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Project Summary 
The effect  on forests of excess nitrogen from air pollution is complicated because nitrogen 
is an essential nutrient for trees, but excessive amounts can be toxic.  In this study we re-
sampled the trees and soil in research plots that had been receiving added nitrogen for 13 
years.  The study included six replicate plots dominated by each of 5 species, located in the 
Catskill Mountains of NY State.  Nitrogen was added in a granular form at a rate of 50 kg 
N/hectare/year;  for each fertilized plot there was a paired control plot that received only 
ambient nitrogen deposition.  Even though nitrogen is often considered a limiting element for 
forests in this region, we found that the trees had only a moderate uptake of the extra 
nitrogen, as reflected in the nitrogen concentration in their foliage.  We also found that soil 
microbial processes such as soil respiration and nitrogen mineralization were inhibited by 
the added nitrogen. While the decrease in microbial action should eventually lead to a 
greater buildup of the forest floor, we did not observe an increase in forest floor mass in this 
study.   All of these responses varied individualistically among the different tree species.  
We conclude that in the Catskill region the trees are probably less limited by nitrogen than is 
commonly assumed, but that nitrogen deposition can alter key microbial processes that may 
eventually lead to increased mass and carbon storage in the forest floor.   Policy and 
management decisions  regarding nitrogen pollution should factor in the varying responses 
of different tree species, and simulation models that predict the effect of nitrogen deposition 
on the Northern Forest should take individual tree species into account in order to make 
accurate predictions.   
 
 



Background and Justification 

• The atmosphere is polluted with nitrogen (N), 
primarily from fossil fuel combustion 

• The effects of this excess N deposition on forests is 
complicated  
– Forests need N as a critical nutrient, and their growth is 

thought to be limited by it. 
– However, too much N can cause nutrient imbalances and 

soil acidification, slowing the growth of, or even killing, trees.  
• The balance of positive and negative effects is likely 

to depend on the tree species, age and soil type.  
• N addition experiments help to sort out the different 

effects, and can provide data to simulation models 
that predict long-term consequences of air pollution 



Methods-Study Design 
• We sampled 60 single-species forest plots in the Catskill Mountains of 

NY State that had been receiving added N for 13 years. 
• There were 6 replicate pairs of plots of each of 5 tree species as listed 

in the table below.  
• One plot of each pair was fertilized with granular ammonium nitrate (50 

kg N/ha/y), and the other served as a control and received only ambient 
N deposition (~9 kg N/ha/y). 

Common Name Latin name 

Sugar Maple Acer saccharum 

American Beech Fagus grandifolia 

Eastern Hemlock Tsuga canadensis 

Northern Red Oak Quercus rubra 

Yellow Birch Betula alleghaniensis 

Tree species used Fertilizing a plot 



Field Methods 
• Forest floor was sampled with a hand corer, and the deeper soils were 

sampled either with a hand corer or with a power corer (see photo below). 
Foliage from the trees was collected with a shotgun, using steel shot.  The soil 
and plant samples were brought to the Cary Institute for processing and 
analyzed at either the Cary Institute,  Boston University, or the University of 
Kentucky. 

• Soil samples were incubated in the laboratory for 12 days to determine rates of 
nitrogen mineralization and nitrification, and were incubated  for one year to 
determine respiration rates 

Sampling foliage 

Sampling soil with 
the power corer 



Results/Project Outcomes 1 
• Fertilization only increased foliar nitrogen concentration significantly in sugar maple plots.  

There was a decline in N concentration in the fertilized beech plots, perhaps because the 
plots were affected by beech bark disease.  This indicates that the trees (except for maples) 
were not particularly responsive to N fertilization, perhaps because they already receive 
enough N from the atmosphere.  

Foliar N 
concentration in 
different species 
plots, shown as 
the mean of the 
6 plots per 
species with 
error bars 
showing the 
standard error 
of the mean. 
Blue bars are 
control plots and 
red bars are the 
N treated plots. 
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Results/Project Outcomes 2 
• In the lab assay, we found that the nitrogen addition generally 

decreased soil respiration, an indicator of microbial activity.  
The result is seen in the first several weeks of the incubations , 
and is strongest for beech and oak plots. This decreased 
respiration may be a result of N inhibition of decomposition 
enzymes produced by microbes. 
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Results/Project Outcomes 3 
• We also found that the rate of nitrogen mineralization in the soil was decreased in the fertilized plots 

compared to the control plots.  This is another indication of reduced microbial activity.  
• There was no significant difference among the species in rates of N mineralization. 
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Rate of N 
mineralization in 
different species 
plots, shown as 
the mean of the 
6 plots per 
species with 
error bars 
showing the 
standard error 
of the mean. 
Blue bars are 
control plots and 
red bars are the 
N treated plots. 



Results/Project Outcomes 4 
• Most of the species showed a decline in nitrification rate as a result of fertilization, but this effect was only 

significant in maple plots.   
• There were strong species differences, with sugar maple having the highest nitrification rates  and red oak the 

lowest. 
• Nitrification is important because it produces nitrate, the mobile form of N than can leach from soil into surface 

waters. 

Rate of 
nitrification in 
different species 
plots, shown as 
the mean of the 
6 plots per 
species with 
error bars 
showing the 
standard error 
of the mean. 
Blue bars are 
control plots and 
red bars are the 
N treated plots. 
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Results/Project Outcomes 5 
• Despite the change in rates of soil microbial activity, our preliminary analysis has not found a 

significant difference in forest floor mass resulting from fertilization.  There is a very high 
spatial variation in forest floor mass, making it difficult to observe an effect. Statistical 
analysis of these data is continuing.  

•  In general, hemlock stands had the highest forest floor mass.  

Preliminary 
estimate of the 
mass of the 
forest floor in 
different species 
plots, shown as 
the mean of the 
6 plots per 
species with 
error bars 
showing the 
standard error 
of the mean. 
Blue bars are 
control plots and 
red bars are the 
N treated plots. 
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Implications and applications 
in the Northern Forest region 

• This study showed that addition of nitrogen, as occurs through nitrogen 
pollution of the atmosphere, can affect Northern Hardwood forests in 
unexpected ways.  The expected fertilization effect on trees was not 
very strong, and there appeared to be an inhibitory effect on soil 
microbial activity, resulting in decreased decomposition rate. The 
decreased decomposition could lead eventually to increased forest 
floor mass.  

  
• Tree species differed strongly in most of the attributes we measured. 

This suggests that models that predict future ecosystem processes in 
response to such stresses as air pollution and climate change should 
take into account potential future changes in tree species composition. 
In addition, management and policy decisions should consider that 
species vary in their susceptibility to N saturation. 



Future directions 
The results of this work suggest several avenues of future research: 
 
• Examination of soil microbial processes and soil C storage across a 

gradient of N deposition in the Northeast.  Gradient studies can 
complement experimental studies (like this one) to give the clearest 
picture of the effects of N deposition. 

• Development of a computer model of forest ecosystem processes that 
includes the ability to change tree species composition.  Tree species 
are changing because of several drivers including climate change and 
the introduction of new insects and pathogens, but current ecosystem 
models do not include the ability to change species composition.   

• Experimental studies and models on the process of “de-saturation,” i.e., 
what happens when N deposition is decreased and the N stored in the 
ecosystem is released over time.  

• Experimental studies to determine the factors that limit the growth of 
trees under conditions of chronically high N deposition. 
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