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Abstract. In this manuscript we investigated the relationships between the microbiological
denitrification process in river alluvial soils with structures and patterns of the floodplain
visible at a larger scale. We hypothesised that both topography and soil grain size represent
pertinent environmental factors to forecast denitrification activity in river floodplain. The study
was conducted in 15 alluvial sites along a 30 km long stretch of the Garonne River, a seventh-
order stream of the south west of France. Sites were selected to encompass the widest range
possible of average annual flood duration (0.04 to 29 days) and frequency (return period from
0.6 to 7 years). On an annual basis, we found that average denitrification rates did not show
any significant trend along the flood frequency gradient. Although during the study the flood
frequency and duration was higher than the calculated average, we did not find any relationship
between flood duration and denitrification enzyme activity. If flood events do not last long
enough to maintain waterlogging conditions conducive to sustain denitrification activity for
long periods, they indirectly affect the spatial distribution of denitrification activity through
the sorting out of sediment deposits. Indeed, we found a significant relationship between
denitrification rates in the floodplain soils and their texture; highest rates were measured in
fine textured soils with high silt + clay content. Below a threshold of 65% of silt and clay
content, the floodplain soils did not present any significant denitrification rates. Above that
threshold denitrification increased linearly. These results demonstrate that alluvial soil texture
is a landscape scale factor which has a significant effect on denitrification in floodplains.

Introduction

River systems and their riparian zones can be viewed as open ecosystems
dynamically linked longitudinally, laterally and vertically by hydrologic and
geomorphic processes occurring within a temporal hierarchy (Ward 1989).
These processes operate in three large geomorphic provinces of a river catch-
ment, i.e., the erosional, transitional, and depositional provinces (Sullivan
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et al. 1987). The erosional province corresponds to the steep headwaters
of the upper course. It is characterized by high gradient channels (>4%)
that are structurally constrained by V-shaped valleys which permits minor
lateral movements. The transitional province occurs in the river valley with
channel gradients ranging from 1 to 4% where considerable transport of
suspended sediments of small size (0.2 to 250 mm diameter) can occur.
It corresponds generally to the middle course of a river. The deposition
province, downstream from the transitional province, exhibits channels that
are low gradient (<1%), unconstrained and shallow. The channels which are
commonly unstable or multi-thread channels, exhibit high rates of deposition
of fine sediments (<0.2 mm diameter), and the development of fragmented
or dispersed riparian corridors (Tabacchi et al. 1998). Along the two lowest
provinces, i.e. transitional and depositional, river floodplains have been
recognized as important sinks for storing sediments and associated nutri-
ents mobilized from upstream catchments (He & Walling 1997). Energy and
matter fluxes alongside large river systems are mainly oriented from the river
to the floodplain since most of the deposition of suspended sediment during
periods of inundation is associated with overbank flood deposits (Grubaugh
& Anderson 1989; Brunet et al. 1994). These transfers of energy and biotic
or abiotic matters are largely under the control of flood duration, frequency
and magnitude which create a mosaic of geomorphic surfaces influencing the
spatial pattern and successional development of riparian vegetation (Salo et
al. 1986; Roberts & Ludwig 1991). Indeed, these fluxes of energy and matter
via flood deposits are responsible for the high nutrient cycling capacity of
floodplain soils compared to upland ecosystems and play an important role in
the control of upstream/downstream fluxes of nutrients (Brinson et al. 1984;
Mulholland 1992).

Flooding directly affects nutrient cycling in alluvial soils by controlling
the duration of oxic and anoxic phases (Ponnamperuma 1972; Keeney 1973;
Patrick 1982). For instance it was found that the net nitrogen mineralization
rate was 4 times greater in a spring-flooded marsh than in a nonflooded one
(Neill 1995) and that alternate aerobic and anaerobic conditions enhance
organic matter decomposition and nitrogen loss through denitrification in
flooded soils (Reddy & Patrick 1975; Groffman & Tiedje 1988). Flooding
duration is controlled by local topography; low areas are flooded more often
and longer than higher ones, producing large variations in biogeochemical
patterns at a meter scale (Pinay et al. 1989; Pinay & Naiman 1991). Flooding
also indirectly affects nutrient cycling in floodplain soils by influencing the
soil structure and texture through sediment deposits. Hence, floodplain and
stream channel geomorphic and hydrologic processes influence the sorting
of flood sediment deposits on a grain size basis creating a mosaic of soils of
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different textures. The control of soil texture on nitrogen cycling has already
been documented in forests (Pastor et al. 1984; McClaugherty et al. 1985),
alluvial forest (Pinay et al. 1995), coastal forest (Seely et al. 1998), shortgrass
steppe (Schimel et al. 1985), desert ecosystems (Schlesinger et al. 1996) or
grassland (Parton et al. 1988). The proportion of soil C and N present in the
microbial biomass is also related to soil texture since the proportion of C and
N in microbial biomass in coarse-textured soils is found to be smaller than in
fine-textured ones (Amato & Ladd 1992; Hassink 1994).

In relation to N cycling in floodplain soils, it is important to forecast
bacterial denitrification activity which is a key process since it constitutes
a major sink of nitrate, and as such is involved in the control of nitrogen
fluxes along river systems. For instance Pinay et al. (1995) found that denitri-
fication rates were of the same order of magnitude than N mineralization one,
and that nitrogen denitrified on a year basis represented up to 70% of the
nitrogen deposited during floods. Yet, the pulse characteristic of flood events
render predictive models of N cycling in floodplain soils, difficult to build
up. Moreover, the development of predictive models necessitates finding a
link between processes occuring at a microbial scale and landscape patterns
visible at the floodplain scale. For instance, the role of soil moisture, nitrate
concentration and available carbon in regulating this microbial process is now
well documented (Rolston et al. 1984; Myrold & Tiedje 1985; Davidson &
Swank 1986). Yet, none of these 3 factors could significantly explain the vari-
ation of the denitrification rates at the floodplain scale (Groffman & Tiedje
1989).

The objective of the paper is to relate the denitrification process which
occurs in micro-sites to structures and patterns visible at larger scales. We
hypothezise that topography and soil grain size represent pertinent environ-
mental factors at the landscape scale to predict denitrification activity in
a river floodplain. On one hand, local floodplain topography governs the
duration of flood in a given stretch and in turn should influence soil redox
conditions, with topographically low sites being more subject to the anaerobic
conditions which are conducive to denitrification. On the other hand, soil
texture, which influences soil water holding capacity, should create a range
of responses in term of waterlogging duration after flood and rainfall events.
Waterlogging durations are expected to be longer in fine textured floodplain
soils and should result in higher denitrification rates.

Study area

Fifteen riparian sites were chosen in the floodplain of the Garonne River along
a 30 km long stretch, downstream of the city of Toulouse, southwest France
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44◦ Lat N (Figure 1). All sites were selected within the 10y floodplain, with
the maximum altitude difference between the lowest and the highest sites
being 5 m. In this stretch the river meanders and the natural migration of
meander bars is accompanied by the lateral accretion of sediment over the
floodplain. In the study site the river is a seventh-order channel draining
10,000 km2. The altitude of the reach is about 140 meters above sea level
and channel slope is 0.1%. The Garonne River which has its source in the
Pyrénées mountains (2850 m) has maximum discharge in spring (March to
May) due to precipitation and snow melt (up to 4350 m3 sec−1 in 1952).
The low water period generally lasts from August to October, with discharge
down to 20 m3 sec−1, while the average annual discharge in the stretch under
study is 200 m3 sec−1.

Sites were selected to encompass the widest range possible of flood dura-
tion and frequency and to include different geomorphic features typical of
the study reach (Smepag 1989; Steiger 1991). Soils in all sites had low clay
content (5.6 to 11.6%) but their silt and sand content varied widely according
to their geomorphic location (Table 1). The soils belonged to the Fluvents
series of alluvial entisoils and were layered beneath having coarse alluvial
gravel deposits at various depths (from 60 cm to 2 meters). The vegetation
community was typical of vegetation stands of French floodplains (Tabacchi
et al. 1990; Tabacchi 1992) and was dominated byPopulus nigra, Salix alba,
Rubus caesius, Urtica dioica, Carex maximaandPhalaris arundinacea. The
amount of litterfall and the litter decomposition rates of the tree species found
in the fifteen sites were high compared to other forest ecosystems but do not
differ from one another (Chauvet 1989; Chauvet & Jean-Louis 1988).

Materials and methods

At each of the 15 study sites, 3 different sampling areas (1 m2 each)
were selected during each of the 6 sampling periods that occured between
April 1993 and June 1994. Soil analysis focused on the surface ten centi-
meters which corresponds to the most active zone in a biological sense (i.e.
maximum root concentration) and also to the zone which is most subject to
the mechanical processes of erosion and deposition on a yearly basis. In each
area the upper 10 cm of soil were taken using a hand auger after the litter was
removed. Samples were stored at 4◦C and processed within 24 h. Soil bulk
density (Db) was measured by oven drying at 105◦C for 24 h a given volume
of soil (251 cm3). The bulk density was then calculated using the formula:

Db = dry mass of soil/total volume of soil.
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Figure 1. Geographic situation of the study sites along the Garonne River.
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Table 1. Main characteristics of the study sites.

Site Texture Flood
Clay Silt Sand Overbank Return Mean annual Duration during Events during
(%) (%) (%) discharge period duration the study the study
<2 µm 2–50µm 50–2000µm m3 s−1 (year) 1972–1994 period (days) period

1 7 25 68 442 0.6 29 70 15
2 7 36 57 1000 1.1 3.5 6 5
3 7 42 51 1000 1.1 3.5 6 5
4 7 47 48 2600 7 0.04 0 0
5 8 47 47 600 0.7 11.9 23 8
6 9 55 36 471 0.6 24.6 53 12
7 9 59 32 1000 1.1 3.5 6 5
8 9 60 31 471 0.6 24.6 53 12
9 10 62 28 2000 3 0.3 1 1

10 10 62 28 2000 3 0.3 1 1
11 10 64 26 700 0.8 8.0 17 6
12 11 63 26 700 0.8 8.0 17 6
13 11 64 25 2600 7 0.04 0 0
14 11 66 23 471 0.6 24.6 53 12
15 12 67 21 1200 1.4 2.2 2 2

Soil porosity was calculated by the formula St = 100∗(1 − Db/Pp) where
Pp was the particle density which we assumed to be equal to 2.65 g cm−3

(Vomocil 1965). Soil grain-size was determined by the Pipette Sampling
Method (Day 1965), pre-treating the samples with hydrogen peroxide and
dispersing with sodium hexametaphosphate solution. Soil subsamples were
oven-dried for 24 hours at 105◦C in order to determine dry mass and percent
moisture (Pw). Water filled Pore Space (WFPS) was calculated using the
formula:

% WFPS= Pw/St.

Ten grams (fresh mass) of each soil sample were extracted with 150 ml of 2
M KCl. The extract was filtered and analysed for NH4-N, NO2-N and NO3-
N with a Technicon Autoanalyzer (Technicon 1976). Nitrate concentration
was calculated by substracting nitrite value from the nitrate one. Nitrite data
is not discussed in this study since it presented low and constant values at
all sites considered. Nitrogen mineralization potential (nmp) was determined
on fresh subsamples by anaerobic incubation for 7 days at 40◦C (Waring
& Bremner 1964). Total organic nitrogen (ton) was determined by diges-
tion of air-dried subsamples using the Kjeldahl method (Bremner 1965).
Total organic carbon (toc) was determined using a high-temperature induction
furnace (Carmhograph 8 Wösthoff, Bochum Germany).

In situdenitrification (dnt) was assayed by the static core acetylene inhibi-
tion method (Yoshinari & Knowles 1976). Nine intact cores (length 10 cm,
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diameter 5 cm) collected during the 6 sampling periods from each of the
15 sites were capped with rubber serum stoppers and then amended with
acetone-free acetylene to bring core atmosphere concentration to 10 KPa
(10% V/V) acetylene and 90 KPa air. Samples were incubated at field temper-
ature, and denitrification rate was calculated as the rate of nitrous oxide (N2O)
accumulation in the head space between 1 and 4 h. Head space samples were
removed from all cores and stored in evacuated collection tubes (Venoject,
Terumo Scientific N.J). Gas samples were analysed via gas chromatography
(GC Varian 3300) equipped with an electron capture detector (ECD63Ni) and
Porapak Q columns.

Denitrification enzyme activity was measured at each sampling period
using Smith and Tiedje’s (1979) procedure. Three subsamples from each of
these sites were amended with nitrate (10µg NO3-N.g−1, soil fresh wt basis)
and referred to as DEA+N, and 3 sub-samples were amended with C + N (10
µg NO3-N.g−1 and 4 mg C-glucose.g−1, soil fresh wt basis), referred to as
DEAC+N. Acetylene was added and samples were made anoxic by flushing
with N2 and incubated for 8 h at mean soil temperature (10◦C).

Water level and discharge of the Garonne River were provided by the
French Navigation Service (Service Hydrologique Centralisateur). The deter-
mination of the overbank discharge in the different sites was estimated after
biweekly field survey over a year period. Soil moisture in the 15 sites
was measured at two week intervals using the procedure described above.
Soil temperature was measured continuously with a temperature datalogger
(Tinytalk II) and precipitation records were provided by the French National
Meteorological Service for a site situated 15 km from the study area.

Results

Overbank discharge in the selected sites, ranged from 442 m3–2600 m3 sec−1

corresponding to return period of 0.6–7 years (Table 1). In the most frequently
inundated site (1), the longest flooded period in the last 22 years was 50
days and the average flood duration for the same period was 29 days per
year (Table 1) corresponding to flood events of short duration. Except for the
highest sites, i.e. 4 and 13, which have not been flooded during the study
period, the other sites have been more often flooded and for a longer period
of time than the average calculated over the last 22 years period. Average
soil moisture was significantly correlated (r2 = 0.54;p < 0.01) to soil silt +
clay content. We calculated the water filled porosity of the soils from their
percentage of water measured at two week intervals. On an annual basis,
water filled porosity of all the studied soils was above 60% of their soil
total porosity for at least 100 days. Yet, no significant relationship was found
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between the average annual duration of flood events on the floodplain sites
and the annual number of days their soils exhibited water filled porosity above
60% (Figure 2(A)). Since average annual duration of flood events is related
to soil elevation, there seems to be no significant relationship between soil
elevation and waterlogging conditions. Moreover, there were no significant
relationship between average annual duration of flood event and silt + clay
content of surface soils. However, we found a significant positive linear rela-
tionship (r2 = 0.64;p< 0.01) between soil silt + clay content and the annual
number of days during which its water filled porosity was above 60% (Figure
2(B)).

On an annual basis, average denitrification rates did not show any signifi-
cant trend along the flood frequency gradient (Figure 2(C)) while they
presented an exponential pattern when plotted against the soil silt + clay
content (Figure 2(D)). The denitrification enzyme activity of the denitrifying
population presented a larger response (Figure 2(E and F)) when incubated
anaerobically with glucose and nitrate (DEAC+N), compared to incubation
with nitrate alone (DEA+N). Moreover, highest rates (up to 150 ng N g−1

dry soil h−1) were measured on fine textured soils with glucose and nitrate
(Figure 2(F)). As within situ denitrification, DEA was not related to flood
frequency (Figure 2(E)).

Soil ammonia and nitrate exhibited similar concentrations with annual
average values ranging from 14.2 to 25.6µg N-NH4 g−1 dry soil (Figure 3(A
and B)) for ammonia and from 1.9 to 20.2µg N-NO3 g−1 dry soil for nitrate
(Figure 3(C and D)). Ammonia concentrations presented large variation and
did not show any significant trend on an annual basis, either along the flood
duration transect, nor against the silt + clay gradient. Annual average soil
nitrate concentrations were not significantly correlated with silt + clay content
either (Figure 3(D)). Soil organic nitrogen mineralization potential (Figure
3(E and F)) presented a significant positive correlation with soil silt + clay
content (r2 = 0.54; p < 0.01) but did not show any significant relationship
with the average annual flood duration (Figure 3(E)). Soil organic carbon
and nitrogen concentrations were significantly correlated with soil silt + clay
content with respectivelyr2 = 0.67;p< 0.01, andr2 = 0.55;p< 0.01 (Figure
4(B and D)). Moreover, the ratio of carbon to nitrogen in the study sites
ranged between 10 and 20 and were negatively correlated with soil grain size
(r2 = 0.44;P < 0.01), underlining that small particle sediments are organic-
rich and of high quality (Figure 4(F)). However, they did not present any
significant trend along the average annual flood duration gradient (Figure
4(E)).

On a seasonal basis, soil ammonia concentration was low in spring and
summer (between 3 and 7µg N-NH4 g−1 of dry soil; Figure 5(A–C, F))
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Figure 2. Relationship between floodplain soil topography represented as their annual dura-
tion of flood event, and the number of days during which the soils present a water filled
porosity above 60% (2(A)), the annual average of in situ denitrification rates (2(C)), and the
soil denitrification enzyme activity (2(E)). Relationship between soil silt + clay content and
the number of days during which their water filled porosity was above 60% (2(B)), the annual
average of in situ denitrification (2(D)) and the soil denitrification enzyme activity (2(F)).
In Figure 2(E) and 2(F) open circles represent the anaerobiosis and nitrate treatment (DEAN)
while the closed circles represent the anaerobiosis and nitrate and glucose treatment (DEACN).
Vertical bars represent the standard deviation of the mean.



172

Figure 3. Relationship between floodplain soil topography represented as their annual dura-
tion of flood event, and average annual soil ammonia concentration (3(A)), the annual average
of soil nitrate concentration (3(C)), and annual average of mineralization potential (3(E)).
Relationship between soil silt + clay content and average annual soil ammonia concentra-
tion (3(B)), the annual average of soil nitrate concentration (3(D)) and annual average of
mineralization potential (3(F)). Vertical bars represent the standard deviation of the mean.
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Figure 4. Relationship between floodplain soil topography represented as their annual dura-
tion of flood event, and average annual soil organic nitrogen concentration (4(A)), the annual
average of soil organic carbon concentration (4(C)), and annual average of C/N ratio (4(E)).
Relationship between soil silt + clay content and average annual soil organic nitrogen concen-
tration (3(B)), the annual average of soil organic carbon concentration (3(D)) and annual
average of soil C/N ratio (3(F)). Vertical bars represent the standard deviation of the mean.
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but increased ten fold (between 54 and 74µg N-NH4 g−1 of dry soil)
in autumn (Figure 5(D)). There was no significant relationship between
ammonia concentration and soil grain size during these periods. The winter
sampling was done on February 15th 1994 (Figure 5(E)), two days after a
flood event which peaked at 1100 m3 sec−1, flooding all study sites except
the five highest ones (4, 9, 10, 13 and 15). Flooded sites had high ammonia
concentrations (between 47 and 55µg N-NH4 g−1 of dry soil), whereas
nonflooded sites had low ammonia concentrations (between 12 an 16µg
N-NH4 g−1 of dry soil (Figure 5(E)).

Rates ofin situ denitrification (DNT) were low in alluvial soils with low
silt + clay content (up to 60%) whatever the season (Figure 6). DNT rates
were significantly higher (up to 30 ng N g−1 dry soil h−1) in fine textured
soils, i.e., soils with more than 65% of silt + clay, except in August 1993
(Figure 6(C)) where they remained low most probably because of the low soil
moisture concentration during this period. Anaerobic incubation with nitrate
amendment did not significantly increase the denitrification rates (DNT+N),
except in August (Figure 7). This increase in summer might be the result
of the combined effect of nitrate addition, moisture increase in the slurry
and anaerobiosis. This experiment cannot clearly determine the respective
role of each of these effects in the case of August sampling. However, the
absence of significant effect of anaerobiosis and nitrate addition during the
other sampling dates demonstrate that these two factors were not the limiting
factors of denitrification (Figure 7). In contrast, anaerobic incubation with
carbon and nitrate amendments increased significantly the denitrification
rates (DNT+CN) both in coarse and fine texture soils, suggesting that organic
carbon was the limiting factor of denitrification in alluvial soils. Highest
potential rates (up to 530 ng N g−1 dry soil h−1) were measured in February
1994 (Figure 7(E)), a few days after a flood event. Yet, even during this
period available carbon was the most limiting factor of denitrification. The
pattern observed in the relationship betweenin situ denitrification and soil
grain size remained: the fine textured soils presented significantly higher rates
than coarse ones. Moreover, the difference between the two treatments (plus
N and plus C + N) was significantly higher in the fine textured soils than in
the coarse ones.

Discussion

Our first hypothesis was that alluvial soil elevation above the river was a
pertinent environmental factor to forecast denitrification activity at the flood-
plain landscape scale. The rationale was that lower grounds would be subject
to higher flood duration and frequency which would lead to longer soil
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Figure 5. Seasonal pattern of the relationship between soil silt + clay content and soil
ammonia concentration. In Figure 5(E) open circles represent the sites nonaffected by the
February flood event while the closed ones represent the sites which have been inundated.
Vertical bars represent the standard deviation of the mean. Note that in 5(D) and 5(E), the
y-axis is 8 times higher.
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Figure 6. Seasonal pattern of the relationship between soil silt + clay content and rates of in
situ denitrification. Vertical bars represent the standard deviation of the mean.
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Figure 7. Seasonal pattern of the relationship between soil silt + clay content and denitrifi-
cation enzyme activity. Open circles represent the anaerobiosis and nitrate treatment (DEAN)
while the closed circles represent the anaerobiosis and nitrate and glucose treatment (DEACN).
Vertical bars represent the standard deviation of the mean.
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waterlogging conditions conducive to higher denitrification rates. In fact no
significant relationship was found between annual average duration of flood
event and soil denitrification (Figure 2(C)). This can be explained by the
short flood frequency and duration they encounter. Indeed, in most of the
floodplain soils the duration of a flood event generally lasts between 1 and
4 days and the average total flood duration ranges from 0.3 to 26 days per
year. Although this year the flood frequency and duration was higher than the
calculated average (Table 1), we did not find any relationship between flood
duration and denitrification enzyme activity (Figure 2(E)). DEA is considered
as an integrative product of the denitrifying activity of a given soil (Groffman
& Tiedje 1989). It corresponds to the potential denitrifying activity of the
denitrifying bacteria population present in the soil. DEA varies very little
over the course of the year relative to denitrification. The DEA data indicate
that such short events cannot maintain anaerobic conditions long enough to be
revealed with a two month sampling periodicity. Indeed, February sampling
occured by chance two days after a flood event which reached the 10 lowest
sites (Figure 5(E)). This flood event has increased by 5 fold the soil ammonia
concentration of the flooded sites compared to the non flooded ones. This rise
in ammonia concentration can be attributed to flood deposits since the flood
did not significantly raise the water filled porosity of the lower sites compared
to the upper ones not affected by the flood (p< 0.01). Yet, no measurement
of flood deposits have been done to clearly confirm this hypothesis.

Our second hypothesis was that soil texture is a landscape scale factor
which has a significant effect on denitrification. Indeed, we found a signifi-
cant relationship between denitrification rates in the floodplain soils and their
texture; highest rates were measured in fine textured soils with high silt +
clay content (Figures 2(D) and 6). Yet, no significant relationship was found
between average annual duration of flood event and soil texture. Other factors,
such as direction and velocity of flood, are probably more important than
the flood duration in influencing the sediment sorting. It was found that
below a threshold of 65% of silt and clay content, the floodplain soils did
not present any significant denitrification rates. Above that threshold denitri-
fication increased linearly. These results confirm the importance of texture
on soil nitrogen cycling processes and coroborate the significant positive
relationship found between bacterial denitrification and soil percentage of
silt and clay (Groffman & Tiedje 1989; Pinay et al. 1995). This positive
relationship between fine textured soils and denitrification activity is due to
the fact that a given water content will entail a higher percentage of water
filled porosity in fine textured soils than in coarser ones (Granli & Bockman
1994). Hence a high percentage of water filled porosity will decrease the
diffusion rate of oxygen, favor anaerobic conditions to develop, and in turn
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will increase denitrification (Parkin & Tiedje 1984). Several studies reported
that soil denitrification was negligible below 60% of water filled capacity
(Aulakh & Rennie 1985; Grundmann & Rolston 1987). Above that threshold
a significant positive correlation has been reported between denitrification
rate and soil water content (Groffman & Tiedje 1991; Parsons et al. 1991).
Indeed, we found a significant relationship between soil percentage of silt
and clay and the number of days they present a WFP>60% (Figure 2(B)).
Fine textured soils, i.e., with silt and clay content>65%, exhibit a WSP
>60% for at least half of the year. This high WFP has been maintained in
fine textured soils by precipitation events. The low WFP in August which
corresponds to the dry summer period explain the low denitrification rates
measured. Nevertheless, the high denitrification potential measured during
this period (Figure 7) stresses that denitrifying bacteria are still present and
potentially active under such dry conditions.

The DEA results do not allow us to evaluate the role of anaerobiosis
since all our experiments were performed under oxygen free conditions.
Anaerobiosis + nitrate addition (DEAN) did not increase significantly the
denitrification activity of the floodplain soils except during the winter period,
i.e., February (Figure 7(E)). Moreover, the addition of glucose did not
increase the potential rates of the coarser sites. This confirms the limiting
microbial denitrification activity of coarse textured soils on an annual basis,
except during the wet winter period. The significant response of fine textured
soils to glucose addition revealed that their denitrifying population is high
and limited by organic carbon availability, even though these silty sites have
higher organic matter concentration of higher quality (high organic carbon
and low C/N, Figure 4(D) and 4(F)).

Conclusion

Large river floodplains such as the Garonne present a mosaïc of soil texture
which is under the control of both the geomorphic features of the flood-
plain and flood events. If flood events do not last long enough to maintain
waterlogging conditions conducive to sustain denitrification activity for long
periods, they indirectly affect the spatial distribution of denitrification activity
through the sorting out of sediment deposits. Hence, the fate of flood water
movements on the floodplain, i.e. direction, current, distance from the main
channel, influence the texture type of sediment deposits and in turn affects
the denitrification activity. Until now, the modelization and regionalization of
alluvial soil microbial processes was based mainly on soil topography and
flood duration. The indirect relationship found between landscape patterns
and denitrifying microbial process opens new possibilities to evaluate denitri-
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fication rates of alluvial soils according to a given geomorphic feature which
is measurable at a larger scale. Even though a given spatial pattern of alluvial
soil grain size mosaic can vary temporarily, following extreme hydrological
events such as high floods, the analyses of alluvial soil texture profiles will
provide some insights to evaluate retrospectively the consequences of the
changes of alluvial geomorphic patterns on the denitrification activity.
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