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1.

The quality, productivity and sustainability of soil as well as other terrestrial ecosystem renewable
components is determined by the ability to accumulate organic matter. The aim of work is to evaluate the long-term effect of reduced tillage and its combinations with practices for soil improvement on soil organic carbon and macronutrients in different soil layers. The research was carried
out in 2016–2017 at the Joniskelis Experimental Station of LRCAF on a clay loam. The following
tillage systems were investigated: deep ploughing (DP) shallow ploughing (SP), ploughless tillage
(PT), ploughless tillage with lime sludge (PT+LS), ploughless tillage with green manure (PT+GM)
and mulch without autumn tillage (NT+WM). The content of SOC, total N, P and K were measured
in the soil samples, collected from 0–10, 10–20 and 20–30 cm layers. Compared to DP, the applied
reduced tillage systems have led to an increase SOC and Ntot content in the 0–10 cm layer, but these
decreased in deeper layers. Total and plant available P, plant available K also increased in the 0–10
cm layer due to additional improvement measures. The stratification of SOC and macronutrients
was the least under DP.

Introduction

The Thematic Strategy on Soil (COM 231, 2006) obliges EU
states to monitor and analyse the state of the soil, and to seek to
use the soil in such a way that its physical, chemical and biological properties are not reduced and quality and overall productivity do not decrease. Recently, in many countries of the world,
including the EU, emphasis has been placed on the decline of
agrarian soils area and the deterioration of soil quality (COM 46,
2012). The quality, productivity and sustainability of soil as well
as other terrestrial ecosystem renewable components (vegetation, fauna, microbiota) is determined by the ability to accumulate organic matter. SOM is a critical component of the soil–plant
ecosystem, and depletion of SOM causes a loss in water holding
capacity, poor aggregation, and acceleration in soil erosion, poor
retention of applied nutrients, reduced soil biological and enzymatic activities (Ghani et al., 2003). The accumulation of soil
organic matter (SOM), the main constituent of which is soil organic carbon (SOC), is the fixation of atmospheric CO2 through
the process of photosynthesis into long-lived pools and storing in
the soil. SOM is derived from a complicated mixture of fresh organic materials from plants, soil fauna, root exudates, microbial
residues and chemically or physically protected substrates (von
Lützow et al., 2007). The intense soil tillage combined with the

simplified crop rotation and predominance of cereals together
with the expansion of farming system based on crop production
with reduced number of livestock intensifies the process of SOM
degradation (Rutkowska and Pikuła, 2013). SOC stocks are affected not so much by climate change but by changes in land use
(Brovkin et al., 2013). Tillage intensity reduction can improve soil
quality (Van Groenigen et al., 2010), increase the carbon content
in top soil layer (Ogle et al., 2005), result in greater soil biological
activity and increase humus content (Slepetiene et al., 2010) but
at the same time cause the loss of carbon in deeper soil layers
(Blanco-Canqui and Lal, 2008). The impacts of tillage and organic
residues on SOC are highly variable and difficult to predict, and
their interactions need to be investigated under various soil, climate and cropping system conditions (Viaud et al., 2011). Different materials of various origin are used both as fertilizers and
ameliorants in a heavy soils in order to preserve and increase
SOC content as well as to improve negative soil properties, lime
materials (Torkashvand et al., 2011; Hontoria et al., 2016) and
cover crops for green manure (Tripolskaja and Šidlauskas, 2010)
or for mulch (Saroa and Lal, 2003; Velykis and Satkus, 2018).
The aim of the research is to evaluate the impact of soil tillage intensity and additional improvement measures on some
chemical properties in different layers of clay loam soil in longterm experiment.

© 2020 by the authors. Licensee Soil Science Society of Poland. This article is an open
access article distributed under the terms and conditions of the Creative Commons
Attribution (CC BY NC ND 4.0) license (https://creativecommons.org/licenses/by-nc-nd/4.0/).
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2.

Materials and methods

Research was carried out at the Joniskelis Experimental
Station of the Lithuanian Research Centre for Agriculture and
Forestry, located in the northern part of Central Lithuanian’s
lowland (56°21′ N, 24°10′ E) in the long-term experiment, established in 2006. The soil of the study site is Endocalcari-Endohypogleyic Cambisol (CMg-nw-can) (siltic, drainic). According to the
data obtained before experiment, the plough horizon (0–30 cm)
characteristics were as follows: texture – clay loam (22.7% sand,
50.3% silt, and 27% clay), pH – 6.6, content of SOC–13,63 g kg–1,
total nitrogen (N) – 1,56 g kg–1, total phosphorus (P) – 0,54 g kg–1,
plant available phosphorus (P2O5) – 59.73 mg kg–1, and potassium
(K2O) – 256.5 mg kg–1. The impact of reduced tillage as well as
the combinations of reduced tillage with practices for soil improvement on soil organic carbon and macronutrients was investigated following the design: 1) deep (21–23 cm) mouldboard
ploughing (DP), 2) shallow (15–17 cm) mouldboard ploughing
(SP), 3) ploughless tillage at 10–12 cm depth (PT), 4) ploughless
tillage at 10–12 cm depth with lime sludge incorporation (PT+LS),
5) ploughless tillage at 10–12 cm depth with cover crops for
green manure (PT+GM), 6) no-tillage with cover crop for winter
mulch (NT+WM). Research was conducted in the crop rotation:
field pea (Pisum sativum L. (Partim) – winter wheat (Triticum
aestivum L.) – spring oilseed rape (Brasica napus L.) – spring barley (Hordeum vulgare L.), which was spread over space and time.
Cover crops were grown as follows: before field pea – a mixture
of white mustard (Sinapis alba L.) and oilseed radish (Raphanus
sativus L.), before spring oilseed rape – a mixture of field pea
(Pisum sativum L. (Partim), common vetch (Vicia sativa L.) and
blue lupine (Lupinus angustifolius L.), and before spring barley
– oat (Avena sativa L.). The pre-crop straw was chopped during
harvesting and incorporated into the soil at 6–8 cm depth; postharvest cover crops were sown after stubble cultivation. Lime
sludge (calcium (CaO – 28,9%) containing waste from sugar industry), (7.0 Mg ha–1) was incorporated three times for spring
crops during the first stage of experiment (2007–2010) and once
for spring barley in the second stage of experiment (2011–2014).
Cover crop for winter mulch was left without any tillage in the
autumn and its frost-killed residues covered the soil. All rotational crops were fertilized with N30P90K60 (calculated as P2O5 and
K2O) before sowing. Nitrogen (N), phosphorus (P) and potassium
was used as various particles of complex fertilizers. In spring
the field pea was fertilized at N30 rate, winter wheat – N120, spring
oilseed rape – N120, and spring barley – N60; for winter wheat and
spring oilseed rape N fertilizers were given in two times. The
field trial was laid out in a randomized single row design with
four replicates. Each tilled sub-plot size was 16 x 5 = 80 m2, of
which 13 x 2.3 = 29.9 m2 was harvested.
The soil samples were collected annually after the main
crop harvest, eight sub-samples per plot were taken randomly
with a steel auger, and each soil sample core was separated into
0–10, 10–20 and 20–30 cm depth and combined across sub-samples by depth for each plot. All samples were air-dried, visible
plant residues were removed manually, then samples were
crushed and sieved through a 2-mm sieve. For the analysis of
SOC, total nitrogen (N), phosphorus (P) and potassium (K) con-
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tent an aliquot of the samples was passed through a 0.25-mm
sieve. Soil pH was determined by potentiometric method in
1 mol·dm–3 KCl (soil to solution ratio 1:2.5). The content of SOC
was determined by spectrophotometric measure procedure at
the wavelength of 590 nm using glucose as a standard after wet
combustion according to Nikitin (1999). Total N (Ntot) content
was determined by the Kjeldahl method using spectrophotometric measure procedure at the wavelength of 655 nm. The
content of total P (Ptot) was determined using spectrophotometric measure procedure at the wavelength of 430 nm and content of total K (Ktot) using flame atomic absorption spectroscopy
measurement after wet digestion procedure with sulphuric
acid. Plant available contents of phosphorus and potassium
were measured by the same procedures though after extraction
according Egner-Riehm-Domingo (A–L) method. Stratification
ratios were calculated from soil properties at 0–10 cm divided
by those at 20–30 cm.
The statistical evaluation of the data was performed using
SAS Enterprice 7.1 software package. The experimental data for
all soil parameters were reported as mean from three replicates
from the years 2016–2017, and were statistically processed by
one-way analysis of variance (ANOVA) procedure. Significant
differences among treatment averages were assessed by Fisher’s
protected (LSD) test with 95% probability level (p ≤ 0.05).

3.

Results and discussion

The data presented in Table 1 shows that the reduction of
tillage intensity had no obvious effect on soil pH. However, reduced tillage combined with additional measures increased soil
pH, and only the use of lime sludge significantly increased soil
pH in all soil layers compared to DP treatment. This measure
was used three times during the period 2006–2014 to improve
soil physical properties and structure, but the soil acidity in the
plough layer reached the level of neutral and slightly alkaline
soils (pH = 7.2) and the upper value of the optimum pH range
for agricultural crops (Velykis and Satkus, 2018). The residual
effect of lime sludge without further insertion was investigated
in this research.
Reduced tillage and applications of organic and inorganic
amendments, except for the SP treatment, had a significant effect on the SOC content, compared with control DP treatment
(Table 1) in the upper soil layer. DP resulted in the lowest SOC
content (12.82 g kg–1) in 0–10 cm layer; meanwhile PT+GM resulted in the highest SOC content – 14.85 g kg–1. Under the influence of the SOC amount in the 0–10 cm layer, the treatments
can be arranged in the following sequence: PT+GM > NT+WM >
PT+LS > PT > ST > DP. Incorporation of amendments of different
origin in combination with reduced tillage had a more noticeable effect than just reduction of tillage. SOC content in 10–20
and 20–30 cm soil layers was significantly lower in all reduced
tillage treatments compared to DP (except for SP treatment in
10–20 cm layer) due to accumulation of plant residues on the
soil surface and their slow degradation. The sustainability of
the soil ecosystem is illustrated by the stratification of the SOC
in a vertical profile, i.e. the ratio between the SOC content in the
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of 0–10 and 20–30 cm layers. Scientists from different countries
stated that the stratification ratio of SOC from 1.5 and more describes the good quality of the soil plough layer (Franzluebbers,
2002; Yang et al., 2008; Liaudanskiene et al., 2010). According
to our research, the stratification ratio of SOC in the PT+LS and
NT+WM treatments was 1.69, and in PT+GM – 1.8, while in DP
it was only 1.22.
Nitrogen (N) is known to be the most limiting element for
plant growth in the temperate climate. The main reservoir of N
in soil is SOM, and Ntot content strongly correlated with SOC content (Tripolskaja and Šidlauskas, 2010; Rutkowska and Pikuła,
2013). The distribution of Ntot in different soil layers is analogous
to the distribution of SOC. Reduced tillage and applications of
amendments increased the amount of Ntot in 0–10 cm layer, but
substantially more Ntot was found only in PT+GM and NT+WM
treatments respectively 1.77 and 1.81 g kg–1, compared to 1.55 g
kg–1 in DP. This increase was determined probably by the high
amount of plant residues from the green manure and mulch.
The post-harvest catch crops for green manure and aboveground biomass of catch crops for mulching are a source of organic matter that mineralizes and forms mobile N compounds,
which are fixed in soil organic-mineral complexes. The lower
compared with SOC stratification ratios of Ntot, which ranges
from 1.11 in DP to 1.37 in PT+GM, can be explained by the fact

that ammonium and nitrate compounds formed by mineralization are very mobile and moving down the soil profile, while the
C compounds are less mobile.
Carbon and nitrogen are essential elements describing the
status of the soil, especially their proportion called C/N ratio.
The intensity of SOM decomposition and its nature in the soil
are determined by the C/N ratio, and this relationship determines the SOM’s efficiency to improve the soil structure and,
at the same time, promotes C sequestration. The high C/N ratio
determines the long turnover time of SOM and improves soil aggregation (Hagedorn et al., 2003), while the low C/N ratio shows
that SOM is rapidly degradable and its effect on soil structure
improvement is minimal. It is accepted that the optimal C/N ratio is around 10. We found C/N ratio ranged from 8.02 to 8.77
in the upper 0–10 cm soil layer, and from 6.35 to 7.55 – in the
bottom 20–30 cm layer (Table 1). The C/N ratio decreased with
depth in clay loam soil, and this trend indicates absorption of N
by clay particles in the deeper layers. Moreover, this is in line
with Brady and Weil’s (2010) findings that C/N ratio in arable
surface commonly ranges from 8 to 15, and is generally lower within soil profile. The C/N ratio was higher in PT+LS and
PT+GM treatments compared to DP, therefore, it can be stated
that the insertion of lime sludge and green manure contributed
to the improvement of soil structure.

Table 1
Soil pH, organic carbon and total nitrogen content (mean data 2016–2017)
Treatment

Deep ploughing
(DP)

Shallow ploughing
(SP)

Ploughless tillage
(PT)

Ploughless tillage with lime sludge
(PT+LS)

Ploughless tillage with green manure
(PT+GM)

No-tillage with winter mulch
(NT+WM)

LSD0.05

SOC

Ntot

Layer, cm

pH

0–10

6.0

12.8

1.5

8.3

10–20

6.2

12.9

1.5

8.1

20–30

6.3

10.4

1.3

7.5

0–10

6.0

13.3

1.6

8.2

10–20

6.2

12.6

1.5

8.2

20–30

6.4

8.7

1.3

6.7

0–10

6.0

13.6

1.6

8.3

10–20

6.2

11.9

1.5

7.8

20–30

6.3

9.8

1.3

7.1

0–10

7.0

14.4

1.6

8.7

10–20

7.1

12.1

1.5

7.7

20–30

6.7

8.5

1.3

6.5

0–10

6.2

14.8

1.7

8.4

10–20

6.4

12.2

1.5

7.7

20–30

6.6

8.2

1.2

6.3

0–10

6.2

14.4

1.8

8.0

10–20

6.3

11.9

1.5

7.7

20–30

6.5

8.5

1.2

6.8

0–10

0.2

0.8

0.1

10–20

0.1

0.5

0.1

g kg

-1

C/N
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Soil Ptot is major indicator of soil fertility and quality, because phosphorus plays a key role in plant metabolism, structure
and energy transformation. Since intensive tillage promotes the
destruction of SOM, the formed bonds between SOM and P or P
and clay-organic complexes are destroyed, and this significantly
decreases the amount of Ptot in soil – the lowest amount in 0–10
cm layer was determined in DP (0.55 g kg–1) (Table 2). Higher
content of Ptot in the 0–10 cm layer was governed by the influence of SOC on P sorption process; as the SOC content decreases,
the amount of Ptot decreases as well (Debicka et al., 2016). SOC is
that soil constituent which increased P binding and restricted
P leaching. The application of green manure and mulch as well
as lime sludge significantly increased the content of Ptot in the
upper soil layer. Some researchers have identified a tendency
of Ptot content decrease with depth (Fotyma et al., 2013; Jokubauskaite et al., 2015; Debicka et al., 2016), and our results have
confirmed this. This distribution is determined by the poor mobility of phosphorus compounds due to the large reactivity of
phosphate ions to soil constituents. The accumulation of Ptot was
influenced not only by SOC, but also by other specific properties
such as soil pH. The data suggests that accumulation of Ptot in the
0–10 cm layer depends on the soil acidity: Ptot content was higher
in soil with pHKCl level of 7.04 (PT+LS), 6.29 (PT+GM) and 6.22
(NT+WM) compared to pH 6.07 in DP.

While the large proportion of Ptot in soil is more or less
strongly related by soil minerals or SOM, the mobility of P compounds is ten time less than mobility of N or K compounds due
to the large reactivity of phosphate ions. It is known that the
higher solubility and plant availability of P compounds occurs in
slightly acidic or nearly to neutral soils. This is confirmed by our
results; the highest amount of plant available P (P2O5) content
was determined in PT+LS treatment in 0–10 cm layer, whose pH
reached a neutral reaction (7.04).
Potassium (K) is the only essential plant nutrient that is not
a constituent of any plant parts, but this element plays a vital
role in plant water and energy relations, translocations of assimilates, photosynthesis, protein and starch synthesis and enzyme activation etc. The major source of K for plants in soils is
from clay minerals (Barre et al., 2008; Velde and Baree, 2010).
The average concentration of Ktot in mineral soils is 1.4%, ranging between 0.1 and 4% (Scherer et al., 2003; Fotyma et al., 2013).
Our study indicates that the K content in clay loam soil varied
from 0.9 to 1.04%. Irrespective of the applied tillage and additional measures, the topsoil showed lower Ktot that 20–30 cm soil
layer indicating pedochemical nature of K in soil.
Only a small part of K is present in a form readily available for plant uptake, usually about 1–2% of the Ktot (Scherer et
al., 2003), in our case plant available potassium (K2O) is about

Table 2
Total and plant available phosphorus and potassium content in soil (mean data 2016–2017)
Treatment

Deep ploughing
(DP)

Shallow ploughing
(SP)

Ploughless tillage
(PT)

Ploughless tillage with lime sludge
(PT+LS)

Ploughless tillage with green manure
(PT+GM)

No-tillage with winter mulch
(NT+WM)

LSD0.05
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Layer, cm

Ktot

Ptot
g kg

-1

Pavailable

Kavailable

P2O5 mg kg

K2O mg kg-1

-1

0–10

0.5

9.2

154.7

375.7

10–20

0.5

9.0

144.0

363.8

20–30

0.5

9.4

133.3

326.6

0–10

0.5

9.3

161.2

379.6

10–20

0.5

9.3

129.4

357.6

20–30

0.4

10.4

101.0

249.7

0–10

0.5

9.6

159.5

397.2

10–20

0.4

9.4

110.8

284.5

20–30

0.4

9.9

91.2

247.7

0–10

0.6

9.6

204.5

426.6

10–20

0.5

9.4

126.5

332.5

20–30

0.4

10.2

97.1

262.1

0–10

0.6

9.1

182.8

457.6

10–20

0.5

9.4

110.4

326.3

20–30

0.4

10.1

96.6

252.5

0–10

0.6

9.6

145.4

441.2

10–20

0.5

9.5

122.9

304.2

20–30

0.4

10.2

105.6

262.9

0–10

0.04

1.0

21.8

45.1

10–20

0.04

0.9

24.6

44.3

20–30

0.05

0.7

24.3

38.2
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2%. The highest amounts of K2O were found in 0–10 cm layer
in treatments with additional improvement measures 426.6 in
PT+LS, 457.6 in PT+GM, and 441.2 mg kg–1 in NT+WM, and these
amounts were significantly higher compared to 375.4 mg kg–1 in
DP treatment.

4.

Conclusions

1.

Ploughless tillage and its combinations with lime sludge
and green manure as well as mulch without autumn tillage
significantly increased soil organic carbon content in the
0–10 cm layer but decreased in 10–20 and 20–30 cm layers.
All investigated reduced tillage systems increased total nitrogen content in 0–10 cm layer but only the influence of
cover crops for green manure and mulch was significant.
Incorporation of lime sludge, green manure and mulch led
to a substantial increase in total and plant available phosphorus, plant available potassium content in 0–10 cm soil
layer.
The stratification of organic carbon and macronutrients in
clay loam was the least with deep ploughing.

2.

3.

4.
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