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1. Introduction

The study of soil functions and their impact on the environment
is a relevant topic nowadays. Sometimes the impact can be evident

at the macroscale, but it can also be determined at the microscale
based on interactions between soil architecture and the transport
and transformation processes occurring in the soil infrastructure,
including the pore system (de Jonge et al., 2009). The prediction
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A B S T R A C T

The prediction and description of water and solute movement in soils under different tillage systems is

essential to the study of pesticide contamination in soils and groundwater quality. However, the impact

of tillage practices in soil physical characteristics varies across locations and types of soil. In this work we

analyzed the long-term impact of no till (NT) and conventional tillage (CT) on solute transport within

three different Argentinian soils. Bromide transport studies were conducted under controlled conditions

in the laboratory using undisturbed soil columns. Samples were taken from long term field trials, with a

history of over 16 years of NT and CT practices. The studied soils were: Paraná soil (PAR), a silty clay loam

soil (<37% clay), and Mandfredi (MAN) and Pergamino (PER), both silty loam soils (<26% clay).

Breakthrough curves were fitted using the non-equilibrium equation model (CDEneq). The following

transport parameters were estimated from the fitted curves: velocity (v), hydrodynamic dispersion

coefficient (D), dispersivity (l), mobile water content (b), and mass transfer coefficient (v). The

relationship between the estimated parameters and soil properties was analyzed. Also, the parameters

were compared between soils and tillage practices using a mixed linear model. Parameters v and D were

positively correlated to soil clay content in NT samples. Such correlation was not observed in CT samples.

This would suggest that clay content in soils under conservational tillage, favors the transport of solutes,

as it increases v and D. In this study, no differences were found between soils or tillage practice regarding

the estimated v parameter. Differences were found for D and l between CT and NT samples in PAR soil. In

this case, the magnitude of solute dispersion was higher in the NT samples. For the other soils (MAN and

PER), no difference in D and l between tillage practices was found. Effects of tillage on solute transport

was not substantial in these soils, even when no till management had been applied for over 30 years.

Whereas in PAR (the soil with higher clay content), soil management had an important effect on

structure, and therefore on solute and water transport. These results suggest that in the PAR clayey soils

studied, structure is well preserved under conservational tillage, and this could lead to an increase in the

risk of leaching of solutes or chemical substances.
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and description of water and solute movement in soils under
different tillage systems is essential to study the problem of
pesticide contamination of soils and groundwater. Nevertheless,
the relationship between agricultural practices and groundwater
quality has not been addressed as extensively or effectively as have
other pollution processes (Cullum, 2009).

Soil tillage has a major impact on flow and solute transport as it
can affect pore size distribution and porosity (Lipiec et al., 2006).
The tillage system may modify soil physical properties depending
on factors such as cropping history, soil type, climatic conditions
and the previous tillage system (Mahboubi et al., 1993). Also, soil
management may have a significant effect on structural features of
soils, which in turn, can considerably affect the macropore
characteristics such as type, shape, size distribution, origin,
geometry and continuity of macropores (Ersahin et al., 2002).
Conventional tillage generally reduces solute transport by cutting
shallow functional macropores (Jarvis, 2007). Whereas, conserva-
tional tillage systems promote the formation of continuous
macropores (Locke and Bryson, 1997), favoring preferential flow
of water and solutes.

In the agricultural environment, preferential flow and agro-
chemical transport in structured soils may significantly affect the
quality of water resources (Sinkevich et al., 2005). However, it is
important to highlight that the impact of different tillage practices
on soil hydraulic properties is not consistent across locations, soils,
and experimental designs (Schwen et al., 2011). Further research is
needed to better understand and to quantify the effect of different
management practices on changes in soil structure and pore
functioning with respect to both water and solute transport
(Vogeler et al., 2006).

Miscible displacement experiments using undisturbed soil
cores are used to evaluate solute movement and estimate transport
parameters, such as velocity (v) and dispersivity (l). As a first
approach to study flow phenomena in undisturbed columns, non
reactive molecules are used as tracers to model water movement.
Akhtar et al. (2011) has highlighted the importance of laboratory
column experiments on preferential flow for a comprehensive
assessment of soil functions such as its retardation capacity for
various substances and groundwater protection under field
conditions.

To the authorś best knowledge, there exist no studies on the
comparison of effects on solute transport of different tillage
systems in long-term field trials (more than 16 years of no
tillage and conventional tillage). Therefore the main objectives of
the present study were: (i) to compare the effects of long-term
tillage in different soils on solute transport, and (ii) to find a
relationship between these parameters and soil physical char-
acteristics. Studies were performed under controlled conditions in
the laboratory using undisturbed soil columns from three different
soils of Argentina, under long-term no-tillage (NT) and conven-
tional tillage (CT). Transport parameters were estimated using the
non-equilibrium convection-dispersion equation (CDE).

2. Materials and methods

2.1. Site description and column sampling

The present research was conducted with soil samples from
three different experimental stations with long term field trials of
the Instituto Nacional de Tecnologı́a Agropecuaria (INTA).

The Manfredi (MAN) experimental site is located in Córdoba
Province (318 560 5500 S 638 46 0 3000 W) and was established 30
years ago. The average annual rainfall of the site is 759 mm. The
soil corresponds to a coarse-silty, mixed, termic Entic Haplustoll of
the Oncatrivo series (INTA, 1987). Samples were taken from
treatments under NT and CT with a maize-soybean rotation.

The Parana (PAR) experimental site is located in Entre Rı́os
Province (318 510 1500 S, 608 320 1000 W) and has an average annual
rainfall of 1030 mm. The soil belongs to the Tezanos Pinto series
(fine, mixed, termic Acuic Argiudoll) (INTA, 1998), and is
characterized as deep and moderately well drained. Soil samples
were taken from a long term field trial (16 years) under NT and CT,
with a wheat/soybean-maize rotation.

The Pergamino (PER) site is located in Buenos Aires Province
(338 570 S, 608 330 W). The annual precipitation is 946 mm and the
soil is classified as fine, termic, illitic, Typic Argiduoll (Pergamino
series) (INTA, 1972). This soil is well drained, with medium
permeability. The field trial was established 34 years ago under NT
and CT, and it has a maize-wheat/soybean rotation.

Tillage operations corresponded to the usual practices performed
in each soil. For CT MAN, moldboard plowing and disc harrowing is
used as primary tillage and field cultivator as secondary. In CT PAR,
conventional tillage involves chisel plowing and combined vibro-
cultivator. And for CT PER, moldboard plowing is used as primary
tillage and disc harrowing as secondary tillage.

Four replicate undisturbed soil columns were sampled in blocks
from each tillage practice, resulting in 4 columns per soil per
treatment (total number of columns = 24). Core samples were
obtained introducing stainless steel cylinders of 8 cm wide inner
diameter and 15 cm length into the top soil. Samples were then
sealed with plastic lids and stored at 4 8C until transport studies.

Disturbed soil samples were also collected from each site, for
physical and chemical analysis. Particle size distribution was
obtained with the sieving and pipette method (Soil Conservation
Service, 1972) and organic carbon content (OC) was measured by
oxidation with chromic acid (Walkley and Black, 1934).

2.2. Transport experiments

Displacement studies were carried out under isothermal
(20 8C) and unsaturated steady-state flow conditions using an
experimental setup similar to that described by Montoya et al.
(2006) and Bedmar et al. (2008). Prior to the leaching experiment,
columns were slowly pre-saturated from the bottom of the
column with a 0.01 M CaCl2 solution. Afterwards they were sealed
with a cap containing a stainless steel plate with holes on both
ends of the column, which allowed a uniform distribution of the
inlet flow. Columns were irrigated with a 0.01 M CaCl2 solution at
a constant flow of 4.16 mm h�1 using a syringe pump. At the lower
boundary condition, the columns were connected to a vacuum
chamber keeping a constant tension of �11 KPa. Inside the
chamber a fraction collector was used to collect the effluent at
different time intervals. When steady state flow was reached, a
pulse of KBr (equivalent to 150 kg ha�1) dissolved in CaCl2

(0.01 M) was applied for 15 min. The columns were then leached
with a 0.01 M CaC2 solution for several pore volumes. The collected
samples of the effluent were analyzed to determine bromide
concentration using an ion-selective electrode (EA940 Orion) with
a lower detection limit of 0.0005 mmol L�1. The relative concentra-
tions (C/Co) of Br�were determined by dividing the concentration of
the tracer in the effluent collected by the concentration of the tracer
in the stock solution.

At the end of the leaching experiments, columns where
weighed and then dried at 105 8C to estimate bulk density (rb).
Total porosity (f) was calculated as f = 1 � rb/rp, assuming a
particle density of rp = 2.62 g cm�3.

2.3. Model fitting

Most mechanistic models for solute transport in porous media
are based on the convection-dispersion equation (CDE). The CDE is
a partial differential equation representing mass continuity for
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movement of a given solute in a porous medium by dispersion and
convection under specified initial and boundary conditions.

The mathematical form for the equilibrium model CDE (CDEeq),
is simple with only two parameters, D (hydrodynamic dispersion
coefficient) and v (Eq. (1)) Therefore, CDEeq can be easily applied to
multi-dimensional steady or transient flow, saturated–unsaturat-
ed porous media, as well as arbitrary initial and boundary
conditions (Gao et al., 2009).

R
@C

@t

� �
¼ D

@2
C

@x2
� y

@C

@x
(1)

C is the resident concentration of the liquid phase (mol L�1), D is
the hydrodynamic dispersion coefficient (L2T�1), v is average pore
water velocity (LT�1), x is distance (L), t is time (T) and R is the
dimensionless retardation factor (Eq. (2)).

R ¼ 1 þ rKa

u
(2)

where r is the soil bulk density (ML�3), u is the volumetric water
content and Ka is an empirical distribution constant for adsorption
(L3M�1).

The physical non-equilibrium CDE (CDEneq) model considers
that the liquid phase can be partitioned into a mobile and an
immobile region. It is expressed as the following equation:
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Z
� vðC1 � C2Þ � m1C1 (3)

where T = vt/L, Z = x/L and Pe = vL/D is the Peclet number. L is the
length of the column and C1 and C2 are the relative concentrations
normalized with respect to the input concentration C0 at the
mobile (C1) and immobile (C2) flow regions, respectively.

The fraction of mobile water is described by the dimensionless
parameter (b) (Eq. (4)) and the dimensionless mass transfer
coefficient (v) (Eq. (5)).

b ¼
um þ f rKa

u þ pKa
(4)

v ¼ aL

q
(5)

where um is the volumetric water content of the mobile fraction, u
is the total volumetric water content, f is the fraction of adsorption
sites in the mobile region (dimensionless), r is the soil bulk
density (ML�3), Ka is an empirical distribution constant for
adsorption (L3M�1), a is the first-order transfer coefficient
between the mobile and immobile regions (T�1) and q is the
Darcy water flux (LT�1).

Breakthrough curves (BTC) were fitted using the computer
program CXTFIT version 2.1 (Toride et al., 1999). The retardation
coefficient R was assumed unity for the nonreactive bromide. Input
data consisted of solute concentration ratio Ci/C0 at the outlet and
time. Model parameters, v, D, b and v were estimated using the
CDEneq. Dispersivity (l) is a characteristic property of the porous
medium, and can be calculated from the relationship between D

and v (Eq. (6)).

D ¼ ly þ D0 (6)

If negligible molecular diffusion is assumed (D0 = 10�6 cm2 s�1),
l can be calculated as D/v (Vanderborght and Vereecken, 2007).

2.4. Data analysis

Analysis of variance and correlation between parameters and
selected soil properties were performed with SAS version 9.0
software (SAS Institute, 1992). The estimated parameters were

compared among soils and tillage (as fixed effects) using a mixed
linear model (PROC MIXED). Mean comparisons were evaluated
with a significance level of 0.05 using LSMEANS.

3. Results and discussion

3.1. Soils

Selected physical and chemical characteristics of the soils are
presented in Table 1. Clay content in PAR was significantly higher
than in MAN and PER (P < 0.001). No differences within particle
size distribution were found between tillage practices (not shown).
Organic carbon (OC) content was higher in PER and PAR soils, than
in MAN (P < 0.001). Bulk density values measured in the soil
columns are shown in Table 2. In average, MAN and PER bulk
density was less than PAR soil. Regarding the tillage practice, no
significant difference was found between NT and CT samples in
each soil.

3.2. Breakthrough curves (BTC) and model fitting

Results from the BTC obtained from the leaching experiments
with Br� are shown in Fig. 1. Only in two cases, one column from
MAN-CT and another for PAR-NT, ponding occurred, so the
columns had to be dismissed from the experiment. Fig. 1 shows
that in PAR-NT columns there was an early solute breakthrough.
The BTC also exhibited an asymmetric behavior, indicating a
greater effect of macropore flow on physical non-equilibrium. Long
tailing in BTC of reduced tillage column samples has also been
reported by Besson et al. (2011). On the contrary, in the less clayey
soils (MAN and PER), the curves were less asymmetrical, both in NT
and CT. Glaesner et al. (2011) also found differences between soils
of different textural composition, finding early tailing of the non-
reactive solute in columns from soils of loam texture, as compared
to loamy sand and sandy loam soil columns.

The BTCs where modeled using the CDEneq model. This model
assumes that the water in the intra-aggregate pores is stagnant and
that water movement occurs in the inter-agregate region. The
CDEnoeq model is generally considered as more powerful and
versatile in modeling experimental data obtained on heteroge-
neous porous media (Comegna et al., 2001; Brusseau and Rao,
1990), whereas the simpler CDEeq model is considered to not
satisfactorily describe solute transport when preferential flow
occurs.

The main reason for choosing a CDE non-equilibrium model
was that the shape of the BTCs evidenced non-equilibrium flow
(asymmetrical shape, peak arrival before one PV and tailing). This
approach has also been taken into account in other studies such as
Shaw et al. (2000) and Ersahin et al. (2002). The experimental data
and the CDEneq model fit are shown in Fig. 1.

3.3. Transport parameters and soil properties

The dispersion coefficient tends to increase with increasing v as
seen in the scatter diagram in Fig. 2. Other studies have reported a
linear relationship between these parameters (Tabarzad et al.,

Table 1
Particle size distribution and organic carbon (OC) content of the studied soils.

Soil Particle size distribution (%) OC (%)

Sand Silt Clay

PAR 10b* 53a 37a 1.61a

MAN 23a 51a 26b 1.14b

PER 24a 51a 25b 1.78a

* Different letters indicate differences between soils (P < 0.001).
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2011; Costa and Prunty, 2006; Shukla et al., 2003; Perfect et al.,
2002). It can be observed that the highest values of v and D were
found for the NT samples; these high values suggest that the
transport of Br� is driven by the physical characteristics of the soil
rather than by diffusive properties of the tracer (Ersahin et al.,
2002).

The correlation between the estimated transport parameters (v,
D, b, v) with the soil properties was analyzed separately for each
tillage practice (Table 3). There was a strong positive correlation in
NT columns between soil clay content with the parameters v
(r = 0.91), D (r = 0.80) and l (r = 0.63) (Table 3). By contrast, no
correlations were found for the CT parameters (Table 3). Other
authors have also found a positive correlation between D and clay
content, this can be inferred from data reported by Montoya et al.
(2006) and it was also reported in a study that compared A, B and C
horizons (Bedmar et al., 2008). Bromly et al. (2007) examined the
relationship between different physical soil parameters and
dispersivity. The compiled data was analyzed by a regression tree
analysis, which showed that clay content was the most important
factor controlling dispersivity. They found that soils with clay
percentage higher than 29.8% had greater dispersion coefficients
than those with less clay content. Although in the aforementioned
study only repacked and sieved columns were considered, the

authors note that not necessarily is the soil structure completely
removed. Since the majority of the studied soils in Bromly et al.
(2007) were reported as forming aggregates, they hypothesize that
the repacked columns contain aggregates that are smaller in
diameter than the sieve size. Therefore the intra and inter
aggregate space is preserved. The higher dispersion coefficients
found in more structured soils are the result of non-equilibrium
transport, which occurs when the vertical flow rate through the
macropores is faster than the rates of lateral equilibration of the
solute concentration with the soil matrix. Other studies have
reported a decrease in D values in clay loam soils compared to
sandy loam and silt loam (Tabarzad et al., 2011). Also, Ersahin et al.
(2002) found smaller dispersion values occurring in the E horizon
due to narrow pore size distribution, even though this horizon had
a higher clay content than A and B horizons.

In our study, a positive relationship of clay content with v and D

parameters only occurred in NT samples. It is expected that as the
clay content increases the soil structural effects become more
important. But on the other hand, tillage disturbance in soils causes
a reduction in aggregate size (Mc Vay et al., 2006), decreasing
inter-aggregate porosity, and thus affecting flow pathways. The
long-term plowing and harrowing activity in the conventionally
tilled fields most likely destroyed structural differences between
the different soils and produced a more homogeneous soil
structure, regardless of the textural composition. On the contrary,
in the no-till samples, structure is well preserved, by maintaining
shrinkage cracks, worm channels, root holes and pore continuity.

3.4. Solute transport parameters

The transport parameters obtained with the CDEneq model are
shown in Table 4. In this study, no differences were found between
soils or tillage practice regarding the estimated v parameter. The
estimated values ranged from 1.05 to 1.72 cm h�1. Although no
statistical difference was found, the highest v corresponded to PAR-

Table 2
Estimated r and f from the undisturbed soil columns of each soil measured after

the leaching experiment.

PAR MAN PER

rb

NT 1.37 1.15 1.21

CT 1.34 1.17 1.22

f
NT 0.48 0.56 0.55

CT 0.49 0.55 0.54

rb: bulk density (g cm�3), f: total porosity.
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Fig. 1. Experimental (dots) and estimated (dotted line) bromide BTC using CDEneq model for different soils, under no till (NT) and conventional tillage (CT) for Manfredi

(MAN), Paraná (PAR) and Pergamino (PER) soils. Different colored dots represent a different experimental column. Ci/Co: relative concentration.
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NT columns; this could indicate the presence of larger macropores
conducting the water (Kung et al., 2000; Jaynes et al., 2001).

As for the estimated D, PAR-NT had significantly higher values
than the other NT soil samples (P < 0.005) (Table 4), whereas no
differences between soils were found in CT samples. The D in MAN
and PER did not differ statistically between treatments. Nevertheless
PAR-NT had a significantly higher D than PAR-CT (4.40 and
1.68 cm2 h�1, respectively). The asymmetrical BTC exhibited in
PAR columns (Fig. 1), along with the high D values (Table 4), suggest
a strong non-equilibrium transport. In general, the macropore flow
is the main cause for an early breakthrough, and intra-aggregate
diffusion causes tailing (Ersahin et al., 2002), therefore differences
between D are strongly related to differences in soil structure.

As mentioned in Section 3.3, D was strongly correlated to the
clay content. In this sense, PAR is the soil with the highest clay
content (Table 1), corresponding to a silty clay loam texture, while
MAN and PER have a silt loam texture. Clay content plays an
important role in soil structure, favoring the formation of
aggregates that can result in a more stable pore network.
Particularly in PAR, which is a fine mixed type of soil (with equal
proportion of illite and montmorillonite), clays tend to swell and
shrink, causing cracks or bigger aggregates.

Aggregate stability is an indicator of soil structure (Six et al.,
2000). In general, tillage disrupts aggregates by affecting factors
that contribute to soil aggregation, e.g., SOM, CEC, nutrient content
and microbial and faunal activities (Plante and McGill, 2002). No-
till management preserves larger and more stable aggregates
(Castro Filho et al., 2002), increasing the volume of storage pores
(0.6–50 mm) and aggregate stability (Pagliai et al., 2004). Soil
aggregation values from the studied PAR fields show that stability
is significantly higher in NT samples than in CT (P > 0.005)
(unpublished data).

In soils with finer texture, like PAR, interaggreagate pores are
more continuous across a much larger distance than the
intraagregate pores, and thus when the leaching rate exceeds
the conductivity of the smaller pores, the interaggregate pores are
activated, increasing the dispersivity (Vanderborght and Ver-
eecken, 2007). In the PAR CT system, the amount of mesopores and
intraagragate pores may increase because of the turning of the soil.
Nevertheless the connectivity of the bigger pores is disrupted
(Roseberg and McCoy, 1992). The total porosity measured in the
columns (Table 2) shows that there was no significant difference
between NT and CT samples of the same soil. However, in a study
performed in the same PAR long-term field trial, Sasal et al. (2006)
measured macroporosity (>300 mm) and found that it was
significantly higher in CT samples. Nevertheless, the measured
infiltration rates were not different between NT and CT. A possible
explanation is that macroporosity reduction may be compensated
by more effective biopores for water movement. Another
hypothesis, is that the great residue contribution of the previous
crops (wheat/soybean-corn), promotes the activity of organisms
and roots, forming a stable and more connected macropore system
(Sasal et al., 2006). Other studies (Shipitalo et al., 2000; Vervoort
et al., 2001; Besson et al., 2011) have also shown that intense
plowing can disrupt and destroy the continuity of biopores. It is
clear that soil structure and horizon morphology have a major
effect on solute transport, such that strongly developed structures
result in more pronounced non-equilibrium transport than weaker
structures (Anderson and Bouma, 1977; Bouma and Wösten,
1979).

Dispersivity values in the studied columns ranged from 0.50 to
2.61 cm (Table 4), and are within the order of values found in other
column transport studies (Ersahin et al., 2002; Montoya et al.,
2006; Bedmar et al., 2008). Statistical analysis showed that there
was an interaction between soil and tillage. The l was higher in
PAR-NT columns compared to the values found for MAN-NT and
PER-NT (P > 0.05). Fine textured soils tend to be more dispersive
than coarse textured soils, as it was reported in another study
(Perfect et al., 2002) were a positive correlation was found between
l and the air-entry value. This is in agreement with our results
since PAR is the soil with the highest clay content. In PAR soil NT
samples had significantly higher l values than CT samples. Since l
increases as the width of the pore-size distribution increases
(Vervoort et al., 1999; Perfect et al., 2002), the smaller values found
in CT samples could be due to a narrow pore size distribution, as a
result of the soil disturbance caused by plowing. The MAN and PER
columns did not differ in the estimated l between treatments. This
result can be attributed to similarities in pore space and aggregate
size distribution. The impact of tillage practice over the soil
structure was only evidenced in PAR soil. High effective
dispersivity has been associated to clayey soils, in which it has
also been demonstrated that strong preferential flow was the
predominant mechanism for water and solute transport (Shaw
et al., 2000). Probably in the less fine-textured soils, inter-
aggregate porosity does not account for much difference between
conventional or conservational tillage practices.

The parameter b represents the fraction of mobile water
content and can be reduced from Eq. (4) to b = um/u, when assumed
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Fig. 2. Relationship between velocity (v) and hydrodynamic dispersion coefficient

(D) obtained from all the undisturbed soil columns. In the graph, samples are

differentiated in NT (*) and CT (*).

Table 3
Linear correlation coefficients between estimated CDEneq parameters (v, D, l, b and

v) and selected soil properties from CT and NT samples.

Parameter Sand Silt Clay OC r f

CT
v �0.01 �0.16 0.12 �0.38 0.37 �0.35

D �0.01 �0.47 0.36 �0.30 0.54 �0.53

l �0.10 �0.04 0.14 �0.27 0.39 �0.37

b 0.42 0.03 �0.43 0.11 �0.30 �0.08

v 0.62 0.14 �0.31 0.09 0.27 �0.06

NT
v �0.59 �0.29 0.91*** 0.10 0.63* �0.62*

D �0.74 0.02 0.80** 0.40 0.88** �0.87**

l �0.70 0.16 0.63* 0.55 0.91*** �0.92***

b 0.14 0.06 �0.21 �0.01 0.24 �0.25

v 0.25 �0.58 0.22 0.41 0.18 0.18

OC: organic carbon; r: bulk density; f: porosity.
* P < 0.05.
** P < 0.005.
*** P < 0.0001.
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that R = 1. No differences were found in b and v between soils and
tillage practices, probably due the high variation in the estimated
parameters between replicates. For all soils b values were higher
than 0.47. It can be assumed that low values of b indicate
preferential flow. For example, Ersahin et al. (2002) reported
b = 0.30 values for transport under saturated conditions, and
attributed this large immobile water content to the high saturated
pore water velocity caused by macropores. On the other hand, in
some cases it is difficult to attach a physical meaning to b and v
due to poor definition of the estimated parameters (Comegna et al.,
2001). In the latter case, they found values that ranged from 0.00 to
1.00 in sandy and clayey sandy undisturbed soil columns.

4. Conclusions

In this study we analyzed the long-term impact of NT and CT on
solute transport within three different soils. Bromide displacement
studies were conducted using undisturbed soil samples from long-
term-field trials with a history of over 16 years of NT and CT
practices. The estimated transport parameters v and D were
positively correlated to soil clay content in NT samples. Such
correlation was not observed for CT. This result suggests that clay
content in soils under conservation tillage favors the transport of
solutes as it increases v and D.

In PAR (>35% clay), soil management had an important effect
on structure, and therefore on solute and water transport. For this
soil, the magnitude of solute dispersion was higher in the NT
samples than in CT. Effects of tillage on solute transport were not
substantial in the silty loam soils (MAN and PER), even when no-
tillage management had been applied for over 30 years. In the
studied silty clay loam soil, structure was well preserved under
conservation tillage, and this could lead to an increase in the risk of
leaching of solutes or chemical substances.

The results presented in this work are relevant as only few
studies have analyzed the effect of long term tillage practices on
solute transport in different soils.
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