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INTRODUCTION & OBJECTIVES
	Exploring the effects of anthropogenic nitrogen deposition on forest productivity has been an important area of study in ecosystem ecology over the past several decades. Several long-term, large-scale nitrogen fertilization experiments have been executed, particularly in northeastern forests, where nitrogen deposition rates can be as high as 13 kg N ha-1 yr-1. Elevated nitrogen deposition has been shown to have significant effects on total carbon and nitrogen stored in these forest soils; however, accurately quantifying nutrient contents of soils is currently limited by analytical methods. As a result, it is difficult to monitor changes in carbon and nitrogen stocks in soils over time, despite their important contribution to the global nutrient budgets. Accurately measuring carbon content of soils is of great value to carbon offset programs, which are essential in the transition to a low-carbon economy. Accurate nitrogen measurements have important implications for understanding large-scale changes in soil nitrogen transformations under elevated nitrogen deposition scenarios.
	Traditional methods of soil sampling to estimate soil carbon and nitrogen content include soil coring and excavation of quantitative soil pits. The major problem with soil coring is that rocky soils, characteristic of much of the Northeast, limit the location and depth of sampling, and therefore the soil volume is not accurately measured. Traditional soil cores also result in soil compaction, which affects the accuracy of bulk density measurements, resulting in biases of carbon and nitrogen content in soil. Quantitative soil pits resolve the rock volume and bulk density biases, but they are notoriously laborious and destructive, making repeated measurements difficult in spatially variable sites. Large numbers of soil cores and pits are needed to accurately characterize the spatial variability of forested sites, and often the cost and time necessary for these analyses is prohibitive. For these reasons, developing a non-destructive, in situ approach to estimating forest carbon and nitrogen stocks in soils is highly desirable. 
	During summer 2009, I was lucky to assist with the implementation of a new, non-destructive, in situ method for measuring soil carbon and nitrogen at the Bartlett Experimental Forest, in Bartlett, NH. This device uses an inelastic neutron scattering approach to measure belowground concentrations of carbon and nitrogen, as well as oxygen, silica, and hydrogen. The INS approach allows measurement of belowground carbon without the removal of soil, making repeat sampling of specific sites possible. The INS alpha-prototype includes a neutron generator, an array of three NaI detectors, and electronics for nuclear spectroscopy (Fig.1). A miniature sealed-tube accelerator produces 14 MeV neutrons, and inelastic neutron scattering occurs when fast neutrons are captured by a carbon nucleus in the soil and reemitted at lower energy along with gamma rays of characteristic energy (4.43 MeV). The gamma radiation is measured by spectroscopy, which indicates the number of carbon atoms detected. 
	During my internship supported by my Sussman Fellowship with the Brookhaven National Laboratory, I expanded on a previous collaboration between Brookhaven physicist Dr. Lucian Wielopolski and ecosystem ecologists Dr. Ruth Yanai of SUNY-ESF and Dr. Steve McNulty and Johnny Boggs of the USDA Forest Service. The primary objectives of this collaboration were to implement and validate the inelastic neutron scattering technology for measuring carbon and nitrogen contents of soils at Mt. Ascutney, VT, a site with long-term nitrogen fertilization experiment. Additionally, I used a traditional extraction method to begin a series of experiments that investigate the effects of nitrogen and phosphorus additions on carbon and nitrogen dynamics in forest soils.

WORK COMPLETED
Site descriptions
	The work that I did this summer took place at two sites in the northeastern US. I worked at Mt. Ascutney, VT, where a long-term nitrogen fertilization experiment managed by the USDA Forest Service has been in place since 1988. The plots are located in a red spruce-dominated forest. There are two paired control plots, and two plot pairs that have been treated with either 15.7 or 31.4 kg N ha-1 yr-1. I also worked in three mature hardwood stands at the Bartlett Experimental Forest, in Bartlett, NH, which is an experimental forest operated by the USDA Forest Service. The stands I worked in at Bartlett have not been fertilized, but will be included in an NSF-funded, long-term fertilization experiment and treated with nitrogen, phosphorus, and nitrogen + phosphorus beginning in May 2011.

Research performed
During the time of my internship, I worked toward completing three main tasks. The first to collect soil samples at Mt. Ascutney for carbon and nitrogen analysis, the second was to execute a series of laboratory incubations of soils from the Bartlett Experimental Forest, and the third was to work on revisions of a manuscript on our previous INS work that was in review during the time of my internship.
1. Mt. Ascutney, VT		Initially, I had hoped to bring the INS device to the plots at Mt. Ascutney in order to measure soil carbon and nitrogen concentrations in the control and N-amended plots. Unfortunately, the device had been dismantled for maintenance in spring 2010, and was not able to be reassembled and brought to Vermont by the end of the 2010 summer field season. We hope to complete these measurements in summer 2011. Although I was not able to take measurements with the INS device, I collected soil samples of organic and mineral soil in the experimental plots (Fig. 2). The concentrations of carbon and nitrogen in these samples will be used in the future to validate the INS measurements in these plots. This will be important for estimating total carbon and nitrogen contents in soils at Mt. Ascutney in the control and nitrogen-amended plots. Current estimates of nitrogen and carbon contents in soils at these sites do not include the shallow mineral soil, so this will add to our accuracy in estimating changes in soil carbon and nitrogen stores resulting from nitrogen fertilization.
2. Bartlett, NH			The objective of my work at the Bartlett Experimental Forest was to obtain measurements of net nitrogen and carbon mineralization and net nitrification during three 14-day laboratory incubations. In order to get a sense of seasonal variability during the growing season, I sampled soils three times during the summer (early June, early July, and early August). The stands at Bartlett will be included in a long-term fertilization experiment, with fertilization treatments beginning in May 2011. The incubations I completed in 2010 will be used a pre-treatment data. Each stand has four experimental plots that have been assigned a fertilization treatment (nitrogen, phosphorus, nitrogen and phosphorus, and a control). I used an ANOVA to test for pre-treatment differences between the randomly assigned fertilization treatments (nitrogen, phosphorus, nitrogen and phosphorus, and a control), which is an important test to complete before experimental treatments are applied. The incubations will be repeated in summer 2011 to assess effects of fertilization on carbon and nitrogen mineralization and net nitrification rates.
3. Manuscript preparation	I devoted a portion of my internship this summer to the preparation of a manuscript describing the INS measurements and results from our work at the Bartlett Experimental Forest in 2009. This was a very fruitful and exciting learning experience for me. I was able to work on several aspects of manuscript preparation, including preparing figures and tables, responding to reviewer suggestions, coordinating with coauthors, and preparing reference lists. 

RESULTS AND FUTURE WORK
Bartlett, NH			Using the soils collected at the Bartlett Experimental Forest, I was able to characterize net nitrogen and carbon mineralization and net nitrification throughout the growing season. I found that there were pre-treatment differences between the plots with randomly assigned treatments that will begin next year. This is a very important finding, because it enables us to better represent the changes that result from experimental manipulation by accounting for these pre-existing differences. There were also some seasonal effects detected, but the effect was not as strong as we had expected (Tables 1 and 2). 
	Next summer, we will measure these sites again at the same time intervals, after the first fertilization treatment is applied. By comparing these measurements to the differences we observed in our pre-treatment measurements, we will be able to detect how nitrogen and phosphorus fertilization affect carbon and nitrogen transformations in soils. This will contribute to our understanding of carbon storage in soils under elevated nitrogen deposition scenarios, which has important implications for climate change mitigation research.
Manuscript preparation	During the summer, our paper on the INS work from 2009 was completed and published in the journal Forest Ecology and Management. Please see:
	Wielopolski, L., R.D. Yanai, C.R. Levine, M.A. Vadeboncoeur, S. Mitra. 2010. 	Rapid, Non-destructive Carbon Analysis of Forest Soils Using Neutron-induced 	Gamma-Ray Spectroscopy. Forest Ecology and Management 206(7):1132-1137.
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Figure 1. The INS instrumentation measuring belowground carbon and nitrogen at the Bartlett Experimental Forest. This was the first implementation of INS technology in a forested site. 
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Figure 2. Dark organic soil and lighter mineral soil from a soil core taken in a red spruce stand at Mt. Ascutney, VT (28 June 2010). 

Table 1. ANOVA results for net nitrogen mineralization and net nitrification for three stands at the Bartlett Experimental Forest. There were four treatment categories (control, nitrogen, phosphorus, and nitrogen+phosphorus, though the plots had not been treated when this data was collected) and three months (June, July, and August). 
	Measurement
	Soil Horizon
	Factor
	Significant Differences
	p value

	Net nitrogen 
	Oe
	Treatment:
	none
	 

	mineralization
	 
	Month:
	none
	 

	rate
	 
	 
	 
	 

	 
	Oa
	Treatment: 
	none
	 

	 
	 
	Month:
	none
	 

	 
	 
	 
	 
	 

	 
	B
	Treatment: 
	none
	 

	 
	 
	Month:
	none
	 

	Net nitrification
	Oe
	Treatment:
	none
	 

	 rate
	 
	Month:
	none
	 

	 
	 
	 
	 
	 

	 
	Oa
	Treatment:
	none
	 

	 
	 
	Month:
	none
	 

	 
	 
	 
	 
	 

	 
	B
	Treatment:
	none
	 

	 
	 
	Month:
	June<July
	0.008



Table 2. ANOVA results for carbon mineralization and carbon:nitrogen mineralization ratio for three stands for the August incubation at the Bartlett Experimental Forest. There were four treatments (control, nitrogen, phosphorus, and nitrogen+phosphorus, though the plots had not been treated when this data was collected) and 4 measurement periods during the 14-day incubation: Days 1-2 (Period 1), Days 3-4 (Period 2), Days 5-11 (Period 3), and Days 12-14 (Period 4).
	Measurement
	Soil Horizon
	Factor
	Significant Differences
	p value

	Carbon
	Oe
	Treatment:
	P<C
	0.05

	mineralization 
	 
	Period
	none
	 

	rate
	 
	 
	 
	 

	 
	Oa
	Treatment:
	none
	 

	 
	 
	Period
	4<2, 1<2, 3<2
	0.0004

	 
	 
	 
	 
	 

	 
	B
	Treatment:
	C<N, NP<N
	0.0006

	 
	 
	Period
	3<2
	0.02

	Carbon:nitrogen
	Oe
	Treatment:
	N, P, NP < C
	0.002

	 mineralization  
	 
	Period
	none
	 

	 ratio
	 
	 
	 
	 

	 
	Oa
	Treatment:
	C, P, NP < N
	0.00005

	 
	 
	Period
	1<2
	0.027

	 
	 
	 
	 
	 

	 
	B
	Treatment:
	C, P, NP < N
	0.00003

	 
	 
	Period
	1, 3, and 4<2
	0.00006
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