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Abstract

Plastic mulch provides a range of benefits including helping modulate soil temperature, reduce soil erosion, evaporation,
fertilizer leaching and weed problems and increasing the quality and yields of the product. But when the crops are harvested,
plastic mulch needs to be removed from the ground for disposal. Otherwise, these wastes are mixed with the soil and have
a negative impact on yields by reducing the access of nutrients and moisture in the soil. The purpose of the current study is,
therefore, to propose a roller for plastic mulch retriever which is applicable when the crops are harvested, and the plastic
mulch needs to be removed from the ground for disposal. The winding mechanism of the plastic mulch retriever performs
the main function and must have the high-quality performance of the winding operation in the removal technology. Research
based on requirements of tensile strength test method and changes of strength characteristics of plastic mulch from various
factors under natural conditions. The coefficient of compaction of the used plastic mulch (Kr), was the ratio of the diameter
of the standard plastic mulch which was wound in the factory to the diameter of the used plastic mulch during the winding.

Key words: compaction, microclimatic conditions, mulch retriever, plastic mulch, polymer degradation

INTRODUCTION Besides that, plastic mulch maintains a temperature of
the soil at night and during the cultivation period. The

Plastic mulch was first mentioned noted in the 1950s of colour of the plastic mulch effects on the temperature and

the last century due to its ability to increase the temperature
of the soil [DIVYA, SARKAR 2019]. Interaction of plastic
mulch with solar radiation has a direct effect on the temper-
ature of the soil covered because of its heating properties,
such as absorption, reflection, and flow capacity [KHA-
zIMOV et al. 2014; 2018]. Plastic mulch provides a range of
benefits like modulating soil temperature, reducing soil ero-
sion, evaporation, fertilizer leaching and weed problems and
increase product quality and yields.

humidity conditions of the soil and on the microclimate of
the ground air that should be taken into consideration when
applying in different climatic zones [JUAN et al. 2013; KHA-
zIMOV et al. 2018; LAMONT 2017].

Discovery of polymer materials made a breakthrough in
irrigation systems development, allowed to increase yields
by 50%, save water by 40%, and even growing crops in de-
sert conditions [VAN DER Koo et al. 2013].
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In recent decades, use of plastic mulch has increased
production of tomatoes, peppers, eggplants, watermelons,
melons, cucumbers, pumpkins, and other vegetables [CHU-
PINA et al. 2020; GALCZYNSKA et al. 2019]. With the emer-
gence of modern technologies by the production of the pol-
ymer materials, which reduced production costs. Which
generally plays an important role in crop production. But
when the crops are harvested, the plastic mulch needs to be
removed from the ground for disposal. Otherwise, these
wastes are mixed with soil and have a negative impact on
yields reducing delivery of nutrients and moisture into the
soil [GAO et al. 2019; HE et al. 2018].

Research in increasing the effectiveness of biodegrada-
ble material has grown considerably in recent years. But the
use of a biodegradable material as a mulch has a strong neg-
ative impact on plant growth and soil structure by penetrat-
ing into the soil after decomposition [QI et al. 2018; 2020].
Based on this, the use of biodegradable material as mulch is
not acceptable due to the negative impact on the composi-
tion of the soil after decomposition.

By using plastic mulch over larger areas, removing the
plastic mulch after the post-harvest of vegetables is highly
labour-intensive. CARNELL [1978] and KASIRAJAN et al.
[2012] describe four main ways to disposing plastic mulch,
such as burning, physically removing, removing, and stor-
ing of plastic mulch.

For farmers, burning of plastic mulch in the field with
burners is considered more profitable. Because burning re-
quires no additional resources for collection, transportation
and disposal. But during combustion, the plastic film does
not burn completely because of low combustion temperature
(200-315°C) and about 10% of the plastic mulch embedded
in the ground. The burners also require a propane tank,
which adds to both the financial and environmental cost. In-
cineration of plastic mulch produces hazardous fumes and
needs environmental controls [KASIRAJAN et al. 2012].
Thus, the removing of plastic mulch is important benefits
that exist in the area of waste management. The majority of
plastic mulch removal is often done by hand and is labour
and time-intensive about 64 man-hours per ha [GAO et al.
2019; KHAZIMOV et al. 2019].

In addition, with the passage of time, the films lose their
strength and may break during the physically removing.
There are agricultural machines designed for this purpose
and available in a range of designs and are typically drawn
behind a powered vehicle [KHAZIMOV et al. 2019; RoccA
2012]. Plastic mulch retrievers are available in a range of
designs, the main features of which will now be discussed.

One drawback of some mulch retriever is that the un-
earthed mulch needs to be collected for disposal, which is
labour-intensive and inefficient because the unearthed
mulch remains strewn along the growing area.

In another plastic mulch retriever design [ROoCCA 2012],
the unearthed mulch is rolled onto a pair of aligned, rotating
rollers rotatably mounted toward a rear of the mulch re-
triever on a pair of longitudinal arms. An operator stands on
a platform to control the speed of rotation of the rollers to
be commensurate with the speed of the powered vehicle and
the rate at which the mulch is being unearthed. Once all of
the mulch has been retrieved, or the rollers are full, each arm

comprising one of the respective rollers is swung outwardly,
and the rollers separate about a substantially central point
allowing the retrieved mulch bundle wrapped around the
rollers to fall to the floor for disposal. One drawback of this
mulch retriever is that the operator stands on a platform to
control the speed of rotation of the rollers what is not safe
for the operator.

Also, the cost of the mulch retrievers is estimated in the
range from USD4 000 to USD24 000, i.e. the cost is very
high since they are used in a very short time during the year.

Once all of the mulch has been retrieved, or the rollers
are full, the retrieved mulch wrapped bundle for disposal oc-
cupy significantly more volume. Therefore, efficiency is af-
fected because more stops must be made to empty the rollers
than would be necessary. All of these can increase transpor-
tation costs by transportation to disposal. In order to elimi-
nate the remaining shortcomings at the Kazakh National
Agrarian University was designed a device for removing of
plastic mulch. This work was supported by the grant project
of the Ministry of Science and Education of the Republic of
Kazakhstan [KHAZIMOV et al. 2018; 2019].

At the first stage of the project, a designed experimental
sample of the new device for removing plastic mulch was
tested at the field in 2018.

At the field test, the designed experimental sample had
disadvantages of the drum roller mechanism for the winding
of the plastic mulch were revealed, such as low compaction
[KHAZIMOV et al. 2019].

In this regard, was modified the winding mechanism and
was made a laboratory device. Where was carried out a study
on the quality of winding of the used plastic mulch film?

MATERIALS AND METHODS

THE STRUCTURE AND WORKING PRINCIPLE
OF THE PLASTIC MULCH RETRIEVER

One known plastic mulch retriever [KHAZIMOV et al.
2019], comprises power take-off 1, cutting mechanism 2,
a pair of coulter wheels three which cut into the ground and
define a channel of ground from which the plastic mulch
will be retrieved, conveyor 5 mounted to the elongate side
members of the body rearward of the cutting elements with
belt drive from a pair of wheels are rotatably mounted to the
elongate side members, drum roller 6 for winding of plastic
mulch. Drawbacks of this mulch retriever are filling with the
drum roller after 50 m, long take-up of wounded plastic
mulch. Therefore, efficiency is affected because more stops
must be made to empty the rollers than would otherwise be
necessary. It is an object of the present invention to provide
a plastic mulch retriever that at least ameliorates one or more
of the aforementioned problems of the prior art or provides
consumers with a useful commercial alternative. According
to the agricultural requirements in the development of ma-
chinery, the new structure of the plastic mulch retriever is
shown in Figure 1. Plastic mulch retriever, comprises a pair
of wheels 1, a pair of coulter wheels 2, cutting mechanism 3
with power take-off 4, a conveyor 5 to engage the extracted
plastic mulch 6, and crop residues 7, a hydro motor 8, de-
signed new roller 9.
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Fig. 1. The structure of the plastic mulch retriever; 1-9 are
explained in the text in p. 86; source: own elaboration

The plastic mulch retriever in the working position is
supported by two pair of wheels 1 are rotatably mounted to
the elongate side members and a tractor attachment. The
cutting mechanism 3 can also comprise twelve or more sub-
stantially horizontally mounted cutting elements, which is
driven from the PTO 4 of the tractor. A conveyor 5 mounted
to the elongate side members of the body rearward of the
cutting elements to engage the extracted plastic mulch 6 and
crop residues 7. The conveyor 5 and designed roller device
9 are driven by a hydraulic motor 8 and a belt arrangement
that is concealed in or behind a housing for safety.

Since the objective is to study the parameters of the
winding process the plastic mulch and the development of
anew roller was conducted the following researches: the
changes of strength characteristics of plastic mulch from
various factors; determination of soil resistance during the
winding; the calculation of strength characteristics of PVC
pipe (bobbin) of the roller; compaction of the used plastic
mulch film on the roller.

RESEARCH OF THE CHANGES OF STRENGTH
CHARACTERISTICS OF PLASTIC MULCH FROM
VARIOUS FACTORS UNDER NATURAL CONDITIONS

As it, known polymers are used in agriculture, so it is
important for scientists and polymer producers to under-
stand the durability and expected lifespan of polymer prod-
ucts. Weather testing of plastic mulch is controlled polymer
degradation and polymer coating degradation under natural
conditions. The main environmental parameters influencing
the degradation of polymeric materials is daylight combined
with the effects of temperature, moisture and oxygen. This,
combined with the effects of wind and atmospheric gases
and pollutants [NEVEROV 2007; SAHNO et al. 2014]. Micro-
organisms can cause degradation in polymer systems
[SAHNO et al. 2014].

Weather testing of plastic mulch was to observe con-
trolled polymer degradation and polymer coating degrada-
tion under natural conditions. Weather testing of plastic
mulch involves placing samples on the field for planting of
vegetables oriented at the sun. Typically results in stiffening
and cracking, particularly under mechanical stress [KHA-
zIMOV et al. 2016; KRIZHANOVSKY et al. 2007; SMYSH-
LYAEVA 2007].

Results of changes in plastic mulch strength character-
istics depending on various factors under mechanical stress
were studied using the universal testing machine HUA

LONG WDW-0.05C (pdf.directindustry.com) and require-
ments tensile strength test method (GOST 14236-81). For
testing according to the standard of GOST 10354-82 poly-
ethylene films of two marks like ST (thickness 30 um, 50
um) and SM (thickness 80 um, 100 pm, black colour 100
um) were used.

Data processing of ultimate strength (o) in MPa was
carried out using the following formulas:
— tensile strength (o)

FmaX
O =4y (1)

— ultimate tensile strength (o)

.
o =4 @)
where: Fmax = the maximum stress that a material can with-
stand while being stretched (N); Fr = the maximum stress
before breaking (N); Ao = the cross-sectional area of the

specimen (mm?).

Elongation (¢) in percent was carried out using the fol-
lowing formulas:
— fracture elongation under tensile stress (&;)

g, = % 100 3)
— fracture elongation (er)
g = % 100 (4)

where: |y = the length of the sample (mm); lo, = changing
the calculated length of the sample by the ultimate strength
(mm); lor = changing the calculated length of the sample
by the rupture (mm).

The average values shall constitute the test results.

DETERMINATION OF SOIL RESISTANCE
DURING THE WINDING

Seedlings of tomato, pepper, eggplant and cabbage
were planted under the plastic mulch to determine the re-
sistance of the soil while removing the plastic mulch. Width
of plastic mulch was 500 mm, a thickness of 100 pm. Four
seedings per linear meter were planted.

A device for winding of plastic mulch 4 was developed
(Fig. 2), which comprises a frame 1, a shaft with a bobbin 2
for winding of plastic mulch, and an electronic torque
wrench 3 GROSS Model 14164.

The torque wrench fixed the maximum value of the
shaft torque while winding the plastic mulch. Measurements
were carried out in a five-fold repetition with overcoming
the resistance of residues of the cut plant, as well as without
them. The measurement was carried out at the planting sites
of tomato and pepper under the plastic mulch. The height of
the cut of the stems 5 from the field surface was 80—100 mm.
The resistance of the soil (R) during the winding was deter-
mined by dividing the torsion moment (M) of the torque
wrench by the radius (r) of the bobbin:

rR=Y (5)

r
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Fig. 2. Device for determining the soil resistance during winding: a) scheme, b) general view (phot. K. Khazimov);
1-5 are explained in the text in p. 87; source: own elaboration

The structure and working principle of the designed
roller for plastic mulch retriever. The geometric model of
the roller for plastic mulch retriever introduced into Auto
CAD Mechanical 2019 software was shown in Figure 3.

The designed roller for plastic mulch retriever
comprises drive pinion 10, friction clutch 11, the drive shaft
12, support 13 with a ball bearing 14 mounted at the frame,
mounted bobbin 15 between left and right cones 16. Left
cones have two blades 17, pusher 18 and not moveable
parallel to the longitudinal axis of the drive shaft 12. Right
cones comprise limiter 19 which is mounted to bracket 21
with a ball bearing 22 through the cotter pins 20. Moveable
shaft 23 with a ball bearing 24, arm 25 with spring
withdrawal 26.

The working principle of the roller for plastic mulch
retriever. As it, known plastic mulch wound onto a bobbin
(paper, PVC pipe) so as to form a reel. Bobbin remains at
the end of the planting as waste, which is likely to be
disposed of in landfills, incinerated, recycled, or remain as
waste in the environment. The designed device works in
conjunction with the bobbin remaining from the reel after
planting of vegetables. Figure 4 is a schematic side view
showing when cones separate, and the bundle of retrieved
mulch falls to the ground.

Bobbin 15 compresses between left and right cones 16.
Cranking of the bobbin 15 shall be stopped by blades 17.
The torque of the rotating part of the drum is received
through a belt transmission from the hydraulic motor 8 to
the drive pinion 10, then transmitted to the drive shaft 12
through the friction clutch 11 to the left cone, then trough
the bobbin 15, to the right cone and then to the right movable
shaft 23.

The arm 25 mounted to support with a ball bearing 24
and not moveable around to the longitudinal axis of the shaft
23. Limiter 19 which is mounted to bracket 21 with a ball
bearing 22 through the cotter pins 20 can move with the
shaft 23. If the mulch retriever is moving along at a constant
speed, as the diameter of the retrieved bundle of mulch
wrapped around the cones increases, the speed of rotation of
the rollers is reduced because of the friction clutch. The
friction clutch can also be safe a plastic mulch before
breaking.

After the unit (tractor with the retriever) stops and the
operator moves the handle 25 to the right, the movable shaft
23 moves to the right with the right cone relative to the
bracket 21 and the bundle using the spring mechanism 18
moves to the right until the limiter 19 and when cones
separate, and the bundle of retrieved mulch falls to the
ground.

25

Fig. 3. The geometric model of the designed roller for plastic mulch retriever;
10-26 are explained in the text in p. 88; source: own elaboration
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Plastic mulch wound onto a bobbin

Fig. 4. Bundle of retrieved mulch falls to the ground; 15, 18, 19, 21 and 25 are explained in text in p. 88;
source: own elaboration

The calculation of strength characteristics of PVC
pipe. Under the influence of the wound plastic mulch, tan-
gential stresses occur in the pipe, which tends to deform it.
Tangential stresses occur as a result of the tension of the
wound plastic mulch due to the resistance of the soil when
pulling the plastic mulch out of the soil. In order to verify
the stability and structure rationality of device, Inventor Pro-
fessional 2018 software was used to simulate: maximum
soil resistance during the winding; the maximum stress be-
fore breaking. Characteristics of the PVC pipe for calculat-
ing strength are shown in Table 1.

Table 1. Characteristics of PVC pipe for strength calculation

Parameter Value
Mass density 1.4 g-cm™
Yield stress 46.53 MPa
Ultimate tensile strength 52.36 MPa
Young's modulus 3400 MPa
Poisson ratio 0.4
Shear modulus 1214.29 MPa
Diameter 50 mm

Source: own elaboration

COMPACTION OF THE USED PLASTIC MULCH FILM
ON THE DESIGNED ROLLER

Well compacted mulch bundle reduces the transporta-
tion costs, where the cost is based on the mass and volume

of the bundle. Good compacted mulch bundle also reduces
commuting and freight transportation times. To simulate the
winding process was made the laboratory stand. Scheme and
general view of the stand shown in Figure 5 and comprises:
soil bins 1; mobile platform 2; frequency converters of mo-
tor 3; drive system of the platform 4; roller drive system 5;
frequency converters of roller drive system 6; belt drive 7;
designed roller 8; means for clamping the plastic mulch 9;
the bundle of retrieved mulch 10. The platform has the abil-
ity to move on the rail. The roller 8 was driven by an electric
motor of the roller drive system 5 via a belt drive 7. The
speed of the roller 8 is controlled via a frequency converter
6. The means for clamping 9 controlled the tension force of
plastic mulch during the winding.

During the winding, the speed of the roller was 90 rpm,
that corresponds to the average speed of the tractor (average
speed of the tractor MTZ — 82.1 equal 3 km'h™"). The tension
force of plastic mulch corresponded from 3 N to 135 N.

The coefficient of compaction of the used plastic mulch
(kre1) was the ratio of the diameter of the standard plastic
mulch (Dy) which was wound in the factory to the diameter of
the used plastic mulch (D) during the winding: ko) = Z—i.

In the research, plastic mulch was used, which were ex-
posed under natural conditions with a length of 100 m. The
diameter of the used plastic mulch was measured with five
times frequency.

2 345678

910

Fig. 5. The laboratory stand to simulate the winding process: a) scheme, b) general view (phot. A. Niyazbayev);
1-10 are explained in the text in p. 89; source: own elaboration
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FIELD TEST OF DESIGNED ROLLER RESULTS AND DISCUSSION

Test samples of the plastic mulch had a thickness of 30,
50, 80, 100 pm. And were laid on April 27, 2019, at the test
field of the Kazakh Research Institute of Potato and Vege-
tables, Almaty region, Karasay district, Kainar village. The
test field is 100 m long and 50 m wide.

RESULTS OF THE CHANGES OF STRENGTH
CHARACTERISTICS OF PLASTIC MULCH FROM
VARIOUS FACTORS UNDER NATURAL CONDITIONS

Weather testing showed that plastic mulch under natural
conditions changed the colour. Besides that, plastic mulch
had cracks. The brittle of polymeric materials with the ef-
fects of temperature increase. As it known brittle materials
absorb relatively little energy prior to fracture, even those of
high strength. The tensile strength of a plastic mulch under
natural conditions shown in Figures 6 and 7.
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These results indicate that the tensile strength of a plas-
tic mulch under natural conditions decreases. Figure 6
shows the results of changes in strength properties on dif-
ferent plastic mulch which are tested for 105 days. The re-
sults indicate that the tensile strength (o,) did not signifi-
cantly change in all samples. But the tensile strength of
some samples during the time was changed. After 80 days
of the experiment, the samples of 30 pm and 50 pm during
visual inspection showed micro-cracks, which caused the
plastic mulch to become brittle. After 105 days of the

experiment, it was impossible to conduct experiments be-
cause of high brittle of plastic mulch.

Figure 7 shows that after 60 days, the samples of 30 pm,
50 um, 100 um (black), 120 um (black) fracture elongation
under tensile stress (&,) decreased to 110%, which gives re-
ason to believe about their brittle. The fracture elongation
under tensile stress was reduced for 120 um (black) samples
by 82% and for 80 um samples by 67%. The change of ulti-
mate tensile strength (ov) is shown in Figures 8 and 9, which
shows that during the first test period, the strength of some
samples increase and then decrease.
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Fig. 8. The ultimate tensile strength (or) of a plastic mulch under natural conditions; 7, T, R? as in Fig. 6; source: own study
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All samples of plastic mulch had the same strength. But
the strength of the sample of 30 pm decreased by 47%. Be-
sides that, all tested samples of plastic mulch for 105 days
reduced the fracture elongation. The maximum fracture
elongation of a plastic mulch with a thickness of 120 pm
(black) decreased by 82% and the minimum fracture elon-
gation of a plastic mulch with a thickness of 50 pm de-
creased by 47%.

RESULTS OF SOIL RESISTANCE DURING WINDING

Diagram of soil resistance during winding of plastic
mulch with root residues of tomato and pepper and without
plant residues is shown in Figure 10.
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Fig. 10. Soil resistance during the winding; source: own study

The average value of soil resistance showed the follow-
ing results: without crop residues — 169.8 N; with crop
residues of tomato — 346.8; with crop residues of pepper —
266.0 N. The showed that crop and soil residues affect to the
soil resistance during the winding of plastic mulch. The
findings of the study indicate that the brittleness and other
strength characteristics can be evaluated during the design
of the roller.

RESULTS OF THE STUDY OF THE COMPACTION
OF THE USED PLASTIC MULCH

The graphs of the changing of the wound roll diameter
and the coefficient of relative compact versus tension force
of the used plastic mulch during the winding shown in Fig-
ure 11.

Initially, there was a direct linear relationship between
tension force and diameter. With an increase of tension
force graph sharply changes direction. This is due to the
presence of damage on the plastic mulch, which forms emp-
tiness between the layers of the plastic mulch. The graph
shows that the roll diameter increase with a decrease in ten-
sion force and the coefficient of relative compaction falls.
Because of this, increasing the coefficient of relative com-
paction can progressively increase the sustainability of long-
-distance freight transport and the operational efficiency of
the plastic mulch retriever (Fig. 12).
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® Plot of the coefficient of relative compact versus the roll diameter of plastic mulch

Fig. 11. The roll diameter (D) and coefficient
of relative compact (Krer) versus the tension (F)
of used plastic mulch; source: own study

Fig. 12. Compacted bundle of used plastic mulch (right)
compared to the standard mulch bundle (left) (phot. K. Khazimov)

Overall efficiency improvements in long-distance
freight transport are necessary for agriculture. Good com-
pacted mulch bundle reduced the transportation costs also
reduce commuting and freight transportation times.

RESULTS OF FIELD TEST

Field tests were conducted on September 10, 2019, at
the test field of the Kazakh Research Institute of Potato and
Vegetables, Kainar village, Karasay district, Almaty region,
Kazakhstan. The outside temperature was 17°C. Field tests
of the developed roller device in comparison with the drum
roller are shown in Figure 13.

The main technical parameters of plastic mulch re-
triever are presented in Table 2.

Field tests showed that samples of 30, 50 um of plastic
mulch are difficult for mechanized removal due to its break-
ing during the winding. More suitable were plastic with
a thickness of 80 um and higher, which have a tensile
strength at least 8.22 MPa. During the field test after passing
50 m, the rotating of the drum-type winding device (left)
stopped, and winding of plastic mulch suspend. The new de-
vice which was driven by a hydraulic motor (right) showed
a high degree of compaction of the plastic mulch to the end
of the field.
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o

The condition of wounded plastic mulch after 50 meters

Fig. 13. Field tests of the developed roller device (right) (phot. A. Niyazbayev)
in comparison with the drum roller (left) (phot. K. Khazimov)

Table 2. Main technical parameters of plastic mulch retrievers (old
and new)

Plastic mulch retriever with the
Parameter
drum roller new roller
Lengthxwidthxheight | »550.0700x1400 | 2500%2200%1400
(mmxmmxmm)
Weight (kg) 380 270
Working speed (km-h™') 2.4 5.0

Source: own study.

Increasing water demand in the world following rapid
population growth has increased the importance of optimal
use of this vital substance. Due to the existence of serious
water shortages, especially in arid and semi-arid regions, the
need for use optimal and high water efficiency is very im-
portant in this sector. Therefore, many studies have been
conducted to investigate and analyse the use of mulch in ag-
riculture and its effects on reducing evaporation losses and
increasing water use efficiency [BANDOPADHYAY et al.
2018; GHIMIRE et al. 2018; SINTIM, FLURY 2017]. The re-
sults of various studies have shown that mulch reduces the
temperature and prevents the growth of weeds by creating
shade and preventing the penetration of light, and also re-
duces the temperature and increases the moisture content of
the soil by preventing the evaporation of water from the soil
surface [Q1 et al. 2018; SAGLAM et al. 2017].

As it mentioned earlier, one of the advanced and new
tools and methods that has recently opened its place in agri-
culture is the use of plastic mulch. This method, by preserv-
ing and storing soil moisture, makes possible the maximum
use of water, especially in the cultivation of row crops. As
a result, more water can be stored for planting fallow and
barren lands, or with less water than the original level of the
crop. Plastic mulch provides a range of benefits including
helping modulate soil temperature, reduce soil erosion,
evaporation, fertilizer leaching and weed problems and in-
creasing the quality and yields of the product. But when the
crops are harvested, plastic mulch needs to be removed from
the ground for disposal. Otherwise, these wastes are mixed
with the soil and have a negative impact on yields by reduc-
ing the access of nutrients and moisture in the soil. Several
studies have tried to provide a solution to this problem.
Some of these studies have focused on changing the genus

of mulch to make it so-called environmentally friendly. But
some other studies have focused to introduce a novel
method and device for plastic mulch retriever.

CONCLUSIONS

1. When the crops are harvested, the plastic mulch
needs to be removed from the ground for disposal. Other-
wise, these wastes are mixed with the soil and have a nega-
tive impact on yields by reducing the access of nutrients and
moisture in the soil. The paper developed a device, which
could remove and wind plastic mulch with good compaction
for disposal. Good compacted plastic mulch can increase the
sustainability of long-distance freight transport and the op-
erational efficiency of the plastic mulch retriever.

2. Prevention of frequent break of the plastic mulch dur-
ing the winding was achieved using the results of laboratory
studies. Laboratory studies determined the soil resistance
during the removal of the plastic mulch and changes of
strength characteristics of plastic mulch from various factors
under natural conditions. These studies allowed to deter-
mine the ultimate tensile strength of the plastic mulch, to
adjust the necessary torque of rotation of the device through
the friction clutch.

3. The Inventor Professional 2018 software was used to
simulate the winding process on the proposed device. The
simulation was based on the data of soil resistance and
strength characteristics of plastic mulch. Results of simula-
tion showed that the PVC pipe under the impact of soil re-
sistance during the winding of plastic mulch, displacement
from its central axis to 451 mm. This displacement is as-
sumed to be acceptable in order to maintain a stable state of
the PVC pipe.

4. The simulation results were reliable, which was
proved during the winding of plastic mulch in the laboratory
and by the field tests. The graph of the compaction of the
used plastic mulch depending on the force was obtained in
the laboratory. The simulation results were basically con-
sistent with the field test. These indicated that the structure
of the developed device was reasonable, and the perfor-
mance was stable by the thickness of plastic mulch 80 pm
or higher. The plastic mulch lower than 80 um should be
removed as soon as possible after use ceases.
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For future studied it is suggested to undertake research
into alternative materials to plastic in the future (more envi-
ronmentally friendly).

FUNDING
The research was supported by the Ministry of Education and Sci-
ence of the Republic of Kazakhstan (No. 0118PK00442).

REFERENCES

BANDOPADHYAY S., MARTIN-CLOSAS L., PELACHO A.M., DEB-
RUYN J.M. 2018. Biodegradable plastic mulch films: Impacts
on soil microbial communities and ecosystem functions. Fron-
tiers in Microbiology. No. 9 p. 819-826. DOI 10.3389/
fmicb.2018.00819.

CARNELL D. 1978. Photodegradable plastic mulch in agriculture.
Proceedings of the National Agricultural Plastics Congress.
No. 14 p. 143-148.

CHUPINA L., IZAKOVA N., SIMACHKOVA N. 2020. Problems and pro-
spects of environmental safety of domestic agriculture. E3S
Web of Conferences. EDP Sciences. No. 176 p. 1-6. DOI
10.1051/e3sconf/202017604016.

Divya V.U.,; SARKAR N.C. 2019. Plastic mulch pollution and in-
troduction of biodegradable plastic mulches: A review.
Agricultural Reviews. Vol. 40. No 4 p. 314-318. DOI
10.18805/ag.R-1913.

GALCZYNSKA M., MANKOWSKA N., MILKE J., BUSKO M. 2019. Pos-
sibilities and limitations of using Lemna minor, Hydrocharis
morsus-ranae and Ceratophyllum demersum in removing met-
als with contaminated water. Journal of Water and Land De-
velopment. No. 40 p. 161-173. DOI 10.2478/jwld-2019-0018.

GAaO H., YANC,, Liu Q., DING W., CHEN B., L1 Z. 2019. Effects of
plastic mulching and plastic residue on agricultural production:
A meta-analysis. Science of the Total Environment. Vol. 651.
Part 1 p. 484-492. DOI 10.1016/j.scitotenv.2018.09.105.

GHIMIRE S., TOZER P.R., MARSH T.L., GALINATO S.P., VELANDIA
M., MiLEs C.A,, ..., CHEN K.J. 2018. Important considerations
for the use of biodegradable mulch in crop production. Wash-
ington. WSU Extension pp. 10.

GOST 14236-81. Plenki polimernyye. Metod ispytaniya na rastya-
zheniye [Polymer films — Tensile strength test method]
[online]. Introduced. Ministry of Chemical Industry. Estab-
lished 1981-06-30. [Access 15.07.2020]. Available at:
http://docs.cntd.ru/document/1200020779

GOST 10354-82. Plenka polietilenovaya. Tekhnicheskiye
usloviya [Polyethylene film. Specifications] [online]. Intro-
duced. Ministry of Chemical Industry. Established 1983-07-
01. [Access 15.07.2020]. Available at:
https://docs.cntd.ru/document/1200006604

HEH., WANG Z., GUO L., ZHENG X., ZHANG J., LIW., FAN B. 2018.
Distribution characteristics of residual film over a cotton field
under long-term film mulching and drip irrigation in an oasis
agroecosystem. Soil and Tillage Research. Vol. 180 p. 194—
203. DOI 10.1016/j.sti11.2018.03.013.

JuaN H.AN., JIA Z., HAN Q., ZHANG J. 2013. Application of
mulching materials of rainfall harvesting system for improving
soil water and corn growth in northwest of China. Journal of
Integrative Agriculture. Vol. 12. No. 10 p. 1712-1721. DOI
10.1016/82095-3119(13)60342-1.

KASIRAJAN S., NGOUAJIO M. 2012. Polyethylene and biodegrada-
ble mulches for agricultural applications: A review. Agronomy
for Sustainable Development. Vol. 32. No. 2 p. 501-529. DOI
10.1007/s13593-011-0068-3.

KHAZIMOV Z.M., BorA G.C., KHAZIMOV K.M., KHAZIMOV M.Z.
2014. Modeling of the motion of free convective drying agent
in plastic helio dryer. Journal of Engineering Thermophysics.
Vol. 23. No. 4 p. 306-315. DOI 10.1134/S181023281404
0080.

KHAZIMOV M.Z, KHAZIMOV K .M., URMASHEV B.A., TAZHIBAYEV
T.S., SAGYNDYKOVA Z.B. 2018. Intensification of the plant
products drying process by improving solar dryer design. Jour-
nal of Engineering Thermophysics. Vol. 27. No. 4 p. 580-592.
DOI 10.1134/S1810232818040203.

KHAazIMOV K.M., KHAZIMOV M.ZH., SAPARBAEV E.T., ULTANOVA
I.B., ZHALELOV E.M. 2016. Technical features of the polymer
film in soil mulching. Research, results. Almaty. No. 1 p. 271-
275.

KHAziMOV Z.M., BorA G.C., KHAZIMOV K.M., KHAZIMOV M.Z.,
Urtanova L.B., NivazBayev A.K. 2018. Development of
a dual action planting and mulching machine for vegetable
seedlings. Engineering in Agriculture, Environment and Food.
Vol. 11. No. 2 p. 74-78. DOI 10.1016/j.caef.2018. 02.003.

KHAZIMOV M.Z., KHAZIMOV K. M., BAZARBAYEVA T.A., URYMBA-
YEVA A.A., BorA G.C., NiyaAzBAYEV A.K. 2019. Mechaniza-
tion of removal of the mulching film and flexible irriation tape
from the surface of the fields. EurAsian Journal of BioSci-
ences. Vol. 13. No. 2. p. 1251-1261.

KR1ZHANOVSKY V.K., BURLOV V.V., PANIMATCHENKO A.D. 2007.
Tekhnicheskiye svoystva polimernykh materialov [Technical
properties of polymer materials]. Sankt Peterburg. Izd. Pro-
fessiya. ISBN 5-93913-093-3 pp. 240.

LAMENT JR W.J. 1993. Plastic mulches for the production of veg-
etable crops. Hort Technology. No. 3 p. 35-39.

NEVEROV A.S. 2007. Korroziya i zashchita materialov: uchebnoye
posobiye [Corrosion and protection of materials: Studies man-
ual]. Minsk. Vysh. Shk. ISBN 978-985-06-1236-6 pp. 222.

Q1Y., OSSOWICKI A., YANG X., LWANGA E.H., DINI-ANDREOTE F.,
GEISSEN V., GARBEVA P. 2020. Effects of plastic mulch film
residues on wheat rhizosphere and soil properties. Journal of
Hazardous Materials. Vol. 387, 121711. DOI 10.1016/ j.jhaz-
mat.2019.121711.

QrY., YANG X., PELAEZ A.M., LWANGA E.H., BERIOT N., GERTSEN
H., GARBEVA P., GEISSEN V. 2018. Macro-and micro-plastics
in soil-plant system: effects of plastic mulch film residues on
wheat (Triticum aestivum) growth. Science of The Total Envi-
ronment. Vol. 645 p. 1048-1056. DOI 10.1016/j.scitotenv.
2018.07.229.

Rocca A.R. Plastic mulch retriever. USA. A01G 3/02. Patent No.:
US 8.302.699 B2. Int. Cl. AOIG 3/02. PCT Pub. No.
WO02009/076729. Published 06.01.2006.

SAHNO O.N., SELIVANOV O.G., CHUKLANOV V.Y. 2014. Biologi-
cheskaya ustoychivost' polimernykh materialov: Uchebnoe
posobiye [Biological stability of polymeric materials: Studies
manual]. Vladimir. Vladim. gos. un-t. im. A.G. i N.G. Stole-
tovykh pp. 64.

SAGLAM M., SINTIM H.Y ., BARY A.I., MILES C.A., GHIMIRE S., IN-
GLIS D.A., FLURY M. 2017. Modeling the effect of biodegrada-
ble paper and plastic mulch on soil moisture dynamics. Agri-
cultural Water Management. Vol. 193 p. 240-250. DOI
10.1016/j.agwat.2017.08.011.

SMYSHLYAEVA A.R. 2007. Koreksiya tolshchiny polimernykh ple-
nok v protsesse ikh izgotovleniya [Correction of the thickness
of polymer films in the process of their manufacture]. Po-
limernye materialy. No. 11 p. 6-11.

VAN DER Kool S., ZWARTEVEEN M., BOESVELD H., KUPER M.
2013. The efficiency of drip irrigation unpacked. Agricultural
Water Management. Vol. 123 p. 103—110. DOI 10.1016/ j.ag-
wat.2013.03.014.



https://doi.org/10.3389/fmicb.2018.00819
https://doi.org/10.3389/fmicb.2018.00819
https://doi.org/10.1051/e3sconf/202017604016.
https://doi.org/10.1051/e3sconf/202017604016.
https://doi.org/10.18805/ag.R-1913
https://doi.org/10.2478/jwld-2019-0018
https://doi.org/10.1016/j.scitotenv.2018.09.105
http://docs.cntd.ru/document/1200020779
https://docs.cntd.ru/document/1200006604
https://doi.org/10.1016/j.still.2018.03.013
https://doi.org/10.1016/S2095-3119(13)60342-1
https://doi.org/10.1007/s13593-011-0068-3
https://doi.org/10.1134/S1810232814040080
https://doi.org/10.1134/S1810232814040080
https://doi.org/10.1134/S1810232818040203
https://doi.org/10.1016/j.eaef.2018.02.003
https://doi.org/10.1016/j.jhazmat.2019.121711
https://doi.org/10.1016/j.jhazmat.2019.121711
https://doi.org/10.1016/j.scitotenv.2018.07.229
https://doi.org/10.1016/j.scitotenv.2018.07.229
https://doi.org/10.1016/j.agwat.2017.08.011
https://doi.org/10.1016/j.agwat.2013.03.014
https://doi.org/10.1016/j.agwat.2013.03.014

