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Abstract: Water flow in soil is a complex environmental process, which is very important not only for soil
formation conditions in the nature, but also for plant development and leaching of nutrients and pollutants
toward groundwater. The purpose of this work is to develop a research device intermediary between small-
sized soil columns and lysimeters, as well as an adequate research method, to determine soil water
permeability and flow conditions in undisturbed soil columns aiming to find out the maximum steady-state
water flow values under continuous water supply in order to help investigate the movement of pollutants and
fertilizers toward groundwater. The study was carried out in undisturbed soil columns, 0.3 m in diameter and
1 m length, in various environments: loamy Cambic Chernozem (CZca), a loamy-clayey chernic-argic
phaeozem (FZce-ar) and a sandy textured eutric psamosol (PSeu). Water was applied according to the soil
infiltration rates, and it was found that the steady-state effluent rate (Vef, mm h) under continuous water
application, as a product of hydraulic conductivity and gradient, and existing in nature after long rainy periods,
is generally lower than the saturated hydraulic conductivity (Ks, mm h) of all soil horizons, including the
most compacted or clayey horizons, due to the different flow type, the unsaturated type for the columns’ \ef
and the saturated one for small cylinders’ Ks, respectively. In the case of high clay-content, swell-shrink
compacted soils (FZce-ar), there is water infiltration until the soils get wet to values higher than field capacity,
then the flow ceases due to clay swelling. The steady-state Vef, achieved after important amounts of
continuous water application and practically equal to the steady-state infiltration rate, is the maximum value
of soil water flow in the column, because it occurs under submersion conditions at the soil surface, but in
unsaturated soil conditions deeply in the column. After cessation of water application, redistribution between
the soil horizons occurs for a longer period, and Vef slowly decreases and finally ends after 3-10 days,
depending on soil texture and porosity. This flow type is specific for wet and cold seasons when there is a
predominantly descendent water movement. Normally, in the other seasons with high evapotranspiration,
lower rainfall, and when water infiltration occurs occasionally in the field, Vef would present lower values.
The experiments could also involve plants grown under controlled atmospheric conditions. Leaching of
soluble nutrients and pollutants depends on the magnitude of Vef, because the movement of these substances
cannot exceed the steady-state Vef for all soil columns, and also for subsoil and the underlying geological
deposits, simply because the water is their transport agent. Thus, Vef might be an important variable in
modeling the leaching of some substances from the soil.

Keywords: saturated hydraulic conductivity rate (Ks), effluent rate (\ef), cambic chernozem, chernic-argic
phaeozem, eutric psamosol

1. INTRODUCTION and pollutants toward the groundwater. Studies on

soil water flow were performed both under field and

Water flow is a complex, very important laboratory conditions, and simulation models were
process for the soil formation conditions in the nature,  usually based on such studies.

and also for plant growth and leaching of nutrients Interactions between the soils and groundwater
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or surface waters have been previously studied in
many countries, for instance in some areas of France
(Canoglu et al., 2019), in some central parts of
Romania (Ispas et al., 2018) or in western regions of
the country (Martonos & Sabo, 2017); the chemical
soil composition and water quality were also
examined in various regions of Romania by other
scientists (Lacatusu 2017, Lacatusu et al., 2019a and
2019b). Other parts of the country affected by
pollution with heavy metals in soils were investigated
by Damian F. et al., (2019) and Damian G. et al.,
(2019).

In most of the situations, the water coming
from precipitations infiltrates into the soils, and from
here deeper to the groundwater. Thus, water is one of
the most important transport agents in the
environment. The most representative experimental
studies were carried out on large drained land plots
hydrologically isolated and having areas of some
hundreds of square meters using soil matric potential
sensors installed at various depths (Catt, 1991,
Péltineanu et al., 2013) and also on lysimeters
(Chaozi et al., 2019) or using macroplots that allow
the use of natural porous structure and cracks of the
soils (Paltineanu et al., 2001). The soil columns
present the disadvantage of experiment simplification
by investigating only one or a few essential factors.
However, they have the advantages of researcher’s
permanent control concerning the application of a
continuous leaching treatment, as well as an easy
effluent collecting and emphasizing the influence of
the studied factors on the investigated object.

More recently, following an increase in
environmental pollution, leaching studies regarding
nutrients and pollutants in soil columns and
lysimeters grew. Thus, groundwater pollution with

various  substances like nutrients  (nitrate,
phosphorous, etc.), pesticides, heavy metals, mine
seepage, petrol derivatives, etc. was studied

experimentally through different methods and was
simulated using various experimental procedures
and/or specific models (Stagnitti et al., 2001). Liu et
al. (2018) investigated acid mine drainage solute in
soil columns made of glass using specific fluids of
various concentrations and collecting the effluent,
while Vitale et al. (2018) developed a soil column
experiment on leaching of polychlorinated biphenyls
(PCBs) using a solution of water and dissolved
organic carbon and analyzing the effluent collected in
time.

In the same manner, Riyadh et al. (2018)
investigated movement of petrol derivatives toward
groundwater, and LoOpez-Pifieiro et al. (2014)
developed undisturbed soil column studies on
pesticide movement and sorptivity in loamy-clayey-
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sandy soils amended on the surface with soil-
incorporated residues from olive oil factories for
many years versus not amended soils.

Sohaib et al., (2018) studied pesticide
movement (Glyphosate and s-metolachlor) in soil
columns toward the groundwater, and Elke & Vogeler
(2018) also used soil columns to examine ethylene-
diaminetetra-acetic acid solutions on the movement
of some heavy metals (Cd, Co, Cr, Cu, Fe, Mn, Mo,
Ni, Pb, Sn, Zn) under unsaturated soil conditions.
Zhilong et al. (2018) also investigated heavy-metals’
movement in soil columns by using acid-rain
simulating solutions and analyzed periodically the
concentration of Cu, Cd, Pb in the effluent. Similarly,
Jiangbo et al., (2017) studied the movement of Pb and
Cd in soil columns, while Wang et al., (2018)
examined Cd mobilization in the soil and its uptake
by the roots of some groundnut crops. Zhao et al.,
(2009) and Chatain et al., (2013) investigated total
phosphorous movement in soil columns, and Li et al.
(2013) and Nest et al., (2014) also studied total
phosphorous leaching under unsaturated conditions.

Although the use of lysimeters containing
undisturbed soils is very precise and recommended in
many cases, their cost is high. Many of the above-
presented studies were carried out either in small-
scale columns with 0.07 to 0.15 m diameters and 0.50
to 0.75 m lengths, or in disturbed soil conditions that
are much different from the natural, environmental
conditions and do not comply with the requirements
of a minimum representative volume.

The purpose of this paper is to propose an
improved method to investigate soil permeability for
water and solute leaching in large columns of
undisturbed soil, near field capacity (FC), allowing
thus to determine the maximum, steady-state water
and solute flow under continuous water application
and the volume and quality of the effluent toward the
subsoil and groundwater.

2. MATERIAL AND METHODS

2.1. The studied soil material and taking
undisturbed soil samples

The soil cover has differently been spread over
the globe according to the environmental factors, and
the first 1 m depth is the most important soil part
containing the major plant roots and being subject to
severe human pollution.

Because the particle-size distribution generally
determines soil permeability, three different-textured
soil types have been studied: 1) a cambic chernozem
(CZca) from Grindu village, lalomita county, with the
geographical coordinates of 44.790°N and 26.939°E,



and 62 m altitude above sea level, characterized by a
loamy texture in the topsoil and a sandy-loamy one in
the subsoil, 2) a chernic-argic phaeozem (FZce-ar)
from Draganesti village, Teleorman county, having the
geographical coordinates of 44.09337°N, 25.54698°E,
and altitude of 89 m, with a clayey-loamy texture in the
topsoil and a loamy-clayey one possessing swell-
shrink properties in the subsoil, and 3) a sandy-
textured, eutric psamosol (PSeu), with high
permeability. The geographical coordinates of PSeu
are: 43.779°N, 24.2078°E and altitude of 61 m, being
located in Potelu-lanca village, Olt county.

The climate of the investigated southern part of
Romania is temperate-continental, a Dfb category after
Koppen-Geiger climate classification (Geiger 1961),
and is characterized by mean annual temperatures of
10.5-11.0°C and precipitation between 500 and 600
mm, and solar radiation favorable for many crops
(Paltineanu et al., 2000, 2002). A trend of increasing
temperature, reference evapotranspiration and crop
evapotranspiration has recently been reported for the
area (Paltineanu et al. 2011, 2012).

Soil profiles were dug up in three different-
cropped fields: sun-flower (CZca), chick pea (FZce-
ar), and water melon ( PSeu), and their morphological
aspect is shown in figure 1.

Disturbed soil samples were taken to analyze
particle-size distribution and chemical analyses, and
undisturbed samples were sampled in metal rings of
0.05-m diameter and 0.05-m height for determination
of bulk density, hydraulic conductivity and
penetration resistance (Dumitru et al., 2009).

The compaction degree of the intensely-worked
soils (CZca and FZce-ar) is high in the hardpan that is
just below the upper Ap horizon. Bulk density (BD) as
mean weighted values over the length size (1 m) of the
soil columns is 1.58 kg dm for CZca and 1.40 kg dm3
for FZce-ar (Paltineanu et al., 2019), while for PSeu it
is 1.56 kg dm?=. The soil compaction of the CZca
hardpan, and especially the high (over 48%) swell-
shrink clay content from the Bt horizon of FZce-ar,
induce negative physical properties of these two soil
types, mainly through the low saturated hydraulic
conductivity (Ks), low porosity and high resistance to
penetration (RP), Table 1.

In the case of CZca, Ks presents high values
over the entire soil profile, in accordance with the
loamy soil texture, except the hardpan where it is low.
Both Ks and RP are intensely correlated with BD,
inversely and directly, respectively (Paltineanu et al.,
2016c). There are extreme values of these two
properties within the hardpan, where BD is 1.85 kg
dm3, Ks is 5.05 mm h?, and RP is 10.25 MPa, versus
the other soil horizons.

In the case of FZce-ar, Ks is strongly different
within the soil horizons, showing minimum values in
the Bt clayey horizon (1.21 mm ht), while in the case
of PSeu, Ks is excessively high (over 206 mm ht)
within the entire profile. The extremely high Ks values
for PSeu can be attributed to the total sand content that
is 97%, while the clay content is only 0.51%.

The Ks weighted harmonic means for the
column length (1 m) are as much as 17.04 mm h* for
CZce, 2.44 mm h* for FZce-ar and 201.5 mm h* for
PSeu, respectively.

b)

c)

Figure 1. Morphological aspects of the soil profiles studied: a) CZca of Grindu, b) FZce-ar of Draganesti, ¢) PSeu from
Potelu-lanca
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Table 1. The main soil physical and chemical properties for CZca, FZce-ar and PSeu

g/(;:é Horizon Depth pH CHOL:]rtnel;St C(?r:?gnt d?#sliliy Ks Porosity RP
Simbol | (cm) | units | (%) (%n<1?ri§)02 (kgdm?®) | mmh?) | @) | (MPa)
Ap 017 | 563 | 267 303 125 3317 | 529 | 103
Aphard | 17-29 | 627 | 243 16.6 185 5.05 304 | 10.25
Am | 2942 | 650 | 249 19.5 166 11.90 | 374 | 27
cres |_AB_| 4254 | 665 | 207 18.7 163 2452 | 385 | 3.4
Bvi | 5472 | 684 | 160 19.7 157 3425 | 408 | 2.16
Bv2 | 7289 | 700 | 136 16.7 167 2380 | 370 | 191
B/IC | 89-109 | 840 | 101 17.2 152 68.86 | 429 | 142
Ccal | 109124 | 872 | 0.77 16.2 162 2055 | 389 | 486
Ccaz | 124137 | 874 | 050 122 162 38.9 255 | 255
Mean* | 0-100 | 6.24** | 1.95 202 158 | 17.04* | 405 | 30
Aml | 010 | 505 | 462 4838 1.10 2543 | 585 | 177
Am2 | 1023 | 555 | 367 435 156 450 | 410 | 7.26
AB | 2351 | 657 | 344 472 137 1868 | 484 | 530
Fzce- | Btl | 5193 | 689 | 225 482 142 121 | 465 | 686
ar B | 93118 | 7.02 | 172 48.9 150 467 | 436 | 598
B3 | 118143 | 742 | 107 48.4 159 017 | 401 | 932
BC | >143 | 841 | 0.77 26.1 1.10 2543 | 585 | 177
Mean* | 0-100 | 586 | 2.97 | 47.42 140 | 244 | 4731 | 590
Ao 03L | 620 | 1.30 0.70 150 | 19715 | 436 | 059
Cni | 3152 | 655 | 136 0.40 155 | 24747 | 416 | 059
bsey | Cn2 | 5284 | 680 | 083 0.50 160 | 21911 | 395 | 088
Cn3 | 84106 | 694 | 053 0.30 158 | 14787 | 405 | 078
Cna | >106 | 665 | 030 0.40 158 7787 | 406 | 098
Mean* | 0-100 | 6.49%* | 1.04 0.51 156 | 2015 | 41.37 | 071

Note: Symbol * shows the weighted arithmetic mean for the 0-1 m columns' depth, and ** shows Ks harmonic weighted
mean over the same depth, while *** shows the weighted antilog mean for pH

The studied soils present an increasing
chemical reaction (pH) from the surface to the depth,
from slightly acid in Ap to alkaline (> 8) values deep
in the soils, except PSeu, slightly acid, Table 1. The
humus content is higher for FZce-ar and slightly
decreases for CZca, being very low for PSeu. It also
decreases strongly with depth for all soils.

2.2. Sampling soil columns in the field

Stainless steel columns of 0.3 m in diameter and
1 min length were inserted in soil by pressing with the
help of a mechanical equipment or by hitting with a 10
kg mass hammer in a circular, thick metal cylinder laid
over the columns until penetrating about 0.05-0.10 m
depth; afterwards the soil outside the column was
removed by digging with a spade in order to minimize
the external friction and to allow soil sampling in the
column in the least invasive possible way, (Fig. 2a).
The operation was repeated until the entire column was
inserted in the soil. The hard, clayey FZce-ar soil was
wetted to FC before sampling in order to facilitate

columns' pressing and penetration. After the insertion
of the entire column, the soil was cut off at the column
bottom, and double-layer plastic sheets were used to
isolate the columns at both sides, (Fig. 2b).

After the soil columns were transported into
the laboratory, they were laid over special stainless
steel, circular holders provided with drainage system
consisting of two layers: 1) one of 1-cm height coarse
and fine sand at the intimate contact with the soil to
allow a low hydraulic resistance when the soil
solution gets out of the columns, and 2) a 4-cm height
gravel 3-7 mm sized below the sand. Beneath the
drainage layers there is a stainless steel sieve
containing 50 holes of 1.5 mm diameter over a tap-
outlet device to collect the effluent, Figure 3a.

In the laboratory, the manipulation of the soil
columns of cca. 120-140 kg mass was performed by
help of a mobile crane and two fastening belts (Fig.
3b). In total, six soil columns with CZca, three with
FZce-ar and three with PSeu were sampled for water
infiltration and leaching investigation.
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Figure 2. Sampling undisturbed soil columns by using a
sampling steel cylinder above for pressing or hitting (a) and
binding the ends of columns with double-layer plastic sheets

(b)

b)
Figure 3. Stainless steel circular holders provided with the
lower drainage layer, a 3-7 mm sized gravel (a), the crane
manipulating a soil column with tow fastening belts above
a holder with both drainage layers — the upper one seen, the
sand (b)
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2.3. Preparation of the soil columns in the
laboratory for water application

A soil volume of 1.5 cm height at the columns'
top was removed to create space for application of
water that was poured as flooding according to the
soil infiltration rate (Vi) until the effluent rate (\ef)
was equal to the steady-state Vi under continuous
water application. The height of water above the soil
columns ranged between 14.2 mm at the moments of
1 L of water application and 0 mm when the whole
water amount infiltrated. Beneath the outlets of the
soil columns, glass recipients were placed to collect
the effluent for both quantitative and qualitative
determinations (Fig. 4).

The air temperature in the laboratory was
between 20 and 22°C. The evaporated water amount
from pots of similar diameter with the columns was
determined by a daily basis to correct the infiltration
amount. The effluent from each soil column was
periodically collected in thin-mouth bottles to
minimize evaporation and error determinations.

Adrip irrigation system was installed in the lab
to apply water in every soil column for percolation
studies. The method allows to study the movement of
any pollutant in the soil toward the groundwater.

-, 1

Figure 4. Water infiltration under flooding in the soil
columns set above the stainless circular holders provided
with drainage systems in the laboratory and collecting the
effluent in bottles

3. RESULTS

The cumulative values of infiltration and
effluent water are presented in Figure 5. The
antecedent soil moisture content in the case of CZ and
PS was near the management allowable depletion
values (at about half of the available water capacity);
it can be noted that in these soils in the first few hours
from the start of determinations the water infiltrated
rapidly, yet not homogeneously among the columns
within the same soil type.
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Figure 5. Cumulative infiltration (a) and effluent water (b)
in the soil columns studied, from column 1 to 12

0

Thus, six hours following the onset of water
application, the CZca columns with the numbers 1
and 5 presented the lowest values, cca. 75 mm, and
columns 2, 3 and 6 presented moderate values of 125-
150 mm, while in column 4 the infiltrated water was
300 mm (Fig. 5a). Regarding the PSeu soil type
columns one can note that the infiltration occurred
relatively uniform, and two hours after the onset of
water application this one was about 175-220 mm.
These two soil types do not present problems for
irrigation application.

The loamy-clayey textured FZ - soil columns
7,8 and 9 - presented a totally different pattern versus
the other two, and the infiltration was very low here
due to the fine texture, compacted state and fine
porosity, and also due to the antecedent soil water

98

content (SWC) that was near FC here, because soil
column sampling could not be performed at any other
water contents. Thus, in column 9 the infiltration
water only was 60 mm, and then the infiltration water
almost stopped after nine hours. In the other two
columns the infiltration was much lower, of 10-30
mm. These results confirm once again that the fine-
textured soils containing smectite-like, swell-shrink
minerals can be wetted when dry, but after swelling
the infiltration drops and finally ceases.

The infiltration process lasted differently as a
function of the antecedent SWC and permeability,
depending on the biological activity of the plants and
animals. After the soil columns were wetted to FC
within the whole 1 m depth, the effluent started to
appear at the columns’ bottom. Water application
continued until the effluent rate (Vef) equaled the
infiltration rate (Vi), and these moments came across
after a few hours in the PS soil type columns, and
until a few days in the CZ columns. Practically, there
was no effluent water in the FZ soil columns, even if
there was a permanent water layer above the soils in
these columns for at least 1.5 months.

Figure 5b presents the cumulative effluent
water from the studied soil columns, except the FZ
ones. The steady-state Vef under continuous water
application was rapidly reached in the PS soil
columns as close values, and non-uniformly in the CZ
columns. At the end of determinations there was a
water amount of 50-60 mm effluent for columns 1 and
5, between 80-190 mm in columns 2, 3 and 6, and
about 280 mm in column 4.

After the cease of infiltration, the water was
redistributed between the soil horizons, and the
effluent gradually ceased after various periods among
columns. Vef as steady-state average values for the
investigated soil type columns under continuous
water application along with the standard deviations
(SD) and the variation coefficients (VC) are shown in
Table 2, versus the mean values of Ks over the soil
horizons from the 1 m length columns.

In the case of CZ, the mean Vef was 5.57 mm
h*, and VC presented high values (126%). The Ks
weighted harmonic mean over the column depth was
much higher, 17.04 mm h?, and the minimum Ks
value in the most compacted horizon was 5.05 mm h-
! this value being of the same magnitude order as Vef
mean. In the case of FZ, the mean and minimum Ks
values were 2.44 and 1.21 mm h%, respectively, while
Vef was 0. In the case of PS, the mean Vef was 49.7
mm h%, being much lower than the mean or minimum
Ks values, while VC shows a relatively homogeneous
value, 18.5%. The conclusion drawn from this section
is that the weighted harmonic means of Ks
overestimates the mean Vef values found for the



Table 2. Mean, standard deviation (SD) and variation coefficient (VC) values for the steady-state effluent rate
(\Vef) under continuous water application above the soil columns studied versus the harmonic weighted means of Ks

Saturated hydraulic
Soil tvpe Steady-state effluent rate (\ef) conductivity Ks (mm h?)
yp Mean SD VC Harmonic Means over 0-1 m
(mm h?) (mm h) (%) depth
CZca 5.57 7.02 126.1 17.04
FZce-ar 0 0 - 2.44
PSeu 49.69 9.18 18.5 201.5

investigated soil columns, and that the less permeable
soil horizons govern the soil water and solute flow in
the undisturbed soils. Consequently, the weighted
harmonic mean of Ks over a certain depth is thus not
useful for further calculations.

4. DISCUSSION

According to the calculations based on the
antecedent SWC, the soil was not saturated with
water when the effluent appeared at the column
bottom, and then there were pores free of water. How
it was previously reported, water flow from one soil
horizon to another does not only occur at saturation,
but also before this state was attained, at a SWC value
approaching or exceeding field capacity (FC); soil
wetting usually does not occur uniformly, but as
vertical fingers through macropores (Hillel, 1980,
Paltineanu et al., 2001). The antecedent SWC values
influences water infiltration in the first period of this
process, but counts less to its steady-state reaching
(Canarache, 1990). Vi and Vef are soil water fluxes,
as products between Ks (which in turn is a function
of SWC or potential) and the hydraulic gradient with
its components: a) submersion, b) matric or suction
the last being important in the first periods of soil
wetting, and c) gravity that is always unitary; in the
last wetting hours when SWC increases the soil
suction decreases to its end (Hillel, 1980).

In the present experiment, when Vi and Vef
were equal and became relatively constant, the total
hydraulic gradient approached unity. Based on such
assumption, if Ks from the soil horizons are
compared with the steady-state Vef values under
continuous water application, although a rigorous
comparison may only be done at unitary gradients, it
can be noted that the \Vef values are generally lower
than Ks, including Ks values from the less permeable
horizons where Ks is minimum and which practically
govern water and solute flow (Tables 1 and 2).

The main difference consists in the flow
regime; Ks is determined at saturation on small-sized
cylinder samples from single soil horizons, while Vef
is determined at a lower-than-saturation SWC, yet
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being higher than FC because there was effluent.
Another difference is the size of the columns
containing more soil horizons, while Ks values are
measured on small-volume samples, with a less
representative area. The prolonged effluent following
the water and soil solute vertical redistribution among
the soil horizons confirms once again the difficulty of
defining FC (field capacity), according to which the
effluent would have ceased after 1-2 days from the
end of water application. As already shown, the
effluent continued many days following the end of
water application within the permeable CZ and
excessive permeable PS. The unsaturated K probably
declines at SWC values that are lower than saturation
but higher than FC. From a practical view point the
question is if the effluent water can be used by the
crop roots, or its rate is too high for plant absorption.

The determination of \ef is important for
natural drainage studies and to estimate soil water and
solute flow toward the groundwater, or vertically
inside the soil and geological deposits beneath them.
Such substances may be soluble or suspension
nutrients or pollutants. Vef can be used in simulation
models, because Ks only offers comparative data
between the soil horizons, and water infiltration and
solute movement in the field does not happen under
saturated conditions, except some rare cases in the
very wet and cold seasons.

Thus, the steady-state Vef wvalues under
continuous water supply practically represent the
maximum water flow rate that is specific to each soil,
in this particular case for 1 m depth. However, during
the growing seasons the water flow into the soils
occurs occasionally, from precipitation or irrigation,
and Vef presents such values that are lower than those
shown in this experiment. The wetting front usually
depends on the annual time distribution of the
precipitation and crop evapotranspiration, without
taking into account the changeable climate
conditions, including the crop water uptake, as
described, among others by Paltineanu et al. (2011),
or the roots distribution in the soils (Paltineanu et al.,
2016a, 2016b), with the complex process of
absorption capacity of the roots.



The effluent movement into the soil toward the
groundwater is also a function of the permeability of
the subsoil and the underlying geological deposits.
The leaching of nutrients and pollutants that are
soluble in water or are in suspension depends on the
steady-state Vef, which is practically the higher flow
rate occurred naturally under the existence of a
continuous descendent flux. The concentration of
some substance in the groundwater, e.g. nitrates in the
Glavacioc catchment, is the result of all the above
factors (Lacatusu et al., 2019a, 2019b).

The soils and environments investigated here
are not specific only to Romania, but also in many
other countries. For instance, chernozems and
phaeozems are spread over large parts of Europe, i.e.
Moldova, Ukraine, Hungary, Bulgaria, etc. (Jones et
al. 2010); they can also be found in other continents
(USA, Argentina, China, etc. ***). Sandy soils
(psamosols) are specifically in the great deserts of the
world and also in some temperate-continental
climates in Europe.

As a matter of fact, the improved method
presented in this paper can be used in a wide range of
soil textures, from sandy to clayey-loamy, in any
environment in the world, with the note that very fine-
textured (clayey) soils combined with high-
compaction states are mostly impermeable for water
after getting wet and the effluent might be missing.
Such experiments could also involve plants grown
under controlled atmospheric conditions. Leaching
experiments using nutrients (nitrate, phosphate,
potassium, etc.), petrol contaminants, pesticides,
heavy metals, etc. can be carried out next using and
the drip irrigation system to determine their
movement in the soil toward the subsoil and the
groundwater.

5. CONCLUSIONS

The devices and the improved method
presented in this paper are designed to investigate the
flow of water and leaching of nutrients and pollutants,
either soluble or in suspension.

The steady-state effluent rate Vef obtained
under continuous water application, existing after
important precipitation amounts, is generally lower
than the saturated hydraulic conductivity Ks of the
soil horizon with minimum permeability, due to the
different flowing regime, which is saturated and
determined on small-sized samples for Ks, and
unsaturated and for all the horizons from the 1 m
depth for \ef. For the compacted clayey soils
containing swell-shrink minerals, the soil columns
showed no effluent after long periods of time
(months).

The steady-state effluent rate Vef represents the
maximum value of water and solute flow within the 1
m depth soil profile, and can be an important variable
for their transport modeling. These Vef values can
occur in wet and cold seasons, when most of the
movement of nutrients and pollutants usually happen
in the environment. This movement also depends on
the physical properties of the subsoil and geological
deposits toward the groundwater.

Such experiments could also involve plants
grown under controlled atmospheric conditions.

The next research step is to study the transport
of various substances, e.g. nutrients, pesticides, heavy
metals, petrol derivates, into the soil toward the
groundwater, depending on the precipitation and
reference evapotranspiration, in any environment
characterized by various climates and soil textures,
except swell-shrink compacted clayey soils where
there is a risk as the effluent might not exist.
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