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Lonicera maackii is a great invader of temperate deciduous forests. Suppressive effects of 
native understory growth in areas inhabited by L. maackii are visible at Shelby Bottoms 
Greenway in Nashville Tennessee. Studies show that L. maackii impacts native 
understory through a combination of allelopathy and light-reduction. Quantifying 
allelopathy is thought to be possible via analysis of L. maackii and native-inhabited soils 
at Shelby Bottoms. In order to quantify differences in soil components, Caenorhabditis 
elegans chemotaxis assays were utilized. The natural history of C. elegans as a 
microbivore makes it a great candidate for soil assessment bioassays. Nematode 
attraction to sterile and non-sterile soils of native and invasive inhabited areas was 
assessed in four different bioassay treatments. Mean chemotaxis indexes (-1 < CI < 1) of 
four bioassay treatments were determined insignificantly different. However, the early 
soil collections displayed significant attraction to particular soil samples, showing that 
performing the experiment during the summer may result in better data. Reducing 
attractant variables will be necessary for future studies as well. Comparison of the 
attraction of C. elegans to Native-vs.-Invasive-inhabited soils may give insight for future 
research in ecological bioassays, nematode genomics, and soil ecology. 

 
INTRODUCTION 

 
In investigations of the effects invasive plant species have on a particular ecosystem, both 
positive and negative effects on native plant species have been observed. Essentially, each 
invasive species interaction within an ecosystem has its own set of nuances. Quantitatively, plant 
biomass, herbivory rates, and above and below ground competition are all measurable variables 
used in the assessment invasive impacts on ecosystems (Ehrenfeld 2003). New ways of 
quantifying ecological states are important in invasive species ecology, and opportunities to 
develop such methods need not be dismissed. At Shelby Bottoms Greenway in Nashville, 
Tennessee, there exist patches of land containing native and invasive plant species respectively; 
areas that will make possible the investigation of invasive vs. native soil composition as 
measured by Caenorhabditis elegans chemotaxis assays.   
 
A particular invader of interest is deciduous, shrub Lonicera maackii (Gorchov and Trisel 2003). 
Of the same biome as Nashville, the Greater Cincinnati area’s commonest shrub is L. maackii, 
making its dominance a potential reality in Middle Tennessee (Gorchov and Trisel 2003). In 
terms of its invasive niche, L. maackii is an upright shrub that can grow to heights of 15 meters 
and widths of 10 meters. Having plastic stem growth, it is able to both tolerate and profit from 
low and high levels of light exposure. Its seeds are also dispersed by birds and it produces fruit 
through the winter when competition for fruits are lowest. Finally, L. maackii has displayed 
reduced herbivory and longer leaf retention than native plants (Gorchov and Trisel 2003).  
 



 

 

Of these niche characteristics, the disruption of native understory growth can be viewed as 
somewhat of a hallmark of L. maackii invasive behavior (Collier et al. 2002). Studies suggest 
that it is unclear as to precisely how L. maackii effects growth and survival of native tree 
seedlings, but that likely culprits are a combination of allelopathic and light-reductive effects 
(Bauer et al. 2012). Further investigating the successful inhibition of L. maackii allelochemicals 
on seed germination in laboratory settings, Bauer, et al. show that allelochemical leachate from 
L. maackii extract can disrupt seed germination in both abiotic and microbial soil conditions. 
However, the positive or negative inhibitory effects on seed germination in defined microbial 
soils varied depending on the assessed species’ seeds. When comparing inhibitory effects of light 
reduction vs. allelopathy, both showed to have a positive effect on inhibiting seed germination 
(Bauer et al. 2012).  
 
Additional evidence for soil alterations induced by invasive plant species are variations in leaf 
litter decomposition between native and invasive inhabited areas. During a seventy-day 
experiment measuring leaf litter decomposition rates of native Acer rubrum and L. maackii 
leaves within L. maackii inhabited soil, A. rubrum showed greater rates of litter decomposition 
early in the experiment, but its rate was eventually surpassed by L. maackii by the end of the trial 
(Panvini 2013). This prior research provides data suggests that soils supporting invasive plant 
species at Shelby Bottoms Greenway bear the ability to decompose invasive leaves differently  
than native (Panvini 2013). This same invasive area was used in this experiment. 
 
With these studied mechanisms of L. maackii invasive effects, the question of how to measure 
such differences invariably arises. Detecting differences between chemical attractants is one of 
many functions that model organism Caenorhabditis elegans possesses. C. elegans are known to 
chemotax towards their food by means of olfaction (Bargmann 1993; Hart 2006). By sampling 
the soil in areas surrounding invasive and native plant species, C. elegans attraction towards soils 
from these plots can be examined through standard chemotaxis bioassays (Bargmann 1993). The 
preference that C. elegans has for one soil over another will be quantified by a chemotaxis index 
(CI); a score ranging from -1 to 1 where numbers closer to -1 or 1 denote stronger worm 
attraction to a particular attractant.  
 
Through abundance and community structure analyses, C. elegans has proved a sensitive 
indicator of stresses caused by ecological disturbances (Sochova et al. 2006). Together, these 
features make the use of N2-Bristol C. elegans well suited for use in bioassays involving soils. 
Currently, C. elegans is involved in ecotoxicological bioassays which function to elucidate the 
ecologic impact that heavy metals in soil have on soil inhabiting organisms (Tominaga et al. 
2008). Within environmental research, bioassays involving C. elegans have shown to be nearly 
as precise as individual chemical analyses in responding differently to soils of different 
composition. However, they provide greater insight than the instruments ever could on how 
ecological disturbances impact organisms (Sochova et al. 2006). The intention of this experiment 
is to determine how well C. elegans functions as a detector for differences in biotic or abiotic soil 
components from native and invasive-inhabited areas. 
 
It is hypothesized that mean CI scores within each of the four assays will differ significantly. 
Qualitative differences in both understory appearance and the varied rates of decomposition of 
invasive leaves are to be further quantified through C. elegans’ ability to detect subtle 



 

 

differences between native and invasive inhabited soils. By calculating the mean CI for each of 
four assay treatments, significant ANOVA results between mean scores of each group will 
denote soil identification capabilities by C. elegans. Additionally, the particular values of mean 
CI scores will leave room for further interpretation of the sensitivity by which C. elegans 
chemotaxes towards sterile and non-sterile soils in either area. It is hoped that chemotaxis 
bioassays will aid in determining differences in soil profiles within areas inhabited by native and 
invasive species in Shelby Bottoms Greenway. 
 
 
 
 
 
 
 
 
 
 

 
 



 

 

 
 
Figure 1. The schematic for all chemotaxis treatments run throughout the experiment. Sterility was achieved by 
autoclaving 1:1 ratios of soil to water. Non-sterile samples were not autoclaved. 
 

 
 
 
 
 
Figure 2. The equation used to calculate the CI score of each assay is represented here. The “total no. worms” in the 
denominator represents the total number of worms on a particular plate throughout the assay. 

 
 
 
 



 

 

RESULTS 
 

On October 18th of 2014, the first soil samples were collected, treated, and plated to procedure. 
A series of twelve assay dates followed through to November 13th. All CI scores were 
determined using the CI equation in Figure 2. The mean CI scores for each of the four assays 
were calculated for ANOVA analysis (Table 1). The CI scores for each sampling day were 
plotted (Figure 3). Temperature and Humidity data was collected through the National Oceanic 
and Atmospheric Administration website on each day of soil collection. Temperature Data is 
located in Table 3 in the Discussion section. 
 

 

Mean CI 0.0161 -0.029 -0.007 -0.049

Standard 0.2181 0.1512 0.0753 0.2086 
Table 1. Mean CI scores for the four chemotaxis treatments calculated from all twelve soil collection days.  
 

 
Figure 3. An expanded form of all twelve soil samplings and corresponding chemotaxis assays is depicted. Native 
(blue), Invasive (red), (+) control (green), and (-) control (purple) bars are values between 1 and -1 that represent the 
CI score calculated from the equation in Figure 2.  

 
 
 
 
 
 



 

 

DISCUSSION 
 

Contrary to expectations, the mean CI scores from this experimental design show that C. elegans 
chemotaxis towards soil samples is not sensitive enough to detect differences in native and 
invasive soils at Shelby Bottoms Greenway. C. elegans had little to no attraction to the soils used 
in any assay, where the CI score furthest from zero was found in (-) control assays at -0.049. Had 
the scores of each assay been continuously stronger (CI scores closer to 1 or -1), then we would 
see that C. elegans can consistently identify a particular soil. Moreover, C. elegans would be said 
to display an impressively sensitive chemosensory/olfactory capacity toward biotic or abiotic soil 
components.  
 
By expanding the CI scores by their soil collection dates, there appears to be a trend in attraction 
of worms to soils (Figure 3). In particular, assays performed on October 18th, 27th, and 
November 5th resulted in the following scores:  

Assay CI Score (Oct 18) CI Score (Oct 27) CI Score (Nov 5) 

Native -0.667 0.045 0.017 

Invasive  -0.423 0.041 -0.005 

(+) Control -0.162 0.002 0.072 

(-) Control -0.64 0.16 0.132 

Table 2. CI scores calculated on October 18th, 27th, and November 5th. 
 
As both Figure 3 and Table 2 depict, stronger attractions to soils early decreased into little to no 
attraction later in the experiment. In spite of this, looking at the scores calculated in each 
particular collection date shows that there was some C. elegans attraction to soils. To make sense 
of this, temperature data shows a decrease in temperature as the experiment progressed; common 
weather behavior in Middle Tennessee (Table 3). With the fall season closer to start of the 
experiment, the stronger worm attraction towards these soils may have been due to latent effects 
of summer such as humidity, prolonged sunlight exposure, or higher rates of plant growth. 

Date Temperature 

Oct. 18 63 

Oct, 21 57 

Oct. 27 82 

Oct. 28 73 

Oct. 29 54 

Oct. 30 58 

 Nov. 5 55 

Nov. 6 60 

Nov. 7 46 

Nov. 11 66 

Nov. 12 36 

Nov. 13 30 
Table 3. Temperatures collected on each soil sampling day over the experiment’s duration. 



 

 

 
The Native assay score from October 18th (CI score = -0.667) can mean one of two things: C. 
elegans is attracted to the sterile native soil or repelled from non-sterile native soil (Table 2). 
Because (-) Control plates resulted in a CI of -0.64 and (+) Control a CI of -0.162, it can be seen, 
intuitively, that worms were more attracted to sterilized Native soils than they were non-sterile 
soils. However, the control plates fall victim to the same doubts as do Native or Invasive plates. 
It is not clear whether the worms on (+) or (-) Control plates are experiencing repulsive or 
attractive chemosensation. In order to isolate variables in a way that justifies results in Native or 
Invasive plates, control plates comparing odorant (a soil sample) and dH2O will give a better 
picture of worm attraction or repulsion alone. A standard curve could be established as well; one 
in which the soil slurry volume remains constant while incrementally increasing amount of a 
known attractant or repellant (almond extract or benzaldehyde). This way, one could determine 
both the strength of attraction or repulsion of worms to a particular soil when uninhibited and the 
way a soil’s chemical/biological composition competes in a “tug-of-war” against compounds of 
known attraction/repulsion. 
 
Other corrections to be made include a further assessment of soil slurry preparation and 
specificity of C. elegans’ target within particular soils. The soil preparation procedure used in 
this experiment may be causative of the random-like trends in CI scores throughout the latter 
five-sixths of the experiment. By removing soil from its habitat, any chemical/ecological 
equilibrium in place prior to its removal is immediately disturbed. This is a problem that soil 
ecologists have wrestled with for a long time, and based on literature, it appears the problem has 
no easy solution (Sochova 2006). A potential fix could be to use a plug that removes an exact 
volume of soil from a particular sampling area and to immediately add this soil to a particular 
volume of dH2O so as to have the soils as fresh as possible for dissolving into a slurry. This way, 
any impact that oxygen or temperature would have on any microbial metabolic activity would be 
minimized. 
 
The CI scores may also have been impacted due to the H2O solvent used in preparing a slurry. 
Utilizing various organic solvents has not received much attention from the soil science 
community, but there is evidence of H2O substitutes being used to prepare soil slurries for 
various experiments. One paper discusses the drying of a soil sample overnight (Deressa 2014). 
They found that dry samples had higher levels of dissolved mineral nitrogen, organic nitrogen, 
and organic carbon than liquid preserved samples. If drying were utilized, then experiments 
testing the extraction capacity a solvent could be performed to highlight a choice solvent for use 
in a chemotaxis assay. 
 
In reestablishing soil slurry tactics, it becomes apparent that specifying particular soil 
components will be necessary. One thought is to test for concentration of particular metabolic 
by-products in soils followed by running a chemotaxis assay to see if C. elegans responds to 
varying concentrations of a particular metabolite. If soil drying is utilized, and the microbial 
diversity within a particular area is understood, then by using particular metabolic by-products 
from soils known to house a particular microbe (bacteria or fungi) whose metabolism releases 
such chemicals the CI scores from a chemotaxis assay will indicate the presence of a particular 
microbe over time. This way, CI scores will describe ecological shifts due to the presence of 
some stimulus which disrupts a soil decomposition system. 
 



 

 

Additionally, mimicking the Bauer et al. paper, using L. maackii leachate, an aqueous extract 
from its roots and leaves and inoculating soils of defined abiotic and microbial composition, the 
soil/microbe/leachate combinations which results in the greatest inhibition of non-L. maackii 
seed germination could be selected for trials within this same chemotaxis assay. This way, soils 
in which L. maackii is successfully inhibiting certain plant species can be filtered into a 
chemotaxis assay experiment, resulting in a better understanding of which components in the 
soils are causing inhibition of seed germination. Light-reductive effects and a mix of allelopathic 
and light-reductive effects could also be set up in this way to compare CI scores in light of 
alternative causes of seed germination inhibition. (Bauer et al.) 
 
These amendments would clear up much of the ambiguity realized through running this 
experiment. By reviewing the results, it is clear that chemotaxis assay controls, soil slurry 
preparation and isolation of the invasive species need to be revamped. By reassessing these 
features, it appears that a more specific attractant for a C. elegans chemotaxis assay is in order. 
With these experimental amendments in place, C. elegans may at last become an indicator for 
soil differences when comparing invasive and native inhabited soils in such an assay.  
 

MATERIALS 
 

Soil Sampling plot materials: 
twine 
neon flags 
measuring tape 
garden spade 
sandwich bags (plastic) 
Sharpie marker (black) 
 
Lab materials: (Caenorhabditis Genetics Center) 
OP50 Escherichia coli culture 
N2-Bristol Caenorhabditis elegans 
 
L-broth: 
 
To 10 g Bacto-tryptone, 5 g Bacto-yeast, and 5 g NaCl added H2O to 1 liter. Adjusted pH to 7.0 
using 1 M NaOH. Aliquoted ~5 mL of broth to each 10-mL test tube. Capped each tube and 
covered the rack of aliquoted test tubes in tin foil. Sterilized by autoclaving. Once cooled to 
room temperature (~25°C) stored in refrigerator (4°C). 
 
LB-agar: 
 
To 10 g Bacto-tryptone, 5 g Bacto-yeast, 5 g NaCl, 15 g agar added H2O to 1 liter. Adjusted pH 
to 7.5 using 1 M NaOH. Sterilized by autoclaving. Once cooled to room temperature, poured ~10 
mL of LB solution into 90-mm Petri plates. Allowed plates to solidify and remain at room 
temperature for 24 hours (~25°C). Stored plates in refrigerator after 24 hours (4°C). 
 
 



 

 

NGM-agar: 
 
To 3 g NaCl, 17 g agar, and 2.5 g Bacto-peptone added 975 mL H2O. Covered the mouth of the 
flask with aluminum foil. Autoclaved on P13 setting for liquids. Cooled the flask in a 55°C 
IsoTemp for 15 minutes. Added 1 mL of 1 M CaCl2, 1 mL of 5 mg/mL cholesterol in ethanol, 1 
mL of 1 M MgSO4, and 25 mL of 1 M KPO4 buffer. Swirled well to mix. Under sterile hood, 
dispensed the NGM solution into Petri plates. Added approximately 10 mL of solution per plate. 
Left plates at room temperature for 24 hours before use. Stored plates in refrigerator (4°C) to be 
used for several weeks. 
 
S-basal: 
 
To 5.85 g NaCl, 1 g of 1 M K2HPO4, 6 g of 1 M KH2PO4, 1 mL of 1 M 5 mg/mL in cholesterol 
in ethanol added H2O to 1 liter. Sterilized by autoclaving. 
 
Chemotaxis agar plates: 
 
To 1.6 g agar added H2O to 100 mL. Sterilized by autoclaving. After autoclaving, allowed 
beaker to sit for 15 minutes in 55°C IsoTemp ®. Added 500 uL of 1 M KPO4 buffer, 100 uL of 1 
M CaCl2, and 100 uL of 1 M MgSO4 to cooled, sterile agar. Under sterile hood, dispensed the 
chemotaxis solution into Petri plates adding approximately 10 mL of solution per plate. Allowed 
plates to set at room temperature for 24 hours before storing in refrigerator at 4°C.  
 

METHODS 
OP50 liquid culture preparation: 
 
We first streaked the starter culture of OP50 E. coli onto solidified LB plates using a colony 
isolation method. Allowed streaked plates to sit in incubator (37°C) overnight.  After incubating, 
picked an individual colony of OP50 using sterile inoculating loop. Inoculated into refrigerated L 
broth test tube. Incubated overnight at 37°C. Both streak plates and liquid cultures were stored in 
refrigerator at 4°C. 
 
NGM seeding: 
 
Labeled plates as appropriate (name, date, OP50 seeding, etc.). Applied ~0.1 mL drop of OP50 
liquid culture to the center of solidified 90-mm plates of NGM agar using pipet-aid ®. Using a 
bacterial cell spreader, the liquid culture was spread across the plate without damaging agar or 
allowing liquid to spread to plate’s edge. Allowed the lawn to grow overnight at 37°C in 
incubator. After 24 hours, the plates were stored in refrigerator (4°C). 
 
Worm culture: 
 
Used a sterilized surgical blade to cut a square “chunk” out of the agar containing worms. 
Chunks were picked up using the same surgical blade and inverted (bearing worms) onto a 
seeded NGM plate. All chunked plates were stored in an incubator (25°C) to allow the worms to 
grow. 



 

 

Chemotaxis assay: 
 
 Chunking worms onto seeded NGM plates took place 4 days before performing assay to 
allow appropriate growth of C. elegans. Soil samples were retrieved from Shelby Bottoms 
Greenway. Soils were made into slurries and autoclaved as appropriate. Using a Sharpie ® 
marker, three primary marks were marked on the agar side of a chemotaxis plate: one mark 1.5 
cm from the edge of the plate’s diameter, another 1.5 cm from opposing edge of the plate’s 
diameter, and one mark 1.5 cm from the center of the plate (equidistant from both marks along 
the diameter). Rings of 3 cm diameter were drawn encircling each mark along the plate’s 
diameter. These served as counting zones for the assay. All eight chemotaxis plates were 
prepared with these markings. Plates were inverted agar side down to label lids as such: (+) 
control 1, (+) control 2, (-) control 1, (-) control 2, Native 1, Native 2, Invasive 1, and Invasive 2 
(+ = invasive vs. native samples, - = invasive vs. native sterile samples, Native = sterile vs. non-
sterile native inhabited soils, Invasive = sterile vs. non-sterile invasive inhabited soils) 
 Used 0.5-10 uL micropipettes to apply 1.0 uL of sodium azide (NaN3) to each spot along 
the diagonal of all eight plates (16 spots of NaN3 total). Once NaN3 was spotted, pipet-aid ® was 
used to apply ~2.0 mL of S-basal buffer onto chunked, 4-day-old, seeded NGM plates. Buffer 
was swirled over the plate. Plates were tilted to collect worm-wash to one side of the plate. 
Liquid removed using a Pasteur pipette. Worm-wash was dispensed into 1.5-mL microcentrifuge 
tube. Worms were allowed to settle for 3 minutes, then supernatant was removed using a Pasteur 
pipette. Pipet-aid ® used to dispense 1.5 mL of S-basal buffer to wash the settled worms again. 
After waiting 3 more minutes for worms to settle, the supernatant was removed and worms were 
washed once more with 1.5 mL of S-basal. The supernatant was removed again and worms were 
washed with DI water and were allowed to settle for 3 minutes. The supernatant was then 
removed for the last time. The plates were spotted at each origin with 5 uL of washed C. elegans. 
The worms sat on plate within their liquid bubble. Eight plates now contained two spots of 1 uL 
NaN3 and one spot of 5 uL of worms. One plate at a time, appropriate soil treatments were 
applied (as displayed in Figure 1 below) to each spot of NaN3 along the plate’s diagonal. With 
NaN3, appropriate soil slurries, and worms in place, the DI water bubble housing the worms was 
soaked up using a KimWipe ®. Total worm numbers per plate were counted and recorded. 
 All plates were applied appropriate soil slurry treatments as described above. Allowed 1 
hour of assay time for each plate. After 1 hour, counted and tallied the worms in each circle 
bearing the appropriate soil slurries. Calculated the CI score using the formula (Figure 2). 
 
Native/Invasive Plot preparation: 
 
At Shelby Bottoms Greenway ( 36°11'52.93"N and 86°42'3.87"W) two areas were selected to 
collect soil samples: one with all Native and another with all Invasive plant species. 10x10 m 
plots were established using measuring tape. Neon flags were placed at each corner of a plot and 
twine was used to outline a plot’s border. 2 m increments were marked on each 10 m side of a 
plot. Twine was used to construct a 5x5 grid of 2x2 m squares within each plot (Native and 
Invasive). 
 
 
 
Soil sampling: 



 

 

 
The squares of each gridded plot were assigned a number from 1-25. A random number 
generator was used to create random sampling conditions. For a single plot, 3 numbers were 
randomly generated. Soil samples were taken from three 2x2 m squares representing the 
numbers. Within each 2x2 m square, leaf litter was brushed aside, and soil was disturbed with a 
garden spade at a depth no greater than 2 inches. Approximately 2 tablespoons of soil were 
added to a sandwich bag labeled either Native or Invasive (depending on the plot being 
sampled). After adding all three samples to the appropriate baggie, the baggie was left open so as 
not to produce a hypoxic environment for the soil microbes. Upon leaving the field site, 2 
sandwich bags of 3 soil samples each had been collected; one for the native plot and one for the 
invasive plot.  
 
Slurry preparation: 
 
Two Erlenmeyer flasks were labeled “Native” and two were labeled “Invasive”. Without 
contacting soils to skin, 25-mL of soil were added to each of the four Erlenmeyer flasks; two 
containing Native and two containing Invasive soils. 50 mL of DI water was then added to each 
soil-bearing Erlenmeyer to create a 1:2 ratio of soil to water. Flasks were swirled thoroughly for 
5 seconds to blend soil and water. The Erlenmeyer flasks were then covered with tin foil. Two 
flasks (one Native and one Invasive) were applied autoclave tape and autoclaved on a P13-
liquids cycle. The other two flasks were covered with perforated tin foil and were left out on the 
workbench. Autoclaved soils removed from autoclave and placed on workbench to cool. 
 
Statistics: 
 
An ANOVA was used to determine if there exists a difference in mean CI score between assays. 
Four mean CI scores, one for each assay (Figure 1), were calculated. Because data showed to be 
insignificant, a post-hoc pairwise t-test was not used as planned. This would have been used only 
if F-scores showed significant P-values. 
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