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Abstract-- A prominent invasive plant species that has spread across the region, and will be the 
primary focus in this analysis, is Celastrus orbiculatus (Oriental bittersweet). Brought to the 
United States from Eastern Asia in the 1860s because of its’ ornamental beauty, C. orbiculatus 
quickly began to outcompete native plants, reducing biodiversity in many habitats. This study 
will provide a deeper understanding as to why C. orbiculatus thrives in Ramapo Mountain State 
Forest by a comparative analysis of the invasive and native plant soil. The focus of the 
experiment was to determine if C. Orbiculatus changes soil chemistry and composition to reduce 
competition of other organisms that share its habitat. Samples were taken from the o and a soil 
horizons from six test plots in the Ramapo Mountain State Forest, three of which were densely 
invaded with C. orbiculatus while the remaining three sites were free of any invasives. The 
variables tested and calculated were pH, moisture and organic content, magnesium, calcium, 
potassium, and phosphorus. The results found significantly higher concentrations of soil pH, 
magnesium, calcium and potassium in the invasive plots than in the control plots.  There wasn’t 
any distinguishable trend favoring one plot over another regarding phosphorus, moisture and 
organic content; the results were variable. These soil characteristics and results lend insight into 
why C. orbiculatus continues to spread across the Northeastern United States and threaten the 
survival of the American Bittersweet and other native plant species.  
 
Introduction 
 
Invasive plant species are a concerning issue in the Northeastern United States. “Exotic invasive 
plant species threaten biodiversity and ecosystem processes and can change community, 
compositions, and abundance of native species” [Ehrenfeld, 2003]. Oriental bittersweet has been 
sweeping across the Northeastern United States invading native plant species. In this study, we 
have shown how C. Orbiculatus alters soil composition as well as which variables tested, such as 
as phosphorus and pH, were affected and why. We will be acquiring geological, ecological, and 
topographical information about our site of study that will offer immediate insight on possible 
soil composition. This analysis is essential in understanding the behavior and biological and 
chemical mechanisms invasive C. orbiculatus uses to successfully occupy and possibly entirely 
obliterate the American Bittersweet and other native plant species. Our experiment design is 
based off a previously published study, Effects of an Invasive Plant Species, Celastrus 
orbiculatus, on Soil Composition and Processes by Stacy Leight-Young, et al. We have yielded 
similar results which solidifies the notion that soil composition is altered or affected between 
sites that have been invaded by C. Orbiculatus.  
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Invasive Plant Identification and Description 

 
 
 
 
 
 
 
 
 
 
 

Celastrus orbiculatus 
 
Oriental Bittersweet is native to eastern Asia, Korea, China and Japan. Introduced into the 
United States as an ornamental plant in the 1860s it has continued to be sold as in landscaping 
stores to this day. Without the environmental and biological controls found in its native habitat, 
oriental bittersweet has outcompeted native species of plants. Oriental bittersweet  can now be 
found in the US from Maine to North Carolina and as far west Wisconsin and Missouri. It is 
found in forests, edge territories, and disturbed lands. Oriental bittersweet is a threat to local 
ecology as it outcompetes native species, smothers vegetation, and girdles trees, causing them to 
topple. There are numerous forms of manual and chemical control including herbicides but there 
is yet to be a biological control for this invasive plant. This plant can 
be identified by its oval shaped leaf that usually ends in a point. This 
woody vine has a light gray bark color and its roots have an unusual 
orange colored root. More mature plants are often trying to grow 
vertically and will begin to wrap around trees on its path upwards. 
Oriental bittersweet has a red-orange berry that appears in the fall that 
is a favorite of native birds like blue jays and starlings. These birds 
help to propagate the berries over large areas, helping to spread this 
invasive.  
 
Location History 
Ramapo Mountain State Forest is located west of the Ramapo fault in the New Jersey Highlands 
and Piedmont. It is 4,200 acres and is operated by the New Jersey Division of Parks and 
Forestry. Our site location lies at 359°N, 41°2’34”N & 74°15’20”W. 
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Satellite view and closeup of site location within the Ramapo Mountain State Forest (identified by green circles). 
 

Before Ramapo Mountain State Forest became a public (state owned) park, it was a 
personal estate belonging to Clifford MacEvoy in the early 1900’s. The well known Ramapo 
Lake was created by the damming of a larger pond then known as Roten Pond (muskrat in 
Dutch). MacEvoy named his estate Ryecliff after his wife, which is also the name of the street 
that runs perpendicular to our site location. In 1976, the estate was purchased for around $4 
million to the State of New Jersey and hiking trails were strategically placed as it was going to be 
used as a public park. In the early 1990’s, Rt. 287 was built and cut the forest in half (a 
footbridge was built to allow for safe commuting).  

As for our specific study location, which surrounds a small rectangular field of 
switchgrass, we believe it to have been interfered with. One of our control plots (closest to a 
pond) was littered with charcoal or coal clinkers. This is interesting yet baffling because New 
Jersey does not have coal (coal is produced in ancient swamps). This suggests it was imported, 
possibly from neighboring Pennsylvania, and used for personal or commercial use; “Clinkers 
occur in small stoves used for heating a home and in giant commercial/industrial boilers” 
[Kirchoff]. The pond next to our study site could have easily been used for cleaning as well 
because of its’ proximity to the field and because the pond is stagnant and does not have an 
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outlet to any other water source. Also, there is a house presently situated not far from our plots 
(less than 100 feet) which was built in the early 1900s.  

 
Geology 
Based off the surficial geologic map of New Jersey and our location site, Ramapo Mountain 
State Forest consists of Netcong and Rahway Till as well as sand and gravel from the 
Pleistocene. This is also evident because of all the glacial erratics littered around the forest 
(exposed bedrock and glacial till). This surficial information is imperative in understanding not 
only the geological and topographical processes that occurred but how it can affect soil 
composition. According to the Natural Resource 
Inventory and Assessment: Ramapo Mountains 
County Park, “Five major factors influence soil 
formation and determine a particular soil’s 
characteristics. These factors are: 1) parent 
material, 2) climate, 3) living organisms 
(especially native vegetation), 4) topography and 
5) time. The bedrock and sediments and organic 
materials laid down in different depositional 
environments comprise the parent materials.” 

The Ramapo Mountains are a part of the 
Appalachian mountain system. To the west of the 
Ramapo Fault, where our sample sites are located, 
in the Highlands Physiographic Province,  you 
will find Proterozoic granite, gneiss, and marble. 
East of the fault is younger, metamorphosed 
Mesozoic rock in the Piedmont physiographic 

province. According to the bedrock geologic map of 
New Jersey, Ramapo Mountain State Forest consists of 
shale, siltstone, sandstone, conglomerates, and basalt. 
Some of the more common rocks found on our plot 
site included sedimentary conglomerates, charcoal, 
and metamorphic rock.  
 
Hydrology and Soils 
The main source of surface and groundwater in the 
Ramapo Mountain area come from the Ramapo River 
Watershed in conjunction with its’ subwatersheds.  
“In Bergen County, the Ramapo Mountains are 
fragmented by a series of west to east trending streams 
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that drain to the Ramapo River and form small valleys perpendicular to the trend of the ridges. 
Several of these streams are dammed to form ponds or reservoirs” [NRIA 2010]. The types of 
surface water seen in the park include: seeps, spring, vernal pools, rivers and streams, and 
brooks, lakes and ponds, and waterfalls/cascades.  

The most common type of soil in the Ramapo Mountain State Forest are those included 
in the Rockaway Series. “ The Rockaway soils are divided into gravelly loams (RofCb, RofDb, 
RofEb) and the rock outcrop complex (RomC, RomD, RomE). The variations among the soils 
within the two categories can be attributed to variation in slope). 
All of these soils formed on ground moraines in coarse-loamy 
glacial till derived from granite and gneiss rock” [Kauffman 
1990]. 
 
Materials and Methods 
 
The location for the study was 4 Ryecliff Road in Oakland, New 
Jersey. Field work included soil sampling, and a quick survey of 
surrounding vegetation. Soil sampling was started on October 
4th and completed on October 18th. Six sampling sites, 
consisting of three invasive plots and three control plots, were 
chosen in a wooded area and a cleared area on the south west 
side of the pond. The invasive plots have at least 1 bittersweet 
plant while the controls do not contain any. These plots are measured to be 1 meter by 1 meter in 
dimension, and at least 13 meters away from one another.  
 

 
The figure above denotes the layout of the experiment.  
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Soil Sampling 
Three soil sampling locations were chosen on the south west side of the pond off of Ryecliff 
Road in a wooded area and in a neighboring field space. All sampling sites were measured to be 
1m x 1m and on areas where the land was level. Invasive sampling sites 1, 2 and 3 were located 
at a slightly higher elevation located about 13m from the control sampling sites 4, 5 and 6. At 
each site, spade shovels were used to dig a total of three holes and remove the soil from the 
ground. Yard sticks were used to measure the depth of the soil pits dug out and the depth of each 
soil horizon. Samples were taken from the o and a soil horizons from each plot and placed into a 
small plastic bag and was then sealed and labeled accordingly.  
 
Water and Organic Content 
Water and organic content affect the soil properties, water moves chemicals, gases, microbes and 
particles from one horizon to another. Organic matter tends to hold inorganic soil particles 
(sands, silts, and clays) apart and usually have a high capacity to hold nutrients essential for 
plants growth. For the soil samples collected, we are finding the percentage of water and organic 
matter that are contained within the soil samples.   

The soil was weighed and placed in an oven set at 95˚C, for the following 24 hours. This 
method is used to evaporate most of the “free” water content within the soil.  After the samples 
have dried for 24 hours they are reweighed, then moved to a furnace set at 400˚C to remove the 
organic content. 

The difference in weight of the soil sample before being in the oven and after being died 
will yield the water content in the soil samples. Using this formula will yield the percent of the 
water content in the soil samples: 

 
Water content (%) =100 x (wet weight - dry weight) 
     (dry weight)  

Once in the furnace, the soil will go through chemical reactions owing to the high heat, which 
releases carbon dioxide and water gases:  

 
C6H12O6 + 6O2 + heat ----> 6 CO2 + 6 H2O 

 
As the oxidation of organic matter heats up, the soil sample may combust. To find the percent of 
organic content we used this formula: 

 
Organic content (%) =100 x (dry weight - combusted weight) 

                                                                                   (dry weight) 
 
The soil is now ready to perform further analysis.  
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pH of the soil 
Soil pH affects plant nutrient availability, plant growth, and production. The availability of most 
micronutrients in soils is reduced at pH greater than 7.0. Soil pH directly affects the growth and 
life of plants because it affects the availability of all plant nutrients.  

Mainly upper horizons are affected by pH which are usually lower in acidity. O horizon 
nutrients from decomposed plants and animal contents give off nutrients like ammonia NH+, and 
Aluminum hydroxide (AlOH) which acts as acids; rain and fertilization also plays a role 
acidifying soil. 

To determine the pH of the soil samples, a thermos scientific pH meter was used. 1 gram 
of sample was measured and added to test tubes with 25 ml of deionized water. The samples 
were then shaken using an electronic shaker for fifteen minutes. After shaking each sample, we 
placed the pH probe into the water/soil mixture to determine the pH. pH probes measure the 
potential difference of the solution. Using this information, the pH meter finds the hydrogen ion 
concentration using the Nernst equation. 
 
Phosphorus 
Phosphorus is the limiting nutrient to soil and water that directly impacts the biologic activity. 
After filtration, samples were ready for use in the HACH spectrophotometer at 880nm. The 36 
filtered soil samples were individually added to cuvettes in 3 mL amounts. Then 0.4 mL of the 
reagent was added to the samples and a 10 minute timer was set. After that timer was up, the 
samples were then tested in the HACH. Three readings were calculated and recorded; providing 
us with the absorbance of each sample. This method was continued with all 36 soil samples.  
 

 
HACH spectrophotometer used for Shimadzu 6701 atomic absorption flame  
phosphorus analysis. emission spectrophotometer used for 

C, K, and Mg analysis. 
 
Calcium, Potassium and Magnesium 
Calcium plays a very important role in plant growth and nutrition, as well as in cell wall 
deposition. The primary roles of calcium: As a soil amendment,calcium helps to maintain 
chemical balance in the soil, reduces soil salinity, and improves water penetration. Calcium, in 
the form of calcium pectate, is responsible for holding together the cell walls of plants. 
Sites with C. orbiculatus are more likely to have higher nutrient values or decomposition rates 
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than sites without. Low soil pH prevents Ca uptake. The greater percentage of calcium may have 
led to higher soil pH in plots with C. orbiculatus present. 

One of the magnesium's well-known roles is in the photosynthesis process, as it is a 
building block of the Chlorophyll, which makes leaves appear green. Too much magnesium can 
“bind up” your soil so that water and nutrients do not penetrate well. Excessively high 
magnesium can cause high pH (very alkaline soil). 

Potassium has many different roles in plants; in photosynthesis, potassium regulates the 
opening and closing of stomata, therefore regulating CO2 uptake. Potassium triggers activation 
of enzymes and is essential for production of Adenosine Triphosphate (ATP). Once absorbed, 
potassium improves the overall hardiness of the plant by improving the rigidity of the stalks and 
increasing disease resistance. Thus, potassium is important in helping the plant overcome 
drought stress and survive winter. There is no level at which potassium becomes toxic to plants. 
But when plants get too much potassium, the absorption of other nutrients is inhibited, which 
leads to the symptoms caused by the deficiency of these nutrients.  

These three elements were analyzed using a Shimadzu 6701 Atomic Absorption Flame 
Emission Spectrophotometer. Soil samples were di Multi element standards were made at 
increasing intervals  and used to build a calibration curve to ensure the machine was accurate. 
After calibration a sequence was built for the 36 diluted soil samples collected. The sequence 
started with a blank, then a standard, then 36 samples. Before the next set of samples, another 
blank and a standard were run. Then another 36 samples until all samples ran through the 
machine. Afterwards, a blank and a standards were run to ensure the machine was reading 
concentrations accurately.  
 
 
Results 
 
Water and Organic Content 
Water contained in soil is called soil moisture. The water is held within the soil pores. Soil water 
is the major component of the soil in relation to plant growth [agriinfo.in, 2015] and organic 
content in soils. Moisture content in both the control plots and the invasive plots is variable. The 
highest moisture content was in Invasive Plot #1;this was most likely due to the fact that this 
location was at the bottom of a slope, causing the most water to gather there. The control plots 
were in a grassy area, which seemed to be drier than the invasive plots, which were located in a 
spot with plentiful vegetation. The o and a horizons contain the highest water concentrations and 
this is due to the addition of organic matter to the soil which increases the water holding capacity 
of the soil. 

Organic content is the measure of living and dead organic material in a soil sample. 
While there was no clear difference between the invasive plots and control plots, the invasive 
plots showed a slightly higher amount of organic material if the outliers are removed. The higher 
amount of organic may be the result of a decrease in the rate of decomposition.  Location my 
have been a factor as the invasive plots were located closer to the edge of a neighboring forest 
while the control plots were further into the meadow. It is for these reasons we conclude that 
there was not a significant difference in organic material that could be linked to the presents of 
invasive plants. 
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pH 
Soil pH is the measure of soil acidity or alkalinity. It is an important indicator of soil health, 
which influences key processes that can affect crop yields, plant nutrient availability, and soil 
micro-organism activity.  Soil pH is a product of the soil-forming factors; climate, organisms, 
relief or topography, parent material, and time.  Temperature and rainfall can affect soil pH by 
the amount of leaching and weathering of soil minerals. In warm, humid environments, soil pH 
can decrease over time through acidification due to leaching from high amounts of rainfall 
[USDA, 2014]. 

These results were right in line with what was hypothesized. The o layer, where a lot of 
the bittersweet vines are, reflects a significantly higher pH. The a layer did not contain a lot of 
organic material such as roots, so the pH was variable here. Oriental bittersweet is known to 
increase a soil pH, making the soil inhabitable for any other competing native species. The 
variation seen between sampling locations in the a layer is likely due to the differing topography, 
where differences in vegetation, erosion, and drainage may have affected pH. 
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Phosphorus 
Although phosphorus is an essential nutrient in plant growth, it is often a limiting nutrient.  This 
means that at any given time, phosphorus may be the hardest nutrient for a plant to acquire and 
therefore be the only nutrient that is limiting the plant's growth. 

Of the 18 plots sampled there was variable amount of phosphorus in each sample. There 
was no discernable trend that favored the invasive plots or the control plots. The location of the 
samples taken in relation to nearby roots might explain the inconsistent phosphorus results.  
 

  
 
Calcium, Potassium and Magnesium 
In nearly all of the paired sites, potassium, calcium and magnesium were greater with Celastrus 
orbiculatus than without. Calcium may differ in such large quantities because of the pH at these 
locations. Low soil pH can prevent the uptake of calcium. The greater percentage of calcium we 
found may have lead to the higher pH in the plots with oriental bittersweet present.  

Potassium is a key nutrient in the development of plantlife. The potassium levels of the 
invasive plots were significantly higher than their control counterparts. This shows a clear 
instance where C. orbiculatus changed the chemical composition of its surroundings.  C. 
orbiculatus might act as a nutrient pump which brings nutrients from lower soil horizons and 
moves theses nutrients to a higher horizon. However, without an further examination of the 
invasive organism this is just speculation.  

While Magnesium levels between the plots were much closer in terms of ppm, the 
invasive plots clearly had higher magnesium concentration. Magnesium is an important nutrient 
in photosynthesis. 
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All of the variables that were tested and analyzed were recorded into a Microsoft Excel 
spreadsheet; this was imperative in organizing our data. The spreadsheet allowed us to easily 
identify any inaccuracies as well as provide us immediate insight as to what our results will yield 
after calculations and analyses.  
 

 
A snippet of the excel spreadsheet used for data entry from our analyses. 

 
Discussion 
 
Invasive species cause disruption to natural and managed ecosystems. Land disturbances such as 
anthropogenic causes: farming/agriculture, deforestation; or natural causes: a break or gap in a 
forest from a fell tree, fire, or animal foraging exposing bare ground to sunlight. These 
disturbances are an invitation for a suite of fruit-bearing shrubs and vines which have extensively 
modified forest understories, particularly in young, over-browsed, or physically disturbed forests. 
Consequenting in more issues of reduction in native diversity, changes in nutrient pools, as well 
as changes to ecological and evolutionary processes.  
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This figure shows various abiotic and biotic disturbances. How each disturbance will affect an amount of land on a 
time scale [Coyle, 2017]. 
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Climate Change 
Plants respond directly to many aspects of climate, including means (temperature, total 
precipitation), timing (frost-free period length, temperature regimes during critical life-history 
stages), and variability (magnitude and duration of climate extremes). [Dukes, 2009] A projected 
climate change of 3-5℃ by 2100, will promote a better potential environment for invasive 
species to survive and thrive. Oriental Bittersweet is likely to have a stronger, and a more 
widespread effect on forest composition [Dukes, 2009]. 
 
 

 

 
These images are a representation of projected climate change to come. These maps are indicative of where, not 

only, invasive species can thrive but nuisance pests, and pathogens which bring about more problems. All aided by a 
changing climate [Dukes, 2009]. 

 
Celastrus orbiculatus vs Celastrus scandens 
Celastrus scandens is American Bittersweet (native). It is now being hybridized with C. 
orbiculatus ultimately bringing C. scandens to extinction. It comes down to survival of the 
fittest, making Oriental Bittersweet the victor. One key characteristic in Celastrus which 
accounts for C. orbiculatus to terrorize a forest is its ability to live in low light environments. 
This gives C. orbiculatus the advantage to C. scandens, with a survival rate (90 - 68%) in the 
same environment.  With almost three times the aboveground production (mean biomass of 1.93 
vs. 0.67 g) in low-light habitats than C. scandens. (Leicht-Young, 2007) Under light conditions, 
considered normal, in the forest understory C. orbiculatus increases its height fifteen times faster 
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than C. scandens. C. Orbiculatus has a higher tolerance to all environmental conditions than C. 
scandens. The two do poorly in dry, saturated habitats, yet in both scenarios C. scandens had a 
higher mortality rate. The greater success of C. orbiculatus can be related to plasticity growth 
(irreversible cell wall extension. Invasive species have shown greater plasticity in their ability to 
tolerate a greater range of moisture conditions [Dukes, 2009]. 

 

 
This figure represents the model environments, and scenarios that were tested in Leicht-Young, 2007  

environmental gradient experiments.  
 
Conclusion  
 
C. orbiculatus changes the chemistry of the soils that it inhabits which allows this organism to 
outcompete its native rivals. Native plants which can only survive inside a narrow range of 
conditions may be forced out of or restricted from habitats with invasive plants.This competition 
will continue to damage our ecosystem as C. orbiculatus becomes more prevalent in the United 
States. The next step is to dig deeper into the chemical and physical interaction of C. orbiculatus 
to determine why the soil surrounding the plant exhibits higher levels of pH, potassium, calcium, 
and magnesium and how these high levels affect neighboring flora and fauna. Further testing of 
nutrient interaction of C. orbiculatus could lead to a more precise understanding of how C. 
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orbiculatus is so effective at outcompeting native species. Future studies should take into 
account population size and density of invasives and measure if there is a correlation between 
density of C. orbiculatus and changes to soil chemistry. To build upon this experiment we would 
incorporate: CHN, a macroinvertebrate biodiversity study, a fungal study, and grow Celastrus 
orbiculatus and Celastrus scandens to compare how each affect soil composition. More research 
is needed to properly explore and understand how C. orbiculatus impacts and invades native 
plant habitats.  
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Soil biodiversity study 
Climate change connection 
 
Thi study supports a number of previous studies regarding the effects of 
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