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Figure 3 The relationship between soil microbial respiration and temperature (Flanagan
and Veum, 1974)

The carbon cycle is initiated through photosynthesis by plants, where CO; from the
air was fixed and converted into organic carbon compounds, and stored in the grown
tissues. The CO; is released back in to the atmosphere through plant respiration and
microbial respiration.

During the litter decomposition, the releasing of carbon combined with nitrogen
immobilization gradually decreased with carbon-nitrogen ratio decreasing. Similarly,

phosphorus and sulfur may also increase during initial phases of decomposition (Luo and

Zhou, 2006).

Additionally, as a result of the carbon and nitrogen mineralization processes in the
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litter and organic matter (SOM), the rate of nitrogen mineralization often tended to have a
positive correlation with microbial respiration (Luo and Zhou, 2006). Zak et al. (1999)
studied carbon and nitrogen released from labile SOM in five forests of Michigan, there
was a correlation between the mineralized nitrogen (Ny,,) and microbial respiration (Ry,):
Rm = 15.9 Npint27.4 with r=0.853 and n=154. Similar relationships between net carbon
and nitrogen mineralization were also found in organic soils (Eriksen and Jensen, 2001).
So in the current study, a regression was also applied in between the nitrogen
mineralization and microbial respiration to see the relationship between mineralization
and microbial respiration.

The global soils contained as much as 3150 Pg C (1 Petagram = 1 billion tons),
including 450 Pg C in wetlands, 400Pg C in permanently frozen soils, and 2300 Pg C in
other ecosystems (Luo and Zhou, 2006). While the carbon pool size in the atmosphere
was only 750 Pg C. So soil respiration plays a critical role in carbon cycling at both
regional and global scales. Several studies had compiled data from field analysis and
estimated the global respiration. A study estimated the global soil respiration rate at 77Pg
C yr'' with a global model (Raich and Potter, 1995). Soil respiration releases carbon from
the soil pool at about four times that of the atmospheric pool (Luo and Zhou, 2006). Thus,
a small change in the soil respiration could seriously change the CO, balance in the
atmosphere. So in the present study, the respiration rate of soils under rhizosphere and

non-rhizosphere of different plants were analyzed to see if there is a significant difference
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between them.

Kourtev et al. (1999) found exotic plant species enhanced respiration of the soils and
the potential rates of mineralization. However, Ehrenfeld et al. (2001) obtained
completely opposite results for those two processes using a different set of exotic species.
Moreover, adding different substrates could accelerate the respiration rate in soil. By
adding different substrates to the soils can promote the respiration rates at different levels.
Results had shown that adding carboxylic acids as the substrate, rhizosphere soils tended
to have higher respiration activities than non-rhizosphere soils without substrates or with
other substrates (Kourtev et al., 2002).

2.3.2 Enzyme activity

Early indicators of ecosystem stress may function as “sensors”; sensitively warn us
about soil degradation or changes (Aon and Colaneri, 2001). The classical and slowly
changing soil properties under the native plant species have significant difference
compare to exotic soils, such as organic matter contents and soil enzyme activities (Dick,
1994; Aon and Colaneri, 2001). Soil enzymes are mainly produced by plants and
microorganisms (e.g., bacteria and fungi). They are proteins made from amino acids.
When they are formed, they make stringing together between 100 and 1,000 amino acids
in a very specific and unique order. Then the amino acids chain folds into a unique shape.
The specific shape allows the enzyme to carry out specific reactions, and it can be very

rapidly and efficiently. Figure 4 showed how maltose (it is made of two glucose
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molecules bonded together) broke down into two glucoses with reaction on a maltase

enzyme.
.r"' -.‘\Tarrns.e il k{i ucose
{ {\. )
J/_\}._/ \ I
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1 2 4
Figure 4 Mechanism of enzyme breaking down cell molecules. Maltose is made of two
glucose molecules bonded together. The maltase enzyme is a protein that is perfectly
shaped to accept a maltose molecule and break the bond. A single maltase enzyme can
break in excess of 1,000 maltose bonds per second; this is a very efficient reaction.

It was mostly known that bacteria grew in environment of pH range from 4 to 9, and
fungi grew better in more acidic environments, pH range from 4 to 9. Each type of those
enzymatic reactions takes place at a certain pH. Thus, the soil pH plays a important role
of the enzyme activity of the soil microbe (Aon and Colaneri, 2001).

Studies had shown specific relations between enzyme activity and certain microbes.
Some enzymes functions were associated with the microbes themselves, such as
dehydrogenase activity of which mainly located in the membranes of fungi. Other
enzymes, such as phosphatase are secreted extracellularly by bacteria or fungi. These
extracellular enzymes may involve in biogeochemical process in the soil matrix.

B-glucosidases are enzymes widely distributed in nature and are involved in the
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saccharification of cellulose (Tabatabai, 1994); phosphatases are involved in the
transformation of organic and inorganic phosphorus compounds in soil (Amador et al.,
1997).

Most studies on soil enzymes are representatives of major nutrients cycles (Carbon,
Nitrogen, Phosphorus) (Aon and Colaneri, 2001). Three physicochemical properties of
soil, organic carbon content, total nitrogen, and water-filled space, exhibited strong
relationships with the enzymatic activity (acid and alkaline phosphatase, and
B-glucosidase) measured irrespective of season and presence of crops. Also some enzyme
activities are most sensitive in the soil depth of 5 to 10 cm (Aon, 2001). Higher enzyme
activities were shown under native plant in Hawaii, specifically, 50 umol pNP g soil h™
compared to 150 umol pNP g™ soil h™' of acid phosphatase activity; 3 umol pNP g soil
h"' compared to 8 umol pNP g” soil h”' of N-releasing enzyme activity. Different
enzymatic activity showed different relationships between the nutrients content. Organic
carbon and total nitrogen had strong links between enzymatic activities since both are
main constituents of soil organic matter and thus of substrates for enzyme degradation.
B-glucosidase and urease are enzymes related to C and N cycles in soil. Urease activity
increases with a decreasing of C/N ratio. Respectively, it correlates negatively with
organic carbon (r= -0.51) and positively with total nitrogen (r= 0.72). Aon (2000) found

that the fluorescein diacetate hydrolysis activities correlated positively to organic carbon
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(r=-0.58) and negatively to total nitrogen (r=-0.787). Dehydrogenase activities whereas
correlated negatively to organic carbon (r=0.68) and positively to total nitrogen (r=-0.63).
2.4 Native and invasive plants
2.4.1 Ficus

Ficus aureais the strangler fig. It tends to establish on a host tree in which it
gradually encircles and "strangles", eventually taking the place of that tree in the forest
canopy. Its native range includes Florida, northern Caribbean, Mexico, and south central
America (Swagel et al., 1997).

Ficus microcarpa was widely distributed as an ornamental plant and is one of the
most common street trees in warm climates. The tree is considered a major invasive
species in Hawaii, Florida, Bermuda, Central America, and South America (Carauta et al.,

2002).

Species Distribution Map Species Distribution Map
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Figure 5 Distribution of Ficus microcarpa (exotic) and Ficus aurea (native) in Florida
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2.4.2 Lantana

Lantana camara has been introduced into other parts of the world as an ornamental
plant and is considered an invasive species in many tropical and sub-tropical areas
(Sanders, 2012). It has been naturalized in the United States, particularly in the Atlantic
coastal plains, from Florida to Georgia, where the climate is close to its native climate,
with high heat and humidity (Florida Exotic Pest Plant Council, 2005).

Lantana involucrata is supported by many stiff lateral roots and abundant fine roots.
The native range of Lantana involucrata includes southern Florida, the West Indian
islands, Mexico through northern South America bordering the Caribbean, and the

Galéapagos Islands (US Forest Service).
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Figure 6 Distribution of Lantana camara (exotic) and Lantana involucrata (native) in
Florida
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2.4.3 Schinus
Schinus terebinthifolius (common name is Brazilian pepper) is a species of flowering

plant in the cashew family, Anacardiaceae, is native to subtropical and tropical South
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America. It was introduced to Florida and has spread rapidly since about 1940 (Ewel

1986), replacing native plants, like mangroves, with thousands of acres occupied.
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Figure 7 Distribution of Schinus terebinthifolius (exotic) in Florida
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Chapter 3 Materials and methods
3.1 Sampling design

In this study, all soil samples were collected from Tree Tops Park in Broward County,
FL, on May 6, 2014. Five plant species were chosen from 3 genera, as shown in Table 1.
Within each genus, 1 to 2 species were chosen, at least one exotic plant for each genus.
Three replicates of each soil sample were taken from both rhizosphere and
nonrhizosphere of each plant. Roots and rhizosphere soils were carefully separated. The
roots and rhizosphere soils were transferred to separate plastic bags, transported to the
laboratory. A portion of the soils for nutrient analysis were stored at -20°C until being
processed. Another portion of soils for enzyme activity and microbial respiration analysis
were processed within 24 hours after sampling. The sampling location for each plant and

sampling time was listed in Table 2 and Figure 8.
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Table 1 Description of native and exotic plant species used in the study.

Genus Species Common Name Native status
Lantana camara Lantana Exotic
Lantana involucrata Buttonsage Native
Ficus microcarpa Indian laurel Exotic
Ficus aurea Strangler fig Native
Schinus terebinthifolius Brazilian pepper Exotic

Table 2 Sampling sites in Tree Tops Park of Broward County, FL.

Plants names Latitude Longitude Sampling time

Lantana camara-1 -80.27981166 26.07053472 2014/05/06 13:59
Lantana camara-2 -80.27968383 26.07055086 2014/05/06 15:30
Lantana involucrata-1 -80.27906165 26.06534326 2014/05/06 12:07
Lantana involucrata-2 -80.27945132 26.06967738 2014/05/06 15:03
Ficus microcarpa-1 -80.27665663 26.06899258 2014/05/06 14:38
Ficus microcarpa-2 -80.27608734 26.06632194 2014/05/06 13:15
Ficus aurea-1 -80.27717766 26.06574975 2014/05/06 14:31
Ficus aurea-2 -80.27645764 26.06877352 2014/05/06 14:02
Schinus terebinthifolius-1 | -80.27948577 26.06930853 2014/05/06 15:16
Schinus terebinthifolius-2 | -80.27915544 26.06888202 2014/05/06 15:08
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Figure 8 Distribution of sampling sites in Treetops Park, FL.

3.2 Lab analysis
3.2.1 Total Carbon and Nitrogen

I dried 5 grams of each wet soil sample in a drying oven at 65 degree Celsius for 24
hours. All samples were cooled to room temperature before taking out from the oven to
avoid moisture absorption. Then dry soil samples were sieved and ground with sieve at
20um. I weighed 1 to 1.5 grams of dry soil into aluminum foil and wrapped the samples
into a small ball. I entered the weight of the corresponding sample and sample IDs into
computer connected with gas chromatography. Before each run of the gas
chromatography, I checked for leaks and tested the accuracy of the machine with

factory-made soil samples. The standard curve I created had a nearly perfect correlation
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(r* >0.99). Then total carbon and nitrogen were measured automatically. During the
measuring process, proper care was taken every 30 minutes to check if the samples
passed through the cylinder and went into the furnace successfully.
3.2.2 Available Phosphorus

The available phosphorus was extracted by Olsen's sodium bicarbonate method
(Olsen et al., 1954). The reagents were extraction reagent, mixed reagent,
coloring-developing reagent and phosphorus standards. The extraction reagent was a 0.5
N sodium bicarbonate (NaHCO3): I dissolved 42.0 g sodium bicarbonate in water in a
1,000mL volumetric flask and adjust the pH to 8.5 by adding sodium hydroxide (NaOH).
The mixing reagent was a mixture of ammonium molybdate solution (12.0 g dissolved
into 250 mL DI water) and antimony potassium tartrate solution (0.2908 g dissolved into
500 mL 5 N sulfuric acid), then mixed in a 2,000 mL volumetric flask and brought to the
volume with DI water. The coloring-develop reagent was made by dissolving 0.739 g
ascorbic acid into 140 mL mixing reagent. I dissolved 0.4394 g commercially prepared
monobasic potassium phosphate standard into 1,000 mL DI water and added 5 drops of
toluene to make the standard solutions. The solution contained 100 mg P mL™. Then I
pipetted 1, 2, 5, 10, 20, and 30 mL of the 100 mg P mL"! solution into 100 mL volumetric
flasks and brought to the volume to produce 0.1, 0.2, 0.5, 1.0, 2.0, and 3.0 mg P mL™!

working P standard, respectively.
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The soil samples were extracted by mixing 2.5 g of air-dry, 2 mm mesh sieved soils
with 50 mL extraction reagent into a 250 mL extraction bottle. Then the bottles were
shaken for 30 minutes on a reciprocating shaker. I filtered and collected the filtrate with 8
um Fisherman filter paper. Then I pipetted 5 mL extracted soil sample solutions and
working phosphorus standards into test tubes. All test tubes were washed with liquid-Nox,
0.1 N HCI, and DI water. I added 5 mL of coloring-develop reagent slowly and carefully
to prevent loss of the samples due to excessive foaming. I added 15 mL DI water and
mixed thoroughly. Let them stand for 15 minutes and measured the color intensity at 880
nm. If the color were too intense (upper limit is 2.5 % T), I diluted the solution 10 times
by adding 1 mL of the color-developed samples into 9 mL DI water.

3.2.3 Viable Heterotrophic Microbial Population

The most common procedure for the enumeration of viable heterotrophic bacteria
and fungi was the viable plate count (Van der Puttern et al., 1993). In this method, serial
dilutions of a sample containing viable microorganisms were plated onto a suitable
growth medium. The plates were then incubated under conditions that allow microbial
reproduction so that colonies developed to a size that can be seen without the aid of a
microscope. It is assumed that each bacterial colony arose from an individual cell that
had undergone cell division. Therefore, by counting the number of colonies and
accounting for the dilution factor, the number of bacteria in the original sample could be

determined.

22



To prepare Tryptic Soy Agar media (TSA), I mixed 2 g TAS and 7.5 g Bacto Agar
with 500mL of DI water in a 1000mL glass bottle thoroughly, autoclaved the bottle with
liquid setting. After I took out the bottle with gloves, and left it cool in water bath set at
60 degree Celsius. I added a sterilized magnet into the bottle and mixed the media well.
Then I dissolved 50mg of cyclohexamide with 10mL DI water in a 10mL beaker and
filtered the cyclohexamide solution with 0.2um nylon membrane and 25mm syringe in
the hoods, then covered with parafilm. I added the cyclohexamide into agar and mixed
again and poured plates in the sterilized hood.

To prepare Rose Bengal Agar media (RBA), [ mixed 15.8 g RBA with 500 mL of DI
water in a 1000 mL glass bottle thoroughly, autoclaved the bottle with liquid setting.
After I took out the bottle with gloves, and left it cool in water bath. Then I poured plate
in the sterilized hood.

Note that before autoclaving, I checked the water level of the autoclave. Also, I
loosed all the bottle lids to balance the pressure. After pouring plates, I left all the petri
dishes in the hood for at least 30 minutes to avoid condensation.

To dilute the soil samples, I pooled together three replicates of each soil sample, and
mixed the pooled samples thoroughly. Then I weighed 1 g of each mix fresh soil sample
and poured them into the test tubes. [ added 9 mL of autoclaved tap water into the tube to
make 10 times dilution of the soil sample. I used vortex to mix the solution well and kept

diluting till 10” under aseptic environment. Then I used sterilized pipettes transfer 0.1 ml
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of diluted solution to plates filled with agar. The selection of dilution, types of media,
incubation period, and counting frequency were different as shown in table 3. I spread the
inoculum on the surface of the agar with sterilized spreader and concealed the petri dishes
with clean parafilm. I incubated bacteria in incubator set at 65°C, and RBA at room
temperature in dark for 7 days. I counted the number of colonies each day until the
number became stable.

The final unit of measure was the number of colony-forming unit (CFU) g ds.

CFU/g ds = CFU X Dilution/0.1g X Fraction Dry

Table 3 Experimental design of viable microbial population analysis

Microbial type | Dilution Frequency Media Days
Bacterial 10° 24h TSA 7
Fungus 10 24h RBA 7

For bacteria counts, if the number of colonies was greater than 300, I used 10
dilution of soil samples. For fungi, if the number of colonies was greater than 300, I used
10 dilution of soil; if the number of colonies was less than 50, I used 107 dilution of soil
samples.

3.2.4 Respiration rate

Since the soil samples were generally dry, they were diluted with DI water and into
1:1(weight based) slurry before adding them into 20 mL vials. I weighed and kept record
of the vials weights, labeled them with their sample names. I weighed 3 g of soil samples
to 10 mL plastic cups, then added 3 mL of DI water into the soil samples and mixed well.

I pipetted 2mL of the slurry into its vial, then weighted and kept record of the wet soil
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and vial weights. I capped the vials with rubber lids, and then seal them with aluminum
caps. After 4 days of incubation, I ran the samples on gas chromatography machine.
This gave me the CO; and CH,4 concentration in each vial.

3.2.5 Enzyme activities

The objective was to determine the enzyme activity in dilute soil solutions using a
rapid fluorometric assay with the fluorescent model substrate 4-methylumbelliferone
(MUF) (Sinsabaugh et al., 1997). I used assays to determine 3 enzyme activities: alkaline
phosphatase (P), PB-1-4-glucosidase (C), and p-N-acetylglucosaminidase (N). The
substrates for each of these enzyme assays were: 4-methylumbelliferyl-phosphate
(MUF-P), MUF-B-D-glucoside (MUF-C) and MUF-N-acetyl-B-D-glucosaminide
(MUF-N). Enzyme activity was determined by subtract the amounts of fluorescent
substrate liberated after incubation time from the amounts of fluorescent substrate
liberated at the initial time.

I made two types of buffers (Morpholinoethanesulfonic acid and Trisaminomethane) ,
3 types of substrates (MUF-C, MUF-N and MUF-P), and 1 series of standards.

To prepare the Morpholinoethanesulfonic acid (MES) stock solution (100 mM), I
dissolved 1.953 g MES in 100mL distilled, deionized water (DDIH,0) and adjusted pH
to 6.0 (+0.1) by dropwise addition of sodium hydroxide (NaOH) and hydrochloric acid
(HCI). Approximately 1 drop equals 0.05 mL. I pipetted 25 mL of MES stock solution

into a 500 mL volumetric flask and brought to the mark with DDIH,O to get MES
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working solution (5mM). To make the Trisaminomethane (Trizma) stock solution (100
mM) I dissolved 1.280 g of Trizma pre-set crystals (pH=8.7) in 100 mL DDIH,O. Then I
adjusted the solution pH to 8.7 (£0.1). I pipetted 25 mL of Trizma stock solution into a
500 mL volumetric flask and brought to the mark with DDIH,O to get Trizma working
solution (5SmM).

For making substrates solutions, all substrates powders were dissolved in buffer
solutions of 5 mM. I dissolved 1.692 mg MUF-C (fw=338.3 g mole™) in 100 mL MES
working solution; 1.897 mg MUF-N (fw=379.4 g mole™) in 100 mL MES working
solution; 1.281 mg MUF-P (fw=256.2 g mole™) in Trizma working solution.

For MUF standard stock solution (I mM), I dissolved 1.982 mg MUF (fw=198.2 g
mole™) in 10 mL methanol within a plastic scintillation vial. I made sequential dilutions
using DDIH,0O and started with the stock standard following the Table 4. All standards
were kept in freezer in plastic scintillation vials.

Enzyme activity analyses were conducted within 24 hours of sample collection. I
removed substrates from the freezer and melt completely. Soil samples were made into
1:1 slurry and then diluted into 1x107 solutions. I added 200 pL of diluted soil solution
and 50uL of each substrate solution into the multiwell plate. Each multiwell plate had 8
rows and 12 columns. Each sample was filled into the same column, which means 8

replicates for each sample. Incubate in the dark at 25 °C. The incubation periods for
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MUF-N and MUF-C were 24 hours; the incubation time for MUF-P was 2 hours. At the

end of the incubation time, I added 10 pL of 0.1 M NaOH to all cells to stop the reaction.
Then the samples were run on the Biotek plate reader. The settings for the plate

reader and well assignment for the standard curve are shown in table 5. The amount of

Absolute Fluorecence Units (AFU) were calculated referring to the standard curve.

Table 4 Standard solutions procedures.

Initial Volume of | Volume of DDI | Final
concentration  of | initial MUF | water (mL) concentration of
MUF (uM) (mL) MUF ((pM)
1000 2 18 100

100 2 18 10

100 1.25 18.75 6.25

10 5 15 2.5

10 2.5 17.5 1.25

10 1.875 18.125 0.9375

10 1.25 18.75 0.625

10 0.625 19.375 0.3125

10 0.25 19.75 0.125

0.625 2 18 0.0625
0.125 2 18 0.0125
0.0625 2 18 0.00625

Table 5 Well assignment for the standard curve. This table shows the first row.

blank | 0 | 0.00625 | 0.0125 | 0.0625 | 0.125 | 0.3125 | 0.625 | 0.9375 | 1.25 | 2.5 | 2.5

Each plate had 12 columns and 8 rows. Table 5 shows the first row of the plate I
designed for calculating the standard curve. All the 7 other rows were replicates of the
first row. I used the average value of the first column as blank, which is Vy,. Then I
subtracted all AFU values of the last 11 columns from Vyto get the real AFU values of

the standards. I used the value I got from the second step to get the average fluoresces of
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each column. When making the standard curve, the Y-axis was the concentration of the
substrate (uM or umole/L), and the X-axis was the means of AFUs (without any unit or
the unit is 1). I used the linear regression to get the R?, the slop and Y- intersection.

On the basis of the value I got from the soil, they were relatively low, so I changed
the range of X-axis smaller to make sure in the regression step the values were in the

middle of the standard curve.

3.3 Data statistical analysis

The purpose of the study is to find out the soil characteristics that change under
native and exotic, so the statistical analysis can show the significance level of changes.

The correlation coefficients between two different parameters are calculated in
Matlab 2012a (Mathworks, Natick, MA) with a p-value less than 0.05 regarded as
significant.

One-way analysis of variance (ANOVA) is conducted using Matlab (2012a)
statistical toolbox to determine whether there are significant differences between pairs of
native and invasive soil samples. The pairs include: all native versus invasive samples, LI

versus LR, FA versus FM, LI versus ST, and FA versus ST.
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Chapter 4 Results

Statistical analyses were conducted on the rhizosphere soil geochemical properties
between native and exotic plant species, including available phosphorus, organic matter,
total nitrogen, total carbon, and pH. Their means and standard deviations are shown in
Figure 9. The P-values calculated from ANOVA are shown in Table 6. Because there
were no rhizosphere soil samples of native Schinus genus, exotic Schinus terebinthifolius
(ST) were compared with native plants of two other genera, Lantana involucrata (LI) and
Ficus aurea (FA).

The overall available phosphorus contents in rhizosphere soils under native plants
were significantly lower than those in rhizosphere soils under exotic plants
(P-value=0.0340). The soil available phosphorus content under L. involucrata (LI)
(0.226%) was significantly higher than that under Lantana camara (LC)
(0.178%)(P-value<0.0001). While rhizosphere soils under FA and Ficus microcarpa (FM)
had no significant difference in available phosphorus content. However, rhizosphere soil
under ST contains significantly lower available phosphorus than that of FA
(P-value=0.0035).

Generally, the rhizosphere soil organic matter contents under native plants were
significantly higher than soil under exotic plants (P-value=0.039). Brazilian pepper was
able to survive in soils of much lower organic matter content (10.2%) and available

phosphorus content (0.196%) than other native plants. While the native and exotic
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Lantana both lived in soils of higher organic matter soils, and there were no significant
difference between the organic matter content in their rhizosphere soils (P=0.2672).

Both TN and TC content in soil also were higher in rhizosphere soils under exotic
plants than native plants (TN, P-value=0.0067; TC, P-value=0.0243). Though soils under
LI (native) was presenting similar TN values compare to LC(exotic), all the other native
plants tended to have more TC and TN in their rhizosphere soils.

The rhizosphere soil under LC (exotic) was found to have higher pH than the native
soils (P=0.0216). While, rhizosphere soil under FM (exotic) had lower pH values than
those under FA (natives) (P=0.0487). And soil under Brazilian pepper lived in soil more
alkaline than other plants, but the pH value was not statistically significant.

ANOVA was conducted on the soil’s biogeochemical properties between native and
exotic plant species, such as enzyme activities, soil microbial respiration and viable
microbial population. Their means and standard deviations are shown in Figure 10.
P-values calculated from ANOVA are shown in Table 7.

The phosphatase activity of soil under Brazilian pepper was much higher than all
soils under other plants (FA vs ST, P=0.0263; LI vs ST, P= 0.0258). Compared this result
to the available phosphorus content in soil, I found out that the lower the phosphorus
availability, the higher the enzyme activity will be.

The glucosidase activity did not have much difference between native and exotics

soils. While the acetylglucosaminidase activities between native and exotic soils were all
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significant difference. For Lantana, the exotic species had higher glucosidase activities.
While, the exotic Ficus species had lower enzyme activities. Different plants had
different levels of influences on the soil microbial behaviors.

Soil microbial respiration rate also varied in between different plant-soil
interactions. The native and exotic plants of Lantana and Ficus changed the soil
microbial respiration rate. The natives had significant higher rates than the exotic species
(Lantana, P<0.0001; Ficus, P<0.0001).

Variation in viable heterotrophic fungal and bacterial population (CFU) due to host
induced rhizosphere factors was expected under different plant species. The heterotrophic
bacterial population was found to be highest under Brazilian pepper than in soils under
other plants. In case of Lantana, both native and the exotic showed no significant
difference in heterotrophic microbial population (Fungi, P=0.1503; Bacteria, P=0.1753).

ANOVA was also used to compare the difference between the rhizosphere and
nonrhizosphere soil geochemical status of each plant species, each single plant soil
sample had three replicates. The results also suggested that the rhizosphere and
nonrhizosphere soil under both native and exotic plants were significantly different. As
shown in Figure 11 and Table 8, available phosphorus contents were different between
different plant species in both rhizosphere and nonrhizosphere. At the mean time, there
was no significant difference between rhizosphere and nonrhizosphere of each plant

species (Lantana, P=0.6664; Ficus, P=0.3879; Schinus, P=0.1439). In general, the
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available phosphorus did not vary much from rhizosphere to nonrhizosphere. The organic
matter, total carbon, total nitrogen content and pH for rhizosphere and nonrhizosphere of
Lantana were not different (OM, P=0.7499; TC, P=0.4843; TN, P=0.9619; pH,
P=0.4052). This result may need to correct, because some of the nonrhizosphere soil were
collected relatively close to the plants roots. The plant stands were much smaller than
other plants, so I assumed the rhizosphere were smaller. This assumption might be wrong.
The other plants all showed significantly higher TN, TC and OM content in rhizosphere
than those in nonrhizosphere. The nonrhizosphere soils had more acidic pH compared to
that of the bulk soil or nonrhizosphere soils. This was the result of plant soil interactions.
The plants were capable of secret nutrients from their roots system, during which
increased the nutrients contents in soil. Also it was generally known that Florida soils
were mostly alkaline as the result of having the bedrock of limestone. So plant-soil
interaction was able to adjust the soil to a more neutralized pH. The average pH in
rhizosphere is 6.93, while 7.35 in nonrhizosphere.

ANOVA was used to compare the difference between the rhizosphere and
nonrhizosphere soil biogeochemical status of each plant species, and all results are shown
in Figure 12 and Table 9. The average phosphatase activity and acetylglucosaminidase
activity were significantly different. Overall, the EAP was higher in nonrhizosphere soil
(P=0.0018), while the EAN was higher in the rhizosphere (P=0.0002). And EAC did not

show significant difference between rhizosphere soil and nonrhizosphere soil (P=0.1001).
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This suggested that plants tended to live in soils content higher available phosphorus.
This also explains the limiting nutrients for plants to grow in Florida is phosphorus.
There was no significant difference between EAC in nonrhizosphere and rhizosphere.
This suggested the available carbon content was very much enough, so that the
rhizosphere biota didn’t need to take extra effort to supply the plants with more carbon
compounds. The respiration rate in rhizosphere and nonrhizosphere was very different
(P<0.0001). In the study, I only analyzed aerobic respiration rate, because the plants were
living in high lands and soils were collected from the soil surface layer. The rhizosphere
soil produced more carbon dioxide than nonrhizosphere soil. This was the result of
microbial respiration. The soil-biota interaction supplied plants with nutrients, broke
down the organic form of nutrients, decomposed the dead leaves and roots, and in these
processes, more carbon was released. There was no significant difference between the
viable fungi amount in soil (P=0.317). But the difference between bacteria amount was
very significant for all the plants species (Lantana, P=0.0044; Ficus, P=0.0410; Schinus,
P<0.0001). This result was only an indicator showing the viable microbes. There were
also much more microbes not viable for my experiment. And Brazilian pepper as a very
invasive plant species, the bacteria amount in rhizosphere soil was about 10 times higher
than those of the others plant species. This might be a major reason for this plant to

spread so rapidly.
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Correlation coefficients were calculated between each two parameters for all the
plant species. The scatterplots and histograms were shown in Figure 13, and the
correlation coefficients were shown in Table 10. The total carbon had a strong positive
relationship with total nitrogen (’=0.6618) and organic matter content (*=0.5692). This
maintained the soil with a constant carbon and nitrogen ratio, and plants benefited from
the certain C: N in their growth. Also organic matter correlated positively with both total
nitrogen and total carbon. Soil microbial respiration rate correlated with the organic
matter content, total nitrogen content and total carbon content positively, while negatively
correlated with EAC. This shows that soil respiration could be a good indicator for

nutrient enrichment. They other parameters were not strongly correlated.
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Figure 9 Comparison between soil geochemical statuses in rhizosphere underneath native
and exotic plants species. NT is native species; IV is invasive species; LI is Lantana
involucrate; LC is Lantana camara; FA is Ficus aurea; FM is Ficus microcarpa; ST is
Schinus terebinthifolius. Circles indicate the arithmetic means and vertical bars are
standard deviations. P% is available P percentage in soil; OM% is organic matter

percentage in soil; TN is total nitrogen content in soil; TC is total carbon content in soil.

Table 6 P-values for ANOVA between native and invasive plant species. P<0.05 are
considered significant different.

P-values %P OM% | TN TC pH

Native vs Invasive 0.0340 | 0.0391 | 0.0067 | 0.0243 | 0.3837
LIvs LC <0.0001 | 0.2672 | 0.1366 | 0.0365 | 0.0216
FA vs FM 0.9957 | 0.0806 | 0.0273 | 0.0742 | 0.0487
LIvs ST 0.2229 | 0.0296 | 0.1119 | 0.5155| 0.1757
FA vs ST 0.0035 | 0.2107 | 0.0672 | 0.0694 | 0.1490
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Figure 10 Comparison between soil biogeochemical statuses in rhizosphere underneath
native and exotic plants species. NT is native species, IV is invasive species, LI is
Lantana involucrate, LC is Lantana camara, FA is Ficus aurea, FM is Ficus microcarpa,
ST is Schinus terebinthifolius. Circles indicate the arithmetic means and vertical bars are
standard deviations. EAs are all enzymatic activities, P is for alkaline phosphatase, N is
for B-N-acetylglucosaminidase, C is for B-1-4-glucosidase.

Table 7 P-values for ANOVA between native and invasive plant species. P<0.05 are
considered significant different.

P-value EAP EAN | EAC Respiration | Fungi | Bacteria
Native vs Invasive | 0.1670 | 0.0131 | 0.7639 | <0.0001 0.0016 | 0.6219
LIvs LC 0.0533 | 0.4347 | 0.0329 | <0.0001 0.1503 | 0.1753
FA vs FM 0.8635 | 0.0123 | 0.0173 | 0.0238 0.0014 | 0.0003
LIvs ST 0.0258 | 0.3827 | 0.0559 | 0.5336 0.0004 | 0.0068
FA vs ST 0.0263 | 0.1004 | 0.0225 | 0.4844 0.0004 | 0.0100
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Figure 11 Comparison between soil geochemical statuses in both rhizosphere and
nonrhizosphere of native and exotic plants species. AR is average of rhizosphere; AN is
average of nonrhizosphere; LR is rhizosphere of Lantana; LN is nonrhizosphere of
Lantana; FR is rhizosphere of Ficus; FN is nonrhizosphere is Ficus; SR is rhizosphere of
Schinus; SN is nonrhizosphere of Schinus. Circles indicate the arithmetic means and
vertical bars are standard deviations. P% is available P percentage in soil; OM% is
organic matter percentage in soil; TN is total nitrogen content in soil; TC is total carbon
content in soil.

Table 8 P-values for ANOVA between rhizosphere and nonrhizosphere of native and
invasive plant species. P<0.05 are considered significant different.

P-value %P OM% TN TC pH

AR vs AN | 0.5446 0.0009 0.0038 0.0191 0.0008
LR vs LN | 0.6664 0.7499 0.9619 0.4843 0.4052
FRvs FN | 0.3879 <0.0001 0.0019 0.0019 0.0007
SRvs SN | 0.1439 0.0283 0.1793 0.4848 0.0005
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Figure 12 Comparison between soil biogeochemical statuses in both rhizosphere and
nonrhizosphere of native and exotic plants species. AF is average of rhizosphere; AN is
average of nonrhizosphere; LR is rhizosphere of Lantana; LN is nonrhizosphere of
Lantana; FR is rhizosphere of Ficus; FN is nonrhizosphere is Ficus; SR is rhizosphere of
Schinus; SN is nonrhizosphere of Schinus. Circles indicate the arithmetic means and
vertical bars are standard deviations. EAs are all enzymatic activities, P is for alkaline
phosphatase, N is for B-N-acetylglucosaminidase, C is for B-1-4-glucosidase.
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Table 9 P-values for ANOVA between rhizosphere and nonrhizosphere of native and
invasive plant species. P<0.05 are considered significant different.

EAP EAN EAC Respiration | Fungi Bacteria
ARvsAN |0.0118 0.0002 0.1001 <0.0001 0.3127 0.0244
LR vs LN 0.3530 0.0019 0.8197 0.3348 0.0010 0.0044
FR vs FN 0.0003 0.0298 0.0050 <0.0001 0.6207 0.0410
SR vs SN 0.2061 0.2904 <0.0001 | 0.0021 0.4594 <0.0001
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Figure 13 Correlation analysis between each other parameter. The red dots plots mean the
correlations are positive and significant. The blue dots plots mean the correlations are
negative and significant. The black dots plots mean the correlations are not significant.
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Table 10 The correlation coefficients and significance values between parameters.
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Chapter 5 Conclusion and discussion

This study showed that different invasive plants changed the soil biogeochemical
processes in different ways and at different levels. Even the plants from the same invasive
plant species were differ in those biogeochemical processes, if the underneath soils were
different. Brazilian pepper is a very wide spread invasive plant in south Florida. The
viable heterotrophic bacteria population in the soil under Brazilian pepper was 10 times
greater than the others. Also they could live under conditions of significant lower
available phosphorus than other plants. In addition, the phosphatase activity in soil under
Brazilian pepper was significantly higher than other plants. This suggested Brazilian
pepper might be able to support population increase and activity of phosphorus
solubilizing bacteria to grow. The bacterial have huge community population, and they
secret enzymes to break down organic phosphorus in soil into available phosphorus, thus
supply the plant with the nutrient. This process assists Brazilian pepper to spread in
barren soils where other plants can barely survive.

For later study, the nutrient amount in plants root, branches and sprout should also be
analyzed. Because just by looking at the nutrient content in soil is only part of the
nutrient cycle, which is not complete. In that way, we can tell if the plant is really in need
of phosphorus to survive. Also I will do experiment to test if there is such specific type of

mutualism bacteria in the rhizosphere soil to assist survival of invasive plant species.
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The respiration rates in soils under native and invasive plants were significantly
different. And all the soils under invasive plants had higher respiration rate. This showed
that invasive plant help the soil released more carbon into the air. In this way, the carbon
pool in soil become smaller with the increase amount of invasive plants. This indicated
that invasive plants were possibly able to stimulate increased biological activity in the
soil and took advantage of it for their growth and spread. For further study, the anaerobic
respiration rate should also be included. Some bacteria decompose soil organic matter
under anaerobic conditions; this may be of relevance to invasive plant species growing
under submerged or semi-submerged conditions.

The enzyme activity for study did not give us much results. Only a small portion of
the results gives me low significant P values.

In this study, the plants were originally chosen in pairs, each genus had two species
(one native and one invasive). This could help make better comparison than the Shcinus.
The native Schinus molle was present in California, in South Florida related species such
as Toxicodendron sp. and Metopium sp. within the family Anacardiaceae sp. were not safe
to handle and collect samples. The sampling location should be chosen away from the
street to avoid disturbance. I sampled one soil sample of the strangler fig tree by the
roadside which may introduce lots of disturbance to my results. Additionally, it is
important to have a good understanding of the range of rhizosphere of each plant. The

results of Lantana soil samples are not much significantly different. This was contrary to
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the result obtained from others. So the nonrhizosphere might be too close to the root
system. Small plants could have a huge root system and rhizosphere. Also the sampling
size needed to be bigger for each plant species, so that it would be better for statistical
analysis and the results can be more trustable.

Understanding the mechanism of soil biogeochemical processes will be applicable
for eliminating invasive plants. Understanding the different impacts of various invasive
plants on each specific type of soil biogeochemical process will be an efficient and
effective approach to understand the invasion process. Any direct or indirect nutrient
enrichment of natural area soil, particularly if the area is prone invasion by exotic plant
species should be paid additional attention, because this may help the invasive plants
overcome the limitation for their growth. Application of herbicides and pesticides should
also be reviewed, since that may create imbalance in the soil microbial population and

may favor invasive plants.
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