Addendum to proposal 0949324, submitted to NSF in July 2009

By ignoring individual species, and because AM and EM tree species may differ in relative abundance with succession, then a level of bias in the calculation of any of the measured variables for EM and AM trees will result in a built-in, unknowable error in comparing succession status.
We acknowledge that our measurements of belowground responses are limited by the difficulty of distinguishing fine roots by species.  However, we argue that this limitation does not represent a serious impediment to our evaluations of treatment responses across the successional sequence for three principal reasons, as described below.  (1) We will quantify aboveground responses by species.  (2) The changes in the proportion of AM/EM species along the successional sequence are surprisingly small.  (3) Our comparisons of AM/EM proportions and colonization rates before and after the treatment will allow us to relate aboveground to belowground responses. 

Species composition is one of many factors that change over the course of succession in northern hardwoods.  While the ecosystem response will be described in aggregate and the model does not distinguish species, we will learn a lot about individual species response because we will be identifying them in all of the aboveground measurements.  Differences in the response of individual species, be they AM or EM, will therefore be part of the information available to us as we interpret differences in response to N and P addition in our young, mid-aged, and mature stands. 

Differences in the proportions of AM to EM tree species will also be important in interpreting our results.  Although tree species composition changes during succession, the proportion of AM to EM species does not change systematically across our stands.  Pin cherry, which is AM, is important in our younger stands but absent in the mature stands.  Maple, which is also AM, is more important in the mature than the young stands.  The dominant EM species, beech and birch, are the most constant across the age sequence.  Thus the fraction of tree biomass in AM species across the replicate young stands is 53 + 6%, and in the old stands 46 + 7%.  Although the systematic variation with stand age in the proportion of AM and EM tree species is small, the variation in forest composition across stands and within stands across plots is worth including in our analyses.

The result of this investigation of the effect of tree species on EM and AM root tips may be interesting in its own right.  In analyzing the pre-treatment frequency of EM, AM, and non-mycorrhizal root tips, we will learn whether these frequencies reflect the tree species composition on the plots.  We hypothesize that young and old stands will differ in the degree of EM and AM colonization, after correcting for tree species composition, due to the greater P limitation of young stands and N limitation of old stands.  Later, when analyzing the effect of treatments, we will have the pre-treatment frequency of colonization for each plot, and can analyze the differences induced by treatment.  

While evaluating changes in EM/AM colonization on a per-species basis is impractical in this study, we will test our assumption that aggregate colonization rates are a reasonable approximation by measuring percent colonization for sugar maple, the dominant AM species, and yellow birch, the dominant EM species.  We can readily identify these two species by examining vascular structure of small woody roots (Yanai et al. 2008), and we will quantify colonization on attached root tips.  
Estimating dry matter or energy allocation to mycorrhizal fungi as proposed is impossible because to distinguish between EM and saprotroph fungi as proposed is problematic. The method of ignoring saprotrophs in mineral soil, and using colonization patterns to help make the distinction in organic soil is futile. 

While estimating dry matter or energy allocation to mycorrhizal fungi is clearly relevant to our questions and modeling efforts, it is beyond the scope of this proposal, because it would be difficult, if not impossible, and because it is not necessary for meeting our objectives.  Under our second objective, “Evaluate mechanisms for maintaining co-limitation of N and P,” one of our central goals is to test the relative responses of AM and EM fungi to N vs. P limitation.  We propose to do this by quantifying differences in root colonization and extraradical hyphae in soil.  Our results will reveal whether AM and EM fungi respond differentially to N and to P, and whether N vs. P limitation influences depth distributions of either mycorrhizal type.  These data will provide the foundation needed to guide future more specific research to improve quantitative representation of mycorrhizae in the Multi-element Limitation Model.

Determining the relative proportions of AM and EM fungal hyphae in soil is complicated because no single method can separate AM, EM, and saprotrophic hyphae.  Hyphal length measures and PLFAs can distinguish AM from other fungi (both EM and saprotrophic), and we will use both methods to quantify responses by AM fungi to N and P.  Separating EM from saprotrophic fungi is more difficult, and our methods assume that a differential response by EM and saprotrophic fungi would have little influence on the relative response by EM fungi because of the far greater abundance of EM fungi.  This assumption appears to be valid in mineral soils (Lindahl et al. 2007), and is supported by our molecular analyses of fungal communities in our field sites.  Thus we are confident that we can detect changes in mineral soils in response to treatments, as proposed.  

While we stand by our claim that documenting relative differences in AM and EM colonization and soil hyphae will be sufficient to test our hypotheses, we also believe that additional efforts (costing approximately $72,000) would be very fruitful, because we could detect species-specific fungal responses to nutrients.  These objectives were emphasized in earlier versions of this proposal because of their transformative potential, but we removed them in response to panel suggestions to simplify the project.  We propose to identify EM and saprotrophic fungi (basidiomycetes and ascomycetes) by extracting DNA from soil, amplifying the ITS region of the nuclear rDNA genes, constructing clone libraries, and matching clone sequences to available databases such as Genbank.  This approach would yield a vastly improved description of the species composition of the EM community, extending existing species-specific work to the ecosystem context of forest succession and nutrient availability.  Based on our prior work at Bartlett, we anticipate finding many sequences in subsurface mineral soils that have not previously been identified, presumably because these species never fruit.  We will improve our ability to classify previously unidentified sequences by developing an extensive database of sequences from EM root tips collected in our study sites.  We expect that the EM community will not respond uniformly to nutrient limitations and that the changes we observe in response to treatment will reveal important functional roles of individual EM species. 

Moreover, the soils collected for heterotrophic respiration potential (trenched plots) will not contain any mycorrhizal fungi, so this is not a good way to sample mycorrhizal fungal hyphae

The approaches for heterotrophic respiration and for fungal hyphae sampling may have been misunderstood by the panel. We do not propose to measure mycorrhizal fungal hyphae or heterotrophic respiration potential in soils from the trenched plots. Samples for these analyses would be collected from areas not in the trenched plots.  The trenched plots will be used only to compare soil respiration with and without belowground carbon inputs from trees. 
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