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Abstract

The quantity and quality of yield is determined by the soil quality. The agriculture is one of the
main human activities that affect soil quality. In Dolj, the agriculture occupies an important place
in the economy of the County. The main soils found in DoljCounty were Chernozems and Luvisols.
Several indicators are used to quantify the physical quality of the soil.

To assess soil physical quality, disturbed samples from each pedogenetic horizon were collected to
analyse: particle size distribution, soil organic content, dispersion and macrohydrostability.
Undisturbed samples were also collected (by using a core sampler), for: bulk density, total porosity,
saturated hydraulic conductivity, resistance to penetration determination. The degree of
compaction, the packing density, the structural stability index as well as the structural instability
index were obtained by calculation.

The results showed that according to the degree of compaction values, both studied Luvisols (except
ArenicLuvisols), and HyposodicCalcaro-calcic Chernozems and Haplic Chernozems with fine
texture were severely compacted and required loosening works. Most of the studied horizons of
Luvisols had low — extremely low permeability. With a few exceptions, the values of the resistance
to penetration were medium. The HyposodicCalcaro-calcic Chernozems shows the highest values of
structural instability index.
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INTRODUCTION structural degradation and erosion risk”
The quantity and quality of vyield is (Borak, 2019).

determined by the soil quality. The ”Soil physical quality is a central concept
agriculture is one of the main causes of for quantifying land degradation and
soil degradation, especially soil physical developing “best management” land use
degradation (Virto et al., 2015). practices” (Reynolds et al.,2008).

"From an agricultural point of view, soil The physical quality of the soil is difficult to
physical quality decreases mainly in cases quantify through a single indicator, and
of soil cultivation due to decreases in soll unti now a combination of several
porosity, increased soil bulk density, properties has been used (Vizitiu et al.,
aeration and water balance, as well as 2010).

increases in soil penetration resistance,
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Agriculture has an important role in
DoljCounty, which owns about 4% of the
country's total agricultural area (INS,
2014).

At the level of DoljCounty, 6 soil classes
and 15 soil types were identified. About
37% of the County's soils are represented
by Cernisols (typical, cambic, argic
Chernozems and Phaeozems), 26% by
Luvisols, 20% by Protisols (which group
Regosols, Arenosols and FLuvisols),
followed by Pelisols (7%), Hidrisols (4%),
Anthrisols (4%) (Pavel and Meila, 2012).
The objective of this paper is to assess
the physical quality of Chernozems and
Luvisols from DoljCounty.

MATERIALS AND METHODS
Description of Study area

The development of the relief in steps
from south to north (river meadow, alluvial
plain, high piedmont plain and piedmont)
as well as the great variety of solification
rocks, and as climate changes in the
same direction, explain the diverse range
of soils and their geographical distribution
in Dolj County (Pavel and Meila, 2012).
The Cernisols class covers an area of
215820 ha and includes Typical, Cambic
and Argic Chernozems and, in some
places,Phaeozems. The soils of this class
dominate the southern central part of the
County (Desnatuiului Plain and part of the
Leu-Rotunda Plain) (Pavel and Meila,
2012).

ThelLuvisols class occupies an area of
151393 ha (26%) and is represented by
Luvisols and Preluvosols. They appear
dominantly in the northern central part of
the County and are spread over most of
the Piedmont plateaus, as well as part of
the slopes that boundary these Piedmont
plateaus(DesnatuiuluiPlain and a part of
the Leo-Rotunda Plain) (Pavel and Meila,
2012).
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For the investigation of the main physical
properties of some soils from DoljCounty,
8 profiles of Chernozems and 8 profiles of
Luvisols were chosen.

Soil samples

The land use was arable, except for one
site with orchard. The field descriptions of
soil profiles were made according to
Munteanu and Florea, 2009 and Raducu,
2019.

From each pedogenetic horizon both
disturbed and undisturbed soil had been
sampled.

The disturbed samples were collected to
analyse: the particle size distribution, the
soil organic content, the dispersion and
the macrohydrostability.

Undisturbed samples were also collected
(by using a core sampler), for: the bulk
density, the total porosity, the saturated
hydraulic conductivity, the resistance to
penetration determination. While, the
degree of compaction, the packing
density, the structural stability index as
well as the structural instability index were
obtained by calculation.

Laboratory analysis

The soils texture was determined by
gravimetric method.

The methodology used to determine the
bulk density, total porosity, saturated
hydraulic conductivity, and resistance to

penetration is detailed in the papers
(ICPA-Methodology—1987; Canarache,
1990; Dumitru et al., 2009) and

corresponds to the standard methods.

The interpretation of the studied properties
data has been made according to the
ICPA-Methodology—1987, whilst the sail
classification was made according to
SRTS-2012 and WRB-2014.

RESULTS AND DISCUSSIONS

In the studied area the soil cover is
composed mainly by Cernozems and
Luvisols. The Cernozems subtypes are
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Calcic, Hyposodic Calcaro-calcic and
Haplic, while the Luvisols subtypes were
as following: Haplic, Mollic, Chromic,
Arenic, Vertic, and Stagnic.

The Chernozems from the studied
areahada clayey loam texture (38%) and
Chernozems with loam — sandy loam
texture (62%). In the A horizons, the clay
(= 0,002 mm) content laid between 20.8%
and 40.8%, with an average of 30.7%.
The silt (0.02-0.002 mm) content ranged
between 14.7 and 24.7%, with an average
of 18.5%. Fine sand (0.2 - 0.02 mm
contents) ranged from 33.9 to 59.1 % with
an average of 42.2% and coarse sand (2-
0.2 mm) content was between 0.6 to
24.5%, with an average of 8.5%.

The Luvisolsgranulometry, in the A
horizons, showed loam - clayey loam
texture, while in the Bt horizons the
texture is clayey or loam — clayey, Except
ArenicLuvisols.

Theclay content,into the A horizons, falls
within the |imits24.0%—41.3%, with an
average of 31.3%. Thesilt content belongs
to the range of 16.5-27.7%, with an
average of 20.8%. Fine sand ranged from
28.8 to 43.1 % with an average of 36.2%,
while the coarse sand content was
between 4.2%-22.9%, with an average of
11.8%.

In the Bt horizons, the clay content layed
between 35.9% and 51.5%, with an
average of 43.6%. The content of silt
belongs to the value limits of 17.8-25.7%,
with an average of 20.9%. Fine sand
ranged from 23.9 to 38.2 % with an
average of 28.7% and coarse sand
content was between 2.0% to 16.4%, with
an average of 6.9%.

The textural differentiationindexof
Luvisolswas between 1.25 and 1.75, with
a mean of 1.41 and a median of 1.34. The
values of this index for ArenicLuvisols
ranged from 1.9 to 2.1.
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Thebulk density (BD,g/cm®)influenced
many soil properties as: “aeration,
infiltration, strength, and ability to store
and transmit water” (Reynolds et al.,
2008) ’rooting depth / restrictions, soail
micro-organism activity, root proliferation,
and nutrient availability” (Indoria et al.,
2020).

The BD of Chernozems, was in the range
of 1.15 g/cm>~1.66 g/cm?®, although for the
Luvisols varied from 1.44 g/cm® to 1.81
g/cm3 and generally increased with dept

(fig. 1).
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Fig. 1. The variation of Bulk Density with depth, in
Chernozems(a) and Luvisols (b).
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In the investigated soils due to the clayey
— loamyclayeytexture and the high values
of the BD, the root growth could be
restricted and consequently the plant
growth could be affected.

A BD”between 1.3 and 1.55 g cm™> is fair,
and greater than 1.8 g cm™ is considered
extremely bad” (Mukhopadhyay et al.,,
2019). The BD values greater than 1.25-
1.30 g-cm™ could cause yield loss due to
poor soil aeration (Borek, 2019).
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Fig. 2. The variation of Total Porosity with depth, in
Chernozems(a) and Luvisols (b).

The total porosity (TP, % v/v) of Luvisols
varied from 32.6 (% v/v) to 46.3 (% v/v),
with an average of 47.9 (% v/v) and
between 38.1 and 57 (% v/v), with an
average of 39.9 (% v/v) in the case of
Chernozems (fig. 2).

The compactiondegree (DG, % v/v). The
yield and soil ecological functions could be
seriously affected by soil compaction
(Guimaraes et al., 2017).”To characterize
the state of compactness of a soil layer,
dry bulk density and total porosity are the
most  frequently used parameters”
(Hakanssona and Lipiec, 2007).
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Fig. 3. The variation of the Compaction Degree on
soil profiles (a - Chernozems, b - Luvisols).

DG was calculated according to the soil
clay content (%), bulk density (BD, g/cm®)
and density (D, g/cm®) (ICPA-
Methodology—1987; Dumitru et al., 2011).

DG of Luvosols, was in the range of low
compacted (7 % v/v) to strongly
compacted (36 % v/v) and the average
value belongs to medium compacted (21
% viv) and between 10.4% v/v to 25.6%
v/v with an average of 8.9% v/v in the
case of Chernozems (fig.3).

Moderately and strongly compacted soils
have a clayey texture and a high to very
high BD values (Canarache ,1990).

CD is used to determine the need for
loosening works (Stanga, 1978, quoted by
Canarache,1990). The studied Luvisols,
according to DG values, are severely
compacted and require the loosening
works, except ArenicLuvisols (with loam
sandy — sandy loam texture), that is
moderately compacted.

The Calcaro-calcic Cernozems and Haplic
Cernozems with fine texture are, also,
severely compacted and require the
loosening works.

The packing density(PD, g/cm’®) is
another index that describes the soll
compaction (Canarache, 1991) and was
determined according to the Eq.1.

PD = BD 4+ 0.009 C
where:
PD- packing density (g/cm®);
BD — bulk density (g/cm?®);
C — the clay content(%, v/v).

Since there are different indices, which
evaluate the state of compaction, and
each of them “expresses some kind of
specific inforrmation” is necessary to use
“several of these indices at the same
time” (Canarache, 1991).
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"PD is strongly influenced not only by the
type of packing (loose or densely), but
also by the shape and the size of the
aggregates, as well as by the roughness
of their surfaces” (Eftene et al., 2020).

The high values of PD (> 1.75 g/cm®) were
recorded in  Luvisols, except for
theArenicLuvisolswhere the PD reached
medium values(fig. 4).

PD (g/cm3)-a
2.25
'E amP1
% ammmP?
E ammP 3
2 ammP ]
3 e P5
P6
P7
—P38
-100 -
PD (g/cm3)-b
0 i
15 2 2.5
'E‘ 20 \‘ - ammP |
L 30 } e
=
15- _A0 P 3
(]
el ]
T 50
‘D e P5
70 ==P7
80 —P 8
-90

Fig. 4. The variation of Packing Density on soil
profiles (a - Chernozems, b - Luvisols).

Chernozems are medium-high compacted
according to PD values. The PD average
and median was 1.92 g/cm3 and,
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respectively, 1.93 g/cm®in the case of
Luvisols and 1.72 g/cm® and, respectively,
1.73 g/cm’in the case of Chernozems.
Generally, PD values higher than 1.9
g/cm3 correspond to strong compaction
assessment by Stanga (1978, quoted by
Canarache,1990). The similar results were
obtained by Paltineanu et al. (2015).

The high correlation between GT and PD
was found both in Luvisols (R®=0.825) and
in Chernozems (R?=0.955) (fig. 5).
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Fig. 5. The correlation between the Compaction
Degree and Packing density (a - Chernozems, b —
Luvisols).

The sturated hydraulic conductivity
(Ksat, mm/h)represents the “ability of
soils totransmit water throughout the
saturated zone, which is essential for
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relating water transport rates to hydraulic
gradients” (Gootman et al., 2020).
Ksatis influenced bythesoil texture, soil

forming processes particle size,
management practices, organic matter
content (Reichert et al., 2009; Gootman et
al.,, 2020.) and may vary over several
orders of magnitude (Gootman et al.,
2020).

The Ksat median value of Luvisols was
very low (0.51 mm/h). So, most of the
studied horizons of Luvisols had low -
extremely low permeability (58%) and only
17 % of samples hade de high-very high
permeability (fig.6).
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Fig. 6. The variation of Saturated Hydraulic
Conductivity with depth (a - Chernozems,
b - Luvisols).

Very high values of Ksat were found in
ArenicLuvisols. The ChernozemsKsat
median was high (14.1 mm/h).
Thus, most of the studied Chernozems
horizons had high — very high permeability
(58%), while 21% of samples had very low
up to extremely high permeability.
With some exception, Ksat decreased
from top soil to deeper horizons of the
studied profiles.

The resistance to penetration (RP,
kgf/cm?) is influenced by a number of soil
properties such as density, moisture
content, water potential, texture,
aggregation, cementation, organic matter
content and mineralogy (Tavares et al.,
2012).

RPof Luvisolsranging between 35 kgf/cm?
and 45 kgf/lcm? with an average of 42
kgf/cm?, all the values being moderate.

The only exception is for the
ArenicLuvisolsto  which  values are
extremely low (fig.7).

In the case of Chernozems, the RP
valueswere moderate, with a few
exceptions.

The structural instability index (Sll)has
been calculated as the ratio between

dispersion and aggregates
hydrostability(determined in laboratory)
(Canarache, 1990). The Sl is mainly

influenced by the clay and calcium
carbonate content, the quantity and quality
of the organic matter, the soil acidity, sail
alkalinity, ase well as the management
technologies (Dumitru et al., 2011).

Half of the studied Chernozems had
extremely high-very high values of 1IS and
the other half had moderate values (fig. 8).
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The highest value (4.7) of IIS has been
reached in the upper horizon of the
HyposodicCalcaro-calcic Chernozems.
Moreover, high values of IIS were found in
60% of the investigated Luvisols. Low and
very low values were recorded, only, in
two sites.

Another index used to assess the soil risk
to structural degradation is Structural
Stability Index (Stl), which is calculated
according to the soil organic, silt and clay
contents (Peri, 1992; Reynolds et al.,
2009; Borek, 2019) (Eq. 1).

1.724 « Corg

Stl=————
(Silt + Clay) ’

100

where:

Stl — structural stability index;

Corg — the soil organic carbon content
(%);

Silt — the soil silt content (%);

Clay — the soil clay content (%).
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Fig. 7. The variation on soil profiles of Resistance
to Penetration (a - Chernozems, b - Luvisols).

This index is based on the humus and
texture and is not relating to "the porosity
aspects of soil structure, but rather to the
resilience of the structure” (Reynolds et
al., 2009).
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Fig. 8. The variation of Structural instability index
on soil profiles (a - Chernozems, b - Luvisols).

According to the Stl values, 67% of the
analysed samples theluvisols are
structural degraded and 33% present a
high risk to soil structural degradation.
Regarding the Chernozems, 36% were
structural degraded, 36% presents a high
risk to degradation, 24% a low risk and
only one case showed no risk to
degradation.

CONCLUSIONS
In the investigated soils due to the clayey-

loam — clayey texture and high values of
bulk density, the plant growth could be
affected as a result of the root growth
restrictions.

The studied Luvisols, according to DG
values, are strongly compacted and
require loosening works, with the
exception of ArenicLuvisols (with loamy
sandy -sandy loam texture), which are
moderately compacted.

The Calcaro-calcic Cernozems and Haplic
Cernozems with fine texture are, also,
highly compacted and require loosening
works.

The high values of PD (> 1.75 g/cm®) were
recorded in the case of Luvisols, except of
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ArenicLuvisols with medium values. The Dumitru E., Calciul., Carabulea V.,
Cernozems are medium-high compacted Canarache A. (2009).

according to the PD values.

The high correlation between GT and PD
was found both in Luvisols (R?=0.825) and
Chernozems (R?=0.955).

Most of the studied horizons
Luvisolshad low-extremely
permeability (58%).

Half of the studied Chernozems had
extremely high — very high values of
[IS.High values of IIS were found in 60%
of the investigated Luvisols.

The mean (5.6%) value of ChernozemsStl
indicates a high risk of soil to degradation
and the mean (3.8%) value of LuvisolsStl
indicates a very high risk to soil
degradation.

of
low

ACKNOWLEDGEMENTS

This work was supported by two grants of
the Romanian Ministry of Research,
Innovation and Digitization, project
number PN 19 34 03 02 (Innovative
system for discriminating between organic
and conventional agriculture for food
security) and project number 44 PFE

/2021, Program 1 — Development of
national research-development system,
Subprogramme 1.2 - Institutional

performance — RDI Excellence Financing
Projects.

REFERENCES

Borek L. (2019).The Use of Different
Indicators to Evaluate
ChernozemsFLuvisols Physical Quality in
the Odra River Valley: A Case Study, Pol.
J. Environ. Stud. 2019; 28 (6),4109—4116.

Canarache A. (1990). FizicasolurilorAgricole,
Edit.Ceres, Bucuresti, 268 p.

Canarache, A. (1991). Factors and indices
regarding excessive compactness of
agricultural  soils. Soils and Tillage
Research, Vol. 19 (2-3), 145-164.

Metodeanalizautilizate in laboratorul de
fizica a solului, EdituraSitech, Craiova.
Dumitru M., Manea A., Ciobanu C., Dumitru
S., Vrinceanu N., Calciu I., Tanase V.,
Preda M., Risnoveanu |., Mocanu V.,
Efene M. (2011). Agricultural soil quality
monitoring in Romania(Monitoringulstarii
de calitate a solurilor din Romania), Edit.
Sitech, Craiova,
https://www.icpa.ro/proiecte/Proiecte%20nati
onale/monitoring/atlas|CPA.pdf
Eftene A, Ignat P., Chiurciu |.-A., Manea A,,
Raducu D., Dumitru S. (2020). Soil Bulk
Density as important management factor
and ecosystem services well function,
Scientific Papers Series Management,
Economic Engineering in Agriculture and
Rural Development Vol. 20, Issue 4.
Florea N., Balaceanu V., Rauta C,,
Canarache A. (Eds.), (1987).
MetodologiaElaborariiStudiilorpedologice(l
CPA-Methodology—-1987), Partea a lll-a,

Redactia de Propaganda Tehnica
Agricola, Bucuresti.
Florea N., Munteanu l. (2012).

Sistemulromén de taxonomie a solurilor —
SRTS-2012, EdituraSitech.

Gootman K. S., Kellner E., Hubbart J. A.
(2020). A Comparison and Validation of
Saturated Hydraulic Conductivity Models,
Water 2020, 12, 2040;
doi:10.3390/w12072040.

Guimaraes R. M. L., KellerTh., Munkholm L.
J., Lamandé M. (2017). Visual sall
evaluation and soil compaction research,
Soil and Tillage Research, Volume 173,
pp. 1-3.

Hakanssona |, Lipiec J. (2007). A review of
the usefulness of relative bulk density
values in studies of soil structure and
compaction, Soil & Tillage Research 53:
71-85.

414



AnaleleUniversitatii din Craiova, seriaAgriculturda — Montanologie — Cadastru (Annals of the University of Craiova - Agriculture,

Montanology, Cadastre Series)Vol. 52/1/2022

Indoria A. K., Sharma K.L.,, Reddy K. S.
(2020).Chapter 18 - Hydraulic properties
of soil under warming climate, Climate
Change and Soil Interactions, 473-508.

IUSS Working Group WRB (2015). World
reference base for soil resources 2014

update 2015, International Sail
Classification System for Naming Soils
and Creating Legends for Soall

Maps, World Soil Resources Reports No
106, FAO, Rome.

Mukhopadhyay S., Masto R.E., Tripathi
R.C., Srivastava N.K. (2019). Chapter 14 -
Application of Soil Quality Indicators for
the Phytorestoration of Mine Spoil Dumps,
Phytomanagement of Polluted Sites, 361-
388.

Munteanu I, Florea N. (2009).
Ghidpentrudescriereainteren a profilului
de sol si a conditiilor de mediuspecifice,
Edit. Sitech, Craiova.

Pieri C.J.M.G. (1992). Fertility of Soils: A
Future for Farming in the West African
Savannah. Springer-Verlag. Berlin,
Germany.

Pavel S, Meila D. (2012). Resursele de sol
ale judetuluiDolj. Ghidulexcursiilorcelei de
a XX-a
ConferinteNationalepentruStiintaSolului;
Starea de calitate a resurselor de sol
siprotectiamediuluiinOltenia, 107-113.

Paltineanu C., Calciul., Vizitiu O. (2015).
Characterizing soils compaction by using
Packing Density and Compaction Degree
Indices, Soil Science no. 2, 2015, vol.
XLIX 2015, vol. XLIX, 65-71.

Raducu D. (2019). Indreptar de
terenpentrudiagnosticarea,
clasificareasidescriereamorfologica a

solurilor, Editiaa ll-a revazutasiadaugita,
Edit. Tomorrow's Romanian Foundation,
(EdituraFundatieiRoméane de maine),
Bucuresti.

Reichert J. M., Suzuki L. E. A.S., Reinert D.

J., Horn R., Hakanssonl. (2009).
Reference bulk density and critical
degree-of-compactness for no-till crop

production in subtropical highly weathered
soils, Soil & Tillage Research 102 (2009)
242-254.

Reynolds W.D., Drury C.F., .Tan C.S, Fox,
C.A. Yang X.M. (2009). Use of indicators
and pore volume-function characteristics
to quantify soil physical quality,
Geoderma, vol. 152 (3-4), 253-263.

Reynolds W.D., Drury C.F., .Yang X.M, Tan
C.S. (2008). Optimal soil physical quality
inferred through structural regression and
parameter interactions, Geoderma, Vol.
146, Issues 3—4, 31 466-474.

Tavares F. J.; Tieme M. F. C.; Francirlei de
0.J., de Almeida E. (2012). Modelling of
soil penetration resistance for an oxisol
under no-tillage, RevistaBrasileira de
Ciéncia do Solo, vol. 36, num. 1, enero-

febrero, 2012, pp. 89-95
SociedadeBrasileira de Ciéncia do Solo
Vigosa, Brasil.

Virto I., Imaz M.J., Fernandez-Ugalde O.,
Gartzia-Bengoetxea N., Enrique A.,
Bescansa P. (2015). Soil degradation and
soil quality in Western Europe: Current
situation and  future  perspectives.
Sustainability. 7, 313, 2015.

Vizitiu O., Czyz E.A., Dexter A. (2010). Solil
Physical Quality - theory and applications
for Arable Soils, Editura SITECH, ISBN:
978-606-11-0844-2.

INS 2014 - http://statistici.insse.ro:8077/
tempo-online/#/pages/tables/insse-
table(accessed on October 21, 2022)

415



