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Abstract

A multidisciplinary fi eld experiment was performed during three seasons for winter wheat in Croatia. The intention of this study was to examine and diagnose the 
effect of Tillage Systems (TS) on soil chemical properties (soil acidity, phosphorus, potassium, and organic matter content) as well as the outcome of economic indicators 
such as Gross Margin (GM), Rate of Profi tability (ROP), cost-effectiveness (E) and productivity (P). TS were CT - plowing up to 30 cm depth; DT - disking up to 8-12 cm 
depth; LT - loosening up to 35 cm depth; NT - no-tillage. The experimental design was a  randomised block design in four repetitions, where the basic TS plot was 
540 m2. Soil sampling for 0-30 cm soil layer was done prior to setting up the experiment and after three seasons, a total of 320 soil samples and chemical analyses were 
performed according to standard pedological procedures. Economic indicators are calculated using economic equations and standards and statistical analysis was 
performed with SAS 9.3 and Microsoft Excel 2016. Generated results point that on systems with shallower tillage or no- tillage expressed accumulation of phosphorus and 
potassium appeared with distinct vertical stratifi cation. At the same time, these TS ensured soil organic matter and soil fertility preservation. From the aspect of economic 
calculations, LT assigned the prime economic results. The ROP was in order CT (32.67%) < DT (37.39%) < LT (40.31%) < NT (42.29%). The same order was established for E, 
namely, CT (1.33) < DT (1.37%) < LT (1.40%) < NT (1.42%). NT established the best P because of the lowest costs of production, but due to signifi cantly lower yield, NT has 
limited adoption in practice. The conservable and viable agricultural production by intermediation of reduced soil tillage systems has its capabilities and potency, fi rstly 
ecological, through providing soil degradation, and then economical by potentiating economic sustainability and fi nancial effi  ciency of agricultural production.
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Introduction

Modern agriculture has recently been provoked to commit 
its operation recapitulation and modifi cation due to alternations 
in soil, water, and environment caused by weather patterns 
and climate implications/aberrations [1,2]. The emergency and 
necessity for adaptation in agriculture and agricultural systems 
is a process which had been recognized in recent years amongst 
crop producers worldwide because of the global population 
increase [3]. Similarly, ecological, economic, and biological 
arguments infl uence the agricultural sector to alternate with 
demands of modifi ed climate conditions, such as temperature 
extremes, droughts, water problems, desertifi cation, high 
radiation, etc. [4,5]. In addition, from the point of view of 

producers, a lot of proactive and innovative arguments must 
be borne in mind, such as agroecological characteristics, 
government strategies and agendas, social demands, and last but 
not least, producer’s abilities, competencies, and qualifi cations 
[6,7]. Primarily, soil tillage and tillage implements generate 
rather high energy expenditure and cost. Consequently, they 
affect the fi nancial and economic aspects and ultimately profi t. 
In conventional tillage systems, the stability of higher good-
quality yields is ensured. However, the costs of the utilization 
of agricultural machinery and human labour will be the highest 
bringing variability in the production process. Other practices, 
reduced or conservation tillage systems proffer positive impact 
on soil, environment, and soil biodiversity. On the other hand, 
yield and quality may be endangered and variability can be 
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was 7.3%. Reduced tillage reduced costs of machinery by 40.03 
€ ha-1. Total costs were lower by 8.5% while profi t increased to

99.30 € ha-1 and the net return was 13.1% [23]. One of 
the most critical factors in increasing the intensity of work 
processes in agriculture is to increase the level of technical 
equipment and increase labour productivity [24]. Kumar, 
et al. [25] and Sapkota, et al. [26] reported about enlarged 
productivity and profi tability on zero and reduced tillage, 
compared to CT, while Parihar, et al. [27] recorded an increase 
in net profi t under zero tillage (+31%) and a lower production 
cost (for 66 € ha-1) than CT. Therefore, we evaluated the impact 
of different soil tillage on:

(1) Economic indicators such as profi tability, cost effectivity, 
and contribution margin, and (2) changes in soil chemical 
properties over a 3-year period.

Materials and methods

Research site description

A 3-year study fi eld trial was conducted in a winter wheat-
soybean cropping system at a research station in Slavonia and 
Baranya County, Croatia (45° 37′ N, 18° 42 E, 83 m elevation). 
The soil, according to FAO IUSS Working Group WRB [28], 
was silt loam [29] and belongs to a group of acidic soils with 
medium content of organic matter, low phosphorus and 
medium potassium content [30]. Prior to the experiment, 
winter wheat-maize-sunfl ower-sugarbeet was cultivated for 
20 years using recommended fertilizers rates and conventional 
tillage (plowing) with crop straw return, and the average wheat 
yield was 8.57 t ha–1.

Experimental design and operations

The investigation comprised tillage systems (TS): 3-year 
plowing up to 30 cm (CT); 3-year disking up to 12 cm (DT); 
3-year subsoiling up to 35 cm (LT); and 3-year no-tillage (NT). 
The basic tillage plot was 30 m × 18 m (540 m2) with 120 rows 
of wheat spaced 0.15 m. A randomized complete block design 
was used in four repetitions (16 plots) and the winter wheat 
cultivar Srpanjka was sown. Machinery performance and soil 
operations used for the different TS are shown in Table 1.

In each vegetation season, 175 kg ha-1 P2O5 (288 kg ha-1 
monoammonium phosphate) and 90 kg ha-1 K2O (150 kg 
ha-1 potassium chloride) were used on basic tillage plots as 
primary fertilization. Nitrogen (150 kg ha-1) was applied on 
three occasions, during prime fertilization (35 kg ha-1 from 
monoammonium phosphate) and 45 kg ha-1 (urea) and in 
tillering (40 kg ha-1) and jointing (30 kg ha-1) phase as calcium 
ammonium nitrate on each plot. Weed, pests and disease, the 
amount of seeds, likewise harvest were the same for all systems. 
The detailed number of passes and human and machinery 
working hours on diverse TS are displayed in Table 2.

As part of this experiment, fertilization was carried out 
with three nitrogen levels (120, 150, and 180 kg N ha-1), but due 
to the large number of data, the results obtained by fertilizing 
150 kg N ha-1 are shown, which is in accordance with the EU 
nitrate directive.

quite prominent over the years [8,9]. The basis of conservation 
agriculture production is in management set on three 
fundamental postulates, which contextually unify climate-
soil-plant while respecting agroecological and socio-economic 
differences and mimicking natural ecosystems [10]. In general, 
elected soil tillage and tillage tools implicate the effi ciency and 
performance of crop production. Climatic requirements and 
limitations, soil physical, chemical, and biological properties, 
disposable tillage mechanization, fi nancial confi guration, 
etc. are elements that highly infl uence and identify adequate 
tillage selection [11,12]. However, tillage anteriority will not 
be accomplished with possible loss of soil productivity. Soil 
productivity is the constitution of attributes that represent soil 
potency for agricultural crop production, defi ned by soil fertility, 
i.e. plant nutrient activity, whereas tillage implicates changes 
in nutrient content and distribution. There is a vast body of 
literature reporting on the infl uence of tillage on nutrients, e.g. 
Dorneles, et al. [13] pointed out that available phosphorus and 
potassium were signifi cantly infl uenced by tillage systems, 
where in the 0-5 cm layer they recorded the highest values, 
apropos in reduced tillage. Also, pH, as they marked, in the 
surface layer at NT was highest, compared to conventional 
tillage. Probably due to soil disturbance reduction, the same 
tendency pertains to organic matter, where the highest values 
are registered at NT and RT. Issaka, et al. [14] highlight the 
fact that NT is the most appropriate and advisable tillage 
system for upgrading soil nutrients and reducing nitrogen and 
phosphorus dissipation. Lewis, et al. [15] claimed that using NT 
systems during the organic transition can increase soil quality 
without compromising yield and profi tability. Other fi ndings 
criticize reduced systems, especially NT, for tillage absence 
and nutrient stratifi cation in the upper soil layer as a result of 
surface spreading [16,17]. Also, Daryanto, et al. [18] noted that 
N in NO3

- form could be leached due to macropores continuity 
on NT. Suggesting cover cropping, catch crops, and injectors 
for fertilizers, to reduce leaching and raise N use capability. In 
terms of N leaching Struck, et al. [19] state how tillage intensity 
had no clear effect on drainage N-losses.

Farmers make farm input and production practice decisions 
based on their economic profi t and loss situation [20]. From 
a producer’s perspective, there is an economic incentive to 
engage the crop rotation and soil tillage method [21] which 
provides the greatest (net) return to management and risk-
taking in the short term for land equity, likewise other fi xed 
production assets in the long term. Consequently, profi t-
motivated producers will seek to adopt a new cropping system 
only if it is perceived to provide a net economic benefi t relative 
to a currently used system in terms of lower production costs, 
higher net returns, lower business risk, etc. [22]. The problems 
of agricultural production are largely due to the high labour 
costs of people, machinery, materials, and energy per unit 
area resulting in low labour productivity and unprofi table 
production. Based on a study by Kanisek, et al. [23] it has been 
established that CT in wheat production consumes

19.6 h ha-1 of machinery operation and 121.2 l ha-1 of fuel 
consumption. Total costs were 827.32 € ha-1, cost price was 
137.89 € t-1, profi t was 60.78 € ha-1 and the rate of net return 
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Soil sampling and analysis

Prior to starting the investigation, after the barley harvest 
soil samples were collected from all TS in four repetitions 
and 0-30 cm depth using a professional pedological probe 
(SP50, Dendrotik). Soil sampling was carried out as the 
baseline/initial status of soil chemical properties. Samples 
were collected from ten points (each point had fi ve samples 
that were mixed to create a composite sample) per plot. The 
same procedure was done after the wheat harvest according to 
GPS coordinates afterward three years of fi eld trials and total 
number of soil samples was 320. Heterogeneous soil samples 
were sieved through a 7 mm sieve and crop and root remained, 
likewise gravels were disposed of while samples were air dried 
under shadow. Soil chemical and pedological analyses were 
performed according to standard procedures, as follows: soil 
pH (HOH and KCl) according to ISO standard (ISO 10390) [31], 
phosphorus and potassium content (AL-P2O5 and K2O, mg kg-1) 
according to Egner, et al. 1960. [32], and humus (%) vis a vis 
ISO standard (14235) [33].

Economic analysis

The economic analysis of TS is based on the tillage 
depth and the number of passes, in order to identify human 
labour and machinery productivity and effi ciency as well as 
cost-effectiveness, rate of profi tability, and contribution/
gross margin. Based on the calculation, absolute and relative 
production performance indicators were calculated. Absolute 
indicators are the Value of Production (VP), Variable Cost (VC) 
and Gross Margin (GM).

The value of production (VP, € ha-1) is based on the grain 
yield of wheat and achieved by multiplying the quantity of 
product (t ha-1) with the selling price (€ ha-1) and was defi ned 
as follows: 𝑉𝑃 = 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 × 𝑠𝑒𝑙𝑙𝑖𝑛𝑔 𝑝𝑟𝑖𝑐𝑒

Variable Costs (VC, € ha-1) include the sum of costs (€ ha-1) 
of seeds, mineral fertilizers, plant protection, and human and 
machinery labour and were defi ned as follows:𝑉𝐶 = 𝑠𝑒𝑒𝑑𝑠 + 𝑚𝑖𝑛𝑒𝑟𝑎𝑙 𝑓𝑒𝑟𝑡𝑙𝑖𝑧𝑒𝑟 + 𝑝𝑙𝑎𝑛𝑡 𝑝𝑟𝑜𝑡𝑒𝑐𝑡𝑖𝑜𝑛 + ℎ𝑢𝑚𝑎𝑛 𝑙𝑎𝑏𝑜𝑢𝑟 + 𝑚𝑎𝑐ℎ𝑖𝑛𝑒𝑟𝑦 𝑙𝑎𝑏𝑜𝑢𝑟

The gross margin (GM, € ha-1) has been obtained by 
subtracting the Variable Costs (VC) of a particular TS from the 
total Value of Production (VP) and was defi ned as follows:𝐺𝑀 = 𝑉𝑃 − 𝑉𝐶

Relative performance indicators include Cost Price (CP), 
cost-effectiveness (E), productivity (P), and rate of profi tability 
(ROP) of production. The cost price (CP, € kg-1) has been 
obtained by dividing variable costs (VC) by the quantity of 
product (t ha-1) and was defi ned as follows:

  

VC
CP

quantity of product


Cost-effectiveness (E) is calculated by dividing the amount 
of Value of Production (VP) and Variable Cost (VC). The 
following equation has been used:

VP
E

VC


The Rate of Profi tability (ROP) is obtained by the Gross 
Margin (GM) multiplied by 100 and then divided by Variable 
Costs (VC) and is expressed by the following equation:

100GM
ROP

VC




Productivity represents the ratio of human labour 
consumption (h ha-1) to the quantity of product (t ha-1) and is 
calculated by the following equation:

  

labour
P

quantity of product


Data analysis

All obtained data were subjected to analysis of variance 
(ANOVA) using the Principal Component Analysis (PCA) and 
general linear model procedures of the statistical analysis 
system (SAS 9.3 software package (SAS Institute Inc., NC, 
USA)). Correlation analysis carried out by tool pack of MS Excel 
2016.

Table 1: Machinery and soil operations on different TS.

TS Operations

CT

Prime NPK 2x: Amazone (2 rotation discs)→Ploughing: Regent (4 furrow)→Disc harrowing 2x: Neretva OLT (64 discs)→Seedbed preparation: TeraX Kongskilde (7 
m)→Sowing: John Deere 750 A (36 rows)→Topdressing 2x: Amazone (2 rotation discs)→Crop protection 3x: Rau (18 m)→Harvest: Đuro Đaković Hydroliner 3620 (6 

m),

DT
Prime NPK 2x: Amazone (2 rotation discs)→Disc harrowing 2x: Neretva OLT (64 discs)→Seedbed preparation: TeraX Kongskilde (7 m)→Sowing: John Deere 750 A 

(36 rows)→Topdressing 2x: Amazone (2 rotation discs)→Crop protection 3x: Rau (18 m)→Harvest: Đuro Đaković Hydroliner 3620 (6 m),

LT

Prime NPK 2x: Amazone (2 rotation discs)→Subsoiling: John Deere (5 frames – 50 cm spacing)→Disc harrowing 1x: Neretva OLT (64 discs)→Seedbed preparation: 
TeraX Kongskilde (7 m)→Sowing: John Deere 750 A (36 rows)→Topdressing 2x: Amazone (2 rotation discs)→Crop protection 3x: Rau (18 m)→Harvest: Đuro 

Đaković Hydroliner 3620 (6 m),

NT
Prime NPK 2x: Amazone (2 rotation discs)→Sowing: John Deere 750 A (36 rows)→Topdressing 2x: Amazone (2 rotation discs)→Crop protection 3x: Rau (18 

m)→Harvest: Đuro Đaković Hydroliner 3620 (6 m),

Table 2: Detailed overview of TS intensity and frequency for winter wheat.

TS number of passes
human labour,

h ha-1

machinery,
h ha-1

CT 13 7.99 5.69

DT 12 6.94 4.39

LT 12 6.25 3.70

NT 9 5.09 2.18
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Results

Soil chemical properties

On acidic soil with low phosphorus content, medium 
potassium, and medium humus content the winter wheat trial 
was conducted (Table 3).

Such soils belong to a group of soils with less actual fertility, 
which classifi es them into soils very suitable for research related 
to the effi ciency of different soil tillage on the productivity 
of crop production. The impact of diverse TS on wheat grain 
yield was published [34] and according to them a signifi cant 
difference in yield was determined on NT, compared to other 
TS, with an average yield of 6.94 t ha-1 wheat grain. According 
to PCA analysis of all variables, the greatest infl uence of TS was 
determined in the phosphorus and potassium content, while 
the soil acidity ratios as well as humus were less infl uenced by 
the TS (Figure 1).

ANOVA confi rmed determined relationships and a signifi cant 
difference was primarily found in phosphorus and potassium 
content. The NT system had a statistically signifi cantly higher 
content of phosphorus and potassium compared to all other 
TS. Soil acidity (pH KCl) was also infl uenced by the TS, with 
only differences between CT and NT. Between TS no signifi cant 
difference was found for humus content (Table 4).

In general, according to TS, phosphorus content was higher 
on NT compared to all other TS at 26 % and potassium at 13 %, 
respectively.

Furthermore, for soil phosphorus and potassium content, 
a positive correlation was found between NT and DT r = 
0.78 (phosphorus content) and r = 0.87 (potassium content) 
(Figures 2,3).

Economic analysis

The basic economic indicators in wheat production, with 
regard to different types of tillage, showed that the costs of NT 
were the lowest, by 13.5% (VC), and 9.9% (VP), respectively. 
Regarding GM, it was found that in relation to CT, the values of 
GM were higher by 9.7% in DT, 16% in LT, and 8.8% in NT. A 
higher CP was determined for NT compared to CT (13.5%) and 
lower for DT and LT (4.4%). The value of E was on average 5% 
higher in all treatments compared to CT. The value of P was 
the lowest on NT at 20.6 % compared to all other TS. On all 
tillage systems, a higher ROP was found in relation to CT, for 
DT (12.5%), LT (18.9%), and NT (22.7%).

Statistical analysis (ANOVA) of the fi nancial results for each 
TS was also, estimated. Input values refer to the variable cost of 
wheat production. The costs of seeds, mineral fertilization, and 

plant protection agents are the same for all TS. Between these 
costs, there are no statistically signifi cant differences. Human 
and machine labour (VC) have different values with signifi cant 
differences between all TS and the lowest obtained by NT.

The signifi cantly lowest VC was determined in the NT 
compared to DT, CT, and LT. The highest GM was on LT while 
the lowest GM was on CT, with signifi cant differences between 
reduced TS compared to CT. The highest VP was recorded by 
LT > DT > CT and the signifi cantly lowest was obtained by NT 
(Figure 4).

Considering CP, a statistically signifi cant difference was 
found between all TS, with the statistically highest cost by NT. 
E as an indicator of the effi ciency of the invested funds had 
the highest value for the LT, while the lowest for the NT, with 
signifi cant differences between all TS (Figure 5).

Table 3: Initial chemical properties of the P soil arable horizon at the start of the 
investigation.

Horizon
Depth

cm

 
pH 

AL-P2O5 
 

AL-K2O 
Humus

%
HOH KCl mg kg-1

P 0-30 5.61 4.52 86.0 242.3 2.13

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.50 

Loading  Plot  of  pH - HOH;  ...;  HUMUS  

HUMUS 
pH-HOH 

0.25 
P2O 5 

K2O 
0.00 

 
 
-0.25 
 
 
-0.50 
 
 
-0.75 pH-KCl 

-0.50 -0.25 0.00 0.25 0.50 0.75 
First  Component  

Figure 1: Principal Component Analysis of all variables.

Table 4: Soil chemical properties of the P soil arable horizon at the end of the 
investigation.

Chemical properties

TS Depth, cm pH (HOH) pH (KCl)
AL-P2O5

mg kg-1

AL-K2O
mg kg-1

Humus,
%

CT 5.40 A 4.29 A 71.4 B 243.5 B 1.62 A
DT

0-30
5.28 B 4.19 AB 82.9 B 248.8 B 1.58 A

LT 5.30 AB 4.20 AB 79.1 B 245.4 B 1.65 A
NT 5.28 B 4.14 B 104.2 A 280.0 A 1.66 A

*P <0.05 0.1072 0.1224 14.348 26.962 0.1319
A, B difference letter in the column indicate a statistically signifi cant difference (*p 
< 0.05).

Figure 2: Correlation between NT and DT for soil phosphorus content, mg kg-1.
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P values were the best with NT because it takes fewer hours 
to produce one ton of wheat compared to other TS. Specifi cally, 
in our research, the results show that for the production of one 
ton of wheat on the NT it took 0.75 working hours which was 
signifi cantly less compared to other TS. (Figure 6).

The same ratios and signifi cant differences were determined 
for ROP maximum for LT and minimum for NT (Figure 7).

Discussion

Soil quality

Soil chemical properties are a very important and limiting 
factor that directly and indirectly affects the level of plant 

production and crop yield [35]. According to the Technological 
Instructions for interpreting the results of soil fertility testing 
of the Republic of Croatia, the analyzed soil belongs to a group 
of acidic soils with medium content of organic matter, low 
phosphorus, and medium potassium content [36].

One of the soil chemical factors that directly implicates the 
availability of plant nutrients or elements of plant nutrition 
is soil acidity [37]. In these studies, changes in soil pH (HOH 
and KCl) were monitored at the depth of the arable layer 0-30 
cm. The results presented in Table 3. Showed a change related 
to the infl uence of soil tillage on changes in soil chemical 
properties compared to the initial state. In all tillage systems, 
there was a decrease in soil pH and organic matter content. 
Similar reports about organic matter were noted by Araujo, et 
al. [38], although Šimanský, et al. [39] and Kibet, et al. [40] 
had reported contrary results that reduced tillage preserved a 
signifi cantly greater amount of organic matter in the topsoil 
layer compared to CT. Ghimire, et al. [41] stated that soil pH 
was higher in DT than in CT systems in soil layers 0-10 and 
10-20 cm. Obour and Holman [42] underline also a signifi cant 
decrease in soil pH in the topsoil layer on NT compared to CT. 
Also, Margenot, et al. [43] registered a decrease in soil pH 
under reduced tillage. Meantime, tillage, especially on CT or 
some reduced systems, generates soil mixing and disposition 
of subsoil that has proportionally higher pH and Ca2+ and Mg2+ 
concentrations which can contribute to the modifi cation of soil 
pH changes on CT or tilled systems.

Also, there was a decrease in phosphorus and potassium 
content on all systems except NT, where an increase in the 
content of these elements was recorded. The content of 

Figure 3: Correlation between NT and DT for soil potassium content, mg kg-1.

Figure 4: Calculation of wheat production under different TS (A, B difference letter 
statistical signifi cant difference (*p < 0.05), Fisher LSD test).
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Figure 5: Financial indicators according to different TS (A, B difference letter 
statistical signifi cant difference (*p < 0.05), Fisher LSD test).
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Figure 6: Productivity of one-tone wheat production according to different TS (A, B 
difference letter statistical signifi cant difference (*p < 0.05), Fisher LSD test).

 

Figure 7: Rate of profi tability according to different TS (A, B difference letter 
statistical signifi cant difference (*p < 0.05), Fisher LSD test).
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phosphorus and potassium in arable soil is an extremely 
important component of plant nutrition [44], especially in 
systems of reduced or no-tillage, as in these systems nutrients 
remain on the surface. A more detailed analysis of changes in 
the phosphorus content shows that the increase occurred only 
in some TS, especially in those systems where there was less 
soil mixing and inversion. However, for reduced TS where the 
subsoil was not affected by tillage such as the DT, partly LT, 
and fully NT, phosphorus accumulation occurred. Such changes 
in the phosphorus content are due to the shallow application 
of mineral fertilizers, i.e. shallow mixing of fertilizers with 
the soil surface layer on some variants (DT), or due to the 
application of mineral fertilizer on the soil surface, as is the 
case with the NT variant. These results are in accordance 
with the fi ndings of Alam, et al. [45] who found signifi cant 
phosphorus stratifi cation in the topsoil layer (0-6 cm), but 
despite this stratifi cation, and increased plant available water 
and root mass density, it did not affect the yield. Nevertheless, 
phosphorus stratifi cation is not always registered with NT, as 
reported by Jones, et al. [46]. They found that after 30 years 
of converting NT to CT, or CT to NT, no vertical stratifi cation 
of phosphorus or classical model of phosphorus accumulation 
was confi rmed. Abdi, et al. [47] stated that NT changed 
the distribution of phosphorus classes through soil profi le, 
escalating soluble phosphorus (inorganic form) loss by runoff 
and organic phosphorus leaching. All of these changes lead to 
the minimization of total phosphorus (inorganic and organic) 
bioavailability in deeper soil horizons.

Furthermore, potassium content and vertical dynamics in 
this study were also infl uenced by soil tillage and very similar 
to that of phosphorus where signifi cant accumulation of 
potassium content in the topsoil layer was observed, especially 
on DT and NT systems. Again, as on no tilled systems, or 
systems with shallow mixing of the surface layer. Surface and 
uneven accumulation of nutrients and possible problems in 
plant nutrition occur. Neugschwandtner, et al. [48] observed 
that no-tillage accumulated more potassium in the topsoil 
layer (0-10 cm) than tilled systems. Confi rmation was also 
reported by Tan, et al. [49] noticing that a signifi cantly higher 
content of available potassium was recorded in the 0-10 cm 
layer. It is indisputable that an increase of potassium (as 
well as phosphorus) content in the topsoil layer (0-10 cm) 
of systems with shallow tillage, and especially with the no-
tillage is to be expected, which was further confi rmed by 
Munson [50], accentuating the necessity of raising phosphorus 
and potassium content before establishing a reduced tillage 
system. By reduction of soil inversion in no-tillage and by 
increasing potassium/or phosphorus content in 0-10 cm 
layer, soil available potassium/or phosphorus in deeper layers 
decreased [51]. As on non-tilled systems, or systems with 
shallow mixing topsoil, the fact that nutrients are located on 
the surface can lead to physical isolation between the available 
nutrients (phosphorus and potassium) and the root system 
[52,53], although Asenso, et al. [54] that zero tillage potentiate 
more available NPK. In order to prevent and conserve chemical, 
biological, and hydrological aspects of viable soil the organic 
matter content is a remarkably relevant soil component [55]. 
With regard to changes in organic matter content, it should 

be noted that the period observed in these studies was too 
short to better monitor signifi cant changes in this indicator, 
and only a decrease in organic matter content was found on all 
systems compared to the initial state (Table 3). Some studies 
show that reduced tillage strived to increase soil matter, 
mostly due to crop rotation [56,57]. However, to maintain and 
preserve organic matter content, Goryanin, et al. [58] allegate 
the need to import 6.7-8.0 t ha-1 of organic manure per year to 
compensate balance of the organic matter defi cit. According to 
infi nite authors, in the long term, organic matter and certain 
nutrients accumulate on the no-tillage system during the 
initial years (NPK) on the soil surface, which cannot be used 
by plants. It is necessary to apply larger quantities of mineral 
fertilizers in basic fertilization. Namely, tillage accelerates the 
oxidation of organic matter and the mobilization of nutrients 
from it. This is not the case in the no-tillage system due to 
leaving harvest residues on the soil surface.

Impact of diverse TS on fi nancial indicators

Economic analysis indicates a signifi cant difference in 
profi ts between different tillage systems. The LT is the most 
effi cient, with a gross margin of 335 € t-1. Poor economic results 
were achieved with the CT system with a gross margin of 280 € 
t-1. According to Jabran and Aulakh [59], zero and reduced tillage 
obtained the highest net returns of 558 and 535 US$, while the 
lowest was attained by conventional tillage (445 US$). Žurovec, 
et al. [60], Shahzad, et al. [61], and Dzoma (2017) obtained 
similar results. Indicators that are a direct result of income-
cost ratios such as cost-effectiveness and rate of profi tability 
have the same tendencies and are the most favorable with the 
LT. Cost price and productivity were the most favorable with 
reduced NT tillage requiring fewer machinery operations and 
less human labour. Fuentes-Llanillo, et al. [62] claim that “NT 
systems had higher gross margins which were associated with 
longer use of the no-till system, ownership of machinery and 
equipment, specialization in grains, rotation of the commercial 
crops used, and higher variable costs“. Therefore, the decrease 
in costs for the NT is not justifi ed because it did not result in 
adequate yield. Generally, the share of production costs in the 
value of production for the NT was as 70% while for the LT was 
72%, DT 73%, and CT 74%.

Given that investment is an important factor in any 
agricultural production, the results obtained can be used to 
introduce different types of tillage to farmers due to reduced 
costs. Likewise, a positive effect of different TS on the 
economic and ecological aspects of agricultural production has 
been established. Previous studies have found similar results 
and Canales, et al. [63] claimed that a combination of no-till 
systems and cover crops could boost soil benefi ts while Clark 
[64], while Teklewood, et al. [65] found complementarities 
between conservation tillage and other soil and water 
conservation practices. Our research improves on earlier efforts 
in several ways. First, we provided a detailed deep screening 
economic analysis showing that signifi cant reductions in 
fi nances (alleviation of tillage costs, reduced tillage frequency, 
diminished GHG emissions, decrease in fuel consumption, etc.) 
can be achieved with the application of some reduced tillage 
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systems, for example, DT and LT, by attaining high yield [66]. 
Secondly, the application of these systems can signifi cantly 
improve and maintain soil quality, such as phosphorus and 
potassium content and availability, and enlargement in the 
abundance of different phosphorus fractions, ultimately 
leading to greater eco-friendly sustainability [67]. The 
endorsement of these strategies could boost the use effi ciency 
of P and K, essentially declining the new fertiliser intake, and 
promising fi nancial cutting-backs in the coming decades [68]. 
Third, the economic and environmental aspects of agricultural 
production can largely determine the success of agricultural 
production itself and results from these research efforts found 
that the greatest potential for sustainability existed with 
the use of reduced tillage systems. Lastly, the application of 
these systems could help farmers combat climate change 
and aberrations, high and expensive production, use of high 
amounts of fertilizers, a greater abundance of biodiversity, 
etc [69]. Since tillage is one of the operations in agricultural 
production that suggest benefi ts in agroecosystems [70]. A 
future research challenge remains to certify research results 
from production systems quantifi able in the direction of 
long-term agronomic, economic, and soil conservation and 
preservation impacts.

Conclusion

We examined that tillage systems in the function of 
ecological and economic sustainability of agricultural 
production show their effectiveness in both directions. In 
other words, the use of different tillage systems ensures 
ecologically acceptable agricultural production, which is 
primarily refl ected in a reduced number of mechanized passes, 
less fuel consumption, human labor, and reduced degradation 
of soil chemical properties. Namely, conventional or classic soil 
cultivation is expensive, especially in this time of crisis, because 
40 percent of all agricultural production costs are attributed 
to cultivation, and even 80 percent of that is to plowing. NT 
tillage in this research stood out as the most favorable in 
both observed aspects. On the one hand, it guarantees the 
preservation of organic matter in the soil and is the most 
profi table due to the favorable ratio of input and output in 
wheat production. However, this method of tillage does not 
ensure suffi cient wheat yields, so its application in practice 
is limited. Perspective systems for economic profi tability and 
environmental acceptability were LT and DT tillage systems 
that ensure high yields with satisfactory economic results. 
Moreover, these tillage systems can be a good solution for 
agro-climatic areas where climate changes are pronounced, 
especially in dry conditions. Nevertheless, farmers have the 
main role of actors in the dictation of agricultural production. 
In the Republic of Croatia, the so-called Conservation 
Agriculture Eco Scheme has been implemented recently. It is 
an intervention within production-unrelated direct payments 
that is paid out in the form of compensation for additional 
costs and loss of income resulting from assumed obligations. 
The intervention is carried out on arable land and represents a 
modern concept of agricultural plant production, which aims 
to achieve a high and sustainable level of production while 
preserving natural resources and achieving an acceptable 
profi t, and is based on three interdependent principles: a 

minimum set of tillage interventions, permanent coverage of 
the production area plants or plant residues and proper crop 
rotation (crop rotation). 
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