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Abstract

The re-use of coffee waste at the Department of the Interior’s National Conservation Training Center (NCTC) was studied as an amendment to local topsoil on three native tree seedling species (Black Oak, Quercus velutina Lam., Sugar Maple, Acer saccharum Marsh, and Black Cherry, Prunus serotina Ehrh).  To obtain basic potting soil effects on seedling growth, tests were conducted on each of the three species.  Each tree received an addition of coffee grounds in zero (control), ten, or thirty percent (by volume).  Measurements of each tree height and trunk diameter were recorded throughout the 2010 growing season.  These measurements were then analyzed using One-Way ANOVA for significance comparing tree heights and trunk diameter to treatment percent for each species.  Among the three species, all were found to have no significant difference in growth based on the amount of coffee used.  F values ranged from 0.114 (Sig. 0.893) to 1.638 (Sig. 0.204).  Results obtained did not show any correlation between increases in the use of coffee waste when compared to seedling growth.  Therefore, waste coffee grounds in amounts of up to thirty percent have no effect on native tree seedling growth when used as a soil amendment in local topsoil.
Introduction

The National Conservation Training Center (NCTC) is located at 698 Conservation Way in Shepherdstown, West Virginia and is considered the Flagship Training Facility of the Department of the Interior.  Under the United States Fish and Wildlife Service as its lead agency, this state of the art campus is responsible for training many of those individuals and groups within the conservation field.  The primary purpose of the NCTC is to enhance conservation of fish, wildlife, and their habitats through leadership in conservation education for the public; training for the conservation and resource management community; and fostering alliances among diverse interests.  The NCTC's environmental mission is to seek and employ sustainable practices and provide a wide scope of environmentally friendly services and products.  Besides the many indoor training opportunities among its hallways and classrooms, The NCTC has many ongoing conservation projects located throughout the campus such as reforestation of previously agricultural fields.  These projects are overseen by Mr. Phil D. Pannill of the United States Fish and Wildlife Service, the NCTC’s land manager.  The NCTC has had a history of past land use different from that of today.  Also known as Riverview farm, it was once owned by the Hendrix family whose primary use was for agricultural purposes (Everson, 2006; Hulse, 1996) (Figure 1).
Soil use by humans has been a concept in practice longer than the use of most of our natural resources (Buol 1995).  For years, nurseries have grown trees from stock for projects such as residential or commercial beautification, reforestation, and lumber production.  Many industries, universities, and in certain cases public agencies throughout the United States and Canada have been responsible for tree breeding (Perry 1964).  For these nurseries, soil quality is paramount for a healthy stock.  This includes scientifically testing a soil’s properties using methods such as soil quality indices (SQIs) (Andrews 2001).  A soil’s quality (porosity, moisture content, pH and essential nutritional elements) directly affect a plant’s root development, and without a healthy root system, the establishment and success of a seedling can be compromised, sometimes leading to death (Duncan 1941).  Previous pasture or agriculture soils typically show moderate pH (mean 5.97), moderate to low Phosphorus (mean 0.0065mg/g), and lowered total nitrogen levels (mean 0.34%) (Hooper, 2002).
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The NCTC is currently in the process of reforesting its previously agriculture-based property with native tree seedlings obtained from local nurseries as well as those grown on-site.  According to Perry (1998), more and more ecologists believe an ecosystem’s complexity and stability are positively linked so it is important to reintroduce locally native species at the NCTC.  However, it has been found that past land use significantly alters nutrient properties of soils affecting ecosystem recovery.  Previous pasture or agriculture soils typically show moderate pH (mean 5.97), moderate to low Phosphorus (mean 0.0065mg/g), and lowered total nitrogen levels (mean 0.34%) (Hooper, 2002).   For example, an agricultural field will generally have lower levels of nutrients like Nitrogen and Phosphorus essential for plant growth and development when compared to previously untouched areas (Fraterrigo 2005).  Thus, it is even more important to ensure that newly planted trees are as healthy as possible with a well-developed root system (Gilman, 2010); Holch 1931, Smith, 2010).  

The NCTC has made it a point to minimize as well as utilize waste produced from daily operations. Used coffee grounds pose a significant interest to the Facility Operations Department (Specifically the Land Management Division) for nursery operations at the NCTC (Pannill, 2010).  It is a readily available resource and may hold certain properties for use as a soil amendment such as pH, soil structure, porosity or water/air-holding capacity (Smith, 2010).  As with any growing media, a soil’s acidity or alkalinity is of great importance and its effects on tree growth should be considered when undertaking reforestation projects (Moore 1922).  Coffee wastes in other studies have been found to have a pH of 5.26 (Morikawa, 2008).  If the NCTC could utilize composted coffee grounds as an amendment to locally found topsoil, it will find value for one of the facilities by-products.  Therefore, a study was conducted on the inhibition or stimulation of tree seedling growth using coffee waste as an amendment to local topsoil.  The objective of this project was to determine the effects of used coffee grounds on seedling growth.  Thus, my null hypothesis was that waste coffee grounds will have no effect on native tree seedling height when used as a soil amendment in local topsoil.
Materials & Methods:  Experimental Design
The proposed study utilized the new nursery site at the NCTC which was under construction at the beginning of the study and was finished by the end of July (Figure 3).  The experimental design consisted of a Randomized Complete Block Design (RCBD) blocked by species type (Bryan, 2010; Smith 2010).  The experimental unit consisted of one pot with one plant per pot.  The pots used were model AB512 ordered from the 2010 Stuewe & Sons, Inc. catalog of tree seedling nursery containers.  The tray type used was model Tray6 from the same catalog.  One tray holds nine pots per tray.  For each treatment, there was eighteen replicates; two trays per treatment per species.  This required 54 trees of each species for a total of 216 trees.  The growth of the selected species were observed over the course of the summer growing season and measurements were taken at specific intervals during the beginning, middle, and end of the study observation period.  Their growth was measured using tree height and diameter of trunk employing calipers and rulers ordered from a forestry supply catalog (Bryan, 2010; Gilman, 2010) Gunatilleke 1997).  Using the trunk diameter also helps estimate tree biomass (Nemeth, 1973).  These measurements were later compared within each species group using the analysis of variance (ANOVA) statistical analysis program in SPSS (Bryan, 2010; Gilman, 2010). Pots with no mortality were to be used in statistical analysis (McGraw 1989).  However, it was important to consider those with seedling mortality as statistically significant themselves.  This data was used to help determine relative growth rates among each species (Williamson, 1987).
Materials and Methods:  Coffee Waste and Topsoil
The treatment consisted of a certain percentage of coffee grounds added to the topsoil (by volume) in percentages of zero (the control), ten, and thirty.  Thirty percent coffee grounds were used in an attempt to establish an upper limit at which the coffee waste negatively affected plant growth.  The coffee waste itself was collected from the break stations found throughout the campus.  Nutrient levels, soil structure, and pH were tested by the West Virginia University Soil Testing Lab (a professional, state-funded soil testing facility located in Morgantown, West Virginia).  It was important to include this step because it has been shown that ranges outside normal parameters will adversely affect plant growth (Williamson, 1987).  The topsoil that was used was also tested under these same parameters.  Soil structure is important because the quality of the substrate has been found to have a strong impact on decomposition rates as well (Hyvonen 1996).  The soil samples were taken using the method recommended by the West Virginia University Soil Testing Lab for taking good soil samples.  The soil was measured out using a plastic bucket holding approximately 1000 grams at a time and mixed thoroughly by gloved hands in a plastic Rubbermaid wheelbarrow for several minutes before being transferred into a 55 gallon plastic Rubbermaid container with lid.  Each of the three soil types used in the experiment were stored separately in their own container under cover until  such time they were used to plant the tree seedlings or nuts.  
Another crucial aspect of the experimental design was incorporating a watering program tailored specifically to this project.  A watering schedule was created based on the water needs of the plants.  The watering frequency consisted of watering the plants twice a week in May and June and three times a week in July and August as daily average temperatures increased.  The duration of watering was determined by the output of the watering nozzles and was such as to meet the needs of the tree seedlings.  Every experimental unit received enough water at each watering period so that water drained out through the bottom of the container.  A plastic polymer water tank was used to store the water and delivered to the seedlings using a portable diaphragm pump via a garden hose and a shower-style nozzle.  In addition to the watering schedule, a rain gauge from a local hardware store was installed at the study site to record natural rainfall amounts.  Decisions to water were not made solely on rainfall amounts as this has been found to be misleading because of other environmental factors present (Bryan, 2010; Gilman, 2010) Njoku 1964).  Finally, it was important to periodically monitor the condition of the study area for any changes that may adversely affect the study itself (such as animal or human interventions).  
Materials & Methods:  Species
The study looked at the effects of used coffee grounds on the growth of selected native tree seedlings found in the Mid Atlantic region of the United States.  These tree species included Black Walnut (Juglans nigra L.), Black Oak (Quercus velutina  L.), Sugar Maple (Acer saccharum Marsh.) and Black Cherry (Prunus serotina Ehrh.).  These species were chosen due to their availability, popularity, and range of preferred growing conditions as well as their geographic range.  Specifically, those found throughout the Mid-Atlantic region of the United States.  The black walnut was started from viable seeds collected locally this past winter.  The other selected tree species were approximately one to two year old seedlings obtained from the J.S. Ayton Forest Tree Nursery, located in Preston, Maryland.  A four meter high deer exclusion fence was constructed around the perimeter of the nursery site to prevent herbivory browsing.
Results

It is important to note that while measures were taken to exclude deer from the seedling nursery, at the time of planting and germination of J. nigra measures were not taken to exclude the intrusion of smaller animals, specifically those of groundhogs and squirrels.  Hence, as a confounding variable, it was inevitable that most of the nuts were harvested from their pots by some unknown animal over the period of one week following planting.  Therefore, results were not obtained from J. nigra nor used in any subsequent statistical analysis.  
All statistical tests on data relating to tree seedling height were found to be normally distributed using SPSS’s Kolmogorov-Smirnov Tests of Normality within each species group using a 95% confidence limit.  Each species group (Q. velutina, A. saccharum, and P. serotina) had a df of 54 and a significance (P value) of 0.200.  The statistic value for Q. velutina was reported to be 0.105 while both A. saccharum, and P. serotina were found to have a statistic value of 0.085.  However, each species group showed non-normal data sets when tested against trunk diameter.  All species had a df of 54 but Q. velutina was found to have a statistic of 0.163 and a significance of 0.001, A. saccharum a statistic of 0.149 and a significance of 0.005, and P. serotina a statistic of 0.127 and a significance of 0.029.  
Because the seedling tree diameter data was non-normally distributed, it was not used in any subsequent testing after not being able to find any equation that would successfully transform the data into a normally distributed data set.  Therefore, statistical testing was focused on the tree height data that was collected.  These data sets were explored using one-way ANOVA in the SPSS program (Table 1).

	Species
	 
	df
	F
	Sig.

	Black Oak (Q. velutina Lam.)
	Between Groups
	2
	1.638
	0.204

	
	Within Groups
	51
	
	

	
	Total
	53
	
	

	Sugar Maple (A. saccharum Marsh.)
	Between Groups
	2
	0.114
	0.893

	
	Within Groups
	51
	
	

	
	Total
	53
	
	

	Black Cherry (P. serotina Ehrh.)
	Between Groups
	2
	0.28
	0.757

	
	Within Groups
	51
	
	

	
	Total
	53
	
	


Another report received from the West Virginia Soil Testing Laboratory yielded results for each of the soil samples submitted as indicated in Table 2.
	Percent Treatment
	pH
	Phosphorus
	Potassium
	Calcium
	Magnesium

	0 (Control)
	7.4
	80
	High
	514
	Very High
	5241
	Very High
	1116
	Very High

	10
	7.3
	80
	High
	667
	Very High
	5143
	Very High
	992
	Very High

	30
	7
	73
	High
	871
	Very High
	4079
	Very High
	1516
	Very High

	100
	5.6
	55
	High
	1271
	Very High
	805
	Low
	1687
	Very High



Discussion


The implications found in this study may have important value throughout nursery and agricultural practices as well as practical uses for collected coffee waste.  Among some of the more important findings of this study show that the use of coffee waste can help lower soil pH levels by increasing levels of coffee waste when amended to the soil.  Also, it can help amend soil structure and increase porosity to heavier clay-type soils.  


With regard to plant growth itself, there appears to be no statistically significant relationship within each species of tree seedling height when compared to an increase in waste coffee grounds up to thirty percent as a soil amendment.  These results were determined using one way ANOVA in each of the three tree species used .  I accept my null hypothesis that waste coffee grounds have no effect on native tree seedling growth when used as a soil amendment in local topsoil.  Effects on tree height using soil amended with >30% coffee grounds were not determined.  It is possible to assume that adding too much coffee waste would negatively affect tree seedling growth, perhaps to the point of seedling mortality (Williamson, 1987).  Thus, considerations should be made in determining how much, if any, coffee wastes should be used as a soil amendment when growing tree seedlings in nursery conditions. 

In conclusion, while this study shows that there may not be a link to the use of used coffee grounds as a soil amendment and its associated response as seen in tree seedling growth, this study is far from conclusive (Moore 1922).  This study was performed during the course of one of the hottest and driest summers on record for the region making it difficult to use “average” conditions.  This test did not fully investigate the effects of adding increased amounts of coffee waste in order to study the bioassay of used coffee grounds on seedling mortality (Williamson, 1987).  It is also important to realize that this study does not take into account the long-term effects of growing tree seedlings in coffee wastes.  It is the author’s hope that more studies will be conducted on such long term effects in the future.  

 As for any subsequent experimental designs, they must be used in conjunction with small animal exclosures.  Especially if any seeds, nuts, or acorns are to be used.  This will help to protect any newly germinated plants leading to a greater success rate as well as a better representation in any data set.  Further consideration would be having extra testing done on the treatment used, topsoil, and especially the water used to irrigate plants.  Finally, it may prove beneficial in performing tests on the soil fauna as well as soil structure, specifically as it relates to plant transpiration and bacterial/fungal decomposition.
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Figure 1 – A 1938 Aerial photo that was taken showing the NCTC property before it was acquired by the federal government.  This photo shows the property in use as agricultural fields during its ownership by the Hendrix Family.  Credit:  training.fws.gov





Figure 3 – The new NCTC nursery site containing the study specimens.





Table 2.  Results of the WVU Soil Test Report.  Report includes pH, Phosphorus, Potassium, Calcium, and Magnesium.  In West Virginia, the soil test for Phosphorus is called the Mehlich-1 test.  Results expressed in pounds per acre.  It is also important to note that the control was a sample of the locally native topsoil used.  The Lo/Hi/Very High ratings are based on probability of nutrient availability needed to support optimum crop growth and production.





Table 1 – Results from ANOVA test using SPSS.  All tree height data was normally distributed allowing for the use of ANOVA testing.  All values were shown to have Sig. (P values) > 0.05.
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