Nitrogen biogeochemistry research at Fernow Experimental Forest,
West Virginia, USA: soills, biodiversity, and climate change

Nitrogen (N) saturation arises when
atmospheric inputs of N exceed

biological N demand, resulting in loss of
NO, in streams, accompanied by the loss
of nutrients (Ca and Mq) that are
essential to forest health. Previous
studies have shown that some
watersheds the Fernow Experimental
Forest (FEF), West Virginia, USA, are
among the more N -saturated sites Iin
North America. Research from the Gilliam
laboratory at Marshall University (West
Virginia, USA) began focusing
specifically on N biogeochemistry in 1993
with establishment of plots at FEF to
carryoutlong -terminsitu EXULHG E
Incubations in three watersheds: two
control (WS4, WS7) and one treatment
(WS3). This was done in conjunction
with the Fernow Watershed Acidification
Study, established by the USDA Forest
Service in 1989 to treat an entire
watershed (WS3) with aerial applications
of 35 kg N/ha/yr. The initial period (1993 -
1995) exhibited increases in rates for all
watersheds, but especially in treated
WS3. This period has been followed by
declines in net nitrification, which is
consistent with current declines In

stream NO ;- and has been especially
pronounced In WS3 since 1998. Also
during this time, sampling of the
KHUEDFHRXYV OD\HU YDVEFEXC
height) has revealed pronounced
changes in response to N treatments on
WS3, especially in the increase of the
shade -intolerant Rubus spp. Future work
will investigate the effects of freezing on
soll N dynamics. Preliminary results
Indicate that freezing exacerbates the
symptoms of N saturation already seen in
solls at FEF, further increasing already
high rates of net nitrification.

INn situincubations

In situ incubations are still carried out on a
monthly basis during the growing season,
with one set of bags buried over the winter,
as initially established in 1993 (see
topographic map for watersheds /plot
locations). Net nitrification increased
during the Initial period, 1993 -1995, for all
watersheds, especially for treatment WS3
(Fig. 1). Rates have declined for all
watersheds since this time, with net
nitrification on WS3 currently ~75% less
than the 1995 maximum. Although NO
pools have increased in WS3, spatial
variability has decreased (Fig. 2).

Stream chemistr

On-going collecting of stream samples
have been made weekly by field
personnel at the Timber and

Watershed Laboratory on WS4 and
WS3 since 1969 and 1983, respectively.
Following a ten -fold increase in stream
NO, concentrations over a 13 -yr
period in WS4, concentrations have
declined from 1981 to the present.
Following four -fold increases in stream
NO; Iin WS3 from pre -treatment levels
to a post -treatment maximum of ~2.5
NO;-N L1 in 1998, concentrations have
also declined to the present, despite
the on -going experimental additions of
N (Fig. 3). These declines are similar
to patterns observed in other forest
streams In the eastern United States.

Herbaceous laye

The herbaceous layer, defined here as
vascular plants 1 m in height, can
represent >90% of plant species
richness of forest ecosystems (Gilliam
2007). We have sampled the herb layer
at FEF since 1991. Following an initial
period (1991 -1994) wherein there were
no detectable responses of the herb
layer to the N treatment on WS3, we
now observe a substantial decline of
species diversity, species richness,

and species evenness. Most of this
decline appears to have arisen from
unexpected increases in the shade -
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Effects of soll freezi

A paradox of global warming is a predicted
Increase Iin the likelihood of soils in north -
temperate regions to freeze during the winter.
This is the result of warming -related
decreases in snow cover, thus minimizing the
Insulating effects of snow pack. Our data
revealed that freezing has profound effects on
N dynamics in N -saturated soil and that this
effect varies greatly along a gradient of N
processing (see map of WS4). Results also
suggest that soil freezing at temperatures
commonly experienced at this site can further
Increase net nitrification in solls already
exhibiting high nitrification from N saturation

(Fig. 5).

Fig. 1. Mean net nitrification for control (WS4 and WS7) and
treatment (WS3) watersheds, 1993 2 2008.

Fig. 3. Stream nitrate concentrations for control (WS4 ) and
treatment (WS3) watersheds, 1969 2 2004.

Intolerant Rubus spp. (Fig. 4).
Contemporaneously, spatial variability
In Rubus spp. cover has decreased on
WS3, consistent with declines Iin
spatial variability of soil N (Fig. 2),
supporting the N homogeneity
hypothesis (Gilliam 2006).

Fig. 5. Effects of freezing on net nitrification in solls along a
nitrification gradient at Fernow Experimental Forest, WV
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Fig. 2. Mean nitrate pools and coefficients of variation for control chemistry data.

(WS4 and WS7) and treatment (WS3) watersheds. Means with
same superscripts are not significantly different at P<0.05.




