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Abstract 

 
Tillage systems influence all soil properties and have different effects on plant growth and development. Adopting 

conservation farming practices brings benefits by improving soil quality, reducing soil erosion and can have synergistic 

effects on crop productivity over time. Cover crops are one of the most effective methods of improving the quality of 

agricultural soils, retaining soil moisture and combating nutrient pollution. Studies have been carried out from 2022 to 

2023 to determine the influence of different tillage systems and cover crops on soil quality indicators. The research was 

carried out in an experimental polygon belonging to the Ezăreni Didactic Station, occupying an area of 0.50 ha, where 
in autumn 2022, autumn forage pea crop was sown in conventional and no-tillage system. In order to determine the 

moisture regime, immediately after sowing and during the whole growing period, soil samples were taken from 0-90 cm 

depth from both tillage systems. In terms of bulk density, it increased steadily over the 0-40 cm soil profile in both 

tillage systems. Penetration resistance was determined using the Eijkelkamp penetrologist in both tillage systems, with 

soil samples taken from three points in each system. The highest values were obtained in the conventional system at a 

depth of 25-30 cm. Phosphorus and mobile potassium were determined by the Egner-Rhiem-Domingo method, and the 

resulting values on the 0-40 depth of mobile phosphorus (17-53 ppm) place the soil in the medium and good category of 

the assurance status of this element in both tillage systems. Also, the values obtained for mobile potassium (184-259 

ppm) in both tillage systems place the soil in the good and very good category of mobile potassium status. The nitrogen 

index was calculated according to the humus content and the degree of saturation in the bases, and the recorded values 

place the soil in a good supply of nitrogen content in both the conventional and no-tillage systems. 
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Soil tillage is one of the fundamental 
agrotechnical operations in agriculture because of 
its influence on soil proprietes, environment and 
crop production in general. 

Tillage is a primary field operation that has 
been part of most agricultural systems throughout 
the years (Busari M.A. et al, 2015). Among the 
available tillage systems, conventional tillage 
(CT) played a key role in the evolution of modern 
agriculture, by promoting high yielding crops and 
weed control (Ashapure A. et al, 2019). Basically, 

the CT is characterized by the complete inversion 
of soil through ploughing. Conversely, 
conservation systems (minimum tillage, MT) 
include non-inversion tillage practices and no-
tillage (NT). These systems consist of planting 
crops with minimal or none soil disturbance 
leaving at least 30% mulch cover (Giller K.E. et 

al, 2015).  

In comparison to CT, the MT and NT 
systems have gained popularity worldwide due to 
reduction in fossil fuel consumption, and 
improvement of soil carbon content, soil structure, 

and water infiltration, which can increase farm 
sustainability and potentially optimize 
productivity over time (Deubel A. et al, 2011; 
Ćirić V. et al, 2012). 

Minimum tillage improves the physico-
chemical characteristics of the soil. Thus, the 
content of mobile phosphorus and potassium is 

higher in chisel tillage compared to conventional 
tillage (Jităreanu G. et al, 2008). 

Soil tillage with chisel and paraplow 
determined the increase by 5.5 mg/kg (12%) and 
16.0 mg/kg (7.0%), respectively, in mobile 
phosphorus and potassium content from soil, in 
comparison with ploughing to a depth of 20 cm, 
due to improved soil physical characteristics 

(Jităreanu G. et al, 2009). 
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The assimilation of residues, moisture 

retention, microorganisms, pH, structure, and bulk 
density are all factors that tillage can affect 
positively or negatively (Bekele D., 2020). Thus, 
by reducing the turnover rate of macro-
aggregates, enhancing the physical protection of 
particulate organic material, and minimizing soil 
to residue contact, reducing tillage or introducing 

no-tillage (NT) has the potential to reduce the 
amount of soil organic carbon (SOC) lost (Page 

K.L. et al, 2020). The adoption of no-tillage 

systems has grown throughout the world due to 
the desire to cut costs, to plant winter crops 
quickly, and the alleged environmental 
advantages. However, the primary goal of using 
no-plowing tillage is to lower production costs 
while maintaining or increasing yields and 
reducing costs by up to 20% in the form of time 

and equipment savings (Mitchell J.P. et al, 2016)

(Mitchell J.P. et al, 2016). According to, how 
sustainably soil resources are used depends on the 
properties of the soil, which are influenced by soil 
tillage (ST) (Adaugna O., 2019). Using tillage 
properly might reduce soil-related restrictions; 

however, doing so incorrectly can result in a 
number of unfavorable processes. Compaction-
related soil degradation is a growing issue as 
agricultural machinery's power and mass continue 
to rise, which has been a trend for the past 30 
years (Antille D.L. et al, 2015).  

The soil compaction indicators as 
compression degree (CD) and bulk density (BD) 

had the lowest value in the variant with 
ploughing, a medium value in the variant without 
turning the furrow, and the minimum values in 
no-till (Răus L. et al, 2016). The intensity of 
anthropogenic compaction can be amplified by 
some soil characteristics, machinery systems and 
farming technologies (Jităreanu G. et al, 2020). 

Soil penetration resistance depends on soil 
characteristics and soil tillage. Thus, it is 
influenced by some soil properties such as bulk 
density, texture, aggregation, cementation, 
organic matter content, mineralogy, and soil water 
content, which has led some authors to propose 
empirical models to describe penetration 

resistance (Tavares F. et al., 2012). 
In agricultural soils, several studies point to 

a reduction in productivity due to increased 
compaction, especially in areas under intense 
mechanization or grazing activities (Carvalho 
A.P.V. et al, 2012). 

Although many soil properties affect 
penetration resistance, bulk density and, in 

particular, soil water content have the largest 
short-term impacts on penetration resistance. 
Some studies have reported a direct relationship 
between penetration resistance and these 
variables, which is often described by an 
exponential model (Vaz C.M.P. et al, 2011, Vaz 
C.M.P. et al, 2013, Imhoff S. et al, 2016).  

In water-controlled environments, rainfall 
and its seasonality and interannual variability are 
the primary drivers of soil physical processes, and 
impose limitations on vegetation growth which 

reduces crop yields (Feng X. et al, 2013, 
Porporato A. et al, 2015, Souza E.S et al, 2014).  

Bulk density values are required for 
converting gravimetric soil water content to 
volumetric and to calculate soil porosity which is 

the amount pore space in the soil (Blake G.R., 
Hartge K.H, 1986).  

The assessment of soil conditions is still 
carried out only by chemical indicators, despite 
the growing awareness of the importance of soil 
biodiversity (Lehmann J. et al, 2020). 

Agrochemicals improve crop productivity 
via protecting crops from insects, weeds, and 

other pathogens that impact crop yield and, at the 
same time, replenish soils deficient in plant 
nutrients. The conclusions on the nexus between 
agrochemical use and crop productivity among 
existing studies indicate that agrochemical use has 
conditional effects on crop yield. Since 
agrochemicals increase crop productivity, 

applying agrochemicals is stimulated by 
economics, though they also come with 
significant environmental costs that are always 
internalized. For this reason, knowing the 
determinants and optimal levels of agrochemical 
usage is important. Additionally, focusing on the 
distribution of the impact and the average 

treatment effects could provide a more precise 
depiction of how adoption of agrochemicals 
affects productivity (Kwabena N.A. et al, 2022). 

Nitrogen is the main factor in growth and 
development of plants, with positive influence on 
rooting, tillering, leaf system development and 
photosynthesis process, the elements of 
productivity and also quality (Matei G., 2014). 

Nitrogen plays a major role in increasing plant 
production and its deficiency is believed to be the 
most frequent factor restricting plant growth 
(Zotarelli L. et al, 2008). 

A study conducted by Misbah in Ethiopia 
found that short-term deep tillage significantly 
reduced soil bulk density and penetration 
resistance, significantly increased soil infiltration 

rates, and effectively countered soil degradation 
(Misban A.H. et al, 2019).  

Rotary tillage can decrease soil bulk density 
in the 0–20 cm soil layer, increase the field’s 
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water-holding capacity and soil porosity, and 

significantly enhance seedling plant height, stem 
diameter, leaf area, and dry weight per plant 
(Dong J.X. et al, 2021).  

 

MATERIAL AND METHOD 

 
The experiment was conducted at the 

Didactic Station of the from University Life 
Sciences of Iasi (IULS), Ezareni Farm. The 
experimental polygon has an area of 5000 square 
meters and is located on a slope between 5 and 7 
%, on a type of cambic cernoziom soil. Two tillage 
systems are practised on this area - the 
conventional system (CT) and the no-tillage 
system (NT), where in october 2022, autumn 
fodder pea was sown in both tillage systems 
(figure 1).  

 
Figure 1 The experimental plot – Ezareni farm 

 

Sowing was carried out on the same day in 
both tillage systems, in the conventional system 
the seeding was done with SUP-29 DK seeders 
and in the no-tillage system the seeding was done 
with FABIMAG FG-01 seeders. 

The specific climate of the area is 
temperate-continental, with an average 
precipitation of 436,4 mm and 354,8 mm, in 2022 
and 2023, and an average annual temperature of 
10,8°C, data recorded by Ezăreni weather station. 
During the growing season of the autumn fodder 
pea crop a total rainfall of 329.6 mm was recorded 
(figure 2). 
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Figure 2 Rainfall recorded during the growing 

season 

In the field stage, samples were determined 
throughout the growing season to determine the 
degree of compaction by analyzing the following 
indicators - bulk density, penetration resistance 
and soil moisture. Samples were also taken to 
analyse some soil chemical properties. 

In order to determine the bulk density, 
undisturbed soil samples were taken, using 
cylinders (5 cm diameter, 5.1 cm height) with a 
volume of 100 cm3 and a bottom cut at an angle 
of 15°.  

In each plot, samples were taken from 3 
points on the diagonal at 4 depth intervals: 0– 10 
cm, 10–20 cm, 20–30 cm, and 30–40 cm. The 
chosen samples were taken a long way from the 
areas' external edges in order to avoid border 
effects. 

The soil surface from which samples were 
taken was cleared of plant debris and gently 
levelled to ensure a sufficient surface area to 
sample 3 replicates at each depth. Soil samples 
were then dried to a constant weight in a 105°C 
oven in the lab.  

The soil's weight was noted, and the bulk 
density was computed using Equation 1: Bulk 
density (g/cm3) = (weight of oven dried soil) / 
(volume of the soil) (1) The bulk density values 
are interpreted according to table 1. 

 
Table 1 

Characterisation of bulk density (according to ICPA 
Bucharest, 1987) 

Characterisation Values (clay-loam 
texture) 

Extremely low <1.05  
Very low 1.06-1.18 

Low 1.19-1.31 
Medium 1.32-1.45 

High 1.46-1.58 
Very high >1.59 

 
In order to determine the gravimetric soil 

moisture regime in the experimental field, soil 
samples were taken in six intervals down to 90 cm 
depths (0–10, 10–20, 20–30, 30–50, 50–70, and 
70–90 cm) with three replicates at each interval. 
Soil from five points were collected individually 
from each plot in aluminum vials.  

Moisture content was determined in the 
laboratory by the gravimetric method, which is 
considered the standard method for calibrating 
moisture tools due to its high accuracy.  

The soil resistance to penetration was 
determined using the Eijkelkamp penetrologger in 
10 replicates on each plot to a depth of 80 cm to 
obtain a representative value (expressed in MPa).  

Soil pH in the conventional system is 
between 7.9 and 8.2, and in the NT it varies 
between 7.2 and 7.4 depending on sampling 
depth and slope. Soil pH was determined by 
potentiometric method in soil solution (aqueous or 
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saline) with different ratios of soil:liquid phase 
(mass: volume) (table 2). 

 
Table 2 

Soil reaction characterization limits 
(ICPA București, 1981) 

pH Soil reaction status 

< 5.0 strongly acid 
5.01 – 5.80 moderately acid 
5.81 – 6.80 slightly acid 
6.81 – 7.20 neutral 
7.21 – 8.40 slightly alkaline 

 
Spectrometric determination of 

phosphorus (P) and mobile potassium (K) in 
ammonium acetate solution was carried out by the 
Egner-Riehm-Domingo method. The soil 
phosphorus and potassium status are presented 
in table 3 and table 4. 

Table 3 
Status of soil phosphorus supply 

Value range P-AL P 
ppm 

Characterisation of insurance 
status with P 

< 8.0 very weak 
8.1 – 18.0 weak 

18.1 – 36.0 middle 
36.1 – 72.0 good 

72.0 – 144.0 very good 
 

Table 4 
Appraisal of the soil's condition with 

accessible K 

Accessible K value 
ppm 

Characterisation of insurance 
status with K 

< 66.0 weak 
66.1 – 132.0 middle 

132.1 – 200.0 good 
200.1 – 265.0 very good 

265.1 - 400 - 
 

RESULTS AND DISCUSSIONS 

 

Influence of tillage systems on soil 

compaction 

Bulk density increased steadily in both 

tillage systems over the 0-40 cm depth. In the CT 
the bulk density values ranged between 1.07 and 
1.24 g/cm3 over the sampling depth, while in the 
NT the values recorded ranged between 1.26 and 
1.42 g/cm3 (table 5). 

Table 5 
Influence of tillage systems on soil 

compaction indices 

 
Depth (cm) 

Bulk density (g/cm3) 
Conventional 

system 
No-tillage 

system 
0-10 1,07 ± 0,03 a 1,26 ± 0,03 bc 

10-20 1,14 ± 0,02 ab 1,35 ± 0,03 cd 
20-30 1,23 ± 0,02 bc 1,37 ± 0,05 cd 
30-40 1,24 ± 0,04 bc 1,42 ± 0,03 d 

Note: CT – conventional system; NT – No-

tillage system. Mean ± standard error of each 
column is reported in correspondence with each 

experimental treatment. Within each column: 

values associated with the same lower-case letters 
are not statistically different at p ≤ 0.05 according 
to Tukey’s test. 

 
Influence of tillage systems on penetration 

resistance 

Penetration resistance was sampled to a 

depth of 80 cm for both tillage systems. The  
highest value in the CT was recorded at a 

depth of 30-40 cm where the hardpan layer occurs 
(3.52 MPa). Also, the highest values were 
recorded in the CT compared to the NT, where 
root system development is limited. In the NT, 
penetration resistance values ranged from 0.4 to 

2.1 MPa. These values recorded in the NT system 
indicate a low penetration resistance, which is 
optimal for plant development (figure 3). 

 

 
Figure 3 Soil penetration resistance 

 
Influence of tillage systems on the soil 

moisture regime 

Soil moisture was directly influenced by the 
tillage system used. Considering that NT is a 
conservative system, soil moisture had higher 
values in NT compared to CT throughout the 
growing season (figure 4).  

After sowing the forage pea crop, samples 
were taken to determine the moisture regime and 
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the values obtained in NT were higher than the 

values recorded in CT. Also, in vegetation, the 
higher values were in NT. For example, in May, 
on the soil surface depth of 0-10 cm in the NT, 
soil moisture recorded a value of 25.14%, while in 
the CT a value of only 9.71% was obtained. 

Similar results were obtained in a study by 
Budu M. et al, (2022) where the NT system had a 

higher moisture level compared to the 

conventional system on the 0 - 30 cm depth soil 
layer and after harvested. It was indicated by 
Slawinski C. et al., (2012), that the no-till system 
is essential for conserving soil moisture content. 

 

 

  
a) Depth 0-10 cm b) Depth 10-20 cm 

  
c) Depth 20-30 cm d) Depth 30-50 cm 

  
e) Depth 50-70 cm f) Depth 70-90 cm 

Figure 4 Influence of tillage systems on the soil moisture regime (% g/g) 

 

Influence of tillage systems on soil pH 

Soil pH was determined from both tillage 
systems over four depths from 0 to 40 cm, which 
was slightly influenced by the slope of the soil.                

The values obtained in the conventional 
system were between 7.9 and 8.2, depending on 
the sampling depth, while in the no-tillage system, 

the values were lower and ranged between 7.2 and 
7.2.  

 

 
Both the values obtained in the 

conventional system and those recorded in the no-
tillage system place the soil in the weak alkaline 
category (figure 5). 

In deeper layers, the soil reaction is neutral 
to slight alkaline (7.1), influenced by the presence 

of CaCO3 from the C horizon.  
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Figure 5 Soil pH 

 

Mobile phosphorus content 

Following agrochemical sampling, it was 
found that phosphorus in the soil surface depth of 
0-10 cm falls into the good category of soil supply 
of this element. In the conventional system, 

phosphorus values ranged from 53 to 26 ppm,  

 
while in the no-tillage system, mobile phosphorus 
values ranged from 38 to 17 ppm (figure 6). The 
lower phosphorus content in the no-tillage system 
is due to the lack of deep soil tillage and non-

incorporation of applied chemical fertilizers. 

 
 

Figure 6 Mobile P content (ppm) 

 

Mobile potassium content 

Potassium is the most important cation for 
living organisms, performing numerous 
physiological and biological functions. After 
sampling for potassium determination, it was 
found that on the 0-20 cm depth, in both tillage  

 
systems, the resulting values fall into the very 
good category of soil supply of mobile potassium. 
Also, the resulting values on the 0-40 cm 
sampling depth fall into the good and very good 
category of supply of this element (figure 7). 
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Figure 7 Mobile K content (ppm) 

 

 
 

CONCLUSIONS 

  

In this study, the values of physico-

chemical soil properties of the studied tillage 

systems were determined during the agricultural 
year 2022-2023. 

Among the physical properties studied we 
mention bulk density, penetration resistance and 
soil moisture, and among the chemical properties 

analysed we list soil pH, phosphorus and mobile 
potassium content.  

Bulk density increased steadily over the 0-
40 cm depth in both tillage systems. In CT, bulk 
density values ranged from 1.07 to 1.24 g/cm3 
indicating that this soil is very loose, and in NT, 
values ranged from 1.26 to 1.42 g/cm3.  

In terms of penetration resistance, the 

highest values were recorded in the NT at a depth 
of 30-40 cm where the hardpan layer appears.  

Soil moisture regime was higher throughout 
the growing season in NT compared to CT. The 
soil pH values obtained in both tillage systems 
place the soil in the slightly alkaline category.  

Mobile phosphorus content is lower in NT 

due to lack of deep tillage and non-incorporation 
of applied chemical fertilizers.  

After soil sampling, it was found that on the 
0-20 cm depth, in both tillage systems, the 
resulting values fall into the very good category of 
soil supply of mobile potassium. 
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