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Summary
An assessment of change in nutrients of tree tissues over decades will be conducted in Huntington Wildlife Forest. Nutrient concentrations in tree tissues of four dominant species (American beech (Fagus grandifolia), sugar maple (Acer saccharum), red maple (Acer rubrum) and yellow birch (Betula alleghaniensis)) were studied for three years in the 1980s. To analyze the change in tree chemistry over time, the sampling site in the 1980s will be relocated and tree tissues will be re-sampled in August 2012 and 2013. Concentrations of total N, P, K, Ca, Mg and S will be determined for bark, wood, foliage and branches of each species. 2-sample t tests will be used to examine if there is a significant change in these tissue nutrients over three decades. Nutrient variation in tree tissues due to sampling methods and analyzing methods will also be addressed to decrease the uncertainty of detecting real change in tree nutrients over time. We hypothesize that changes in nutrients vary across different nutrient elements and tissue types. Nitrogen still exhibits increasing trends and cations may decrease in tree tissues. However, nutrients exhibit more significant changes in branches than other tissues due to the highest uncertainty in sampling branches. This accurate description and discussion of changes in tissue chemistry over time is essential to evaluating the sustainability of forest management and understanding the effects of acid rain and continued forest harvesting in Northeastern forests.
Research problem and Objectives
This project will test for changes over time in tissue chemistry of four tree species (Sugar Maple (Acer saccharum), Red Maple (Acer rubrum), American Beech (Fagus grandifolia) and Yellow Birch (Betula alleghaniensis)) in Huntington Wildlife Forest, which is important to the Northeastern Forest Ecosystem. Archived data from three years in the 1980s (Briggs and Mitchell, unpublished data), combined with re-sampling in the 2010s, will allow us to distinguish inter-annual variability from long-term trends and thus detect changes in tissue chemistry over time with known statistical confidence.
In addition, to study variation due to sampling methods, we will dissect trees of the same species cut down for road maintenance, which, luckily, is scheduled for this summer at Hubbard Brook Ecosystem Forest. We will report variation in nutrient concentrations of leaves by position in the canopy, branches by diameter, bark by height, and wood by height and radius. Also, nutrient variation due to analyzing methods will be addressed by using different analyzing methods to analyze samples. This analysis will make it possible to determine whether differences observed between the 1980s and the 2010s could be due to uncertainties in the early sampling methods and updated analyzing methods.
The specific objectives are as follows:
1. Describe inter-annual variability of nutrient concentrations in tree tissues of four species.

2. Detail the nutrient variation in tree tissues due to tissue position and analyzing methods. 
3. Compare current nutrient concentrations to measurements made 28 years earlier at the same site, with reference to uncertainty in sampling methods and analyzing methods.
Project Justification and Relevance
Nutrient concentrations in trees are usually considered to change over time due to the nitrogen deposition, acidification or harvesting. However, the base cation losses from soil caused by harvesting (Lamontagne et al. 2000) and acid rain (Fernandez et al. 2003) may pose a potential threat to forest health and productivity, impairing the sustainability of forests in the long-term. The description of changes in tissue chemistry over time is important to detect long-term trends (Yanai et al. 1999). Addressing the change of nutrient concentrations in tree tissues over time can also help to recalculate the nutrient budget for accessing forest sustainability and make it possible to compare across distinct sites with statistical confidence.
In order to get the nutrient concentrations in trees, different components of trees are sampled to look at the nutrients. Foliage (Duquesnay et al., 2000; Wilmot et al., 1996) and roots (Safford, 1976) are often sampled to see the changes over time since they are easily collected. Bark, wood, and branches are seldom sampled over time, although they represent larger nutrient pools in Northern Forest ecosystems (Yanai et al. 2010).
To detect change over decades requires information about previous sampling site, sampling methods, analyzing methods and the associated inter-annual variation data. Taking advantage of the previous tissue chemistry data, as yet unpublished, and the archived documents describing the location of the sampled trees, we can repeat the measurements along with getting inter-annual variation of nutrient concentrations in four types of tree tissues (bark, branches, foliage and wood). With reference to uncertainty in sampling methods and analyzing methods, we can determine whether a result obtained in the 2010s differs from that in the 1980s because of a change over time in the trees or because of where the samples were collected within a tree or because of using different analyzing methods. This project will provide us with a chance to examine if detectable changes of nutrient concentrations exist in the dominant hardwoods over time and understand the effects of acid rain and continued forest harvesting in Northeastern forests.  
Research Approach and Methodology

1. Project in Huntington Wildlife Forest

1.1 Site description
Huntington Forest is located in Newcomb, New York, within the Adirondack Park. Our study area is near the Integrated Forest Study (IFS; Johnson and Lindberg 1992) site and outside of the Arbutus Watershed (Mitchell et al. 2002). This area is dominated by American beech, sugar maple and yellow birch. The mean temperature is 4.4℃ with a growing season mean of 14.3℃. The average annual precipitation is 101 cm (Shepard et.al. 1989). 

1.2 Previous sampling

In 1985, a survey line consisting of 39 points was used for sample collection. The first point was positioned based on the iron bars installed by K.E. Remele at 1985. This survey line formed a closed plot, which had a size of 4.7 ha (Johnson and Lindberg 1992). 
In August of 1985, 1986 and 1987, 6 American Beech, 6 Sugar Maple, 5 Red Maple and 6 Yellow Birch were selected around these 39 points for collecting tissues. These trees were about 30 years old with DBH over 10 cm and in dominant crown positions. Since some of the trees were harvested for allometric analysis (Briggs et al, 1989), it was not possible to sample the same trees each year.
1.3 Current project
In August 2012, the survey line was re-established using the starting point permanently marked in 1985 and the bearings and distances to the remaining 38 points. The trees sampled in 2012 were marked so that the same trees can be re-sampled in August 2013.
Bark, foliage, wood and branches were sampled from each selected tree. At least 5 grams of bark were collected from the stem at 4.2 m with a chisel and hammer. Two branches (diameter from 1-4 cm) from each tree were cut from the base of the crown using a ladder and pruner. Twenty to thirty pathogen-free leaves were collected from the cut branches of each tree. Cores were collected at breast height using a Pressler’s increment borer (5 mm diameter). Three wood samples were collected from each tree, one 2 or 3 cm next to the other. All the collected tissues were stored in a cooler in the field before further analysis.
All the samples will be dried at 60℃ in the oven. After being dried for a week, tissue samples will be ground in a Wiley mill to pass a 40 mesh screen. Total N will be analyzed using a carbon-nitrogen-sulfur elemental analyzer. Subsample will be ashed at 470℃ and dissolved in 10 mL of 6M HNO3 on a hot plate (Siccama et al., 1994). Concentrations of S, P, K, Ca and Mg from the acid solution will be determined by an Inductively Coupled Plasma Emission Spectrometer.
2. Test of nutrient variation due to tissue position
2.1 Site description

  Hubbard Brook Ecosystem Forest (HBEF), located in the White Mountain National Forest in central New Hampshire, is dominated by American beech, sugar maple and yellow birch (Bormann et al. 1970). Climate here has an average temperature of -9O C in January and 18O C in July with an annual precipitation at 130 cm (Likens et al. 1977). Soil is mainly well-drained Spodosol developed in glacial till (Huntington et al. 1988). Small watersheds were built here as units for ecological study and comparison (Bormann and Likens 1967). Watersheds 7 and 8 have no treatment designs since they were built in 1965 and 1968. Roads adjacent to watersheds 7 and 8 have a little traffic with a closed canopy along the roads. 
2.2 Practical sampling and analyzing
In 2013, one tree of three species (American beech, sugar maple and yellow birch) will be sampled by tissue positions in Hubbard Brook. Vigorous trees (DBH > 10 cm) adjacent to the road to the watershed 7 will be selected for sampling since there is a closed canopy with little traffic. Trees will be cut down on the tarps and pulled into the woods for collecting samples. Within these trees, foliage from 3 canopy positions (upper, middle and base of the crown), branch samples from 7 diameter classes (0-5mm, 5-10 mm, 10-15 mm, 15-20 mm, 20-25 mm, 25-30 mm, >30 mm) will be samples. Three 5 cm discs, the one at the base of the tree, the one at the top of the merchantable bole (9 cm diameter), and the one located halfway between these two, will be collected per tree in the field and dissected later in the laboratory to get bark and wood samples. Wood will be sampled by height as well as radius (6 samples, taken from the center and outer portion of the trunk at each height). To address the concerns of unusual tissue chemistry due to tree location, additional samples will be collected to examine the actual differences in tissue chemistry compared with a normal tree in the forests. One tree for each of the same species will be selected at a distance of 100 m away from roads in the wedges of watershed 7 and 8. Trees in the forests with the similar DBH as the road trees will be selected for part sampling. Branches at three diameter classes (5-10 mm, 15-20 mm, 25-30 mm) and foliage from the base of the crown for each tree will be collected using shotgun. Bark at a height of base trunk will be collected using a chisel and hammer. Samples will be conserved and analyzed using the same method in current Huntington project. 
3. Data analysis
    Analysis of variance (ANOVA) will be used to analyze the inter-annual change in nutrient concentrations of bark, foliage, wood and branches of four species in two studying periods. Also, three years’ data in the 1980s will be considered as three replicates as well as two years’ data in the 2010s. 2-sample t tests will be applied to examine the change in nutrients of tissues over two decades with the reference to uncertainty in sampling methods and analyzing methods. Significant differences for statistical analyzing will be set at P<0.05.
Expected Products and Outcomes

1). Manuscripts describing changes over time in nutrient elements of four dominant species in Huntington Forest. 
2). Datasets that provides long-term recording data in tissue chemistry with discussion in sampling methods to apply uncertainty analysis and help assess forest nutrient sustainability. 

3). Accomplishment of this project will stimulate more research to proceed on nutrient change in forest over time and makes it easy to compare results across various sites with quantitative confidence.
Project Timeline

Spring 2013: Finish processing tissue samples from August 2012, preliminary data analysis. 
Summer 2013: Collect tissues from the trees of the same species sampled in 2012 in Huntington Forest and the felled trees in Hubbard Brook. 
Fall 2013: Process tissue samples collected in August 2013, analyze data.

Spring 2014: Prepare a manuscript for publication, defend thesis.
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Appendices
Budget justification for samples in Huntington Wildlife Forest
Each summer, we will include three people for field working. For each undergraduate, we pay $100 per week. Period of field work at Huntington Forest is estimated for five days. 
Travel is budgeted for fleet vehicles, housing fees. Total fleet vehicles will cost $186 for a return journey. Housing fees in Colden Cabin in Hunting Forest will cost $13 for each person per night. 
For the materials and supplies, 92 bags and 69 straws will be used for collecting tissues. Other equipments will be borrowed from other lab. Sample analysis costs were estimated at $2098.46. We have 92 tree samples: four tissues of six trees of each of four species. For branches, it will cost $3.16 per sample for grinding and $18 per sample for further analysis ($5 for N, and $10 for ashing, digesting, and ICP at $30/hour). Since we have 23 branch samples along with one duplicate, one blank and one standard reference material (SRM), the total cost for branches is $550.16. For other three tissues, it will cost $1.85 per sample for grinding and $18 per sample for further analysis (same as branch samples). Since we have 69 samples along with three duplicates, three blanks and three SRM, the total cost for bark, foliage and wood is $1548.3. Thus, it will cost $2*(2098.46+300+186+208) =$5584.92 in two years in total. 
Budget justification for samples in Hubbard Brook Ecosystem Forest

Within trees along the road, we will collect leaves from 3 canopy positions (about 20 leaves composited in each sample), branch samples from 7 diameter classes, and cookies (slices) of the stem for bark and wood analysis at 3 heights. For three trees in the wedges of watersheds, we will collect leaves from the base of the canopy, branch samples from 3 diameter classes and bark from the base of the trunk for each tree. Thus, we will have 30 branch samples, 42 non-branch samples and 10% for duplicates, blanks, and standards. It will cost 33* $21.16+ 46* $19.85 =$ 1611.38 in total.
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