2010
us 80°16' 5.88"W
Central Florida 28°23'4.03" N Royal fern June 2012
us 81°44'41.30" W
Jonathan Dickinson, 27°0°37.33”N, Slush pine Dec, 2010
FL, US 80°7°20.28”W
Daintree Ferry, 16°15'25.57"S, Drynaria June, 2011
Queensland, AU 145°24'3.94"E
Logan Reserve, 27°40'4.16"S, Bungwall fern June, 2011
Queensland, AU 153°16'0.44"E
Nudgee, 27°22'31.12"S, Melaleuca June, 2011

Queensland, AU

153°5'39.42"E

After cooling to 40°C 5 ml of concentrated HNO; was added and the sample was

heated again until no brown fumes were given off. After cooling to 40°C, 2 ml of DI
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water and 3 ml of 30% H»,O, was added and heated until the effervescence subsided. The
samples were cooled and diluted to 50 ml with DI water, centrifuged at 2000 rpm for 10

minutes and filtered with a Whatman No. 41 filter paper.

5.2.3 Microbial analysis: bacteria and fungi population

The total colony forming units (CFU) of bacteria and fungi was determined by the
standard spread plate dilution method as described by Seely and VanDemark (1981). Dry
equivalent of one gram soil was mixed in 9 ml sterile water (autoclaved) and was diluted
serially. Samples were vigorously mixed during dilution to assist in dislodging the
bacteria from the soil particles. A serial dilution of 10'2, 10'3, 10'4, and10” was made for
fungi and 10%,10°, 10, and 107 for bacteria. A total of 100 ul of diluted soil suspension
was spread on three plates per soil sample for both bacteria and fungi at each dilution
level. Nutrient agar containing cycloheximide solution (to prevent fugal growth) was
used for bacteria and Rose Bengal Agar (RBA) with streptomycine sulphate (to prevent
bacteria growth) was used for the estimation fungal colonization. Sterilized water was
spread on the agar plates were used as control. Inoculated plates were incubated at 26°C
for 3 days before the colonies were counted. Dilution plates with 100 to 300 colonies per

plate were counted.

5.2.4 Mycorrhizal spore identification
Results from previous chapters indicate that the mycorrhizal root colonization in
L. microphyllum is significantly higher in the invaded regions compared to the native

regions in Australia. I further identified the mycorrhizal spores in the rhizosphere soil of
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L. microphyllum in both the regions following the wet sieving technique (Gerdemann and
Nicolson 1963). 100 ml of DI water was added to dry equivalent of 50 g of soil from each
site. It was then mixed vigorously to separate the spores from soil aggregates. The
mixture was washed through a series of sieves (2 mm, 100 um and 32 um). Washing was
done until the water flowing through the sieves was clear. The sievate retained on the
sieves was washed and centrifuged with water to remove floating organic debris and the
supernatant was discarded. The pellet in the bottom was re-suspended in a 50% sucrose
solution, and centrifuged for one minute at 2000 RPM to separate the spores from denser
soil components. Immediately after centrifugation, spores in the sucrose supernatant were
rinsed in a fine sieve to remove the sucrose. The spores were then washed into a filter
paper for vacuum filtration. The fungal spores were then mounted on slides for
taxonomic identification to the genus level based on the spore morphology and wall
characteristics, using the descriptions by the International Culture Collection of
Arbuscular and Vesicular-Arbuscular Mycorrhizal Fungi (http:// invam.caf.wvu.edu).
The genus that was dominant was taken as the representative mycorrhizal AMF type for

each site.
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5.2.5 Statistical analysis

Analysis of variance (ANOVA) was done to compare the difference in the soil
and leaf nutrient status of L. microphyllum among the different sites in the two
continents. Linear regression with Pearson’s correlation analysis and was done with all
sites pooled to determine relationship between the measured soil variables. Differences
are reported as significant for tests with P-values <0.05. All the parameters were

analyzed with SAS Version 9.2 software.

5. 3 Results
5.3.1 Soil texture

Soil texture, shown in Table 5.2, varied significantly among the different sites.
Soil in Jonathan Dickenson was dominantly sand (98% sand), sandy loam in Tree Tops,
sandy clay loam in Logan, loam in Nudgee, silt loam in Daintree and clay in Central

Florida.

5.3.2 Nutrient analysis

My results indicate a significant variation in the soil properties in the recipient
habitat in Florida and native range in Australia (Table 5.3). The native range in Australia
had strong acidic soil ranging from pH = 4.1 at Nudgee to pH = 4.55 at Logan. The
Florida sites had significantly higher soil pH ranging from 5.60 at Tree Tops Park to 6.57
at Jonathan Dickinson Park. Soil Al concentration was highest at the Central Florida site
followed by Logan and Nudgee in Australia. Soil C% and organic matter % was highest

in Tree Tops park followed by Logan, C% was lowest in Daintree while organic matter %
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was lowest in Jonathan Dickinson. Total Cu ranged from 43.94 pg g in Daintree to 1.84
ug g in Jonathan Dickinson, there was no significant difference among the other four
sites. Total Fe was also highest in Daintree in Australia: 15.86 mg g and lowest in
Jonathan Dickinson 0.54mg g'. Total K in soil was also highest in Daintree (1.77 mgg™)
and Logan (1.49) while there was no significant difference among the other sites. The
Australian sites and Central Florida site had significantly lower level of N compared to
the Tree Tops and Jonathan Dickinson sites. Total Mg in soil was highest in Logan (1.27
mg g') followed by Tree Tops Park (0.68 mg g') and was lowest in Central Florida (0.20
mg g'). Total soil Mn was also highest in Daintree (0.27 mg g"') while there was no
significant difference among other five sites. N% in the soil was highest in Tree Tops
(1.27%) followed by Logan (0.71%), and Jonathan Dickinson (0.49%). There was no
significant difference in the total P level among all the sites. Logan had highest
concentration of Zn in the soil (37.80 pg g") followed by Daintree (27.91 pg g™') and

Tree Tops (23.21 ug g™)

5.3.3 Bacteria and fungi population

The average counts of bacteria and fungi, colony forming units CFU per gram of
1 g dry soil, was significantly different in all the sites (Table 5.3). The CFU of bacteria
and fungi was influenced by soil texture. Total colony forming units of bacteria was
highest in Daintree (288 x 10”) and lowest in Jonathan Dickinson (43.83 x 107) and there
was no significant difference in the population in the other four sites. Likewise, the total
colony forming units of fungi was also highest in Daintree (123.5 x 10°) while there was

no significant difference among the other five sites. Correlation analysis indicated that,
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there was no relationship between the soil organic matter, total carbon on the soil bacteria
and fungal population, however there a strong relationship with the soil texture. There
was a strong negative relationship between the sand content in the soil and the CFU of
bacteria (r = -0.62; p < 0.0001) and fungi (r= -0.67; p< 0.0001) on the other hand there
was strong positive relationship with the silt content in the soil (bacteria: r = 0.76; p<
0.0001 and fungi: r=0.75; p<0.0001). Surprisingly the bacteria population had a negative
relationship with the soil pH (r= -0.57; p=0.0003) while the fungi had no relationship

with the soil pH.

5.3.4 AMF spores

The spore composition based on the morphology was different among the six
sampling sites. Spores of different sizes and colors were present in all sites. Highest
morphological diversity was a seen in Tree Tops followed by Central Florida, and the
lowest diversity was seen in Jonathan Dickinson. Glomus was found in all the locations
but was dominant in Nudgee, Logan and central Florida; Scutellospora was dominant in

Tree Tops, and Jonathan Dickinson; and Gigaspora in Daintree (Fig. 5.2).
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Figure 0. 2 AMF morphotypes extracted from the rhizosphere soil of L. microphyllum in
the two continents. Glomus sp. spore (a, e, f); Gigaspora sp. with the bulbous
sporangeneous cell (h, j); Scutellospora sp. showing the germination shield (b, d, g, 1).
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Table 0. 2 Soil texture and mean + standard error of the means of total colony forming units (counts x 107) of bacteria; (count x
10%) of fungi per gram of soil in the invaded and native sites.

. -1 .
Site Soil Texture ~ Sand %  Silt%  Clays CF 0 of Bacteriag CFU of Fungi
soil g soil
Tree Tops Park, FL,
Sandy loam 78 16.5 5.5 143.66 (13.00) 73.83 (12.27)
usS
Central Florida
Clay 13 40 47 152.5 (16.42) 61.16 (9.82)
usS
Jonathan Dickinson,
Sand 98 2 0 43.83 (8.13) 46.66 (7.76)
FL, US
Daintree Ferry,
Silt loam 25 57.5 17.5 288 (16.56) 123.5 (13.63)
Queensland, AU
Logan Reserve, Sandy clay
67.5 20 12.5 103.83 (10.12) 50.5 (8.75)
Queensland, AU loam
Nudgee,
Loam 50 32.5 17.5 153.5 (6.15) 49 (4.60)

Queensland, AU




Table 5.3 Mean (Std. Dev.) of the selected soil chemical characteristics in the native sites in Australia and invaded sites in

Florida
Variable Central Florida (FL) Daintree (AU) Jonathan Dickinson  Logan (AU)  Nudgee (AU) Tree Tops (FL)
FL
Al(mgg') 5.07(0.61)a 2.14 (0.30)b 0.8 (0.0g) c) 2.55(0.07)b  2.35(0.11)b  1.38(0.37)d
C% 4.03 (0.84)a 2.70 (0.44)a 3.02(1.88) a 1290 (2.43)b 428 (1.19)a  22.43 (4.15)c
Ca(mgg') 0.41(0.13)a 0.47 (0.11)a 3.35(1.77)a 0.43 (0.25)a 0.09 (0.01)a  17.21 (6.31)b
Cu(ugg') 842(2.81)a 43.94 (12.31)b  1.84 (0.54)c 10.16 (0.57)a  6.74 (1.57)a  14.76 (4.02)a
Fe(mgg') 2.92(1.78)ad 15.86 (2.96)b  0.54 (0.25)a 8.34 (1.10)c 5.38 (1.86)ac  4.46 (1.91)d
K(mgg')  0.16(0.10)a 1.77 (0.35)b 0.09 (0.05)a 1.49 (0.30)b 0.12 (0.02)a  0.18(0.05)a
Mg (mgg') 0.20 (0.10)a 0.55(0.18)b 0.21(0.11)a 1.27 (0.17)c 0.25(0.05)a  0.68 (0.27)b
Mn (mgg"') 0.02(0.01)a 0.27 (0.14)b 0.02 (0.01)a 0.02 (0.00)a 0.04 (0.00)a  0.05(0.03)a
N% 0.20 (0.26)a 0.18 (0.03)a 0.49 (0.10)b 0.71 (0.04)b 0.26 (0.10)a  1.27(0.17)c
OM% 8.65 (1.09)a 8.07 (2.89)a 4.32 (0.90)a 3550 (7.04)b  11.45(4.71)a 44.42 (2.71)c
P(mggh) 1.03 (0.25) 0.91 (0.16) 1.15 (0.09) 1.16 (0.05) 0.97 (0.06) 1.22 (0.16)
Zn(ugg')  15.93(8.25)a 2791 (5.63)a  8.77 (1.86)b 37.80 (12.43)c 14.28 (3.77)a 23.21(4.53)a
pH 5.77(0.12)a 4.24 (0.15)b 6.57 (0.10)c 4.55(0.14)d 4.01 (0.05)e  5.60 (0.06)a

Note: values in the same row followed by different letters represent significant difference at p<0.05.
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5.3.5 Leaf nutrient status
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Figure 0.3 Nutrient concentration in the leaves (Mean £ S E) of L. microphyllum
collected from different sites. For N and P separately, different letters indicate significant
differences in leaf concentration of N and P (P < 0 05; Tukey's test).

There was a significant positive correlation between the leaf N concentration and
soil C (r = 0.48; p=0.003); Ca (r=0.63; p<0.0001); N (r=0.50; p=0.002); P (r = pH
(r=0.71; p<0.0001); sand% (r=0.65; p<0.0001). Likewise leaf P concentration had a
negative correlation with soil Al (r=-0.47; p = 0.1013); Cu (r=-0.34; p = 0.04); Fe (r = -

0.49; p = 0.002); K (r= -0.40; p=0.01); silt (r = -0.65; p<0.0001) and clay %( r = -0.55;
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p=0.0005). There was a significant positive correlation between leaf P concentration and
soil C% (r = 0.75; p<0.0001); Ca (r = 0.82; p<0.0001); N% (r=0.81; p<0.0001); OM%
(r=0.54; p=0.0006); P (r=0.54; p=0.0006); pH (r=0.64; p<0.0001) and sand %( r=0.73;

p<0.0001).

5.4 Discussion

My goal was to determine if there was significant difference in the soil
characteristics in the native and recipient habitats of L. microphyllum. There was a
significant difference in the soil chemical, biological as well as physical characteristics in
the two regions. These soil characteristics can, on their own or in association with other
habitat features, promote the extensive growth of L. microphyllum in its recipient habitat
in Florida. There was also a significant difference in the foliar nutrient concentration
among the sites. My results show soil texture and pH to be the major factors influencing
L. microphyllum growth.

My results show that L. microphyllum has adapted to nutrient poor highly acidic
soils in its native range and invades slightly acidic soils in Florida. Along with strongly
acidic conditions, the Australian soils have high concentration of Al, which is considered
phytotoxic in strongly acidic soils. Acidic soil conditions are reported to enhance the
presence of trivalent cation (AI’"), the most toxic form of Al available to plants
(Delhaaize and Ryan 1995; Lidon and Barreiro 2002; Kochian et al. 2005). My Central
Florida site, where L. microphyllum was growing over sand mine spoil, had the highest
concentration of Al. However this was not a restricting factor for L. microphyllum which

could be because of the soil pH. Al toxicity in plants is widely studied in crop plants,
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according to Kochian (1995), Al toxicity causes alterations of physiological and
biochemical process of plants and consequently in their productivity. Plant species differ
in their Al tolerance, but given that L. microphyllum grown in Australian soil had lower
biomass allocation to the belowground structures (rhizomes and roots) compared to the
plants grown in Florida soils (Volin et al. unpublished data), my results indicate the
possibility of the “evolution of increased competitive ability hypothesis”. When L.
microphyllum escaped the highly acidic soil environment to the sites in Jonathan
Dickinson sandy sites, the plants could have evolved with lowered investment cost to
defense and reallocation of the resources to growth and reproduction, increasing their
colonizing success.

Even with varying soil nitrogen status, foliar N concentration was significantly
higher in all south Florida plants compared to the Australian plants. Leaf N concentration
is directly related to increase in relative growth rate (RGR) and photosynthetic capacity
leading to increased plant productivity and litter decomposition in L. microphyllum
(Chapter 3) and several other plant species (Vitousek 2004; Treseder 2008; Vitousek
2010; Chen et al. 2011). This could in part explain the higher growth of L. microphyllum
in south Florida invaded areas compared to its native range in Australia. Similar results of
higher nutrient concentration in the Florida plants compared to the Australian plants have
been reported by Goolsby et al. (2006). Lygodium microphyllum is reported to be highly
mycorrhizal in south Florida compared to its native range in Australia (Chapter 2), this
higher degree of mycorrhizal colonization could play a role in the increased foliar N

concentration.
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Various soil and plant factors cause a significant influence in the soil microbial
community, which have a fundamental role in nutrient cycling, plant growth and root
health. It is widely reported that the rhizosphere community of different plant species
growing in the same soil are distinct. Likewise an individual plant species scan harbor
different microbial communities in different soil types. A strong effect of soil texture on
bacteria and fungi population was evident in this study. Daintree, in Australia with the
highest percentage of silt harbored highest CFUs of bacteria and fungi, while Jonathan
Dickinson in Florida with 98% sand had the lowest CFUs of bacteria and fungi. This
kind of influence of soil texture on the structure of microbial population has been
reported previously (Garbeva et al. 2004; Fang et al. 2005). An unexpected result was:
the bacteria and fungi population remained uninfluenced by the soil organic matter, C%
or soil pH which indicates a possible difference in the litter quality and secondary
metabolites produced by the plant in its native range and invaded community.

My results indicate that L. microphyllum had a symbiotic relationship with
multiple species of AMF depending on the site conditions. My two sites, Central Florida
and Tree Tops which had higher diversities of spores are relatively disturbed sites
compared to the other sites which had lower diversity of spores. This is an expected result
and is in line with the Intermediate Disturbance Hypothesis (IDH) (Huston, 1979) which
suggests that a less disturbed healthy ecosystem has lower diversity of arbuscular
mycorrhizal fungi. I found that Glomus, which is reported to be the dominant and most
abundant genus of AMF, was present in all sites but dominated in Logan and Nudgee in
Australia and Central Florida sites. Scutellospora was dominant in Jonathan Dickinson,

which has the worst case of L. microphyllum infestation in Florida and in the Tree Tops
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Park. This indicates the influence of soil texture in the composition of AMF species in the
soil. Even though spore morphology has been used to identify AMF species, it has been
reported that this technique is not sufficient (Kruger et al. 2009). This study provides
evidence that the mycorrhizal fungi composition is different in the native and recipient
habitats along with the soil characteristics, but an in-depth analysis with the use of
molecular technique is necessary to identify the AMF species and their relationship with
L. microphyllum.

Overall, this study provides baseline information on the variation in the
rhizosphere soil characteristics of L. microphyllum in its native and recipient habitat. My
results indicate that Al sensitivity could be a determining factor that restricts the growth
of L. microphyllum in the highly acidic soils rich in Al in its native range in Australia.
Further research is necessary to gain an insight on the Al tolerance level of L.
microphyllum and the role of Al concentration in soil in the growth limitation of L.
microphyllum. 1 found that there was significant difference in the microbial populations
and types in the regions, but I was not able to determine the specific roles of these
microbes. However, these results are in line with the conclusion of Volin et al. (2010)
who reported that escape from pathogenic soil microbial community could in part explain
the extensive growth of L. microphyllum in the recipient habitats of Florida. My results
indicate that L. microphyllum can be growing poorly in its native range in Australia
because of the soil toxic effects associated with soil acidity and low foliar nitrogen

concentration which in turn could affect the photosynthetic capacity of the plant.
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CONCLUSIONS AND RECOMMENDATIONS
This study was conducted to determine why Lygodium microphyllum becomes a

strong competitor in all hydrological, nutrient, light gradient habitats in south Florida
compared to its native range in Australia. The studies presented in this dissertation
provide baseline information and help to understand the complex feedbacks between
exotic invasive species, soil microbial community and soil elements. I tested the
hypothesis that the biogeochemical properties of Florida soils provide a more favorable
condition for this species in the invaded region in Florida than in its native range. I did a
cross-continent comparison of rhizosphere soil properties to determine if there were any
specific characteristics in the soil which promote the invasiveness of this plant species in
Florida.

Based on the results presented in the second chapter, L. microphyllum appears to
be a strong host for arbuscular mycorrhizal fungi. However, this relationship with AMF
varied with location, most probably by site hydrological conditions. Lygodium
microphyllum had a stronger association with AMF in the dry areas of invaded regions in
Florida compared to the flooded sites in Florida as well as its native range in Australia.
The enhanced mycorrhizal fungi are also likely responsible for the greater P uptake and
biomass accumulation in the control study. This strong association with mycorrhizae and
an extensive belowground rhizome growth could in part explain efficient nutrient uptake
leading to the competitiveness of L. microphyllum in nutrient poor Florida soils.

The green house study in the third chapter indicates that L. microphyllum is able
to survive and grow in a wide range of soil pH; however, final biomass, relative growth

rate, photosynthesis and specific leaf area were all significantly greater in soil pH 5.5 -

104



6.5 compared to the other treatments. Correspondingly, nitrogen concentration was also
significantly related to these four plant parameters. Additionally root colonization by
mycorrhizal fungi was significantly higher in soil pH 5.5-7.5 and lowest in plants
growing in 4.5 or 8.0. Arbuscular mycorrhizal fungi colonization in roots was
significantly correlated with plant growth parameters and nutrient concentration in the
leaves. Comparison of soil characteristics in the invaded and uninvaded sites in three
different locations in the fourth chapter shows that even after removal the effect of L.
mcirophyllum may persist leaving behind a “legacy” influencing the belowground
ecology. It causes a slight increase in soil pH, increase in soil organic matter and changes
the ratio of bacteria and fungi population in the soil. This can have long-term effects on
the restoration of the invaded sites or sites difficult or challenging for management. Cross
continent soil characteristics comparison in the fourth chapter show that L. microphyllum
can be growing poorly in its native range in Australia because of the soil toxic effects
associated with soil acidity and low foliar nitrogen concentration which in turn could
affect the photosynthetic capacity of the plant. Plant species differ in their Al tolerance,
my results indicate the possibility of the “evolution of increased competitive ability
hypothesis”. When L. microphyllum escaped the highly acidic soil environment to the
sites in Jonathan Dickinson sandy sites the plants could have evolved with lowered
investment cost to defense and reallocation of the resources to growth and reproduction,
increasing their colonizing success. This study documents that that L. microphyllum can
allocate up to 40% of the total biomass to the rhizomes, which remain unaffected by the

different control techniques. Thus, L. microphyllum immediately regenerates from the
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rhizomes after the use of management techniques such as fire, chemical spray, burning or
cutting.

Overall, the results of this study could provide broader understanding in the
ability of L. microphyllum being equally competitive in different habitat types in Florida.
This study highlights that along with the characteristics of exotic plant species and native
plant community, the understanding of invasive success of exotic plants needs the
understanding of belowground community and ecology. It also provides information
applicable for land managers responsible for protecting the Everglades, developing a
sustainable control program towards minimizing the impacts of L. microphyllum as well
as other exotic invasive species. Based on this study I recommend the following issues to
be addressed in future studies:

* Lygodium microphyllum can form a very strong symbiotic relationship with

AMEF in its introduced environment in Florida. It is likely that this relationship
is strongly influenced by site hydrological conditions, but this hypothesis
needs to be tested in future research, especially when the Florida Everglades is
undergoing a major hydrological shift as an effort for restoration. Future
studies should also look into the possibilities of developing an integrated
management plan which targets the micorrhizal fungi in the roots and
rhizosphere of L. microphyllum.

* Prescribed burning, which causes a temporary rise in soil pH, is a widely used

method to control L. microphyllum, but my study shows that L. microphyllum
could be benefiting from the slight increase in soil pH resulting from fire as

well as the release of nutrients that are associated with burning. Further
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research should be done to determine the effect of fire on the mycorrhizal
fungi and in soil with various pH levels.

* In my study, L. microphyllum had highest growth at neutral soil pH’s and
began to show a significant decrease at a soil pH of 8.0, likely further growth
reductions would happen in even more alkaline soils. Thus, raising soil pH
may be a possible management option to explore in the future, but increasing
the soil pH would need to be studied carefully for its potential adverse effects
to native flora as well, including both native plants and soil microorganisms.

* My results indicate that L. microphyllum recruits different species of AMF in
different sites. This relationship of L. microphyllum with AMF merits further
research. In-depth analysis with the use of molecular technique is necessary
to identify the AMF species and their relationship with L. microphyllum.

Finally, exotic species invasion will be a continuous threat to the Everglades
ecosystem and will continuously challenge land managers and researchers. With the
increased rate and number of exotic species invasion, herbicide treatment will most likely
become the widely used technique to control invasive species in the future. But, the effort
of invasive species control should not ignore the belowground effects of invasive plants
in the Florida Everglades ecosystem, especially when it is undergoing a major
hydrological shift as an effort for restoration. Understanding the soil nutrient and
microbial dynamics will provide opportunities to develop a successful integrated
management technique. I believe a complete understanding of the soil ecosystem is
necessary before adopting a management technique to achieve a successful long-term

invasive species management strategy in the south Florida Everglades.
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