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The interaction of leaf nutrients and soil fauna on litter decomposition in a northern hardwood ecosystem.

INTRODUCTION:
In forest systems, decomposition of leaf litter is a key process in the recycling of nutrients taken up by plants.  Decomposition rate is an important process in many ecosystem models (Kimmins et al 1999, Kurz and Apps 1999).  Understanding the interacting factors that effect decomposition rates, and how they will respond to global change will be important in making future predictions about carbon and nutrient budgets.  Litter quality and the soil fauna community are two of the most important factors controlling litter decomposition rates in these systems.  While many studies have addressed these factors individually, much less is known about how litter quality and soil communities interact to affect decomposition.  

Decomposition rate is positively correlated with litter nutrient concentration (Melillo et al. 1982, Taylor et al. 1989, Moorhead et al. 1999).  Leaf nutrient concentrations vary by species, as do their decomposition rates (Adams and Angradi 1996, Cornelissen 1996).  Surprisingly, combinations of multiple species of litter tend to decompose faster than would be predicted by individual species decomposition rates (Hattenschwiler 2005).  Schadler and Brandl (2005) posited that this is because a more complex microhabitat allows for a more complex community of soil fauna decomposers.

It is generally accepted that the presence of soil fauna increase rates of litter decomposition (McBrayer et al. 1977, Seastedt, 1984).  This is easily tested using litter bags of different size mesh to control what size organisms are able to enter.  The magnitude of faunal effects vary depending on the species of litter, with faster decomposing litter species being more heavily controlled by soil fauna.  Recent studies have suggested that faunal controls over litter decomposition rates are greater in species with higher nutrient concentrations (Pieper and Weigmann 2007, Carrillo et. al 2011).  It is unclear whether these differences are a direct result of differing nutrient concentrations among leaf species, or other inherent species traits that affect palatability.  One way to answer this question would be to compare faunal effects on litter of the same species that differ in nutritional quality.

PROPOSED RESEARCH/JUSTIFICATION:

I propose to examine decomposition rates in the presence and absence of mesofauna using litter from different treatments of a fertilization experiment in a northern hardwood ecosystem.  Litter will be from sites experimentally enriched with Nitrogen, Phosphorus, or both.  To my knowledge, this would be the first fertilization experiment anywhere to measure decomposition using faunal exclosures.  Furthermore, I was unable to find any studies in the northeastern United States examining the relative importance of litter quality and soil fauna to litter decomposition rates.  Finally, the absence of earthworms in parts of the northeast make these areas worth investigating, as earthworms are key players in the decomposition of European broadleaf forests where much of this research has been done.   
HYPOTHESIS:

Most work on litter decomposition has focused on leaf nitrogen ratios.  Findings from these studies suggest that the N treatments will have the greatest increase in decomposition rate.  Recent research in the northeast suggests some level of P limitation to the system however, and if P is limiting to the decomposing community, we may see faster decomposition in the P treatment.  The results of this experiment will thus help further our understanding of the nutrient limitations of this region.  Given what is known about the interaction of litter nutrients and soil fauna, decomposition rates should be faster when litter fauna are included.  The difference between the faunal treatments should also be larger in the fertilized plots than in the control. 
METHODS:

This project takes advantage of a previously set up long term fertilization study in the White mountains of northern New Hampshire.  The study sites will be three mature (>100 years) maple-birch-beech stands in Bartlett Experimental Forest.  Each stand contains four 50x50 meter treatment plots.  Nutrient additions to these plots began in spring 2011.  In each stand one plot receives 30kg/yr N, a second plot receives 10 kg/yr P, and a third plot receives both 30kg/yr N and 10 kg/yr P.  The fourth plot in each stand is a control, receiving no fertilization.    

In November 2012 I plan to collect leaf litter from sugar maple, American beech, and yellow birch from each plot, using net hammocks to ensure litter is recently fallen and has not yet been introduced to soil fauna.  Litter will air be dried, then sorted to species.   Subsamples will then be oven dried at 60 degrees C and weighed, in order to correct for the moisture content of air dried litter.  4g Beech, 8g sugar maple, and 2g of yellow birch leaves will then be combined and placed in 400cm2 mesh litter bags.  This combination of leaves is representative of the composition in the plots, based on previous litter collections done in 2009.  Half the litterbags will be constructed using 5x5 mm mesh, which allows free passage of soil mesofauna and microfauna.  The other half of the litterbags will made of 20x20um mesh, which restricts these soil fauna, but still allows the passage of bacteria, fungal hyphae, most nematodes, and protozoa.

Eight 10x10 meter subplots will be selected within each treatment plot.  Each subplot will receive two 20x20um and two 5x5 mm mesh litterbags containing fertilized litter from that plot.  Bags will be placed in the plots in spring 2012 (after snowmelt).  Half of the bags will be collected from each plot in August 2012, and the final collection will be in October 2012.  Contents of litter bags will be oven dried and weighed to calculate mass loss. 
STATISTICAL ANALYSIS

A one-way analysis of variance can be used to test for a fertilization effect.  Differences in decomposition rate between the two mesh sizes can be tested using a paired t-test.  A two-way analysis of variance can also be used to differentiate the effects of nutrient treatment and mesh size.   
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