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Abstract: The degradation of soils is due to a combination of factors. One of them is the annual deep
plowing. In this way the soil is left exposed to the vagaries of nature for a few months. Precipitation
presented by the rain drops and their energy, destroys the soil structure and activates anthropogenic
erosion processes. With intensive tillage, involving reversing of the plow layer, a number of processes are
initiated, leading to oxidizing and burning of organic matter and, hence, to its continuous decrease. The
extensive use of large quantities of mineral fertilizers and the additional commercialization of crop
rotation also have a negative effect in the form of soil degradation. With the purpose of reducing the
number of passages of tractor units on the field surface, a new type of tillage is proposed, without
reversal of the plow layer, but with retaining a large part of the plant residue on the surface instead.
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Materials and method

According to some research, the perennial grasses create good
conditions for soil structuring while the annual crops do not have a
positive effect on it. The different influence of perennials and
annual crops on the soil structure is due not only to the biological
characteristics of the plants, but also to the type of tillage that
precedes and/or accompanies them.

Due to the fact that the fields with perennials are not plowed
every year, the organic matter from the plant residues decomposes
under anaerobic conditions, thus improving the soil structure. A
new organic substance is formed (humus), which connects the
mechanical soil particles in structured aggregates.

With the annual deep plowing of annual crops, the root mass of
plants decomposes in the presence of anaerobic organisms leads to
its complete mineralization, but without the formation of humus.
Therefore, the first task is to create such conditions that will favor
the formation of organic matter with the annual (row) crops.

In practice, this can be achieved by changing the type of tillage
and creating anaerobic conditions for decomposition of the root
system, similar to those of decomposition of organic perennial grass
residue. With deep plowing, about 40% of the volume of plowed
soil is mixed and enriched with oxygen. With subsoiling of the
whole area, this percentage is about 16%. An essential feature of the
construction of these machines is treatment of the whole surface,
with plant residues remaining on the surface between 2 and 14%.

There exists a great variety of machines, working with soil
layer reversal (plows), as well as those that work without such a
reversal (subsoilers, rippers), which till the whole area. To reduce
the number of passages on the soil surface and the tillage, we can
successfully apply the strip till machine, Fig.1.
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Fig 1. Strip till machine.

Such machines are already in use in the USA with great
success, and in Europe they are being tested in Germany and
Bulgaria. Experiments with such a strip till machine are actively
being carried out at the University of Rise “Angel Kanchev”. To
this construction has been added a unit for introducing mineral
fertilizers, developed here, Fig.2.

Technical characteristics of the machine:

e  Working width 4,2, m
Number of rows tilled simultaneously — 6
Tilling depth — stepless up to 0.60 m
Optimal tilling depth — 0.25-0.45 m
Required power of the energy machine - from 40 to 60
hp/working body, depending on the tilling depth and the
soil density
e Width of the strips tilled — 0.35 m

Percentage (%) of plant residue on the soil surface — 48 -

53%

e  Working speed — 7-11 km/h
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Fig. 2. Strip till machine with a possibility for mineral
fertilizer introduction, depending on the tilling depth
set

Conducting the field experiments

The field experiments have been conducted in different
farmers’ fields, whose soils have various physical and mechanical
properties, (Fig.3)
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Fig.3. Amap of field expenr”itheths conducted

The methods of field experiments have been agreed on with
PIONEER (DuPont) and YARA, and the experiments have been
conducted after the diagram presented on Fig. 4.
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Fig. 4. Diagram of demonstrated experiments in
the villages of Lozenets, Krushari Minicipality,
Dobrich Region, agreed on with PIONEER and YARA

The unit for introduction of fertilizers with the strip till
machine allows the introduction of both identical and different
fertilizer doses in every three rows tilled. According to the methods

adopted, when the machine is adjusted at a certain depth, the unit
for introducing fertilizers is respectively adjusted so that it would
introduce 25 kg/dka mineral fertilizer in the first three rows and 20
kg/dka — in the remaining three rows. Example: According to Fig.4,
the fields marked as columns 4 to 7, are tilled simultaneously at a
depth of 0,35 m. Each of them has 6 rows. In the first three rows of
each strip (4, 5, 6 and 7) the mineral fertilizer dose is 25 kg/dka, and
in the other three rows (of the same strips 4,5,6 and 7) — the mineral
fertilizer dose is 20 kg/dka.

In the spring of 2016, on the so tilled area in fields 4 and 5 two
identical corn (or sunflower) varieties will be sown, marked as 1
and 1’ with a six-row classic seeder, placing the seeds in a row with
a certain density of sowing. Nitrogen fertilizers will be introduced
during the planting in the required quantities.

In the fields marked 6 and 7, the soil is tilled to the same depth
(0,35 m) and the same varieties 1 and 1’(of corn or sunflower) will
be sown, but with a six-row seeder, placing the seeds in two
staggered rows.

Nitrogen fertilizers will be introduced during the sowing in the
required quantities. The choice of varieties will be made by the
representative of PIONEER.

The area tilled for the sowing of variety 1 — 0,484 ha.

When the strip till machine leaves field 7, it will be adjusted
for depth of tilling 0,25 m. The same activities of stripping,
introducing of mineral fertilizers and sowing will be repeated.

Parallel to the field, tilled by the strip till machine, similar
experiments will be conducted, including primary tillage by
plowing, ceteris paribus, such as mineral nutrition, plant protection,
sowing rate, etc. (Fig. 4). Next to them a parallel experiment with
Horsh Tiger subsoiler will be held, but without introducing mineral
fertilizer in the soil, Fig. 8, Fig.9.

Equipment used

In essence, the equipment used to conduct the field
experiments is unique. Advanced power generating machines are
used, equipped with the latest achievements of automated guidance
field systems TRIMBLE. The soil hardness gauge, measuring the
data at every 1 cm, allows for wide application and interpretation of
the data obtained. The same holds true for the remaining equipment.

Table 1.Equipment used for field experiments with strip
till machine

143 m

No: Description of Brand Notes
equipment

1 Tractor, equipped with ST
three-point linkage and Fendt, 270 | ,,Renaissance”,
navigation (GPS) system | hp hendov XXennos
for automatic guidance
,1rimble”

2 Tractor, equipped with
three-point linkage and CASE, “Lazarov 6” LtD
navigation (GPS) system | 340 hp
for automatic guidance
»Trimble”

3 Strip till machine with a
unit for introducing R 320 UR,.A.
mineral fertilizers in the Kanchev”
adjusted depth of the
tines

4 Mineral fertilizers, NPK YARA

5 Soil hardness meter for UR LA.
measuring soil hardness Kanchev”
in the range of 0-80 cm
recording the data every
lcm

6 Hygrometer for UR ,A.
determining soil Kanchev”
humidity
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7 Analogue soil hardness UR ,A.
meter for comparative Kanchev”
determining the soil
hardness

8 Portable set for express
measuring of the nutrient UR ,,A.
content, pH and organic Kanchev”
matter in the soil

9 Scales for measuring the UR ,A.
mass of plant residue per Kanchev”
unit area

10 Tape measure, poles - UR ,,A.

Kanchev”

11 Camcorder for filming UR ,A.

the experiments Kanchev”
PIONEER

12 Drone for filming the PIONEER
field from a height

13 Truck for transporting UR ,A.
the equipment Kanchev”

Preconditions:

e  Climatic conditions — continental steppe.

Soil type - Low Haplustoll. Profile — characterized by
well-formed humus, xapakrepusupa ce ¢ moGpe
ohopmenu xymyceH, transitional and carbonate horizons;
Mechanical structure — sandy clay to slightly clayey.
Structure of soil aggregates - atomized;

The area chosen is flat, aclinic;

Direction of tillage — east-west;

Previous crop — wheat;

State of field: Stubble without pretreatment;

Height of harvest — 0.15 — 0.20 m;

Presence of plant residue: - scattered on the soil surface
by the cutters of the harvesters, with accumulation of
larger quantities, due to stopping for unloading, etc.

qbuig. 5. State of the field after reeated passage
of heavy machinery

Conducting the experiments

Measurements before passing of the strip till machine over
the soil surface

e  Adjusting the tillage depth to 0.35 m;

e  Absolute soil humidity — 17 %;

e Soil density before tilling in the range of 0.01 to 0.80 m
(before passing of the strip till machine) — 1,62 t/m?; (Fig.

6).

e Heavy soil compaction observed at the depth of 0.18 to
0.43 m.

e Thickness of plant residue layer on the soil surface —
0.04-0.06 m;
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e Degree of uniform dispersion on the soil surface — 84-

97%;
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Fig.6. Diagram of soil hardness after harvesting of
production

The measurements conducted show that the soil hardness
grows up to 3.2 MPa at the first 0.08 m of depth and this value is
preserved to about 0.16 m. After that it rises sharply and at 0.18 m
of depth it reaches values of 4.7-4.8 MPa, which are preserved to
the depth of 0.42 m. Consequently, in the range of 0.18-0.42 m
there is an over-compacted soil horizon, which hampers the
development of the plants in real conditions.

Results from measurements after the passage of the
machine on the soil surface

The summarized results after the passage of the strip till
machine show that there is a considerable improvement of the
physical and mechanical properties of the soil, (Fig.7). In the depth
of tillage resistance decreases to 0.7-0.8 MPa.

After tillage, bigger values of resistance in the strips tilled
(max 4,2 MPa), are observed at a depth of 0,48-0,53 m.

Where the plot is not tilled, i.e. in the strips with plant residue,
a reduction of the resistance is also observed at the depth of 0,48 -
0,42 m. In these strips macro cracks are formed, which help
improve the water and air regime of the soil.
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Fig. 7. Pivot table of soil resistance before and after
passing of the strip till machine
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COMPARATIVE STUDY WITH RIPPER FUSION
TILLER

An experiment was conducted with Horsh Tiger ripper with 5
tines, working the full width of the front (Fig.8) with simultaneous

4 | Degree of
formation of 95 95-97 %
strips from
the plant
residue

alignment of the area tilled, Fig. 9. The results from the
measurements are shown in Table 2.
i | B, i

5 | Soil density 1.1-1.2
in the strips 1,1-1,2 t/m?
of the
cultivated soil
layer

6 | Soil density 1,28-1,34 | 1.25-1.29 t/m®
in the
uncultivated
strips

7 | Subsoil 1,54 1.50 t/m*
density

8 | Skidding of 12-14 6-8 %
the chassis at
a work depth
of 35cm

9 | Introducing 12,50 10,0 kg/dka
mineral
fertilizers in
the tillage
depth

10 | Percentage of
the surface 51-53 51-53 %
soil, covered
with plant
residue after
tillage

11 Area of the 0,4804 0,4804 ha
experiment
conducted

I

@Fig.9. Ser and soil aligner Wlt hydraulic |

12 | Quality of the
strips formed 5 5-6 -

(on a scale
from 2 to 6)

pressure on the frame of the aligner.

During this kind of tillage the percentage of plant residue, left
on the soil surface is about 8%.

The measurements conducted show that in soil that has not
been tilled, the highest values measured at the penetration of a solid
body have been measured in the range of 0.18 — 0.43 m, more
specifically, from 3,8 to 4,3 MPa, wherein the soil compaction is in
the range of 1,62 t/m®. After the passage of the ripper the soil
compaction changes drastically, falling to 1.1 — 1.2 t/m?, (Table 2).

Table 2. Results from the measurements after the
passage of the machine over the soil surface

Indicators Values Units
No: of
measur
ing
First Second
experiment | experiment
1 | Depth of 0,35 0,25 m
tillage
2 | Working 7-8 10-11 km/h
speed
3 | Fuel 2,6--2,8 1.8-1.9 kg/dka
consumption
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Due to the heavy soil compaction and the strong tractive
resistance, it is not possible for the machine to work at a depth
bigger than 0.35 m on its first passing. In this case, in the 0.35 —
0.45 m range a compacted zone still remains, Fig.10. Similar
compaction values are characteristic for most soils, which have not
undergone any loosening of the subsoil. After the loosening, the
compaction decreases significantly, reaching values of 1.1 — 1.2
t/m® in the cultivated strips, Table 3.

Gradually, with increasing the tillage depth in the subsequent
years and when the depth of tillage reaches 0.45 — 0.50 m, it will be
possible for the root system to have normal development in a
sufficient volume of soil.
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Fig. 10. Soil hardness values measured after the
passing of the strip till machine

The following conclusions stand out for the work of the strip
till machine at a depth of 0,35 m:

e The machine works very well on plots where the
harvesters have spread the plant residues evenly on the
soil surface, (Fig.11, Fig. 12, Fig. 13). Evaluation grade
on the quality scale — 5.

e At low speed of movement accumulation of plant residue
before the second discs is observed in the cases, when the
harvesters have stopped for unloading and a big quantity
of plant mass has accumulate at one place. In such cases,
it is advisable to walk through the plot and such
accumulations to be dispersed, Fig. 13 Evaluation grade
on the quality scale - 4.

e In the experiments conducted at a depth of 0,25 m the
stripper works well on plots, where the harvesters have
spread the plant residue evenly on the soil surface.

e Due to the higher speed, plant residue is hardly
accumulated before the second discs in the cases, when
harvesters have stopped for unloading and a big quantity
of plant mass has accumulated at one place.

Wt a5 A
Fig. 11. Strip till machlne at work. Worklng at a depth
of 35 em. Introducing of mineral fertilizers according
to the tillage depth set

e

Fig. 12. Field tilled with a strip tiIIin machine, with
mineral fertilizers introduced. Accumulation of plant
residue due to stopping of harvesters

Fig.13. Field tilled with a strip tilling machine, with
mineral fertilizers introduced. This type of tillage is
appropriate also for slopes with well-expressed snow-
water retention effect

For soils with severely damaged physical and mechanical
structure such as those in the village of Cherven, Ruse Region, a
special adjustment of the tines must be performed. The soil density
after the passing of the stripper decreases to 1,2 -1,4 t/m?, which is
an indicator of quality performance. At the depth of 0,25 m, when
the working speed is higher, the density decreases even more. The
results from the measurements are shown in Table 4.

Table 3. Results from the measurements after the
passage of the machine over the soil surface

Indicators Values Units
No: of
measur
ing
First Second
experiment | experiment
1 | Depth of 0,35 0,25 m
tillage
2 | Working speed 7-8 9-11 km/h
3 | Fuel 3,6-4,2 29-3,6 kg/dka
consumption
4 | Degree of
formation of 90 92-93 %
strips from the
plant residue
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5 | Soil density in 12-13
the strips of
the cultivated

soil layer

1,2-1,4 t/m®

Soil density in 1.27-1.33 t/m®
the
uncultivated

strips

1,29-1,36

Subsoil t/m®

density

1,54 1,59

Skidding of
the chassis at a
work depth of
35¢cm

11-13 %

Introducing 25,00 20,00
mineral
fertilizers in
the tillage

depth

kg/dka

10 | Percentage of
the surface
soil, covered
with plant
residue after

tillage

48-51 49-51 %

11 Area of the ha
experiment

conducted

0,4804 0,4804

12 | Quality of the
strips formed
(on ascale

from 2 to 6)

The machine works well on plots, where the harvesters have
spread evenly the plant residues over the soil surface.

At low speeds of movement, breaking up of the compacted soil
layer into large soil aggregates with a size of 0.18 — 0.25 m has been
observed. In such cases the last tines need to be adjusted for heavy
duty work.

Comparing the tillage technologies

For classical wheat tillage (disking) the machine passes over
the soil surface 5-6 times, leaving up to 10% plant residue, which
would preserve the soil from degradation.

The technologies used in the USA for soil preservation show a
smaller number of passages — 4-5, leaving up to 30-33% of plant
residuepacrurennu ocratsuu. The technology of the University of
Ruse has yielded the same results.
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Fig. 14. Comparing the various tillage technologies
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With the classical tillage for row crops, mainly corn and
sunflower, a large number of passages is observed — around 10, the
percentage of plant residues is 2-3. The technologies applied in the
USA have 5-7 passages, but the percentage of plant residues is over
20. At the same time, when using the strip till machine from the
technological complex of machines that belongs to the University of
Ruse “Angel Kanchev”, the number of passages is 3-4, and the
percentage of plant residues left on the soil surface — 37.

Snow-retentive the

tillage technology

capacity of strip

The first snowfall shows another advantage of strip tilling. The
strips of plant residues left on the soil surface show snow-retentive
and snow-accumulating effect, Fig. 15. The thickness of snow cover
in the strips is 0.18 m while in the vicinity, where there isn’t snow
micro retention, its depth is 0.12 m.

Fig. 15. Snow-retentive capacity of the strip tillage
technology

Conclusions

The advantages of strip tilling to deep plowing are as follows:

1. Creating conditions for the formation of organic matter.
Through changing the type of tilling and creating
anaerobic conditions for decomposition of the root system
and the plant mass introduced into the soil, the organic
substance humus is formed in the same way as with the
decomposition of organic matter, left by perennial
grasses.

2. Reduced number of tillages. When working with strip till
machines, there is one-time passing over the soil surface
only. With the classical way of tilling for row crop
growing, four or five passages are necessary.

3. It is possible to introduce minerals and/or organic
fertilizers directly into the depth of the soil layer tilled, for
better decomposition. With the classical way of tilling, the
minerals and organic fertilizers are spread on the soil
surface and then plowed into the subsoil.

4. There is a reduced risk of water and wind erosion when
growing row crops on sloped terrains. The availability of
sufficient plant residues on the soil surface and their
formation into strips help the water retention at the point
of its fall and its movement in the soil. It leads to reducing
the surface runoff.

5. Possibility for increasing the water retentive and water
absorptive capacity of the soil. The presence of plant
residues on the soil surface (over 52%) decreases the
kinetic energy of water drops when they meet the soil and
protect soil aggregates from destruction. The presence of
macro cracks in the deeply tilled soil layer allows the
water to move through the soil and to fill the empty
spaces. No crust is formed on the soil surface.

6. There is greater snow-retentive capacity along the whole
area tilled. The plant residue strips form ridges and
troughs with a height of about 20 cm and width of 30 cm.
In this way, the speed of air close to the soil surface is
almost nil. The fallen snow settles and accumulates
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evenly on the soil surface. The bigger part of arable land
in Bulgaria are not surrounded by wind-belts.
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