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A simple indicator for diagnosing nitrate leaching risk
below the root zone using the Tensionic tensiometers
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Abstract - Soil water potential and nitrate content in soil solution were measured simultaneously, using Tensionic tensiometers, in farmers’ fields at three different sites for assessing nitrate leaching. The above measurements were made
every 10 days at two depths below the rooting zone, for three different cropping systems; namely, grassland, field crops,
vineyard in 1994 and 1995, and under field-grown and greenhouse-grown salads during the winter 1996-1997. A nitrate
leaching risk indicator was calculated by using the soil water potential gradient and the nitrate concentration of the soil
solution below the rooting zone. This approach can be used to analyse nitrate leaching under different management practices for a range of cropping systems. It was also possible to diagnose the contribution of groundwater containing a relatively high level of nitrate to nitrogen and water supply to crops. (&copy; Inra/Elsevier, Paris.)
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Résumé - Un indicateur simple de diagnostic du risque de lessivage du nitrate sous la zone racinaire utilisant les
tensiomètres Tensionic. Le potentiel hydrique et la teneur en nitrate de la solution du sol ont été mesurés en parcelles
agricoles, à l’aide de tensiomètres Tensionic, pour calculer un indicateur de risque de lessivage du nitrate. Trois sites
comprenant deux tensiomètres Tensionic situés sous la zone racinaire ont été suivis tous les 10 jours sous trois systèmes
de culture (prairie, grandes cultures, vigne enherbée) en 1994 et 1995, et au cours de l’hiver 1996-97 sous des cultures
de salade de plein champ et sous abri. L’indicateur de risque est défini par la teneur en nitrate de la solution du sol pendant les périodes de drainage, identifiées à l’aide du gradient de potentiel hydrique. Cette approche permet de porter un
diagnostic sur des parcelles agricoles différant par l’espèce, le type de sol et l’itinéraire technique. Elle met également en
évidence des situations où la nappe contribue à l’alimentation hydrique et azotée de la culture. (&copy; Inra/Elsevier, Paris.)
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1. INTRODUCTION

under the crop rooting zone is a
water
of
table pollution [5] and an
major
economic loss for farmers. In order to reduce nitrate
losses it is necessary to identify cultivated fields
with a high level of nitrate leaching risk, but also to
help farmers to develop cropping systems with low
economic and environmental risks. This requires
diagnosis tools for nitrate leaching risk that can be
used in farmers’ fields at a reasonable cost. The
amount of nitrate lost below the rooting zone of a
crop is difficult to estimate in each field, because it
depends on soil type [18, 24], climate [6, 24], genotype [12, 21] and cultural practices [15].

Nitrate

leaching

source

Integration of these factors can be achieved with
computer model simulating water and nitrogen
dynamics in the soil-plant system [2, 13, 20].
a

Nevertheless, mechanistic models such as
LEACHMN [17], SOILN [7] and NLEAP [30]
number of input variables and parameters, which are not always easy to measure in
farmers’ fields. Consequently these models are difficult to use for nitrate leaching risk analysis on a
large number of fields with various crop species.
Simplified models have been used in farmers’ fields
[1, 10, 11], but as they represent soil as a series of
reservoirs, these models cannot be used when capillary rise is occurring from a water table into the
crop rooting zone. This situation is indeed frequent
in alluvial plains which are also places of intensive
cropping systems with high levels of nitrate leaching risk.

require a large

Nitrogen balances at annual timesteps have been
used to calculate potentially leachable nitrogen [3,
4, 23] of a field. This allows the diagnosis of structural excess of nitrogen in a farm [3] or in a water
catchment basin [14] when there are major terms in
the balance (generally mineral or organic nitrogen
fertilization, N exports). This method cannot be
used in low input farming systems where all the
components of the balance are minor but none can
be neglected [23]. In addition, this balance
approach assumes that N leaching is negligible during the crop growth period, which is not necessarily true for irrigated crops [ 13].

Diagnosis of nitrate leaching risk in a large number of crops and in conditions where the operational
models are not valid can be made with measurements of the relevant variables instead of simulating
them. The nitrate flow below the crop rooting zone
can be calculated from the measurement of water
flow (QH
O) and its nitrate concentration (CNO
2
).
3
These variables can be measured in lysimeters [19,
22], but this equipment is too costly for a network
of fields. Soil sampling [31], or extraction of soil
solution with ceramic cups [5, 28], have been used
in farmers’ fields. As these methods give access
only to CNO
, they must be associated with mea3
surements of soil water content and a water balance
model to calculate QH
O. The Tensionic tensiome2
ter is a tensiometer modified to measure CNO
- and
3
soil water potential simultaneously, at a cost equivalent to that of a ceramic cup [26]. Nitrate concentrations of the soil solution obtained with this type
of tensiometer are generally lower than those
obtained from ceramic cups after depression, probably because the Tensionic tensiometer gives an
integration of the soil solution composition over a
longer period of time [28]. Nevertheless the two
methods gave similar evolutions of CNO
- during a
3
crop cycle [27, 28].
The objectives of this work were i) to test if the
Tensionic tensiometer can be used to measure soil
water potential (&Psi;) and nitrate concentration of the
soil solution (CNO
) in farmers’ fields with a large
3
of
range
cropping systems; ii) to calculate from
two
these
variables a nitrate leaching risk indicator
that can be used to compare cropping systems. This
study was realised in conditions where the simulation models mentioned above were difficult to use:
water table close to the rooting zone, cropping systems with low level of mineral N fertilization, large
range of crops with few references on water and
nitrogen balance (rainfed Mediterranean field
crops, vineyards, field and greenhouse vegetables
grown in organic farming).
2. THEORY: DEFINITION OF A NITRATE
LEACHING RISK INDICATOR

The amount of nitrate (QNO
) lost between two
3
and
located
below the rooting zone
)
2
z
depths (z,

the amount of water drained (QH
O)
2
the nitrate concentration of this water
). If CNO
3
(CNO
- is constant during a period dt,
3
the amount of nitrate leached during this period is:

depends
and

on

on

The periods of drainage or capillary rise below
the rooting zone can be identified with measurements of soil water potential (&Psi;) at depths z
1and z
.
2
Water flow between z, and z
2depends on the mean
hydraulic gradient between these two depths:

imposed by

the nitrate concentration of the soil
over the two depths of measurement (z, and z
), because we consider the water
2
moving between these two depths.

CNO is
j
3

solution,

boolean variable calculated from the
gradient between z
1 and z
2[equation (2)].
It takes the value of 1 when there is drainage
between z
2 (positive gradient) and the value
1 and z
of 0 in the case of capillary rise (negative gradient).
When the gradient is stable during a long period D
j
can be measured at the frequency (10 days)

D.

is

averaged

hydraulic

a

measurement

of

CNO
.
j
3
can be

reversed between two irrigations and soil water
potential must be measured more frequently to calculate D
.
j

hydraulic gradient is positive, the
moving from z
1 to z
, and probably down2

When the
water is

ward.

D takes the value
j

I and

j CNO
3
RNO
.
j
3
=

When the gradient is negative the water is rising
from z
1 and there is no risk of nitrate leaching.
2to z
0 and
0. If soil dehydration continues below the lower limit of Tensionic tensiometer
functioning (&Psi; < - 80 kPa), we can assume that the
water flow between z
2and z
1 remains oriented
at
least
until
the
upward,
resumption of rainfall or
this
irrigation. During
period we assume = 0 and
remains at 0.

j
D

With a reference level at the soil surface and an
Oz axis oriented to the top, positive values of the
gradient indicate a drainage period and negative
values indicate a capillary rise period. The risk of
nitrate leaching can be defined as the conjunction of
a drainage period and a nitrate concentration in the
soil solution above a critical level. In the absence of
information on the unsaturated zone between z
2and
the water table, this critical level can be taken as the
maximal level for drinking water (50 mg NO
-1
L
- ).
3
to
Moutonnet
et
al.
the
water
in
the
[26]
According
Tensionic tensiometer ceramic cup requires a maximum of 10 days to be in equilibrium with the soil
solution. This period is sufficiently short to consider that
- measured on day j can be used until
3
CNO
the next measurement (generally 10 days later). For
a period between two samplings (j, j + 10) we
define an indicator of nitrate leaching risk below the
rooting zone (i.e. between depths z
1 and z
):
2

the

Nevertheless, in irrigated crops this gradient

=

j
3
RNO

=

j
D

j
3
RNO

it indicates that there is
plan between z
1 and z
.
2
The latter situation can only be the result of a local
reduction of soil water potential between z, and z
,
2
as we assume that there are no roots to extract water
at z
. Water flow is oriented downward between z,
2
and the zero flow plan, but it is oriented upward
between z
2and this plan. There is no risk of
at
drainage depth z
2and we can assume that D
j= 0
and then
= 0. If there is a water
between z
1 and z
, matric potential measured at z
2
2
will be null or positive. It is impossible to allocate a
j and to calculate the nitrate leaching risk
value to D
it indicates a risk of polluindicator.
tion of the water table by the cropping system,
because of its proximity to the soil surface. In addition, capillary rise from the water table can bring
significant amounts of water and nitrogen into the
crop rooting zone. The information given by the
Tensionic tensiometer on the presence of a water
table and on its nitrate concentration is an important
result of the diagnosis.
When the

a

gradient is null

water table or a zero flow

j
3
RNO

table

Nevertheless

3. MATERIALS AND METHODS

3.1. The Tensionic tensiometer
The Tensionic tensiometer (SDEC France, 37310
Reignac sur Indre, France) is made of a ’high flow’
ceramic cup sealed at the tip of a PVC tube and linked to

three capillary nylon tubes [26]. Two of the capillaries
reach the bottom of the ceramic cup, one for the measurement of water potential and the other for extracting
the soil solution. The third capillary is for air bleeding.
The hydraulic conductivity of the ceramic is 2.5 · 10
-5
,which allows an equilibrium between the
-1
m.s
Tensionic tensiometer solution and the soil solution in
10 days [26, 27]. A pressure probe allows the measurement of soil water potential (&Psi;), according to the method
of Thony et al. [32]. As this measurement does not disturb the equilibrium between the soil solution and the
ceramic cup solution, it can be repeated as often as necessary.
The Tensionic tensiometer solution was extracted
with a syringe every 10 days, after the measurement of
&Psi;. In order to obtain
, the nitrate concentration of
j
3
CNO
the extracted solution was multiplied by a coefficient to
take into account the dilution by the water contained in
the capillary tubes [26]: (4 x z + 12)/12, where z (in m)
was the depth of the ceramic cup in the soil. When &Psi; was
lower than -45 kPa, the extracted volume was frequently lower than the ceramic cup and capillary volume (not
shown). In this case, the volume of solution extracted
was measured and used in the calculation of the dilution
coefficient.
Before insertion into the soil the ceramic cup was
immerged into distilled water and submitted to several

depressions, in

order to saturate the ceramic with water.
The Tensionic tensiometer was then pushed into a hole
made with a gouge drill of 30 mm in diameter and a
screw drill of 22 mm in diameter for the last 100 mm of
the hole. The bottom of this hole was previously filled
with a mud made with fine soil extracted below the
ploughing layer. Capillary tubes and ceramic cup were
then filled with degased distilled water.

3.2. Fields and

cropping systems

Experiments were conducted in a 400 ha farm located
30 km east of Montpellier (southeastern France). Five
fields were chosen to represent the diversity of the cropping systems in the region: alfalfa-tall fescue association
(field 1); succession of canola, annual ryegrass and sunflower (field 2), vineyard intercropped with
grass-legume mixture (field 3), field-grown salad (field
4), greenhouse-grown salad (field 5). Fields were also
different for soil texture, organic matter content and
stone abundance (table I). Fields 1 to 3 were studied during 2 years (1994 and 1995) and fields 4 and 5 were studied only during the cropping cycle of the salad crops
(winter 1996-1997). Crops were cultivated according to
the organic farming rules. They were fertilized with

organic

manures

following

[29]. Cultural practices

3.3.

are

the nitrogen balance method
described in table II.

Experimental design and measurements

Field size was 1 to 2 ha, except for field 5 (650 m
2 of
unheated greenhouse). Each field had three sites of measurements (A, B and C) located in the centre of the field,
with 30 m between sites (10 m for field 5). In each site,
two Tensionic tensiometers were inserted in the middle
of the inter-row spacing (fields 1 and 2) or on the row
(fields 3 to 5), with their ceramic cup below the rooting
zone. The upper and lower Tensionic tensiometers were
at a depth of 1.0 and 1.5 m, respectively, for deep-rooted

crops (fields 1 to 3) and at a depth of 0.5 and 0.7 m for
shallow-rooted crops (fields 4 and 5). For grappe (field
3) and alfalfa (field 1), higher depth could be required to
avoid interaction between ceramic cups and roots, but in
our fields, root penetration was limited to 1.0 m by a calcareous crust. In fields 1 to 3, Tensionic tensiometers
remained in the soil for 2 years and cultural practices
were manually reproduced around the measurement
sites.
Soil water potential

measured every 10 days,
where it was measured
daily. The Tensionic tensiometer solution was extracted
every 10 days, stored at -18 °C and analysed during the
following week. Nitrate was analysed by colorimetric
reaction after reduction in nitrite on a cadmium column
[16]. Depth of the water table roof was measured every

except during rainfall

(&Psi;)

was

events

10days on piezometers located near each field. A sample of water was then extracted and analysed for nitrate
content (DIREN Languedoc-Roussillon, pers. comm.).

salad crop, especially after planting (between 75
and 275 mg
depending on measurement
sites and depth). In field-grown salads (figure 2b)
- rapidly fell to values lower than 50 mg
3
CNO
at harvest. This was not the case for
greenhouse-grown salads (figure 3b) for which
- remained between 100 and 200 mg
3
CNO

.L
3
NO
-1

.L
3
NO
-1

4. RESULTS

4.1. Water potential
and nitrate content of the soil solution

.L
3
NO
.
-1
(figure 1b), we observed, on the three
sites,
unexpected peak of CNO
- at 1.5 m deep
3
between days 315 and 342. This peak is difficult to
explain with leaching and mineralization processes,
because CNO
- was almost constant at 1.0 m deep.
3
In field 1
an

The evolution with time of soil water potential
was similar for the three sites of measurement
of a field, despite differences in absolute values
between sites, for some dates of measurement (not
shown). Similar results were obtained for nitrate
content of the soil solution (not shown). Each field
can then be represented with the evolution of the
mean of the measurements made at the three sites,
despite the high values of standard deviation of this
mean for some dates of measurement (figures 1a, b
and 3b). Fields 1 to 3 showed, every year, a winter
phase with high &Psi; and a spring phase of rapid
reduction of &Psi; when the evaporative demand
increased (figure 1a). The lower limit of Tensionic
tensiometer functioning (-65 to -80 kPa depending
on the field) was reached in June every year. On
field 1, site B had a particular behaviour at the end
of the second year: water potential at 1.5 m deep
remained around -17 kPa between days 426 and
457 (not shown). This explains the increase in the
standard deviation at this period (figure 1a). The
particular behaviour of this site could be explained
by the disappearance of alfalfa and its replacement
by tall fescue with a more shallow root system.
Below salad crops (figures 2a and 3a) &Psi; remained
at high values (> -20 kPa) during the whole plant

(&Psi;)

cycle.
Nitrate content of the soil solution (CNO
)
3
remained at low values during the 2 years for the
alfalfa-fescue association (figure 1b), as for field
crops and vineyards (not shown). It remained below
which is very low compared to
20 mg
similar species grown with high level of nitrogen
in the
fertilization (from 32 to 126 mg
the
the
other
of
Benoit
et
al.
On
hand,
[5]).
study
soil solution had a high nitrate content below the

.L
3
NO
,
-1

.L
3
NO
,
-1

Piezometric measurements suggest that it resulted
from the rising of the water table. The water table
roof was indeed at 1.0 m below the soil surface
between days 268 and 317 and this water table had
a nitrate content of 70 mg

.L
3
NO
.
-1

4.2. Direction of the water flow
below the rooting zone

The periods of drainage below the rooting zone
identified as the periods of positive gradient of
soil water potential between the two depths of measurement (see section 2). On fields 1 (figure 1c) and
5 (figure 3c), the evolution with time of this gradient was similar for the three sites of measurement,
allowing the calculation of a mean value of the gradient. In field 4 (figure 2c), site A was analysed separately because it frequently showed a gradient with
an opposite sign compared to the two other sites.
were

Field 1 experienced a period of drainage between
November and March, as shown by the positive gradients during this period (figure 1c). This is
explained by the excess of water (compared to the
storage capacity of the 0 to 1.0 m soil layer)
induced by heavy rainfall and low evaporative
demand during this period. The sign of the gradient
became negative when the water extraction by the
plant increased in spring (days 59 and 390, figure
1c). The water was then moving from 1.5 to 1.0 m
until the resumption of heavy rains in November. In
field-grown salads, winter rainfall, combined with
irrigation, led to a continuous drainage during the

cycle, at least for sites B and C (figure 2b).
Conversely, in greenhouse-grown salads, the water
was moving from 0.7 to 0.5 m (negative gradient)
during the entire crop cycle (figure 3c).
In field 1, the hydraulic gradient remained close
to zero during a long period (days 268 to 333, figure 1c), indicating the occurrence of a zero flow
plan or a water table between 1.0 and 1.5 m deep.
As soil water potential remained above -10 kPa
during this period (figure 1a), we can conclude that
soil matric potential was null. This indicates that
whole

saturated with water between 1.0 and 1.5 m
deep. Piezometric measurements have confirmed
that the water table roof rose to 1.0 m below the soil
surface during this period (not shown). Similarly,
the removal of the water table from the soil surface
in January 1995 can explain the reduction of soil
water potential from -10 to -15 kPa during this
period (days 334 to 358). The same situation was
observed in field 5 between days 30 and 60: soil
water potential suggested a saturated soil at 0.7 m
deep (&Psi; > -7 kPa, figure 3c) and piezometric measurements indicated that the water table roof was at
0.6 m below the soil surface (not shown).
Conversely, when piezometric measurement
showed that the water table roof remained at more
than 1.5 m below soil surface, we did not observe
this situation of high soil water potential and null
soil

was

gradient (field 2,
4.3.

not

shown).

Analysis of nitrate leaching risk

The indicator of nitrate leaching risk (RNO
)
3
calculated for each field, as described in section 2. When RNO
- has a positive value it indicates
3
the nitrate concentration of the water drained below
the rooting zone. RNO
- was calculated at a 10 day
3
the
mean hydraulic gradient and the
timestep, using
mean nitrate concentration of the soil solution for
the three sites. If one of the sites had a gradient with
an opposite sign compared to the others (site A in
figure 2c), this site was considered individually for
the calculation of RNO
.
3
was

For the alfalfa-fescue association
- remained at a very low level
3
RNO

(field 1),
(< 5 mg

-1
.
3
NO
)
L in

1994 (figure 1d). It was equal to zero
after the end of March, except for a10 day period
of drainage induced by an irrigation in June. In
1995, RNO
- had higher values but they remained
3
below 25 mg
which is still half of the
threshold value for drinking water. These results
give confirmation that the nitrate leaching risk is
reduced below a perennial forage crop with a complete soil covering during fall and winter and with
an active growth in the beginning of spring.

.L
3
NO
,
-1

For the vineyard (field 3), RNO
- was higher
3
than in field 1 in 1994 (figure 4a), because the barley intercrop was sown too late (March 1994) to
reduce the drainage. An earlier sowing (fall of
1993) would have been required but access to the
field was impaired by the heavy rainfall of this period. In 1995 the spontaneous cover crop which was
grown after the grape harvest had a significant
effect on nitrate leaching because it reduced the
- values compared to 1994. Over the 2 years,
3
RNO
this vineyard field had a longer period of drainage
(indicated by positive values of RNO
) compared
3
with the alfalfa-fescue field (figure 1d).
Nevertheless, the risk of nitrate leaching was very
low because RNO
- remained below 30 mg
3
in
in 1994 and below 15 mg
1995 (figure 4a).

.L
3
NO
-1

.L
3
NO
-1

Field 2 (figure 4b) was almost continuously covered during the 2 years by the three successive
crops. This reduced the period of drainage compared to fields 1 and 3 and the nitrate concentration
of the drained water remained below 5 mg
.L This gives confirmation of the efficiency
3
NO
.
-1
of the ryegrass crop [22, 21] and the oilseed crops
(canola and sunflower) in the reduction of drainage
and in the uptake of mineral nitrogen.
For the field-grown salad (field 4), RNO
- was
3
calculated for sites B and C (figure 2d), because site
A showed an opposite gradient compared to these
sites (figure 2c). RNO
- was almost continuously
3
positive because drainage was occurring throughout
the whole cycle of the crop, i.e. for 5 months.
Conversely no drainage occurred for the greenhouse-grown salad (figure 3d), because the
hydraulic gradient was maintained at negative values from planting to harvest (figure 3c). RNO
3

remained at zero for this salad crop (figure 3d). This
avoidance of nitrate leaching risk during the crop
was made possible by the control of the water supply in greenhouse-grown salads: no rainfall and irrigation scheduled from soil water content.

5. DISCUSSION

5.1. Measurement of water potential
and nitrate content of the soil solution
in farmers’ fields

Tensionic tensiometers were used in five contrasted cropping systems to measure soil water
potential and nitrate content of the soil solution.
The absolute values and the evolution with time and
depth of these two variables are consistent with
previously published results. Nitrate content of the

drained water

very low in

crops (figure
and field
crop rotation with nitrate catch-crop of ryegrass
(figure 4b) as shown by many authors [5, 21, 22].
The high level of nitrate measured in the soil solution below salad crops (figures 2b and 3b) was also
similar to those obtained by Bruckler et al. [9] in
field-grown salads of the same region.
was

forage

1b), intercropped vineyards (figure 4a)

Despite the spatial variability of the amount of
mineral nitrogen within a field [9], the evolution
with time of nitrate content of the soil solution at a
given depth (CNO
), was similar for the three mea3
surement sites of a field (figures 1b, 2b and 3b). The
same conclusion can be drawn for soil water potential (&Psi;, figures 1a, 2a and 3a). In these conditions
each field can be characterized with the mean values of &Psi; or
- calculated with only three sets
3
CNO
of two Tensionic tensiometers placed in an area representative of the field. The sites must be placed on
the dominant soil type and where the crop stand is

and growth
rate). Similar conclusions have been obtained for &Psi;
in an irrigated maize crop [25]. Spatial variability of
nitrate content may be higher in cropping systems
receiving large amounts of mineral nitrogen. This
would imply an increase in the number of measurement sites, with a simultaneous increase in the cost
of the diagnosis. For example Benoit et al. [5] used
seven ceramic cups per depth of measurement to
characterize nitrate leaching in a farmer’s field. If
the field is made up of several soil types or if there
is a gradient in the amount of water or nitrogen
applied, the field must be divided into sub-units
before applying the diagnosis approach. For example, particular evolution of &Psi; in site A of fields 1
(figure 1a) and 4 (figure 2a) was explained by the
canopy characteristics (suppression of alfalfa in the
association) and the heterogeneity in water supply
by the irrigation system, respectively.

representative of the field (crop density

5.2. Calculation
of a nitrate leaching risk indicator
The two variables given by the Tensionic tensiometer (&Psi; and CNO
) allowed the calculation of
3
which
a nitrate leaching risk indicator
the
the
of
crop cycle
gives
periods drainage during
and the nitrate concentration of the drained water
(see section 2). It showed that the risk of nitrate
leaching was negligible for the alfalfa-fescue association (figure 1d), intercropped vineyards (figure
4a) and field crop rotations with nitrate catch-crop
(figure 4b), despite the long period of drainage
below these crops. On the other hand, nitrate content of the soil solution below salad crops (figures
2b and 3b) was at least four times higher than for
the other crops (> 100 mg
during most of
the crop cycle). The risk of nitrate leaching during
the crop was important in field-grown salad (figure
2d) because winter rainfall and excessive irrigation
induced a continuous drainage from plantation to
harvest. This risk was negligible below the greenhouse-grown salads (figure 3d) because drainage
was avoided by the absence of rainfall and a scheduling of irrigation from soil water status.
Nevertheless, the amount of nitrate left in the soil at
harvest was very high, as suggested by the high

)
j
3
(RNO

.L
3
NO
-1

nitrate content (figure 3b) of a soil at field capacity
(&Psi; > -10 kPa in figure 3a). This would induce a
high risk of nitrate leaching after the salad crop if
no deep rooted nitrate catch-crop is sown.
The RNO
j indicator must be used with caution
3
fields with less contrasted nitrate
when
concentrations than in the above examples.
does not give the amount of nitrate leached below
the rooting zone [QNO
- in equation (1)], but only
3
the nitrate concentration of the soil solution during
the periods of drainage. Comparing values of
j of different fields implies the assumption
3
RNO
that
amount of water drained below the rooting
zone
O) is similar for these fields.
2
(QH
Theoretically QH
O can be calculated with Darcy’s
2
law from the hydraulic gradient given in equation
(2). Nevertheless this would imply the assumption
that the hydraulic gradient varies linearly between
the two depths of measurement, which is not necessarily the case when the distance between these two
measurements is larger than 0.2 m. On the other
hand, equation (2) requires the determination of the
relationship between soil hydraulic conductivity
and soil water potential [K(&Psi;)] for each field where
the diagnosis has to be applied. The parameters of
this relationship can be estimated from soil characteristics such as texture, carbon content and bulk
density [34]. Nevertheless, the precision of this
method is too low to avoid the experimental determination of the K(&Psi;) parameters [33]. QH
O could
2
also be calculated with a simulation model of water
balance in the rooting zone [13], but this implies
having a model validated for the amount of water
drained, for each crop and each soil concerned by
the diagnosis. These requirements make it difficult
and costly to use this quantitative approach in a
large number of farmers’ fields. As a first step, use
seems more realof the qualitative indicator
fields on crops
istic for a rapid diagnosis in
and soils for which the knowledge is limited.

comparing

j
3
RNO

the

RNO
j
3
farmers’

5.3. Additional information
given by the Tensionic tensiometer:
position of the water table roof

depths and the calcuhydraulic gradient showed that the

Measurements of &Psi; at two

lation of the

water table was sometimes

rising

into the

measure-

ment zone, in agreement with piezometric measurements. This was the case after the heavy rainfall of

November 1994 in field 1 as shown by the null values of the gradient (figure 1c) combined with &Psi;
higher than -10 kPa at1.0 m deep and -15 kPa at
1.5 m deep (figure 1a). A similar situation was
observed in greenhouse-grown salads in January
1997 (figures 3a). In this case the nitrate content of
the soil solution measured with the Tensionic tensiometer was close to the nitrate content of the
water table. This information must be integrated in
the diagnosis (figures 1d and 3d) because a water
table in contact with the root system can significantly contribute to the water and nitrogen budget
of the crop. In greenhouse-grown salads, for example, the water table was shallow enough to maintain
soil water content around field capacity in the crop

rooting

zone.

6. CONCLUSION

The Tensionic tensiometer allowed the measurepotential and nitrate concentration of the soil solution in farmers’ fields for a large
range of soil types and cropping systems. The contrasted situations presented in this study show that
these two variables are required to characterize the
risk of nitrate leaching. As a first step in a diagnosis approach, a qualitative indicator of nitrate leaching can be calculated from the Tensionic tensiometer measurements, in the absence of other information on soil, climate and crop. It gives the periods of
drainage during the crop cycle and the nitrate content of the drained water at a 10 day timestep. It also
indicates whether a water table is contributing to the
crop water and nitrogen balance. This indicator can
be used to compare cropping systems, crops or
cropping techniques for the risk of nitrate leaching.
It could also be used to help the farmers to follow
the impact of a modification of their cropping system on the risk of groundwater pollution by nitrate.
The calculation of a quantitative variable (amount
of nitrate leached) could also be made from the
Tensionic tensiometers on fields where information
ment of soil water

is available on soil hydraulic conductivity
which a water balance has been validated.

or

for

This diagnosis on the environmental risk could
be associated with a diagnosis on the risk of nitrogen and water stress for the crop, in order to help
the farmers to adapt their cropping systems with
reference to both environmental and agronomic
risks. This requires addition of a third Tensionic
tensiometer in each measurement site, in the soil
layer with maximal root density (for example 0.2 m
for a salad crop). The two variables given by the
Tensionic tensiometer could then be used as a measurement of the nitrogen and soil water status as it
is sensed by the crop. This approach is under investigation in vegetable crops (Gay and Wery, unpub-

lished).
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