Thesis Proposal
Adam Wild 
Project Goals and Supporting Objectives

 The goal of this study is to determine which nutrient elements control the sugar concentration of sugar maple sap and whether a nutrient addition can increase the productivity of maple syrup.  The project takes advantage of an existing study with treatments of N, P, Ca, and untreated controls.  Maple sap has been shown to respond to fertilizer, but the elements have not been studied independently.
Project Justification and relevance 


The decline of sugar maple (Acer saccharum Marsh) is one of the major forest health issues in the Northern Forest.   Depletion of soil base cations, especially calcium, have been implicated in these declines (Horsley et al. 2000).  Sugar maple decline has been reversed by applications of lime or dolomite in the Allegheny Plateau (Long, Horsley & Lilja, 1997).  In New Hampshire, an experimental addition of calcium silicate resulted in healthier canopies, increased diameter growth and more fit germinants and seedlings (Juice et.al., 2006).  The purpose of this study is to determine whether the calcium status of sugar maple affects the sugar concentration of sap.


Tapping sugar maples is a long-standing tradition in the Northern Forest; maple syrup and maple sap are economically important non-timber forest products.  The percentage of sugar in sap directly affects the amount of time, energy and labor required to produce a gallon of syrup.  For example, 86 gallons of sap with 1% sugar is required to produce one gallon of syrup but if the sap is 2% sugar, only 43 gallons are required (Taylor, 1956).      

Previous research has shown that trees that yield high volumes of sap also contain high concentrations of sugar (Marvin et al. 1967).  Preliminary studies in our research sites found sap flow to be greater in the calcium plots than control plots, suggesting that sugar concentration will be higher as well. Trees with higher growth rates have also been shown to have higher sugar concentrations in their sap (Taylor, 1956).  
  
Because of its economic importance, the sugar concentration of sap has been studied in sugar bush fertilization trials.  However, all of these studies have added multiple nutrients: sugar concentration increased with addition of NPK (Watterston, Leaf, & Engelken, 1963), NPKCa (Leech & Kim, 1990) or NPKCaMg fertilizers (Wilmot & Perkins, 2004).  This study will test the effects of Ca, N, and P applied separately.  Previous liming studies could not distinguish the effects of Ca from the effects of elevated pH (which affects P availability, for example).  Commercial P fertilizers all contain Ca, which means that a response to P fertilization could be a response to Ca addition.  Identifying which elements are most likely to improve the sugar concentration of sap could have important economic benefits.      
Research Approach and Methodology
Site description

The study will take place in the White Mountains of New Hampshire using previously established 50 m x 50 m treatment plots.  These plots are part of the Multiple Element Limitation in Northern Hardwood Ecosystems study focusing on nutrient cycling in northern hardwood forests (http://www.esf.edu/melnhe/).  Applications of N and P began in June 2011 and continue at the rate of 30 kg N/ha/yr (as NH4NO3) and 10 kg P/ha/yr (as NaH2PO4). Calcium was applied in the stands in the fall of 2011 at the rate of 1150 kg of Ca/ha (as calcium silicate, CaSiO3) (Green, 2011). 

Five stands have been selected for the project based on the stand age and number of sugar maple trees.  Three of the stands (C8, JBO and JBM) have an N, P, N and P, Ca, and a control plot.  The fourth stand (C9) does not have a Ca plot while the N and P plots will not be used at the fifth stand (C6). When the control plot is not representative of the treatment plots control trees will be selected around the perimeter of the plot . Three of the stands are in the Bartlett Experimental Forest and two are in Jeffers Brook.  The Ca-treatment stand at Hubbard Brook is not suitable for study because there is only one large sugar maple tree in the plot. The stand ages in the sites selected for study are 38, 43, 113, 123 and 130 years.

Field methods

Sap Sampling Method

Sap will be collected by tapping trees in the winter of 2013 and again in the winter of 2014.  The conditions for sap flow in the winter are freezing night and warm daytime temperatures; sampling dates will be selected by monitoring the weather conditions and communicating with local sugar producers.      


All healthy sugar maple trees 10 cm or greater diameter at breast height (DBH, 1.37 m) from the inner 30 m x 30 m area of each plot have been chosen and entered on data sheets prior to entering the field with the exception of the older stand at Jeffers Brook.  25 sugar maples were randomly chosen in each treatment plot in the older stand at Jeffers Brook.  All sugar maples within the separate Ca plot and the mid-age stand in Jeffers Brook will be used along with locating sugar maples in the buffer for a sample of ten trees per treatment.  All sugar maples at C9 will be used with the exception of plot 2.  Plot 2 has 26 sugar maples which is more trees than is feasible to sample.  Within this plot all sugar maples in subplot C1, C2 and C3 will not be used as they are on the uphill side of the plot and may not receive as much fertilizer due to runoff.   


In the BEF I will snowmobile into the stand using the Forest Service snowmobile.  Uncertified snowmobile operators will not be allowed to ride into  the stand.  If a volunteer is with me they must either walk or ski into the stands as Bear Notch Road will be closed.  All supplies will be in a backpack.  I will be required to cross-country ski into the stands at Jeffers Brook. 


At the start of sampling a 2 mm hole will be drilled into the tree on the south side of the tree approximately 1.5 m above the trunk flare.  Tap holes will be drilled into the bole of the tree 0.5-2 cm deep.  A 16 gauge syringe needle will be removed from the packaging and inserted into the hole without hammering.  Following insertion of the needle, a plastic test tube with a 7mm hole drilled into the side of the test tube near the top will be hung on the end of the syringe needle so that the sap will be allowed to flow out of the tree into the test tube. If there is precipitation in the air, Parafilm will be stretched over top the test tube to prevent dilution.  After hanging all of the test tubes in the stand and sap has been allowed to flow into the tubes for at least 5 minutes I will go back through and perform the sampling. Calibration of the refractometer will be performed with DI water prior to sampling in each plot.  Several drops of the sap that has collected in the test tube will be poured onto the prism of the refractometer.   Sap will be allowed to sit in the refractometer to adjust temperatures for 5-10 seconds.  Sap sample readings will be recorded on the data sheets.  Approximately 2 ml of sap remaining in the test tube will be poured into a larger pre-labeled vial   for lab ICP processing.  A composite sample from each tree in a single plot will be poured into this vial. Upon returning from the field the vial will be put directly into the freezer for later analysis.  After each measurement the refractometer prism will be disinfected by rubbing the prism with a cotton swab dipped in alcohol and wiped dry with a Kim wipe. Test tubes will be removed from the syringe needle and will be taken back to the lab for cleaning.  Syringe needles will remain in the tree throughout the sap season and removed at the end of the sap flow.  


Sampling later in the sap flow season will be completed using the same methods with the exception that the syringe needles will already be in place.  The goal is to repeat the sampling process at least three times throughout the sap flow season.  It is crucial that all plots within a stand be sampled on the same day as sap can vary from day to day and is weather dependent.  Sampling will be repeated using the same techniques in the winter of 2014 with the exception of not bringing back a sample for chemistry analysis.  


Tree Health Assessment Method


Health assessment of all sugar maples that have been tapped in the winter of 2013 will be analyzed through a visual rating system. The health assessment is a five part system rating tree vigor, crown dieback, transparency of light through the canopy, ratio of live crown and density of the tree. Individuals will be trained using the North American Maple Project (NAMP) procedure by Sandy Wilmot at the Vermont Department of Forest, Parks and Recreation. Training will occur for two days providing the crew competency in the visual rating system. Two individuals will conduct a separate rating on each tree at the same time for consistency. When two ratings differ the average of the two will be taken.
 
Foliar nutrient Analysis Methods  


Foliar samples will be collected from four different trees within each plot using the sharpshooter shotgun method.  At least 10 leaf samples will be collected from each tree at three different locations of the tree.  Collected samples will be placed in labeled paper bags and stored in a cooler as soon as possible.  Trees that are sampled will be selected by the two trees with the highest sugar concentration and two with the lowest sugar concentration on average from the winter 2013 sampling data.  Selected trees must have sugar concentration data from at least two different dates.  If there are more than two trees with the same sugar concentration, two will randomly be selected.  A list of these known trees will be generated from the sap sampling data prior to entering the field.   Upon returning to the lab all samples will be dried at 65o Celsius for 24 hours.  After drying, samples will be processed for nutrient analysis.  


Gas Exchange Method


 Using a LI-COR LI6400  portable photosynthesis system CO2 measurements will be taken from leaves for photosynthetic and conductivity rates.  Foliar samples that have been shot down for nutrient analysis will be used to collect foliar samples. Measurements will be taken in the field right after they are shot down from a single leaf of each tree. Leaves will only be collected on sunny days between 10 a.m. and 2 p.m. to ensure peak photosynthesis.  Samples will be free of bullet holes and will be shot down from the upper canopy where they are exposed to the sun.         

 Data analysis


The effect of treatments on the sugar concentration of sap will be analyzed using repeated measures analysis of variance with stand as a blocking factor.  Site and stand age can be used in interpreting differences but cannot be tested statistically for lack of replication. Correlations between sugar concentration and soil nutrients, foliar nutrient analysis, gas exchange rates and canopy health will be assessed.  
Expected Products and Outcomes 

I expect to demonstrate that the sugar concentration of sap will be higher in trees with nutrient amendments, which is not novel, and we will distinguish the effects of N, P, and Ca, which has never been done before. Correlations between foliar and soil nutrients will be analyzed as well. Results from the study will be published in a scientific journal.   Results will also give sugar bush owners insight into whether it is cost effective to apply fertilizer and what type to their sugar bush to increase sugar concentration and maple syrup production.  It is expected that the outcome will increase sustainability in the maple syrup industry by reducing the amount of energy required to produce a gallon of maple syrup.  Results will be presented at the Hubbard Brook Cooperators Meeting and the New York State Maple Syrup Producers Association conference.     

Project timeline
February 2013 - April 2014: Trees will be tapped and sugar concentrations first measured in the winter of 2013.  The same procedure will occur in the winter of 2014.  
April 2013-January 2014: First year data will be analyzed along with preparation of thesis and paper for publication.

June 2013 - July 2013 - Canopy assessment, gas exchange and leaf collection.  

July 2013 - Attend and present preliminary results at the Hubbard Brook Cooperators Meeting.
September 2013 - Analyze data and run ICP of leaf samples. 

October 2013 - ICP of sap samples

January 2014 - Present at the New York State Maple Syrup Producers Association Conference.  

May 2014: Scientific paper completed and submitted for publication.  Master's thesis completed.     

Literature Cited: 
Green, M. (2011, December). Establishment of Calcium Silicate Treatment Plots on the Forests at Hubbard Brook, Bartlett, and Jeffers Brook . Multiple Element Limitation in Northern Harwood Ecosystems.  Retrieved October 23, 2012 from the world wide web: http://www.esf.edu/melnhe/News/roa-wollastonite.htm  
Horsley, S.B., R.P. Long, S.W. Bailey, R.A. Hallett, & T.J. Hall. 2000. Factors associated with the decline disease of sugar maple on the Allegheny Plateau. Canadian Journal of Forest Research 30: 1365–1378
Juice, S.M., T.J. Fahey, T.G. Siccama, C.T. Driscoll, E.G. Denny, C. Eagar, N.L. Cleavitt, R. Minocha, & A.D Richardson. 2006. Response of Sugar Maple to Calcium Addition to Northern Hardwood Forest. Ecology 87(5):1267-1280.  

Leech, R.H. & Y.T. Kim, 1990. Methods to investigate fertilization as a means to improve growth
and sugar yield of sugar maples. Communications in Soil Science and Plant Analysis 21(17&18):2029-2051.    

Long, R.P., S.B. Horsley, & P.R. Lilja. 1997. Impact of forest liming on growth and crown vigor of sugar maple and associated hardwoods. Canadian Journal of Forest Research 27: 1560–1573
Marvin, J.W., M.F. Morselli, F.M. Laing. 1967. A correlation between, sugar concentration and volume yields in a sugar maple: an 18-year study. Forest Science 13:346-351.  

Taylor, F. H. 1956. Variation in Sugar Content of Maple Sap. University of Vermont and State Agricultural College, Bulletin 587.  

Watterston, K.G., A.L. Leaf, & J.H. Engelken. 1963. Effect of N, P, and K fertilization on yield and sugar content of sap of sugar maple trees. Soil Science Society of America Journal 27(2):236-238.  

Wilmot, T. & T. Perkins. 2004. Fertilizing a Sugar Bush. Proctor Maple Research Center, University of Vermont.  

