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The article presents a new design of a straw mulch picker for the technology of growing potatoes on the
field surface and the results of its experimental evaluation. The relevance of the study lies in the need to improve
mechanized mulch removal before harvesting while ensuring minimal damage to potato tubers. The proposed
picker is equipped with curved combined guide plates with stalk lifters, which intensify lifting and separation of
the mulch layer and reduce the harmful mechanical impact on tubers located near the soil surface.

The aim of the study was to determine the influence of the height of the picker drum rakes on the
completeness of mulch pickup and the level of tuber damage. Experimental studies were carried out under
different adjustment parameters of the working elements. The relationship between the gap value and the main
quality indicators of the technological process was established.

The results showed that the optimal gap of 4.5 cm ensures the best combination of performance
indicators. Under these conditions, maximum completeness of mulch pickup was achieved together with
minimal damage to potato tubers. A smaller gap increases the mechanical impact on tubers, whereas a larger
one reduces the efficiency of mulch removal.

The proposed technical solution is promising for improving the technology of growing potatoes on the
field surface, reducing losses and minimizing tuber injury during harvesting. It also supports a resource-saving
approach to production mechanization.

It was experimentally established that the gap between the elastic drum rakes and the field surface
determines a trade-off between mulch pickup completeness and tuber damage, with its optimal value ensuring
efficient mulch removal while minimizing mechanical impact on the crop.

Keywords: potatoes, mulch, mulch picker, stalk lifter, picker drum, tuber damage, technology of
growing potatoes on the field surface.

Fig. 4. Ref. 16.

1. Problem formulation

Potato tubers are a valuable food product, rich in carbohydrates, potassium and vitamin C, which
determines their high energy value and positive effect on metabolism and functioning of the main systems of
the human body. According to the recommendations of nutritionists, the daily norm of potato consumption for
an adult is 200-340 g.

The level of potato consumption in Ukraine is about 136-140 kg per person [1, p. 34]. At the same
time, potato consumption in urban areas is traditionally lower compared to rural areas. Part of the potato harvest
in rural households, primarily substandard products, is used as feed for poultry and domestic animals. In
addition, in Ukraine, 80 thousand tons of potatoes are processed annually for the production of chips and 35
thousand tons are used for the production of starch [2, p. 498].
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The majority of potatoes in Ukraine are grown in households, on homesteads and summer cottages,
and in small farms. However, since the beginning of hostilities, there has been a trend towards a reduction in
the volume of potato cultivation in households, which is due to the high labor intensity of technological
operations and a shortage of labor.

Potatoes are among the crops that are demanding on temperature and moisture. Lowering the
temperature to negative values during night frosts leads to damage and death of plants, while increasing the
temperature above 25°C slows down plant growth and can cause the so-called ecological degeneration. At air
temperatures above 27-29°C, tuber formation when grown by traditional methods is significantly inhibited,
which negatively affects the yield and quality of products [3].

The most favorable conditions for the formation of a high potato yield are created when the soil
moisture is at the level of 75-85% of the lowest moisture capacity. A decrease in this indicator, especially in
critical phases of plant development, leads to a sharp decrease in yield and marketability of products. At the
same time, excessive soil moisture can lead to a decrease in the content of dry matter and starch in tubers.
Under such conditions, tubers are more intensively affected by fungal and bacterial diseases, which worsens
their keeping quality during storage [4].

One of the effective ways to ensure optimal temperature and water balance is the use of covering and
mulching materials of organic and inorganic origin (straw of cereal crops, mowed grass, tree leaves, bark of
coniferous species, polymeric materials, film, etc.). The use of mulch contributes to the improvement of the
temperature and physical properties of the arable soil layer, the formation of a favorable microclimate in crops
and an increase in the yield of agricultural crops, in particular potatoes, as well as a decrease in the energy
intensity of their cultivation technologies [5-7].

Therefore, in the context of modern climate change and labor shortages, improving potato growing
technologies aimed at increasing yield stability, creating optimal soil and climatic conditions, and reducing the
labor intensity of production is of particular relevance.

2. Analysis of recent research and publications

One of the promising directions for increasing the efficiency of vegetable growing technologies is the
use of mulching materials of organic and inorganic origin (cereal straw, mowed grass, tree leaves, coniferous
bark, polymeric materials, film, etc.). The use of mulch contributes to the improvement of the temperature and
physical properties of the arable soil layer, the formation of a favorable microclimate in crops, an increase in
the yield of agricultural crops, in particular potatoes, and a decrease in the energy intensity of their cultivation
technologies [5-10]. It has been established that a layer of straw 20-25 cm thick ensures the maintenance of
the soil temperature in the zone of tuber formation and growth at 16-20 °C even with an increase in daytime
air temperature to 30-35 °C. In addition, the mulching layer of straw significantly reduces the evaporation of
moisture from the soil surface. Due to the difference in daily temperatures under the mulch layer, condensation
occurs in the form of water droplets, which contributes to additional soil moisture.

Studies also show that with significant daily temperature fluctuations, the relative humidity of the air
above the mulch layer changes almost threefold, while under the mulch layer its fluctuations are much smaller
- from 90.2% to 70%. With sunset, the humidity of the air under the mulch layer increases faster than above
the straw surface, which creates more favorable conditions for the growth and development of potato plants
[11-14].

At the same time, the issue of mechanization of potato cultivation on the surface of the field under the
mulch layer, in particular the creation of technical means for effective collection of mulch during harvesting,
requires further research [15].

3. The purpose of the article

The purpose of the article is to substantiate the design of a straw mulch layer picker for the technology
of growing potatoes on the soil surface, experimentally verify the efficiency of its operation, and determine
the completeness of mulch pick-up and the level of damage to potato tubers.

4, Results and discussion

Modern mechanized potato growing technologies provide the necessary soil conditions for
germination and the formation of high yields only under favorable weather conditions. They are based on the
accumulation of moisture in the autumn-winter-spring period and high-quality soil cultivation without its
losses when performing all operations - from peeling stubble to inter-row cultivation of crops at optimal times
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in compliance with agrotechnical requirements. The implementation of such technologies requires modern
machine complexes and material and technical support, which is still insufficient for most farms in Ukraine.
Forced simplification of technologies leads to a decrease in yield and production efficiency, which partly
explains the low interest of agricultural companies in growing potatoes. In recent years, production risks have
also increased due to changes in weather conditions, especially temperature.

Potato cultivation has become widespread in recent years, especially in homestead farms using a new
method: growing potatoes on the surface of the field under a layer of mulch.

Potatoes are planted on the surface of the field with this method of cultivation without digging into the
soil at an earlier time, when the surface of the field dries out. In this case, soil cultivation, with the exception
of early spring harrowing, is not performed.

Planted tubers are covered with a layer of straw 20-25 cm thick, which allows potato sprouts to
germinate, but suppresses weeds. The soil under the mulch does not dry out and does not become crusted, so
care is reduced only to protecting plants from diseases and pests by spraying with fungicides and insecticides.

The roots of potatoes planted on the surface of the field penetrate the soil, ensuring the growth of
shoots and stolons, from which new tubers are formed, mainly on the surface under a layer of mulch.

Harvesting includes removing mulch from crops, short-term drying (1-2 hours) and picking up tubers
with existing potato diggers or combines with a depth of up to 5 cm, which increases the productivity of
machines and reduces energy consumption and damage to potatoes.

This method is widely used in summer cottages, provides high yields even in dry years without the use
of tillage tools and even additional irrigation. To use this method on large areas of sowing, effective machines
for removing mulch from potato crops are required.

Rakes of various designs (transverse, wheel-finger, rotary, etc.), which are used for raking hay and
straw, can be used to pick up the layer of potato mulch, but this leads to damage to the tubers and their partial
fall into the windrows.

The use of existing designs of pickers (header pickers, balers, pickers-hoes, etc.) can significantly
increase the completeness of mulch collection, but damage to tubers increases significantly. Damage to tubers
by pickers can be reduced by using stem lifters, which are equipped with combine harvester headers.

The use of stem lifters on combine harvesters reduces injuries, but part of the mulch falls off due to
loss of elasticity when the drum is raised. However, due to a slight change in the angle of elevation of the
upper bar of the stem lifters, the mulch layer remains in a raised state for a long time and, due to the loss of its
elastic properties, a significant part of it falls off onto the field surface. This significantly reduces the
completeness of mulch collection from potato crops, which complicates its harvesting.

The design of the potato mulch layer picker is based on a serial baler (Fig. 1), in which the swath is
picked up by elastic drum tines, fed by curved guides to the cross conveyor and the baling chamber. Such a
picker allows you to press the mulch for transportation, lay it in swaths on an already harvested field, or sow
it on the field for the next year.

To reduce mulch shedding, a special stalk lifter with curved guide plates has been proposed. Its
working surface has an intensive increase in the angle of elevation to the area of grip capture, which reduces
the movement of the raised mulch and improves the quality of picking without damaging the tubers. The
proposed design of a mulch picker from potato rows (Fig. 1, a), which is grown on the surface of the field,
consists of a frame with support wheels 1, on which are hingedly fixed sidewalls 2 with a picker drum with
elastic rakes 3, between which are fixed curved combined guide plates 4 (Fig. 1, b). The picker drum on the
sidewalls 2 is fixed perpendicular to the direction of movement of the picker, its height position is regulated
by a copying roller 5 with an adjustment mechanism 6, fixed on the sidewall 2.

The curved combined guide plate 4 consists of a support and copying surface 7, a stem lifter 8 and an
upper guide part 9, stiffening ribs 10 and holes 11 for fastening the plates 4 to the drum body (Fig. 1, c).

Behind the combined guide plates 4 of the pick-up drum 3, a transverse conveyor 12 is installed, which
feeds the picked-up mulch to the device 13 for forming a swath or bales and laying them next to the potato
rows using a guide tray 14 and a frame 15. The mulch pick-up is aggregated with the tractor using a trailer
hitch 16. The working bodies are driven from the tractor's power take-off shaft using drive mechanisms 17.

Before starting work, the pick-up is adjusted to the specified operating conditions. Depending on the
width of the rows and the width of the potato bushes on the pick-up drum with elastic tines 3, the curved plates
are replaced with combined guide plates 4 so that during operation they move in the row and do not catch the
tubers (if the potato tubers are buried in the soil (certain potato varieties), then all combined guide plates 4 are
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installed on the pick-up drum). The height of the drum is adjusted using a copying roller so that the supporting
and copying surfaces of the guide plates are above the field surface.

Fig. 1. Mulch collector from potato rows:

a — structural diagram of the potato row mulch picker; b — general view of the curved combined
guide plate; ¢ — structure of the curved combined guide plate; 1 — frame with support wheels;
2 — sidewalls; 3 — pick-up drum with elastic tines; 4 — curved combined guide plates; 5 — copying roller;
6 — adjustment mechanism; 7 — supporting and copying surface of the guide plate; 8 — stalk lifter;
9 — upper guide of the guide plate; 10 — stiffening rib; 11 — holes; 12 — cross conveyor; 13 — device for
forming a windrow or bales; 14 — guiding tray; 15 — frame; 16 — trailer nose; 17 — drive mechanism

During operation, the picker drives into the rows (while the tractor moves across the harvested field),
the drive 17 is turned on and the picker drum with tines 3 is lowered. The stalk lifters 8 of the combined guide
plates 4, moving along the surface of the field, lift the mulch layer, which is captured by the elastic tines of the
picker drum 3 and transfer the mulch to the transverse conveyor 12.

The design of the front surface of the stalk lifter 8 of the combined guide plates 4 in the form of a
logarithmic spiral provides an intensive increase in the mulch lifting angle, which significantly reduces the
contact time of the mulch layer with the soil, and hence its residues on the field surface. The transverse
conveyor 12 feeds the mulch to the device 13 for forming a swath or bales, which are stacked next to the rows
of potatoes.

The unit that picks up the potatoes, which are now open and on the surface of the field, passes behind
the mulch picker.

Thus, by installing combined guide plates 4 on the pick-up drum between the tines 3, the lower part of
which is a stalk lifter 8, the frontal surface of which is made in the form of a logarithmic spiral, it provides a
more complete lifting of mulch from potato crops with minimal mechanical damage to the tubers. To assess
the efficiency of the pick-up with the proposed stalk lifters, field studies were conducted in the conditions of
the "Zamiske™ farm on potato crops planted on the surface of the field (Fig. 2).
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At the time of harvest, most of the potato tubers were on the surface of the field, while small and some
medium-sized tubers were in the soil at a depth of up to 5 cm. Wheat straw was used as mulching material,
which was laid in a layer 20-25 cm thick in a loosened state. At the time of harvest, the thickness of the mulch
layer was 15-20 cm, and the average weight of straw per 1 m? — 3,885 kg. There were no gaps or gaps in the
mulch layer, which prevented the germination of weeds, so the crops remained relatively clean.

The air temperature during the day and night periods varied significantly, which was accompanied by
condensation of moisture on the surface of the field and in the lower layers of the mulch cover. As a result, the
moisture content of the mulch layer was uneven, and the lower layer was more humid, which complicated the
process of picking up the mulch.

Before the start of the experiment, four curved combined guide plates with stem lifters of the proposed
design were installed on the pick-up drum instead of standard guide plates, located at the same distance from
each other. The height h of the elastic rakes of the pick-up drum above the field surface was adjusted using an
adjustment mechanism from 1 to 11 cm with an interval of 2 cm. The speed of movement of the unit during
the study was set at 3 km/h and remained constant throughout the experiment. After the pick-up passes, the
field is freed from mulch, while rows of potatoes located on the soil surface remain on the surface (Fig. 3).
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Fig. 2. Potato bushes under a layer of mulch Fig. 3. Field surface after mulching
before harvesting

During the experiment, the efficiency of the picker with the proposed stalk lifters was evaluated by
determining two indicators: the amount of straw .., that remained on the field surface, as a percentage of the
initial mass of the mulch layer and the proportion of damaged potato tubers 17, ... as a percentage of the actual
harvest.

The amount of mulch on a 1 m? plot was determined in three replicates. The mulch residues were
collected manually and weighed separately for each replicate. Potato tubers on the same plots were also
collected manually and sorted into two fractions: intact and damaged. The percentage of damaged tubers was
determined by weight. The results of the studies are shown in Figure 4.

Analysis of the obtained data showed that the size of the gap between the elastic rakes of the drum and
the field surface significantly affects both the damage to potato tubers located on the surface and the
completeness of mulch collection from crops. With an increase in the height of the rakes, the amount of mulch
residues on the field surface increases proportionally. Even with a minimum gap of 1 cm, mulch collection
was not complete due to increased humidity, greater layer compaction and loss of elastic properties of straw,
which led to its crushing and shedding under the action of the rotation of the rakes of the drum.
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Fig. 4. Dependence of the completeness of mulch collection and damage to potato tubers on the height
of the rakes of the collecting drum: 1 — completeness of mulch collection; 2 — damage to potato tubers
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When the gap increased by more than 5 cm, the mulch residues on the surface increased significantly,
which negatively affected the conditions for further harvesting of tubers. At the same time, with an increase in
the gap between the field surface and the drum tines, the level of tuber damage decreased, which is explained
by a decrease in the intensity of contact of the elastic tines with the tubers. The results of the studies showed
that the amount of tuber damage at all studied gap values did not exceed 5%, which is significantly lower than
the permissible level of potato damage during harvesting, which is 12% [16, p. 365]. In most cases, the damage
was manifested only in the form of peeled skin due to the mechanical action of the elastic tines.

It should be noted that the results of the experiment were significantly influenced by the level of potato
yield, the ability of tubers to detach from the stems, and the depth of tubers in the soil during their formation. Tubers
located on the surface were at greater risk of mechanical damage, while some small and medium tubers buried up
to 5 cm into the soil remained protected from direct contact with the rakes, which reduced their injury.

According to the results of the experiments, it was found that under the studied conditions, the
maximum completeness of straw mulch collection with minimal damage to potato tubers of 1.5% is achieved
with a gap between the rakes of the collecting drum and the field surface of 4.5 cm.

5. Conclusion

1.A design of the picker stalk lifter has been developed, which ensures effective lifting of the mulch
layer from the field surface when growing potatoes on the soil surface without significant mechanical damage.

2. The completeness of mulch collection depends on the height of the rakes of the picker drum relative
to the field surface. With an increase in the gap between the rakes and the soil surface, the completeness of
mulch collection decreases, but at the same time the level of damage to potato tubers decreases.

3. An increase in the gap between the field surface and the rakes of the picker drum contributes to a
decrease in the contact of the elastic rakes with the tubers, which ensures a decrease in their mechanical
damage. According to the results of the studies, it was found that tuber damage in the entire studied range did
not exceed 5%, which is significantly lower than the permissible indicator of 12% during mechanized potato
harvesting.

4. Under the studied conditions, with a gap between the rakes of the pick-up drum and the field surface of
4.5 cm, the maximum completeness of straw mulch collection is achieved with minimal damage to potato tubers.

5. The proposed design of the mulch pick-up can be used in the technology of growing potatoes on the
field surface for mechanized removal of mulch material before harvesting the main crop.
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EKCIHEPUMEHTAJIBHI JOCJIIIKEHHA KOHCTPYKIII IIJIBUPAYA COJIOM’STHOI
MYJIBUI JJI TEXHOJIOT'TI BUPOIIYBAHHS KAPTOILII HA IIOBEPXHI OJIS

Y cmammi npedcmasneno HO8y KOHCMPYKYilo nioOupaya coiom siHoi myavui Onsi MexXHON02
BUPOWYBAHHS KAPMONIL HA NOBEPXHI MO MA pe3yIbmamu ii eKCHepuMeHmanbHoi oyinku. AkmyanrvHicmo
00CHI0IHCEHHS 3yMOBNIEHA HEODXIOHICIIO 600CKOHAIEHHS MEXAHIZ08AHO20 BUOAIEHHS MYIbYL neped 30UpanHIM
Ypodtcaio 3a 00HOYACHO20 3a6e3neyents MIHIMAIbHO20 NOWKO0OXdCeHHA OYnb0 kapmonai. 3anpononosanuil
niobupay OCHAWEHO GUSHYMUMU KOMOIHOBAHUMU HANPAMHUMU NAACMUHAMU 3i cmebnoniditmauamu, sKi
inmencugikyrome niOHIMAaHHA U 6i00KPEMILEHHS APy MYIbYl Ma 3MeHWYIOMb WKIOAUBUL MEXAHIUHUL GNIIUE
Ha 6y160uU, po3Mawio8ani noOIU3Y NOBEPXHI IPYHMY.

Memoro Oocniddicennsi 0yI0 BUSHAYEHHA GNIUGY BUCOMU POIMAULYBAHHA 2pabiun bapabaua
niobupaua Ha NOGHOMY NIOOUPaAHHA MYIb4i MA pigeHb NoOwKoONdceHHs Oyavd. Excnepumenmanvui
00Ci0HCEHHS NPOBOOUNU 3 PIZHUX Pe2YNI0BAbHUX NAPAMEmPI8 POOOUUX 0p2ati6. Y CmaHo6/1eHo 3a1eHCHICMb
MIDIC 6ETUYUHOIO 330Dy MA OCHOGHUMU AKICHUMU NOKASHUKAMU MEXHONOSTUHO20 NPOYeC).

Pesynomamu nokazanu, wo onmumansvuuii 3a3op 4,5 cm 3abe3neyye Halikpawe NOEOHANHA NOKASHUKIG
epexmusHocmi. 3a Makux ymo8 O00CACHYMO MAKCUMANbHOI NOGHOMU NIOOUPAHHA MYNb4i OOHOYACHO 3
MIHIMATOHUM ROUWKOOICEHHAM OYIb0 Kapmoni. Menwiuil 3a30p nioguufye MexaniuHui éniug Ha 6yavou, mooi
AK OLIBUULL SHUIICYE eheKMUBHICMb BUOANEHHSL MYIbYL.

3anpononosane mexuiune pilieHHs € NePCREKMUSHUM 0151 600CKOHANIEHHS MEXHON02ii 6UPOUYEaAHH S
Kapmonii Ha NOBEPXHI NOJsL, 3MEHUIEHHs empam [ MIHIMI3ayil nOwKoOdicenHs Oyibh nio yac 30upaHHs
epodicaro. Borno maxooic ionogioae pecypcoouadnomy nioxody 0o mexamizayii supooHuymaa.

Excnepumenmansio 6CManoB1eHo, Wo 3a30p Midi NPYHCHUMU SpadTuHamu 0apabana niobupaia ma noeepxHero
NOISL BUSHAYAE KOMUPOMIC MIJC HOGHOMONW NIOOUPAHHS MYIIbYi MA PIGHEM NOWIKOOXNCEHHS 0)Ib0, NpU YbOMY 1020
ONMUMATIbHE SHAUECHHS 300e3nedye eeKmuBHe GUOANICHHS MYTbYl 3 MIHIMATIGHUM MEXAHIYHUM GHIUBOM HA BDPOJICAIL.

Knrouosi cnosa: xapmonjis, myavua, niobupaw myavui, cmebaonioiimay, bapaban niodupaua,
NOWKO0ICeHHsL 6)1b0, MEXHON02iA BUPOWYBAHHS KAPMONII HA NOBEPXHI NOJIA.

Puc. 4. Jlim 16.
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