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Abstract

The aim of this study is to investigate the effects of different tillage on the main soil physical properties in the
conditions of Ezareni Farm, lasi, Romania. The study was conducted at the Ezareni Farm within the Didactic Station of
the University of Life Sciences ,,Ion lonescu de la Brad" lasi. The study was carried out on a cambic chernozem soil
type. Two tillage systems, the conservative or no- tillage (NT) and the conventional one (CT), have been evaluated. The
soil bulk density, the soil moisture and water stable aggregates were determined for each tillage system. The bulk
density was determined measuring both the soil weight and volume at sampling. These soil samples were taken from
four different layers: 0-10, 10-20, 20-30 and 30-40 cm. Regarding the water stability of soil aggregates, the soil samples
were also taken at different depths and the soil moisture content was evaluated. Soil samples were taken down to a
depth of 90 cm. Sampling was carried out in three replicates for each depth. The no-till system had a highly significant
effect on the bulk density of the soil, particularly at a depth of 10-20 cm (NT2), with 1.50 g/cm? being the highest value
obtained. The same effect was observed for soil aggregate stability under the same treatment and at the same depth,
where the highest value was 90.16%. Regarding to soil moisture, it took the second year of study to obtain a significant
effect.
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Today, there is great concern about food contributing to high yields, physico-chemical and
security and environmental conservation, as it is biological soil improvement and weed control.
projected that food production would need to In practice, CT is characterised by the
increase by at least 70% before 2050 to support the complete inversion of the soil furrow by
world's population. Increased demand for food has ploughing. In contrast, conservation systems
led to the use of intensive plowing systems to include no-till (NT). These systems consist of
achieve food security (Foley J.D et al, 2011; planting crops with minimal or no soil disturbance,
Connor D.J, Minguez M.I, 2012; Maharjan G.R et leaving at least 30% mulch cover (Giller K.E et al,
al, 2018). The response to this growing demand for 2015). Compared to CT, NT systems have gained
food production is in fact based on soil worldwide popularity due to reduced fossil fuel
conservation systems and also on crops that consumption and improved soil carbon content,
provide high yields and at the same time preserve soil structure and water infiltration, which can
the soil, the environment and biodiversity. increase farm  sustainability and optimize
However, intensive agricultural use is frequently productivity over time (Deubel A. et al, 2011;
associated with environmental impacts, such as Ciric V. et al, 2012; Villamil M.B, Nafziger E.D;
contamination of the freshwater through nitrogen 2015; Zhao X. et al, 2017).
leaching and increased soil erosion (Maharjan G.R In Romania and abroad, research in the field
et al, 2018; Gholizadeh A., Kopackova V, 2019). It of agricultural tillage systems has been directed
is therefore of prime importance to use tillage towards finding ways to improve soil structure,
systems that ensure high crop yields and at the reduce soil compaction, improve water and air
same time conserve soil, water and biodiversity regime, improve organic matter content, soil
(Franchini J.C et al, 2012). quality, or air quality. In order to improve the

Among the available tillage systems, activity of microorganisms and mesoorganisms in
conventional tillage (CT) plays an important role the soil, knowledge of the changes caused by the
in the evolution of modern agriculture, chemicals used, the critical limits of pollution (Sin

Gh., 2013; Gus P. et al, 2003; Ailincai C. et al,

! lasi University of Life Sciences, Romania
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2004). In Romania, several studies have also been
conducted on the influence of different tillage
systems on the physical, chemical and biological
properties of the soil under wheat (Triticum
aestivum), maize (Zea mays), soybean (Glycine
max), beans (Phaseolus vulgaris L.) or sunflower
(Helianthus annuus), (Topa D. et al, 2010, 2011;
Raus L. et al, 2005, Jitareanu G. et al, 2006, 2008,
2018), but little or none under pea (Pisum sativum)
cultivation. We can, however, mention the
researches of Marin D.l. et al. (2011) on the
influence of tillage system on pea, wheat and
maize crops in the area of Moara Domneasca -
lIfov in Romania and Bucur G. (2018) on the effect
of tillage systems on certain elements and
conditions of soil fertility, crop productivity in the
maize for seed, pea for seed, in "Chetrosu" area,
central area of Republic of Moldova.

The need to increase agricultural production
in the face of population growth requires the
modernisation of agriculture. Also, the need to
preserve and/or improve the good condition of the
soil adopts the modernisation of agriculture, but at
the same time it should face these influences which
are not only positive. An equation with two
emerging unknowns and the subject of the study.
The physical properties of the soil are influenced
from one tillage system to another. To this end, it
is important to understand how tillage systems
influence soil physical properties.

MATERIAL AND METHOD

The study was conducted at the Ezareni
Farm within the Didactic Station of the University of
Life Sciences ,,lon lonescu de la Brad" lasi,
Romania. The study was carried out on a cambic
chernozem soil. This soil type is characterized by a
loamy clay texture with loessososide deposits. Its
humus content varies between 2.7 and 3.4% and
has a slightly acidic pH, according to the Romanian
Soil Taxonomy System (SRTS 2012).

This study consists of two successive
phases. The first phase is the collection of soll
samples from the two tillage systems studied,
conservative and the conventional tillage systems.
These samples were taken from four different soil
layers: 0-10, 10-20, 20-30 and 30-40 cm. The
samples were then transported to the laboratory for
various analyses in the Soil Physics Department of
the Research Institute for Agriculture and
Environment - lasi (ICAM).

Before sowing in the conventional system,
an autumn ploughing was carried out at a depth of
30 cm with the Valtra T190 tractor and the Lemken
Opal 140 reversible plough. In spring, the seedbed
was prepared with a T190 tractor in aggregate with
a Kompaktor and then sown.
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In the conservative system, meaning without
ploughing, there was no preliminary tillage and
therefore seeding was done directly with the T190
tractor in aggregate with the FABIMAG FG-01
seed drill. The bulk density is defined as the weight
per unit volume of absolutely dry soil with natural
settlement. In our study we used steel cylinders
with a height of 5.1 cm and a diameter of 5 cm. In
addition to the cylinders, we also used the
sampling knife and labels. Once this surface has
been identified and prepared, soil samples can be
taken either vertically or horizontally. Cylinders are
then placed on this prepared surface and with the
aid of a protective ring by tapping with a hammer,
the cylinders are driven into the soil to the top
edge. The ring was then removed and, using a
knife, the edges of the soil in the cylinder were
straightened. The ready cylinders were cleaned,
labelled and placed in kits for transport to the
laboratory. Soil moisture is related to the amount of
rainfall, the evaporation rate, the water-holding
capacity of the plants and, above all, the type of
tillage system the soil is subjected to. To evaluate
the soil moisture content, soil samples were taken
from six soil layers to a depth of 90 cm.

This sampling was carried out in three
replicates for each depth. Samples were taken at
two intervals throughout the growing cycle, that is,
from sowing to harvesting. Evaluation of the water
stable aggregates of soil, is defined like the
capacity of these aggregates to resist the action of
water. Assessing the capacity of these aggregates
involves several methods. The one used in our
research laboratory is the Kemper and Rosenau.

RESULTS AND DISCUSSION

Bulk density

Tables 1 and 2 show the average soil bulk
density values at different levels and depths after
the tillage operation for the two tillage systems
considered. Soil bulk density was significantly
higher in NT and at different depths, particularly
10-20 cm compared to CT. Similar results also
reported by (Osunbitan J.A. et al, 2005; Shokoofeh
S.K et al, 2018; Burtan L. et al, 2020), who
respectively showed in their study that the highest
bulk densities were obtained with the no-till tillage
system and at depths of 10-20 cm. On one hand,
this difference between tillage systems is explained
by the fact that, in the conventional system,
ploughing is applied as a basic tillage, reducing the
apparent density of the soil due to soil disturbance,
while in the conservative system there are no such
changes. On the other side, this result can be
explained by the presence of plant residues or
residues of previous crops in the conservation
system, which provide protection against the
dispersive action of rainfall and therefore prevent
the destruction of soil aggregates. In the
conventional system, there is no plant cover, the
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soil is carried away by rainwater, with a
destructive effect on the aggregates.

It should be noted that the average bulk
density values in the second year of the study
show an increase in the conventional system to
1.52 g/cm? and are higher than in the no-till system
(1.51 g/cmd). This observation is in line with that

of Bucur G. (2018) in his study. This phenomenon
can be explained by the frequent passage of
tractors and agricultural equipment, consecutive
and repeated tillage at the same depths, which
causes the soil to settle, contributing to the increase
in the bulk density.

Table 1
Effect of tillage operations on Bulk Density (g/cm?)
Parameters Bulk density at sowing (g/cm?) Bulk density at harvest (g/cm?3)
CT1 (0-10cm) 1.13+£0.09a 1.13+0.05a
CT2 (10- 20 cm) 1.24+0.12 ab 1.30+£0.12 bc
CT3 (20-30 cm) 1.15+0.09 ab 1.32+0.16 bc
CT4 (30- 40 cm) 1.29+0.15bc 1.52+0.16d
NT1 (0- 10 cm) 1.25+0.11 ab 1.21+0.08 ab
NT2 (10- 20 cm) 1.49+0.06d 1.50+0.05d
NT3 (20-30 cm) 1.46 +0.07d 1.38 +0.06 cd
NT4 (30- 40 cm) 1.42 £ 0.06 cd 1.42 £ 0.08 cd
P 7.91e-1? 5.86e-11

P

*kk

*k%

a, b, c, d, e: Means for the same line with different letters are significantly different at the 5% threshold. * : P<0.05;

** 1 P<0.01; *** : P<0.001.

Effect of tillage operations on Bulk Density (g/cm?)

Table 2

Parameters

Bulk density at sowing (g/cm3)

Bulk density at harvest (g/cm3)

CT1 (0- 10 cm)

CT2 (10- 20 cm)
CT3 (20-30 cm)
CT4 (30- 40 cm)
NT1 (0- 10 cm)

NT2 (10- 20 cm)
NT3 (20-30 cm)
NT4 (30- 40 cm)

P

1.29 £ 0.09 abc 1.22£0.04 ab
1.34+0.12 ad 1.34+0.09 cd
1.25+0.14 ab 1.29 £ 0.06 bc
1.33+£0.13 ad 1.37+0.05ce
1.22+0.12 a 1.16 £ 0.07 a
1.47+0.09d 1.45+0.08 e
1.42 £0.09 cd 1.39+0.08 ce
1.41 +0.07 bd 1.44 +0.03 de
0.0000649 9.02e-1

=)

*k%k

k%

a, b, ¢, d, e: Means for the same line with different letters are significantly different at the 5% threshold. * : P<0.05;

** 1 P<0.01; *** : P<0.001.

Soil moisture

Table 3 shows the results for soil moisture at
seeding in the first year of the study. These results
show that there was no significant difference
between the treatments evaluated (NT and CT).
However, a significant difference was observed
between these treatments at harvesting. And the
highest soil moisture values were obtained with the
conventional tillage (CT) system. This result can
be explained by the low level of soil compaction
and the increased space between aggregates in the
conventional tillage system have led to an increase
in soil water content. Knowing the high organic
matter content in the no-till system and the effect
of the presence of crop residues and plant cover in
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contributing to the increase in water retention
capacity and therefore moisture, one would expect
the opposite effect: to obtain high moisture in this
treatment. But the results showed that the effects of
reducing soil compaction on soil moisture are very
high within a short period of time. This result
obtained in this first year of study is in line with
those obtained by (Rahimzade R., Navid H., 2011,
Martins R.N., 2021). As for the results obtained in
the second year (figure 1), we note a slight
contradiction. The highest soil moisture values
were registreed in the no-till system (NT). These
results are consistent with those obtained by
(Ussiri D.A.N., Lal R., 2009) in their study This
result could be explained by the fact that crop
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residues were maintained on the soil surface and
increased between the first and second years of our
study. In fact, this condition firstly reduces
evaporation and surface water runoff, then
promotes soil porosity and, finally, stimulates an
increase in soil water content. In addition, the
regular passage of tractors and agricultural
machinery on the conventional system would
increase the level of soil compaction, hence the
drop compared with the first year of study (table
1).
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Figure 1 Influence of conservation tillage on sail
moisture

Table 3

Effect of tillage on soil moisture (%)

Parameters Soil moisture at sowing (%) Soil moisture at harvesting (%)
CT1 (0- 10 cm) 16.55+6.13 a 19.32+1.95b
CT2 (10- 20 cm) 16.10+3.90 a 22.63+0.89¢e
CT3 (20- 30 cm) 15.75+1.85a 22.10 +1.67 de
CT4 (30- 50 cm) 16.78 +5.77 a 20.29 +1.73 bed
CT5 (50- 70 cm) 15.75+£2.80 a 19.47 £1.47
CT6 (70- 90 cm) 1543 +1.20 a 16.41+1.27 a
NT1 (0- 10 cm) 15.12+3.98 a 18.79+1.82b
NT2 (10- 20 cm) 15.24+£2.02 a 19.88 £1.03 bc
NT3 (20- 30 cm) 1577177 a 21.52 £ 2.060 ce
NT4 (30- 50 cm) 15.55+0.89 a 19.16 £1.52 b
NT5 (50- 70 cm) 1540+1.30a 18.44+180b
NT6 (70- 90 cm) 14.72£0.84 a 1578+1.81a

P 0.143 2e-16

P

*k%k

a, b, c, d, e Means for the same line with different letters are significantly different at the 5% threshold. * : P<0.05;

** 1 P<0.01; *** : P<0.001

Water Stable Aggregates (WSA)

Results from the study of the influence of
conservative (NT) and conventional (CT) systems
on water stability aggregates (WSA) show a
significant difference between the two systems.
The highest values were obtained under NT system
particularly 10-20 cm compared to CT. (table 4).
These results are in line with those obtained by
(Strudley M.W et al, 2008; Alvarez R., Steinbach
H.S., 2009; Burtan L. et al, 2020).

Thus, in no-tillage soil stability increases,
while tillage causes a reduction in soil aggregate
size. First, this can be explained by the presence of
residues from previous crops that cover the soil
and are an element that favours the aggregation of
elementary particles in the conservative system.
Secondly, in the conventional system, the soil is
without plant cover and therefore the formation of
structural aggregates is more difficult and the
aggregates are reduced in size due to the
disturbance of the soil layers.

Table 4
Effect of tillage on Water stable aggregates (%)
Parameters WSA (%) WSA (%)
CT1 (0-10cm) 60.72+0.99 a 86.07+1.21e
CT2 (10- 20 cm) 63.93+1.33b 80.89+1.84d
CT3 (20- 30 cm) 69.47 £2.19c 67.89+£1.30a
CT4 (30- 40 cm) 71.85+1.23 cd 7259+1.29b
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NT1 (0- 10 cm) 64.62+1.24b 88.84 £1.19f
NT2 (10- 20 cm) 73.80+1.35d 90.16 £ 1.66 f
NT3 (20- 30 cm) 68.90 £3.93 ¢ 77.142+272¢c
NT4 (30- 40 cm) 70.13+0.91 c 73.08+1.59b
P 2e-16 2e-18

) o o

a, b, ¢, d, e: Means for the same line with different letters are significantly different at the 5% threshold. * : P<0.05;

** 1 P<0.01; ** : P<0.001.

CONCLUSIONS

This study on the influence of conservation
tillage on the main soil physical properties of the
winter pea crop in the conditions of Ezareni farm,
lasi, Romania, is part of a research aimed to
contribute to a better understanding of the effect of
tillage systems on bulk density, moisture and soil
aggregate stability in the winter pea crop. In this
study the significant effect of the no-tillage system
on each of these parameters was observed:

v From seeding to harvest, it was observed
that the highest bulk density values were obtained
with the conservative system. Thus, in this system,
the results oscillated in the range of 1.22 g/cm?® and
1.44 glcm?® at seeding and 1.21 g/cm? to 1.51 g/cm?®
at harvest. Another observation is that the
maximum bulk density values were reached at a
depth of 10-20 cm at both harvest and seeding and
ranged from 1.48 to 1.51 g/cm?.

v Soil moisture was influenced by the
tillage systems and significantly by the
conservation (no-till) system. However, it should
be noted that in the first year there was no
significant difference between the conservative and
conventional systems.

v With regard to the water stability of
aggregates, another physical soil property studied,
a significant influence of the no-till system
compared to the conventional system was also
observed. The highest values were recorded mainly
in the second year of the study, always with the
conservative system.

REFERENCES

Ailincai C., Jitareanu G., Despina Ailincai, Maria
Zban, 2004 - Evolutia principalelor insusiri fizice
si chimice ale solului sub influenta sistemului de
lucrare si a fertilizarii. Lucrari stiintifice, 47, seria
Agronomie, lasi.

Alvarez R., Steinbach, H.S., 2009 - A review of the
effects of tillage systems on some soil physical
properties, water content, nitrate availability and
crops vyield in the Argentine Pampas. Soil and
Tillage Research, 104:1-15.

Barzegar A.R., Asoodar M.A., Khadish A., Hashemi
A.M., Herbert S.J., 2002 - Soil physical
characteristics and chickpea yield responses to

21

tillage treatments. Soil and Tillage Research, 71
(2003):49-57.

Bucur Gh., 2018 - Efectul sistemelor de lucrare a solului
asupra unor elemente si conditii de fertilitate a
solului, productivitatii culturilor in veriga porumb
pentru boabe - mazdre pentru boabe.
Universitatea Agrara de Stat din Moldova.

Burtan L., Topa D., Jitareanu G., Calistru A.E., Raus
L., Cara I.G., Sirbu C., Cioroianu, 2020 - The
influence of conservative tillage systems on
physico-chemical properties and yield under a
cambic chernozem from northeastern part of
romania. Romanian agricultural research, 37:141-
149.

Ciric V., Manojlovic M., Nesic L., Belic M., 2012 - Soil
dry aggregate size distribution: effects of soil type
and land use. Journal of soil science and plant
nutrition, 12(4):689-703.

Connor D.J., Minguez, M.l, 2012 - Evolution not
revolution of farming systems will best feed and
green the world. Global Food Security 1.2:106-
113.

Deubel A., Hofmann B., Orzessek D., 2011 - Long-
term effects of tillage on stratification and plant
availability of phosphate and potassium in a loess
chernozem. Soil and Tillage Research, 117:85-
92.

Florea N., MUNTEANU 1., 2012. Sistemul roman de
taxonomie a solurilor(SRTS), Editura Sitech,
Craiova.

Foley J.A., Ramankutty N., Brauman K.A., Cassidy
E.S., Gerber J.S., Johnston M., Mueller N.D.,
O’Connell C., Ray D.K., West P.C., Balzer C.,
Bennett E.M., Carpenter S.R., Hill J., Monfreda
C., Polasky S., Rockstrom J., Sheehan J.,
Siebert S., Tilman D., Zaks D.P.M., 2011 -
Solutions for a cultivated planet. Nature,
478(7369):337-342.

Franchini J.C., Debiasi H., Balbinot Junior A.A.,
Tonon B.C., Farias J.R.B., Oliveira M.C.N. de,
Torres E., 2012 - Evolution of crop vyields in
different tillage and cropping systems over two

decades in southern Brazil. Field Crops
Research, 137:178-185.
Gholizadeh A., Kopackova V., 2019 - Detecting

vegetation stress as a soil contamination proxy: a
review of optical proximal and remote sensing
techniques. International Journal of
Environmental  Science Technology,
16:2511-2524.

Giller K.E., Andersson J.A., Corbeels M., Kirkegaard,

J., Mortensen D., Erenstein O., Vanlauwe B.,

2015 - Beyond conservation agriculture. Frontiers

in plant science, 6:870.

P.T. Rusu S. Stanila, 2003 - Lucrarile

neconventionale ale solului i sistema de masini,

Editura Risoprint, Cluj-Napoca.

Jitareanu G. Ailincai C. Raus L. Ailincai D., Topa D.,
2008 - Influence of tillage systems on soil

and

Gus



Universitatea pentru $tiintele Vietii din lagi

physical, chemichal characteristics and crop yield
in soybean, wheat and maize grown in the
Moldavian Plain, 5th International Tillage
Systems — Soil Minimum Tillage Systems, 18- 19
July 2008 Cluj-Napoca, ISBN 978-973-751-845-3
Editura Risoprint Cluj-Napoca.

Jitareanu G., Ailincai C., Bucur D. 2006 - Influence of
Tillage Systems on Soil Phsical and Chemical
Caracteristics and Yield in Soybean and Maize
Grown in the Moldavian Plain (North — Eastern
Romania). In: Soil Management for Sustainability,
pp. 370-379.

Maharjan G.R., Prescher A.K., Nendel C., Ewert F.,

Mboh C.M., Gaiser T., Seidel S.J., 2018 -
Approaches to model the impact of tillage
implements on soil physical and nutrient

properties in different agro-ecosystem models.
Soil and Tillage Research, 180:210-221.

Martins R.N., Marcelo F.P., Hugo M.F., Moraes
Marconi R.F.J., Jorge T.F.R., Wilson de A.O.J.
2021 - Influence of tillage systems on soil
physical properties, spectral response and yield
of the bean crop, Remote Sensing Applications:
Society and Environment, 22, 100517.

Osunbitan J.A., Oyedele D.J., Adekalu K.O. 2005 -
Tillage effects on bulk density, hydraulic
conductivity and strength of a loamy sand soil in
southwestern Nigeria. Soil Tillage Research,
82(1):57-64.

Rahimzadeh R., Navid H. 2011 - Implications of
different soil management practices on clayey
soil characteristics and a rotation of wheat -
legumes in a rainfed condition. Journal of
agricultural science and sustainable production,
2(2).

Raus L., Onisie T., Jitareanu G., Topa D., Stefan M.,
2005 — Impactul sistemelor de lucrare asupra
starii fizice si hidrofizice a solului la cultura de
fasole. Lucrari stiinfifice, seria Agronomie, lasi,
48, ISSN 1454-7414.

22

Shokoofeh S.K., Seyed A.K., Sadegh A., Mahesh
K.G., 2018 - Changes in Soil Properties and
Productivity under Different Tillage Practices and
Wheat Genotypes: A Short-Term Study in Iran.
Sustainability, 10:3273.

Sin Gh., 2013 - Foreword. The 7th International
Symposium Soil Minimum Tillage Systems.
ProEnvironment, 6(14): 105-106.

Strudley M.W., Green T.R., Ascough Il J.C., 2008 -
Tillage effects on soil hydraulic properties in
space and time: state of the science. Soil and
Tillage Research, 99:4-48.

Topa D., Chiriac G., Gales D., Cara M., Jitareanu G,
2011 - Cercetari privind influenta lucrarilor solului
asupra indicilor compactarii cernoziomului cambic
din zona Ezareni — lasi. Al 6-lea Simpozion cu
participare internationala "Sisteme de lucrari
minime ale solului" — USAMV Cluj — Napoca,
ISSN 2247- 7535.

Topa D., Chiriac Ghe., Cara M.S., Raus L., Jitareanu
G., 2010 - The influence of conservation tillage
systems on productivity elements in the maize
crop on the Moldavian Plain - Lucrari stiintifice,
seria Agronomie vol. 53, ISSN 1454-7414.

Ussiri D.A.N., Lal, R., 2009 - Long term tillage effects
on soil carbon storage and carbon dioxide
emissions in continuous corn cropping systems
from an Alfisol in Ohio. Soil and Tillage Research,
104:39-47.

Villamil M.B., Nafziger E.D., 2015 - Corn residue,
tilage, and nitrogen rate effects on soil carbon
and nutrient stocks in lllinois. Soil and Tillage
Research, 151:61-66.

Zhao X., Liu S.L., Pu C., Zhang X.Q., Xue J.F., Ren
Y.X., Zhao X.L., Chen F., Lal, R., Zhang H.L.,
2017 - Crop yields under no-till farming in China:
a meta-analysis. European Journal of Agronomy,
84:67-75.



