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nitrogen environment. The coarse roots may still carry the signature of an earlier,
more N rich soil environment, created by the post burn N flush. There is a large range
in the % nitrogen of coarse roots in unburned sites while the range is much lower for
burned sites. This trend exists for fine roots as well. This indicates that they may be
other factors influencing nitrogen availability to roots. These could be topographic
differences between sites (which would affect the openness of the nitrogen cycle) or

site-specific nitrogen cycling differences

In tandem with the correlation between % nitrogen and fire status, there is also a
relationship between fire and the % carbon to % nitrogen ratio found in coarse and
fine roots (see Fig 3. For fine roots, burned sites had a significantly smaller C: N ratio
than unburned sites (F=6.59, p=0.015) as did coarse roots (F=6.20, p=0.019). This
could be explained for coarse roots due to the post-burn nitrogen flush increasing the
amount of N relative to C. However, this explanation does not account for the result
for fine roots as %N did not significantly differ between burned and unburned sites.
This suggests that the other variable in the ratio could also be responsible for the
significant relationship. With %N being higher in post-burn sites, %C could also have
been lower as fire could have lowered the amount of carbon within the soil due to
combustion (Caldwell et el 2001). This effect has been noted even after 50 years have
passed since burning (Parker ef al 2001). So not only does fire appear to cause a post

burn nitrogen flush, it also lowers the amount of carbon available in soils.

The effects of fire on nitrogen isotopes

Fire affects nitrogen cycling. When a fire moves through a forest it burns up organic
matter and through chemical and physical process cause a nitrogen flush in the soil.
This flush adds inorganic nitrogen to the soil that would be lacking in a low nutrient
system. Soil microbes and plant roots would rapidly assimilate this resource causing a
relative depletion in inorganic nitrogen. When these microrganisms die, they release
this nitrogen back into the soil resulting in a second smaller flush in inorganic
nitrogen. This process continues, resulting in the fluctuating availability of inorganic
nitrogen. It will also result in the fluctuating availability of different forms of nitrogen
as microbes and plants use and release different forms and at different times. The

form of nitrogen used by plants also affects their "N signal. The process of






The effects of depth on nitrogen isotopes
Microbes that decompose organic matter can also affect the *N content of a soil. If

they preferentially pass on '“N to "N to plants and these compounds were transported
elsewhere e.g. incorporated within organic tissue, and thus temporarily removed from
the soil system, then the soil would become '°N enriched as a result. A study has
shown that deeper soils are more '°N enriched due to the microbial decomposition
while shallower soils reflect the N signature of leaf litter inputs that are usually '°N
depleted (Nadelhoffer & Fry, 1988). Thus, one would expect a changing '°N signature
with depth. In this study, sites differed in their A-horizon depth. It was found that sites
with a deeper A-horizon had a relatively enriched "N signal for coarse roots (F=4.02

p<0.05 see Fig 5). This relationship was not significant for fine roots.

Fine roots are already relatively enriched compared to coarse roots (see Fig 5). They
do also not appear to differ in their % nitrogen with depth (see Fig 6). It is possible
that fine roots are relatively enriched in '°N, and have a higher % of nitrogen that does
not differ with depth of the A-horizon, as they are utilising a different resource to that
of coarse roots that does not differ in availability with depth. Due to the "*N enriched
nature of fine roots one could speculate that this might be ammonia as nitrate pools
become depleted in '°N and ammonium pools are relatively enriched in "N when
nitrification takes place (Koba et al. 2003). Coarse roots may become enriched with
depth due to the effects of microbial decomposition in deeper soils creating a more
enriched nitrogen product or it is possible that deeper A-horizons are formed in older
soils where nitrogen has been cycling for longer and thus is more '°N enriched. It is

not possible to say which process accounts for the difference observed.

Fine roots may also be more enriched due to possible microbial associations that are
uncommon in coarse roots. Mycorrhizae are formed on the roots of red pine seedlings
by Boletinus pictus, Tylopilus felleus, Cenococcum graniforme, Gomphidius
superiorensis, G. vinicolor, several species of Suillus, and Scleroderma aurantium
(Hepting 1971, Peterson and Smith 1975, Palm and Stewart 1984, Richter and Bruhn
1986). These may improve the uptake of soil moisture and mineral nutrients. As these
mycorrhizae pass on nitrogen to the roots of plants, they become "N enriched. If
these mycorrhizae were ground up with the roots and included in the analysis, fine

roots would appear more enriched. If they are using the decomposing microbes as a
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