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Abstract 

 

 The autumn olive is an invasive species to the Pierce Cedar Creek watershed area; not 

only does it crowd out the native plants, but it also acts as a nitrogen-fixer, a characteristic that 

could cause more alterations to the invaderôs host ecosystem than meets the eye.  This study 

focused on the comparison of concentrations of nitrogen species and positive ions in areas 

affected by the autumn olive versus those concentrations in locations sans the E. umbellate.  Soil 

water samples were collected at 10 day intervals, which were then tested for their respective 

concentrations of total nitrogen, nitrate, ammonia, potassium, calcium, and magnesium.  After 

analyzing these resulting concentrations with respect to whether or not the sample was from an 

affected plot using 2-sample t-tests, it was found that there was not enough evident difference in 

the mean concentrations to state that the autumn olive was causing an alteration in the soil 

chemistry, except in the case of the potassium test.  This test concluded that the concentration of 

potassium was significantly lower around the autumn olive than in locations without the autumn 

olive.  With this positive result, and also considering the uncertainty of the accuracy of the 

statistical analysis due to the limited number of samples tested, it is likely that significant 

differences may be seen in the remaining concentrations if the study were to be continued and 

more data collected.   
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Introduction  

 

 Humans manipulation of natureôs system has historically been shown to cause unforeseen 

consequences in the form of natural ecosystem alterations.  Because of this, we must be very 

careful when instituting any sort of plan that would alter an environmentôs condition.  One of 

these changes instituted by humans that can easily extend beyond control is the introduction of 

invasive species.  Allowing an exotic species to grow unmonitored can result in uncontrollable 

growth, resulting in unrecoverable damage to the natural ecosystem.  If an invasive species is 

found to be altering a natural ecosystem, the earlier the detection the easier the problem will be 

to deal with.  For this reason, it is important to analyze the locals with known invaders and thus 

determine their affects on their new homes.  Knowing their affects, or lack thereof, will help to 

decide whether or not attempts to control the species should be taken.   

 In a situation where land is being reserved as a nature preserve, this is especially 

important.  The intention of the identified parcels is to allow the native environment to remain as 

original and untouched by man as possible.  Any invasive species, therefore, should be closely 

watched and, if found to be considerably altering the native environment, dealt with accordingly 

before it has the chance to squeeze out indigenous species.  It is of special concern when the 

invasive plant in question has the potential to alter even the very chemistry of the environment it 

is invading, as it has often been found across a variety of species that ñbiological invasions 

themselves can alter the biogeochemistry of ecosystems through [their] particular traitsò 

(Scherer-Lorenzen 2007).    

Such a case as this is seen at the Pierce Cedar Creek Institute property.  The exotic plant 

known as the Elaeagnus umbellate, or, more commonly, the autumn olive, currently inhabits the 

area and has become very well established.  It is known to be an invasive species to the 

ecosystem, introduced when planted extensively across the U.S. to help control erosion and act 

as a nurse plant for tree plantations (Baer 2006).  Human installment, however, has since become 

the least significant means of distribution of this invasive plant.   

There are several factors that cause such a significant and robust disbursement of the 

autumn olive.  To begin, the plant produces an exceptional amount of fruit allowing for 

significant reproduction abilities and ready dispersal (Hilty 2002).  In addition, one established, 

an autumn olive shrub is extraordinarily difficult to kill.  It can be cut down, burnt, and pruned, 

but will only grow back thicker than before.  The only way to successfully remove an autumn 

olive shrub is to pull it completely out of the ground (in the case of a young enough bush to have 

a smaller root system), or else the application of an appropriate chemical plant killer to a freshly 

sawn stump (Hilty 2002).   

Not only does the plant disperse rapidly and resist removal, but it is also a hardy bush in 

and of itself, surviving well in almost any environment it is planted in.  The autumn olive 

tolerates all kinds of soil types, adapting to silts, clays, loams, and sands (Hilty 2002).  It can 

thrive in soil with a high pH, and will also tolerate soils that are acidic.  In addition, this plant 

even subsists in soils with a higher than normal concentration of salt (Hilty 2002).  All in all, its 

various adaptive quantities make it a serious contender in any environment it is placed into.   

It has also been observed that the autumn olive is a quick-growing shrub, this could be 

due to its known capacity as a nitrogen-fixer.  The ability of this plant to fix nitrogen in the soil 

can theoretically cause it to become a self-fertilizer, surviving easily in poor soil as well as rich 

soil.  The autumn olive has a woody root system, a perfect host for nitrogen-fixing legumes 

(Hilty 2002). 
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Nitrogen fixation involves the conversion of the elemental, and unusable, forms of 

nitrogen into a form that a plant can utilize: ammonia (NH4) or nitrate (NO3) (Deacon 2003).  

This fixation can happen as a result of several biological processes, including through lightning 

strikes.  Most of this fixation occurs, however, as a result of bacterial legumes, particularly in the 

Frankia genus.  These bacterial legumes live in symbiotic co-existence on the root system of a 

supporting plant, such as the autumn olive (Eastman 208).  The activity of the Frankia in the 

nitrogen fixation directly benefits the autumn olive, giving it a substantial advantage over other 

indigenous species.  Not only, therefore, does the bush crowd and shade-out the native plant 

varieties, but it actually ñchang[es] (via its nitrogen-fixing capacity) the soil nitrogen balance of 

ecosystems, affecting plant survival and successions sometimes to the point of reducing 

biodiversityò (208).   

This nitrogen fixation is a serious consideration in the overall effect of the invasive plant 

on the ecosystem.  As the nitrogen is fixed from its elemental form of N2 to other forms, it 

becomes much more highly mobile in the soil.  Nitrate, especially, moves very easily when in 

contact with water (Killpack 1993).  This causes it to be very easily lost as it is flushed through 

the soil as water leeches through; however, nitrate is also the form ñmost commonly used by 

plants for growth and developmentò (Killpack 1993).  It is ñtaken upò almost immediately by a 

plantôs root system to be used in the plants growth.  The other form of nitrogen utilized by plants, 

ammonia, is absorbed more slowly as a source of protein.  It is also, though, less susceptible to 

loss through the percolation of rain and groundwater through the soil, allowing the plant more 

time to absorb the ammonia available even at the slower rate (Killpack 1993).   

That the autumn olive is potentially introducing a substantially higher quantity of 

nitrogen into the soil than indigenously available becomes a serious concern in the balance of 

any given ecosystem.  The plant potentially adds a great quantity of a readily mobile nutrient into 

its surroundings, not only giving itself an added advantage through self-fertilization but also 

alters much of the chemical balance in the soil.  Basic chemical equilibrium demands that as the 

quantity of one existent component changes, it will cause a shift in the balance of the remaining 

elements also present.  The effect of this plant, therefore, reaches far beyond simply acting as its 

own source of nourishment, affecting the entire spectrum of the ecosystemôs chemistry.  

This potential threat is especially prevalent at a location such as the Pierce Cedar Creek 

Nature Institute.  As the intention of the Institute is to return to and retain its property in its 

natural state, this would also require that the ground chemistry be in its natural state to provide 

the indigenous species with the nutrients/surrounding qualities that they were historically meant 

to have.  In addition, the Pierce Institute contains the perfect environment for the autumn olive to 

flourish.  While this invader is extraordinarily tolerant and will survive well in nearly any 

conditions, it does thrive even more readily in dry, sandy soils (Catling 1997).  As the Pierce 

Institute contains a great amount of old farm field being returned to prairie, there is plenty of 

open, sunny spaces for the autumn olive to inhabit.  In addition, it can be readily seen that much 

of the Instituteôs soil is very sandy; in addition, much of the property is very well-drained as run-

off can readily flow into the bordering Cedar Creek.  These combined factors place the Pierce 

Nature Institute at high risk for the establishment of a very robust crop of autumn olive.    

Because of this substantial quantity of inhabiting invader, this research project will work 

to determine how much of an effect the autumn olive is having on the natural soil and water 

quality of the Pierce Cedar Creek area.  These observed alterations caused by the E. umbellate 

can help identify how much of an impact the invading plant is having on the natural chemical 

balance of the Pierce Cedar Creek watershedôs ecosystem. 
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Materials and Procedures 

 

 

A) Site Selection and Preparation 

  

 1) Selection 

 

This study was conducted at the Pierce Cedar Creek Institute in Hastings, Michigan.  As 

the purpose of the study was to show the impacts of E. umbellate on the Instituteôs soil and water 

quality with respect to the entire Instituteôs ecosystem, the goal in site selection was to choose 

locations across the Instituteôs property that together would act as good representations of the 

Instituteôs ecosystem as a whole.  While not necessarily a perfect representation of the property, 

by selecting well-dispersed sites a greater proportion of the ecosystem was accounted for, 

including consideration of the variation of plant life and soil type.  Five sites were selected (more 

would be preferable, but budget limitations restricted amount of materials available); roughly 

one in each quadrant of the property and the last in the relative middle.  For an estimated 

pictorial view of the site locations, refer to Appendix A.  

 In addition to choosing sites based on their relative locations, another important 

requirement was the similarity of each site to one another.  As the length of time allowed for this 

study is limited, it is important that the sites remain similar enough that their differences are 

negligible, allowing for an accurate statistical analysis of the obtained test results.   

 After selecting each of the individual sites, the locations of the actual sample collection 

devices, the lysimeters, also had to be determined.  Each site consisted of two plots: the control 

plot, A, located within a radius clear of the autumn olive, the location in the area least likely to 

have been affected by the autumn oliveôs residual chemical alterations, and the affected plot, B, 

located either directly under or immediately beside an autumn olive bush.  Each plot was labeled 

and will be referred to by site number and plot treatment (i.e. the affected plot at Site 1 is labeled 

as 1-B, the unaffected plot as 1-A, and so on).   

Consideration was given when choosing the appropriate placement of the lysimeters in 

the affected plots to keep the ñBò lysimeters around a similar-sized or aged bush or thicket of 

bushes and to keep a similar radius of space clear of the autumn olive around each ñAò lysimeter.  

Also, in the case of the control plots, the elevation of the lysimeter was also selected to reduce 

the chance of contamination from the run-off of the closest E. umbellate plants.   

  

 2) Description 

 

Site 1 is located across from the Pierce Cedar Creek Institute Wet Lab at global 

coordinates of 42.54200 N, 85.30090 W.  It is a grassy field, containing typical vegetation 

grasses and occasional small shrubs, such as wild raspberries.  In addition to these, there is also a 

significant amount of autumn olive interspersed, some well enough established to have grown 

large (about 15ô tall, with about a 20ô diameter).  A number of these plants have grown together 

to form thickets of the autumn olive: in the middle of such a thicket is the location of Site 1ôs 

autumn olive affected ñBò plot.  An open, grassy area with a 50ô radius not affected by autumn 

olive served as Site 1ôs control ñAò plot.  For a pictorial comparison of Site 1ôs A and B plots, 

refer to Appendix B-1.  The control lysimeter is about 75ô away from the autumn olive lysimeter; 

a farther distance than desired for inter-site continuity purposes, but the best location due to the 
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abundance of autumn olive in the area.  The nearest olive plant is an immature, 3ô tall specimen, 

about 18 feet away from the control.  There are no other trees or substantial shrubs nearby.   

 Site 2 is located off of the Instituteôs Red Trail, at global coordinates 42.54200 N, 

85.30090 W.  This portion of the trail follows along the edge of the forest and what was once a 

farm field, now being restored towards its natural form.  There is a substantial line of autumn 

olive growing along the edge of the forest, as is typical for the plant; among this line of autumn 

olive is the Site 2 ñBò plot.  The lysimeter is located 5ô away from the truck of a large autumn 

olive bush, and 2ô away from an immature, single-branched autumn olive; it is well within the 

span of the surrounding autumn olivesô branches.  The ground cover is slightly sparse, due to the 

abundance of autumn olive shading the area, but the remaining plants are of typical forest/grassy 

ground cover.  The control for this site is located 35ô away from the autumn olive ñBò lysimeter.  

It is surrounded by grassy field, with no trees within 35ô, and no substantial shrubs.  The nearest 

autumn olive plant to this control site is that already described, surrounding the ñBò lysimeter.  

For pictorial comparison of plots A and B at Site 2, refer to Appendix B-2.   

Site 3 is located on the side of a hill, off of the Instituteôs Green Trail at global 

coordinates 42.53696 N, 85.29949 W.  There is an abundance of autumn olive on this hill; the 

vegetation otherwise is typical grasses and raspberry bushes with a handful of trees a good 

distance apart from one another, about one every 30-45 feet.  Lysimeter B is located in the 

middle of a thicket of E. umbellate, about 3ô from the trunk of the largest plant, and also 

surrounded at about the same distance by a number of smaller specimens.  The lysimeter lies 

well within the reach of the autumn oliveôs branches.  The lysimeter A for this site lies about 45ô 

away.  The nearest autumn olive to the control is an immature specimen (only two branches) 

about 18ô away, downhill from the lysimeter.  A few more similar plants are at about the same 

radius, also downhill.  There is one tree, a black oak, 13ô away from the control, about 6ò in 

diameter.  The rest of the groundcover remains as before stated: grasses and raspberry bushes.  

Pictorial comparison of plots A and B for Site 3 can be seen in Appendix B-3. 

Site 4 lies on the Instituteôs White Trail, at global coordinates 42.52831 N, 85.29949 W.  

It is also on a slight hill; an abundance of autumn olive is in the area.  Lysimeter B is located in a 

thicket of mature autumn olive plants, about 3ô away from the actual plant stems, but well under 

autumn olive branches.  The groundcover is typical forest cover and grasses.  The control plot 

containing lysimeter A for this site is about 40ô away, about 4ô off to the side of the White Trail.  

The nearest autumn olive is about 18ô away, a thicket of mixed mature and immature plants.  

There are no other trees or bushes closer to the control; the groundcover is typical grasses.  For 

pictorial comparison, refer to Appendix B-4.   

Site 5 is located off of the Instituteôs Orange Trail, global coordinates of 42.53193 N, 

85.30479 W, at the abutment of the forest and an open field.  There is one substantial autumn 

olive bush which lysimeter B lies beneath about 5ô from the plantôs stem, well within the reach 

of its branches.  More autumn olives are about 30ô away, also at the edge of the forest.  The 

ground cover is similar to that mentioned before, typical forest plants and grasses, with the 

addition of several nearby trees, about 18ô between each tree.  Plot A is about 38ô away, and the 

autumn olive plant in closest proximity is 35ô away.  Plot A is surrounded by the same ground 

cover and tree pattern as plot B.  The nearest tree is about 8ô away from lysimeter B.   
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B) Lysimeter Installation 

 

Lysimeters were used to collect soil water samples.  The 24-inch long porous cup tension 

lysimeters were installed at each sampling plot, A and B.  The lysimeters were installed in 

accordance with manufacturerôs instructions to a depth above the seasonal high water table: 

approximately 22 inches deep.  Care was taken that all backfill soil was organic matter free, and 

that the surrounding soil was similar in type.  Lysimeters were placed under suction pressure; 

typically about 70 kPa, to draw soil water through the lysimeter porous cup into the PVC 

retaining pipe.  All installed lysimeters were flagged clearly and logged with the Pierce Cedar 

Creek Institute staff to help ensure that neither the lysimeters themselves nor their surrounding 

environments would be disturbed.   

 

C) Soil Classification 

  

 Following the ASTM standard soil classification method, a sample of soil from each plot 

was collected and classified by its degree of sand, silt, and clay, color, and apparent organic 

matter.  

 

D) Sample Collection, Extraction and Preservation 

  

 As the goal of the study was to analyze the difference between the ion concentrations in 

the A and B plots (a statistical analysis, 2-sample t-tests), the sample collection timeline was 

initially designed for 7 rounds of soil water sample collected from both of the plots at each site.  

By the end of the study this design would theoretically have produced 35 concentrations per plot.  

While more samples collected would only have added to the validity and likely hood of accurate 

results, there were budget restrictions limiting the number of samplers purchased as well as the 

amount of the chemical testing supplies to this amount.  In the design, it was also considered 

likely that during the course of the study some of the samplers may fail to collect a sample due to 

dry weather conditions.  To help make up for this potential error, an additional 8
th
 round of 

sampling was added to help correct for some missing data points in other sample rounds.   

 The samples were collected at 10 day intervals, allowing a sufficient period of time 

between collections for the lysimeters to collect more sample, as well as allow enough time for a 

change in the chemical concentrations of the samples to occur.   

 Due to the nature of some of the elements tested for, a collected sample was only 

considered ñusableò for a certain amount of time (specified in each test procedure for each 

different chemical being tested for) after collection; if the sample could not be analyzed within 

this given amount of time, it would had to have been preserved, following the steps detailed in 

each procedure.  This would protect the sample from the alteration of the concentration of 

whichever element the sample was being preserved to analyze, allowing the analysis to be 

conducted at a later time.    

 These preservation processes were oftentimes inefficient, however, and also simply 

added another potential source of human error.  With this in consideration, the effort was made 

to only collect enough sample at one time for that dayôs analyses.  Additional sample was then 

collected on an as-needed basis, in order to avoid the need for sample preservation.   

 In addition to the soil water samples, actual soil core samples were also collected.  This 

was done twice, once at the beginning and once at the end of the study.  Unlike the liquid 
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samples, the soil samples were unusable in their solid state: the elements being tested for had to 

be extracted from the soil into a liquid solution, then analyzed using the sample procedure as the 

water samples.  The extraction process followed varied for the concentration in question; the 

procedures used and chemical supplies required were followed according to the Hach company 

soil extraction procedures; the utilized methods allowed for the extraction of nitrate, potassium, 

calcium, and magnesium.  The analysis of the soil samples was postponed, however, until they 

were able to be brought back to the environmental laboratory at Valparaiso University, so it was 

necessary to preserve the samples.  The actual soil itself was preserved before extraction due to 

efficiency, in order that a separate preservation would not be needed for each constituent 

extracted.   

   

E) Testing  

 

 To determine the concentrations of the various elements and compounds in question a 

Hach DR/4000 spectrophotometer and its accompanying programs were used.  All the supplies 

and chemical reagents required in each procedure were purchased from the Hach company.   

.   

 1) Nitrogen 

  

 As the purpose of the study is to determine the effect of the autumn olive on the nitrogen 

cycling in the Pierce Cedar Creek Institute watershed, the samplesô nitrogen concentration is the 

element of highest concern.  Because of this, three separate tests for nitrogen were performed on 

each sample.  The water samples were tested for the total nitrogen, nitrate, and ammonia 

concentrations; the extracted soil samples were analyzed for their nitrate concentration.  

 To find the total nitrogen concentration, the Hach Total Nitrogen Persulfate Digestion 

Method, Method #10071, was used.  The results given by the spectrophotometer are the samplesô 

total nitrogen concentrations as mg/L N.  The DR/4000 is calibrated for this test to detect a range 

of total nitrogen concentration from 0.0-25.0 mg/L N (Total 2003).  One addition to the given 

procedure was occasionally necessary in the execution of this test, as the samples would 

occasionally contain a greater concentration of nitrogen than the spectrophotometer was capable 

of reading.  In this case, a dilution of the sample was performed using standard dilution 

procedures.   

 In determining the samplesô nitrate concentrations, the Hach Nitrate Chromotropic Acid 

Method, method #10020 was used.  The results displayed were concentrations given in terms of 

mg/L as nitrate-nitrogen (NO3ðN); this specific procedure can detect a range of nitrate nitrogen 

from 0.0-30.0 mg/L NO3 ï N (Nitrate 2003).  As with the total nitrogen test, it was occasionally 

necessary to dilute a sample, following standard protocol, to create a solution with nitrate 

concentrations within this nitrate testôs range of detection.   

 Ammonia was the final form of nitrogen tested for.  During the course of the study, two 

separate methods of ammonia detection were used due to a limitation of supplies.  The first 

method was the Hach Ammonia Nitrogen Salicylate Method for Low-Range concentrations of 

Ammonia in 5 mL samples, method #10023.  This test is capable of detecting concentrations of 

ammonia from 0-2.5 mg/L as ammonia nitrogen (NH3 ï N) (Ammonia #10023 2003).  After 

exhausting the supplies for this ammonia test, a similar procedure was utilized: the Ammonia 

Nitrogen Salicylate Method for 25 mL samples, method #8155, capable of detection in the range 

of 0-0.8 mg/L as NH3 ï N (Ammonia #8155 2003).  While this is a smaller range of detectable 
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concentrations, this was still an appropriate procedure for the analysis of the concentration of 

ammonia nitrogen in the samples as most of the resulting concentrations fell within the range of 

the test.  In addition, this method required a much greater amount of raw sample for analysis.  

Because of this, it was occasionally necessary to create dilutions using standard procedure in 

order to obtain sufficient sample to perform the test.  These dilutions actually helped in the 

analysis by keeping the concentrations of ammonia nitrogen well within the range detectable by 

this test.   

  

 2) Positive ions 

  

 In addition to the concentrations of nitrogen found in the soil and soil water, it is 

hypothesized that the autumn oliveôs affect on the nitrogen cycling will also cause a change in 

the presence of other positive ions commonly found in soil and soil water.  For the purposes of 

this study, three ions were analyzed: potassium and total hardness, consisting of the 

concentrations of calcium and magnesium.   

 Potassium was tested for utilizing the Hach Potassium Tetraphenylborate Test Method, 

method #8049.  This procedure allows for the detection of potassium concentrations in a range of 

0-7 mg/L as potassium (K) (Potassium 2003).  As with the second ammonia test, the procedure 

to analyze a sample for potassium requires a significant quantity of sample, resulting in the need 

to again use standard dilution procedures to generate a sufficient quantity of sample solution. 

 The remaining two positive ions were tested for using the Hach Hardness Calcium and 

Magnesium Calmagite Colorimetric Method, #8030.  This procedure is capable of detecting a 

range of 0-4.00 mg/L of either Calcium or Magnesium as Calcium Carbonate (CaCO3) (Hardness 

2003).  By following the procedure thoroughly as given by Hach, one is able to find the 

concentrations of both calcium and magnesium individually.  As with the potassium test, though, 

an even more significant sample size is required for analysis; standard dilutions were made of 

several of the samples.   

 

3) Soil Moisture 

 

 In addition to the chemical constituents tested for, the soil moisture of each plot at each 

sample was also found.  The ASTM standard procedure for finding soil moisture was followed.  
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Results 

 

A) Soil Classification 

  

 After establishing the location of each plot, the ASTM procedure for soil classification 

was followed to determine the generic soil type at each plot.  The results of this classification are 

given in Table 1.   

       Table 1.  Generic soil type per plot. 

Plot Soil Type 

1-A Dark brown silty clayey 

1-B Brown silty clayey 

2-A Brown sandy silty 

2-B Brown silty sandy 

3-A Brown sandy silty  

3-B Brown silty clayey 

4-A Brown sandy clayey 

4-B Brown sandy silty 

5-A Dark brown silty clayey  

5-B Brown silty clayey 

 

B) Soil Moisture 

 

 At each lysimeter collection a sample of soil from each plot was also collected to 

calculate the soilôs moisture content.  Following the ASTM standard method, the moisture 

content was found using equation 1:  

  

                (1) 

 

where: Mc= the soilôs moisture content as a percentage of the dry weight, Ww= weight of the 

water in the soil, and WD= the weight of the soil oven-dry.  The results of these calculations over 

the 8 sample rounds can be seen in Table 2. 

 

    Table 2.  Soil moisture content for plots per each sample round.   

 Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 

1A 20.04 16.43 22.19 18.99 15.80 13.14 11.73 20.25 

1B 20.06 16.37 23.39 20.33 17.04 15.60 11.40 18.78 

2A n/a 10.46 14.97 10.53 8.84 10.32 6.98 11.18 

2B n/a 6.03 13.68 9.66 6.71 9.94 5.11 11.51 

3A 11.19 10.26 17.81 13.71 9.89 8.85 7.10 15.11 

3B 14.39 15.88 18.33 16.12 13.74 16.61 13.88 16.40 

4A 11.05 12.40 13.47 7.69 7.12 11.10 6.43 10.90 

4B 13.98 9.63 12.80 10.24 8.58 7.48 6.05 9.77 

5A 17.48 19.99 19.31 18.64 16.31 17.38 10.72 15.59 

5B 15.50 11.32 22.33 12.79 9.05 8.28 6.95 9.94 
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C) Total Nitrogen 
  

 Following the Hach DR/4000 spectrophotometer and the related procedure for total 

nitrogen, the concentrations of total nitrogen were found for each collected soil water sample.  

These concentrations are shown in Table 3.   

 

  Table 3.  Concentration of total nitrogen, given in mg/L as N. 

Plot Sample 1 Sample 2 Sample 3 Sample 4 Sample 6 Sample 7 Sample 8 

1A 6 8 2 0 1 1 1 

1B 8 10 7 4 6 6 2 

2A  12 28 36    
2B   28 10    
3A 10 12 11 2 8   
3B 8 3 7 4 2   
4A 20 19 8 5 8 8 5 

4B 28 22 15 8 17 18 17 

5A 13 14 16 11    
5B   6 2    

 

 For a better visual comparison of the nitrogen concentrations at each site, a bar chart can 

be seen in Figure 1.  

 

 
       Figure 1.  Concentrations of total nitrogen at each plot for each sample round. 

 

 In addition to the visual comparison of the data, however, to determine whether or not 

there was a significant difference between the affected and unaffected plots, a statistical analysis 

was performed on the data.  The 2-sample t-test compared the means of the A and B plots, with 

the hypothesis that the average concentration of the B plots should be higher than the average 

concentration of the A plots.  Using the statistical software Minitab, it was found that that the P-
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value for this test was 0.184, which is much greater than the standard Ƙ Ò 0.05.  This leads to the 
conclusion that the concentrations of nitrogen under the autumn olive bush are not statistically 

significantly greater than the concentration of nitrogen in the plots unaffected by the bush. 
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D) Nitrate  

  

 As with the total nitrogen test, the level of nitrate in the collected samples was also tested 

every sample round.  The results of the Hach DR/4000 nitrate detection procedure are given 

below in Table 4.   

 

    Table 4.  Concentration of nitrate in each sample by plot, given in mg/L as NO3 ï N.  

Plot Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 

1A 11.1 8.8 1.9 0.5 0.4 0.2 0.4 0.2 

1B 12.1 14.1 7.1 4.1 5.3 5.7 4.7 1 

2A  14.7 54.5 39.8 51.4 59.3 67.5 59.4 

2B   33.1 9.2 7.7    
3A 10 12.8 10.3 1.2 0.4 4.9   
3B 4.3 7 7.2 4.8 1 0.5   
4A 20.8 21.6 6.5 4.6 6.8 7.2 5.7 4.1 

4B 37.3 23.7 13.8 6.4 13.6 15.7 16.5 15.8 

5A 14.7 17.1 16.2 11.3 7.3    
5B   6.9 1.7     

 

 For better visual comparison and representation, a bar chart of the nitrate concentrations 

can be been in Figure 2.   

 

 
      Figure 2.  Concentrations of nitrate at each plot per sample round. 

 

 

 A statistical analysis of the nitrate concentrations was also run, following a similar 

hypothesis.  The concentrations of nitrate in the affected ñBò plots were theorized to be greater 
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than those of the unaffected ñAò plots.  Before performing the analysis, however, one adjustment 

to the data was made.  The nitrate concentrations at plot 2A were disproportionately high, and 

were outliers in comparison with the remaining data.  So as to not skew the means during the 

statistical test, the concentrations from Site 2 were not included in the 2-sample t-test.  The 

results of the t-test concluded that the concentrations of nitrate at plots B were not statistically 

significantly higher than those of plots A.  The resulting p-value was 0.183; a very similar result 

to the total nitrogen test, and still not within the acceptable range of Ƙ.   
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E)  Ammonia 

  

 The ammonia concentration was found using the Hach spectrophotometer for every 

sample round, with exception of Sample 5.  Following the two separate Hach ammonia 

procedures, the resulting concentrations remained very comparable.  These concentrations are 

given in Table 5.   

   

 Table 5. Concentration of ammonia per sample round by plot, given in mg/L as NH3 ï N.  

Plot Sample 1 Sample 2 Sample 3 Sample 4 Sample 6 Sample 7 Sample 8 

1A 1.7 0.8 1.2 0.7 0.06 0.04 0.8 

1B 0.5 0.8 0.1 1.1 0.02  0.2 

2A  1.3 0.7 1.4 0.04 0 0.7 

2B   0.7 1.1    
3A 1.3 1.7 0.5 0    
3B 0.3 0.8 0.6 1.5 0.28   
4A 0.5 0 0.3 1.1 0.12 0.48 0.4 

4B 1.9 1.9 0.3 1.6 0.16 0.06 1.2 

5A 0.6 0.7 0.7 0.9    
5B   1.2 1.7    

  

  

For comparison purposes, the concentrations of ammonia at each plot are displayed 

below in Figure 3.   

 

 
       Figure 3.  Concentrations of ammonia at each plot per sample round.   

 

 Again, in addition to this visual comparison, a 2-sample t-test was performed to compare 
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the means of the A and B plots.  The hypothesis remained that the concentrations of ammonia in 

plots B would be greater than the concentrations in plot A; once again, the p-value of the 

completed t-test, at P=0.816, was much greater than an Ƙ of 0.05.  The concentration of ammonia 

near the autumn olive was not significantly higher than the concentration sans the autumn olive.   
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F) Potassium 

 

 The quantity of sample required for the potassium procedure oftentimes exceeded the 

volume of sample obtainable from the lysimeters every sample round.  Because of this, the 

samples were diluted with de-ionized water: the potassium concentrations in each sample, as 

found by adjusting for the dilution factors applied, can be found in Table 6.    

 

    Table 6.  Potassium concentrations per plot for each sample round, expressed as mg/L K.   

Plot Sample 1 Sample 2  Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 

1A  3.5 1.5 1.3 2 2.5 1.9 1.8 

1B  6.25 1.4 1.1 2.4 3  2.2 

2A  8 6.7 7.3 7.5 7.4 7.4 7.4 

2B   7.7 6.4 8    
3A  10.5 7.2 4 5.6    
3B   1.6 0.8 2.3 2.4   
4A   4.4 5.2 6.25 2.9 6  
4B  9.25 6.8 4 4.75 4.3 4.4 4.4 

5A  14.75 7.7 7.6 7.5    
5B   4 2.1     

 

 

 As with the different nitrogen forms, the comparison between the potassium 

concentrations are more readily seen when plotted as a bar chart, as shown in Figure 4.  

 

  
 Figure 4.  Concentrations of potassium at each plot per sample round. 

 

 In the case of the potassium concentrations, the visual comparisons by the bar chart 



Boroski 19 

appear to show no more significant differences than the nitrogen forms had.  Upon running the 2-

sample t-test on these concentrations, however, a variation between the means was found to be 

significant.  For this case, as potassium is a positive metallic ion, it was hypothesized that the 

potassium concentration would be lower in plots B than plots A.  The results of the statistical 

analysis reported a p-value of 0.018, which is less than the standard Ƙ of 0.05; thus, the 

hypothesis that the concentration under the autumn olive is less than the concentration of the 

plots unaffected by the autumn olive is statistically significantly true. 
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G) Hardness (Calcium and Magnesium) 

 

 The Hach procedure for hardness does not result in only one value, but can provide the 

administrator with the concentrations of both calcium and magnesium.  Similar to the potassium 

test, the Hach procedure for determining hardness requires a substantial sample size.  Due to this 

fact, most of the samples were diluted to create enough solution to be analyzed.  The resulting 

data, then, is adjusted, taking into consideration the dilution factor.  The final calcium 

concentrations are shown in Table 7. 

 

          Table 7. Concentrations of calcium per sample by plot in mg/L as CaCO3. 

Plot Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 

1A 0.05 0.03 0 0 0.08 0.15 

1B 1.25 0.16 0.2   0 

2A 0.05 0 6.8 2.08 2.45 1.12 

2B 0 0.36     
3A 0 0 0.16    
3B 0 0 0 1.6   
4A 0.49 0 11.7 0   
4B 0.45 0 11.8  7.4 0.475 

5A 0 0.56     
5B 0 0     

 

 In addition to the pure data, the bar chart again provides better visual detail, as shown in 

Figure 5.  

 

 
       Figure 5.  Concentrations of calcium at each plot per sample round.   
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In addition to the calcium, the Hach procedure gives the concentration of magnesium as 

well.  The same factors apply, and the results are adjusted with respect to the dilution factors of 

each sample; the magnesium concentrations are reported in Table 8.   

 

          Table 8.  Concentration of magnesium per sample by plot, in mg/L as CaCO3. 

Plot Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8 

1A 0.15 0 3.4 0.55 1.58 1.61 

1B 0.42 0 16.05   2.453 

2A 0.59 2.91 13.9 28.96 15.7 6.72 

2B 0.95 3     
3A 0.57 3.92 8.28    
3B 0.51 2.36 7.48 5.54   
4A 0.65 5.24 32.5 43.9   
4B 0.71 4.35 11.4  9.28 10.85 

5A 0.91 2.24     
5B 0.66 3.53     

 

 

 As with the calcium concentrations, a bar chart reveals a similar trend to the calcium in 

magnesium concentrations, depicted in Figure 6.   

 

 
       Figure 6.  Concentrations of magnesium at each plot per sample round.   

 

 The hypotheses for both the calcium and magnesium concentrations follow the same 

theory as the potassium concentration: a lesser concentration on average would be found in plots 

B than at plots A.  As calcium and magnesium together are the major constituents of the hardness 

of water and act in the same manner, these individual concentrations were added together for 

each plot every sample round to find the concentration as the total hardness of the sample in 

mg/L as CaCO3.  The hypothesis remained that the concentration of the total hardness in the 
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plots affected by the E. umbellate would be lower than that of the plots unaffected by the bush; a 

2-sample t-test was performed on this combined data.  Similar to the results of the nitrogen tests, 

the t-test resulted in a p-value of 0.164; again, a result greater than an alpha of 0.05.  There is not 

sufficient difference between the means to significantly state that the total hardness in the 

locations affected by the autumn olive is less than in areas not affected by the invader.   
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H) Soil analysis 

  

 Soil samples were collected twice during the study, once near the beginning and once at 

the end of the summer.  These samples were prepared, preserved, and extracted according to 

previously described procedure; the two rounds were both analyzed simultaneously for their 

respective concentrations of nitrate, potassium, calcium, and magnesium.   

 After extracting the nitrate from the two rounds of soil samples, each plot was analyzed 

for its respective nitrate concentration, as displayed in Table 9.  

  

     Table 9.  Concentrations of nitrate in soil samples. 

Plot Collection 1 
(mg/L NO3-N) 

Collection 2 
(mg/L NO3-N) 

1A 1.4 0.9 

1B 1.4 0.6 

2A 1.2 0.8 

2B 1.7 0.7 

3A 1.5 0.7 

3B 1.3 0.2 

4A 1.4 0.2 

4B 1.5 0 

5A 0.9 0 

5B 1.5 0.6 

 

 By plotting the concentration of the two different collection times against each other, 

trends between the two collection rounds should be visible.  This plot is shown in Figure 7.   

 

 
       Figure 7.  Concentrations of nitrate by plot per sample.   
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 While there are not sufficient samples to run a statistical analysis on the difference 

between the mean concentrations, the average of the affected plots versus the unaffected plots 

can still be compared.  The average of the A plots was 0.5 mg/L NO3-N; the average of the B 

plots was 0.55 mg/L NO3-N.  While there are not enough samples to state with confidence that 

the higher concentration in the affected plots is statistically significant, it is still suggestive that a 

higher concentration of nitrate can be expected in plots affected by the autumn olive.   

 The total hardness for each soil sample was determined by adding together the calcium 

and magnesium concentrations of each plot.  These concentrations can be seen in Table 10.  

 

            Table 10.  Total hardness concentrations in soil samples. 

 

 

The combined calcium and magnesium concentrations provide a better visual 

representation of the presence of the positive ions, due to the fact that oftentimes there was very 

little to no calcium in the soil.  Combining the two quantities, therefore, makes viewing the 

trends easier, as displayed in Figure 8.  

 

 

Plot Sample 1 Sample 2 

1A 26.7 30 

1B 30.5 31.5 

2A 31.6 35.8 

2B 34.5 44 

3A 35.1 37.1 

3B 35.6 31.1 

4A 70.4 31.2 

4B 37.3 37.9 

5A 35.3 33.5 

5B 88.4 39.6 
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 Figure 8.  Total hardness in each plot per sample.   

 

Like with the nitrate test, there were not enough samples to run a full statistical analysis 

on the resulting hardness concentrations.  The average concentration of each plot, however, can 

still be compared in a quantitative manner: the average hardness in the A plots was 36.67 mg/L 

as CaCO3, and in the B plots was 41.40 mg/L as CaCO3.  While not a conclusive result, these 

averages suggest that the hardness concentrations under the autumn olive were, in fact, greater 

than that of an area away from the bush.   

Finally, the potassium concentration of the soil samples can also be displayed in a similar 

manner; the test results can be seen in Table 11.   

 

           Table 11.  Concentrations of potassium in soil samples.   

Plot Sample 1 Sample 2 

1A 1 50 

1B 0.6 30 

2A 0.8 40 

2B 0.9 45 

3A 0.8 40 

3B 1 50 

4A 1 50 

4B 0.7 35 

5A 1.3 65 

5B 0.8 40 

 

Comparing these results graphically, it is difficult to determine if there is any general 

trend in the comparison of the A and B concentrations at each plot, as shown in Figure 9. 

 

 
  Figure 9.  Concentrations of potassium at each plot per sample.   
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Without a large enough sample set it is difficult to make a significant comparison of the 

means of each type of plotôs relative concentrations.  Again, however, the averages can be 

computed and compared.  For the A plots, the average potassium concentration was 24.99 mg/L 

K;  the B plots had an average of 20.4 mg/L K.  While still not a statistically significant result, 

the average concentration of potassium was lower in the areas affected by the autumn olive when 

compared with the areas unaffected by the bush, potentially indicative of an effect E. umbellate 

could be making on the soil chemistry.   
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Discussion of Results 
 

  After reviewing the statistical test results, the immediate conjecture on the affect of the E. 

umbellate would be inconclusive, or, at this time, mostly not significant enough to make a 

substantial difference in the soil and water quality in its surrounding environment.  While this is 

numerically true, there are many other factors to consider when analyzing the results of this 

study.   

One of these considerations was that the results were determined by 2-sample t-tests, and 

were given as p-values; these values represent the likelihood that they statistical hypothesis being 

tested is true, that is, to within an accuracy range of 5% (by the utilized alpha value).  A p-value 

lying within the alpha range suggest that the statistical hypothesis may not be true less than 5% 

of the time it is tested.  The t-tests take into consideration the number of samples tested as well as 

the relative differences between the mean concentrations of the A and B plots.    

 Here lies the first explanation for the fairly inconclusive results.  Because the nature of 

the t-tests relies not only on the means of the concentrations of the affected areas and unaffected 

areas but also on the number of samples collected, the greater the number of samples collected 

will make any difference in the average concentrations more significant.  With a limited number 

of samples, it would require a greater difference between the two plotsô average concentrations 

to be considered a ñstatistically significantò difference.   

 With this in consideration, the initial design for the study had been for 7 rounds of soil 

water sample collection, with one plot per site affected, and one unaffected.  This design would 

have resulted in 35 sample concentrations per plot treatment for each test, which is a large 

enough set of data compute an accurate and fairly reliable statistical analysis (the standard 

quantity for a statistical analysis is at least a set of 30).  Over the course of the study, however, 

several issues arose, causing the total number of collected samples to fall beneath the standard 

30, lowering the accuracy and validity of the statistical analysis.  This suggests that simply the 

collection of a greater number of samples may have resulted in different conclusions to the t-

tests.   

 Meanwhile, it remains worthy of notice that even with a limited sample set the potassium 

test did reveal statistically significant results that the concentrations of potassium in the vicinity 

of the autumn olive bush was less than in areas not containing the bush.  This positive result 

suggests that the remainder of the tests, given a greater number of samples, may also produce 

outcomes supportive of the hypotheses.   

 The limit of samples was caused by several individual issues.  One of these was the re-

location of Site 2 in the second week of the study; it was found to be in the vicinity of a nearby 

leach field, a less-than-optimal location for a study on the natural soil and water quality.  

Because of this re-location and re-installment of the lysimeter, it caused the samples from Site 2 

to not be available for the first round of sample collection.   

 In addition, another limiting factor became the weather.  While this past summer was 

cooler on average than normal, it was, in fact, actually drier than normal as well.  This was 

especially true during the second half of the study, as it did not rain in the time between the last 

week of June and late July.  As the summer progressed, the moisture content of the soil, on 

average, dropped; it became more and more difficult to collect soil water samples as designed.  

In fact, by the last three sample rounds, there were hardly ever any more than half of the 
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samplers collecting water.  Oftentimes, for the later sample rounds, even if the lysimeters did 

collect a water sample, they did not accumulate enough volume of sample to run all of the tests.   

 Another consideration on the limited sample size was the number of lysimeters and sites 

set in the design to begin with.  This restriction was due to budget constraints; only a certain 

quantity of materials could be purchased.   

 Considering all of these details, the results of the statistical tests were not as definitively 

conclusive as they first appeared.  Simply increasing the number of samples collected and tested 

would very possibly make a significant difference on the results of the statistical analysis.  While 

the results of the current tests did not have p-values within the alpha range, a number of the 

results exhibited p-values low enough that an alteration of the sample set size could make the 

difference.  This suggests that the study be continued, adding to the current results.   

 The results from the soil sample analyses also suggest that continuing the study would be 

a worthy endeavor.  While there were not enough of each sample test to perform any formal 

statistical analyses, the descriptive statistics of the collected data suggest that more study may 

reveal conclusions aligning with the desired hypotheses.  In the cases of both the nitrate and the 

potassium concentration tests, the average concentrations from the affected and unaffected plots 

agreed with the experimental hypothesis: on average, there was a greater concentration of nitrate 

and a lesser concentration of potassium around the autumn olive. 

 A continuance of the study would add greatly to its possible success; more data from the 

existing samplers could be collected and added to the current results.  In addition, a new budget 

would allow for the installation of more lysimeters, a double benefit as it would not only increase 

the pure number of samples, but would also increase the diversity of the lysimeter locations for 

an even better overall picture of the Pierce Cedar Creek ecosystemôs soil and water chemistry.  

In addition to the benefit in the amount of samples collected, it is worthy to continue the study so 

that it ranges over more than three months of the year.  As plants go through growth cycles and 

stages with the change of seasons, it is likely that these phases result in a difference in the 

cycling of nitrogen and the concentrations of the positive ions.  By extending the study during 

the remainder of the year, a more complete picture of the E. umbellateôs effect can be drawn.   
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Conclusions 

 

 It was hypothesized that the autumn olive, as a nitrogen fixing plant, would have a 

significant effect on the soil and soil water quality of the Pierce Cedar Creek Institute.  To test 

this hypothesis the concentrations of several ions were determined: total nitrogen, nitrate, 

ammonia, potassium, calcium, and magnesium.  The nature of the invader suggested that the 

concentrations of the three nitrogen species would be higher around the bush than in locations 

free of the autumn olive and that the concentrations of the positive ions would be lower in the 

vicinity of E. umbellate than in areas without the bush.  While statistical analyses of the test 

results did not provide sufficient evidence to claim that the average concentrations of the affected 

plots are greater or less than those of the autumn olive-free plots, these results do not necessarily 

represent the true cycling patterns of the concentrations in question.  As the sample sets were 

limited in size, it is likely that by continuing the study further, collecting more samples, and re-

running the statistical analysis a different set of conclusions would be made.  This new set of 

conclusions would be more realistic and accurate as they would be based on a much more 

complete set of data. 
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Appendix 

 

A) Pictorial view of site locations 

 

 
 

     = location of sites 
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B)  Pictorial site comparisons. 

 1) Site 1 
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 3) Site 3 
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 4) Site 4 
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