
Investigating the decomposition by of disease-resistant transgenic American chestnut 
(Castanea dentata) leaf litter and the colonization of the litter by ectomycorrhizal fungi 

 

Summary 

In order to introduce transgenic American chestnut trees into forests, policy requires that 
we ensure the ecological functions of the transgenic trees are equivalent to those of wild type 
American chestnut trees. This study is interested in the decomposition of leaf litter and the 
mycorrhizal fungi colonizing leaf litter in situ. This study will involve placing litterbags in the 
field directly under seedlings of the same type, just above the mineral layer of soil for a period of 
5 months. The bags will then be brought back to the lab so the number of species in each bag can 
be recorded and the mass can be recorded. 
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Duration of project 
Approximately 7 months from starting date in June 2014 
 
Total amount requested 
$1,900 
 
 
Short and long-term goals of the project 
 
 The short-term goal of the project is to verify that two types of transgenic American 
chestnut leaf litter are colonized by the same number of ectomycorrhizal fungi species as wild-
type American chestnut during a 5 month decomposition period, and to verify that all types of 
leaf litter decompose at similar rates. 
 The long-term goal of the project is to determine whether transgenic American chestnut 
trees are ecologically equivalent to wild-type American chestnut trees, and therefore able to be 
out-planted into forests. Also, the success of this project could promote the utilization of genetic 
engineering for other conservation or restoration projects. 
 
Narrative 
 
 Much research is being done to determine whether transgenic American chestnut trees 
function ecologically the same as wild-type American chestnut trees. Many of these projects are 
investigating things such as growth rate, light intensity, and other above-ground measurements. 
What I am interested in is not so easily apparent– how do the transgenic trees measure up 
underground? Looking at the decomposition of the leaf litter and the colonization of that litter by 
ectomycorrhizal fungi is one way to get at this half of the tree’s ecology. 
             The first objective of this project is to investigate the rate of foliar decomposition. Leaf 
litter decomposition, also known as mass loss, provides the primary source of mineral nitrogen 
for biological activity in most terrestrial ecosystems. Nitrogen does not have a regular, 
significant geologic input and therefore, is commonly a limiting factor in plant growth. The 
breakdown of nitrogen from leaf litter provides a significant amount of this key resource, which 
increases ecosystem productivity. For leaf litter to be completely broken down in most systems, 
years to decades must pass for the process of decomposition to be completed. (Parton et al. 
2007). The decomposition of leaf litter involves two sets of processes that occur simultaneously. 
One set of processes involves the mineralization and humification of lignin, cellulose, and other 
compounds by a variety of microorganisms. The second set of processes involves the leaching 
downward of soluble compounds into the soil, where carbon and nitrogen are then mineralized or 
immobilized. These two sets of processes are controlled by abiotic factors, such as climate, and 
by biotic factors, such as soil organisms, and the chemical composition of the leaf litter 
(Coûteaux et al. 1995).  
           When green leaves senesce, many of their physiological characteristics remain, which is 
responsible for the strong correlation between green leaf tissue chemistry and the chemical 
composition of leaf litter (Aerts 1996). The carbon and nutrient chemistry and stoichiometry of 
leaf litter can then have a strong effect on the activity and abundance of decomposers in the soil. 
This difference in decomposer abundance and activity can lead to different types of leaf litter 
having different rates of decomposition (Taylor et al., 1989). Cornwell et. al (2008) 



demonstrated that plant functional type can have an effect on decomposition rates. Their meta-
data analysis showed that leaf litter from woody-deciduous species decomposed 60% faster than 
litter from woody evergreen species. This is why it is imperative to measure the rates of 
decomposition in our transgenic American chestnut trees and compare the data to the 
decomposition rate we record for the wild-type American chestnut trees. 

                A portion of leaf litter decomposition that is often overlooked in research is the 
breakdown of foliage and the transportation of its nutrients by mycorrhizal fungi associated with 
nearby trees. Mycorrhizal fungi are found throughout natural and man-made systems. In the last 
ten or so years, it has been made evident that mycorrhizal fungi play an important role in 
facilitating the breakdown of organic material so that the nutrients can be taken up by the fungi 
and given to the host plant. The distinction between decomposers and mycorrhizal fungi is 
becoming increasingly blurred. It has been noted that ectomycorrhizal (ECM) fungi are capable 
of producing extracellular lytic enzymes that allow them to obtain carbon, phosphorus, and 
nitrogen from organic compounds (Dighton 1991).  A recent publication by Bӧdecker et al. 
(2014) hypothesized that when supported by carbon from their host plants, certain groups of 
ECM fungi can use oxidative enzymes to decompose organic matter in order to mobilize 
nitrogen for themselves and their hosts. These fungi act as decomposers in order to forage for 
organic nitrogen in the absence of more easily available, inorganic nitrogen sources. Bӧdecker et 
al. (2014) were interested in the enzyme MnP, which is known to play a part in litter 
decomposition, and found a significant association between Mn-peroxidase activity and the 
occurrence of Cortinarius DNA in humus samples. This association indicates that members of 
this genus make an important contribution to overall Mn-peroxidase activity in boreal forest soils 
(Bӧdecker et al. 2014). 

Comparing the ECM fungal colonization on transgenic litter to wild-type litter is 
important because ECM fungi have demonstrated specificity for leaf litter. The leaf litter of some 
plants and the nutrients released during decomposition influence the ECM fungal community 
found on adjacent hosts.  Aponte et al. (2010) examined the ECM fungal community of two co-
occurring Mediterranean oaks, and of the 69 OTUs (operational taxonomic units) recovered, only 
13 were found on both oaks; 29 were exclusive to Quercus canariensis and 27 only on Q. 
suber.  They also found that calcium content, which was highest under the winter deciduous Q. 
canariensis, was the most important variable to explain the differences in the ECM fungal 
communities.  Morris et al. (2009) also suggested that differences in litter quality affected host 
preferences between two Quercus species in a tropical cloud forest in southern Mexico. It is for 
this reason that we are interested in noting any differences between ECM fungi colonization of 
wild type and transgenic American chestnut leaf litter. 
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Timeline, showing start and completion dates for each goal 
 
November, 2013 
Collect senesced leaves from seedlings 
 
May, 2014 
Select the seedlings that will be used for placing the litterbags 
Get litterbags ready for field 
 
June -October, 2014 
Place litterbags in field beside selected seedlings 
 
November, 2014 
Collect litterbags from field and sort hyphae into types  
 
December-January, 2014 
DNA sequencing on fungal hyphae from bags 
 
 
How results will be measured and recorded 
 
 The rate of decomposition of the litter by fungi will be calculated by subtracting the final 
dry weight of the litter from the initial mass of the liter. The number of species of 
ectomycorrhizal fungi that colonize the litter will be sorted by RLFP typing and analyzed 
through DNA sequencing. 
 
Breakdown of how funds will be spent 
$700                  Materials including 44 micron nylon mesh litterbags, heat sealer, markers for the            
    field, identification tags, and solution for storing DNA 
$1,000     RLFP typing and DNA sequencing 
$200               Publication costs 
 
$1,900  Total 
 
 
 
Timeline for when funds will be needed 
August, 2014 – cost of materials: $700 
November, 2014 – cost of DNA sequencing: $1,000 
February, 2014 – publication cost: $200 
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Teaching within the past 5 years 
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Faculty advisor for the Central New York Mycological Society                              2001 – present 
 
Assistant Professor, Mycorrhizal Ecology            2001-2007 
SUNY College f Environmental Science and Forestry, Syracuse, NY 
 
Research Associate, Mycology            1997-2001 
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Teaching within the past 5 years 
•  EFB 320, General Ecology 
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Professional experience 

 SSAI consultant, NASA DEVELOP                         September 2012-November 2012  

• Worked in ArcGIS with Landsat and MODIS imagery to analyze the hydrology of the 
Great Dismal Swamp 

• Provided information on how water should be allocated during the growing season 

 SSAI consultant, NASA DEVELOP                         February 2013-April 2013 

• Worked in ArcGIS with VIIRS and Hysplit to track particulate matter during a large 
wildfire in Oregon 

• Together, with a team, put together a video on the project that came in first place in a 
national contest 

 PGRP intern, Boyce Thompson Institute for Plant Research                    June 2012-August 2012  

• Worked in the Giovannoni lab, investigating the role of carotenoids in tomato fruit 
development 

• Measured carotenoid concentrations in ABA-deficient mutants and ZDS knockouts to 
look for a build-up resulting from a block in the pathway 

• Results supporting the hypothesis were presented at BTI’s annual student symposium 

Research Assistant, SUNY Research Foundation    January 2014-present 

• Investigating the nutrient content of decomposing leaf litter belonging to two transgenic 
American chestnut types, a hybrid type, and a wild-type chestnut 



• Investigating the species of mycorrhizal fungi that colonize leaf litter of two transgenic 
American chestnut types and wild-type chestnut 

• Field work involving planting and collecting litterbags, and lab work involving nutrient 
analysis and mycorrhizal fungi DNA analysis 

Teaching Assistant, SUNY ESF                  August-December 2013, 2014 

• Teaching a lab section of Introduction to Soils, FOR 34, and grading assignments 
• Field portion of the lab involves traveling to sites and digging soil pits to identify layers 

of the soil profile, lecturing on Best Management Practices in forests, lecturing on created 
wetlands as described in section 404 of the Clean Water Act 

• Lab portion involves CEC analysis, soil acidity, and soil fertility 
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