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Abstract. Jerusalem artichoke crops, as a new crop in irrigated agriculture in Uzbekistan, are 
expanding more and more. Scientists have developed many recipes for using Jerusalem 
artichoke tubers in the form of food additives that help improve the quality of bakery products, 
sausages, and various drinks. The pharmaceutical industry uses Jerusalem artichoke for the 
manufacture of medicines, in the chemical-technological industry, high-quality cellulose is 
obtained. In agriculture, it is used as a quality animal feed. Therefore, it is required to 
mechanize the entire cycle of its cultivation. The most time-consuming process is the 
harvesting of tubers. To dig up Jerusalem artichoke tubers, ordinary potato diggers are used, 
which are not adapted to dig up the tubers formed under the bottom of the irrigation furrows. 
The article provides materials on the adaptation of a potato digger for digging up Jerusalem 
artichoke tubers by installing a special ploughshare on it. Such a share has a complex working 
surface, adapted for more complete digging of tubers from under the irrigation furrow, 
reducing losses to 5 percent or less of the grown crop. Such a share must have an increased 
working width, which makes the process of its operation energy-intensive. Therefore, the 
authors propose to make a ploughshare from longitudinal strips - grates, when a part of the soil 
will be separated through their open intervals, facilitating the process of separating the soil 
from the tubers. Field experiments with such plowshares have shown their effectiveness. 

1. Introduction 
The cultivation of Jerusalem artichoke has been rapidly expands in Uzbekistan in recent years. As it is 
known, this plant is unpretentious, does not require abundant watering. It can grow in slightly and 
moderately saline soils. Its stems are excellent animal feed, and the tubers are rich in elements useful 
for humans. The tubers are used in the pharmaceutical industry for the extraction of inulin, which 
successfully cures diabetes mellitus [1]. Tubers ennoble sausages, bakery products, drinks, and other 
products [2]. Experts in the pharmaceutical, chemical-technological, food industries have developed 
original recipes for using Jerusalem artichoke to improve the health of the population of Uzbekistan. 

To mechanize the processes of Jerusalem artichoke cultivation, it is permissible to use machines for 
irrigated agriculture in the Republic: plows for basic soil cultivation, various machines for fertilizing, 
preparing fields for sowing Jerusalem artichoke. For the first and second cultivation of Jerusalem 
artichoke crops, it is quite possible to use cotton cultivators. Potato planters are used for sowing. 
Various forage harvesters can be used to mow the stems before harvesting the tubers. Potato diggers 
are used to dig up tubers. Thus, almost all work in the cultivation of Jerusalem artichoke can be carried 
out with existing machines in the Republic. 
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However, we found that when cultivated in irrigated agriculture, tubers are located not only in the 
ridges but also under the irrigation furrow. Part of the tuberous roots, in search of more moist soil, 
develops towards the bottom of the irrigation furrow. This difference from non-field plantations forced 
us to make some constructive changes to the plowshare of the existing potato digger. Therefore, this 
article outlines the essence of these improvements. 

 

2. Review of previous research 

Features of Jerusalem artichoke are highlighted enough in the available literature. In many foreign 
countries, Jerusalem artichoke is cultivated in fairly large areas [3, 4, 5]. In Uzbekistan, this culture is 
considered new, only now the areas allocated for the sowing of Jerusalem artichoke are increasing. But 
the scientists of the Republic have thoroughly studied the properties of Jerusalem artichoke and 
developed technologies for its processing. The most valuable property of Jerusalem artichoke is that it 
contains a lot of inulin, which is successfully used by the pharmaceutical industry [5, 6, 7, 8, 9, 10]. 
Therefore, she consumes a lot of Jerusalem artichoke tubers as cheese. 

Scientists in the chemical engineering industry have developed a technology for producing high-
quality cellulose from Jerusalem artichoke stems[11, 12, 13, 14]. Food industry experts have 
developed recipes for adding tuber powders to bakery products, which is why their taste has improved 
significantly and is stored longer. There have even been developed ways of using Jerusalem artichoke 
to make several healthy drinks, to improve the quality of sausages. 

Jerusalem artichoke is also widely used in the agriculture of the Republic. Tubers, as well as 
crushed stems, are added to various feeds in animal husbandry. It has been found that this improves 
the weight gain of the animals and increases the amount of milk. 
 The breeders of the Republic have created local zoned varieties "Fayz Baraka" and "Muzhiza", which 
can withstand summer frying[15, 16]. These varieties differ from the parent varieties in that their 
surface is smoother, do not have different shapes and sizes of shoots. These varieties are easier to clear 
of soil, which makes it easier to dig them out and harvest. 
 

3. Digging up tubers 
Jerusalem artichoke is harvested in late autumn, therefore, due to autumn precipitation, soil moisture 
can reach 25-30%, which makes harvesting difficult. Before digging out the tubers, the stems should 
be removed, which can be up to 2.5-3.0 m high. Otherwise, the long stems complicate the harvesting 
process. The stalks are harvested by forage harvesters and taken out of the field. After 5-7 days after 
mowing the stems, they begin to dig up tubers, and the cutting height is 15-20 cm. If the cutting height 
is too low on the separating lattice elevators, the loss of tubers through the trellised surface, along with 
the remains of the stems, increases[17, 18, 19, 20, 21]. 

In Uzbekistan, elevator-type potato diggers are used to dig up tubers. The digger digs out tubers 
with the remains of stems, separates the soil on the elevators, the tubers cleaned from the soil with the 
remnants of the stems are unloaded onto the field and left in the form of a roller in an open state. The 
workers then manually pick the tubers from the swath and collect them in boxes. 

In small areas, the tubers are dug up by hand. But when harvesting by hand, large losses of tubers 
are observed, because, it turns out, in irrigated agriculture, the tuberous roots of Jerusalem artichoke, 
in search of more moist soil areas, often give birth to tubers under the bottom of the irrigation furrow 
(Figure. 1). When manually digging with the help of ordinary shovels, workers remove the tubers only 
from the rowing room, the tubers that have appeared under the furrow are left untouched. This 
increases the share of losses to 15-18% of the grown crop. In some circumstances, the total loss of 
tubers can even go up to 20%. This is also facilitated by the fact that the color of the skin of the tubers 
does not differ much from the color of the soil in our region, therefore, with the manual collection, the 
probability of mistakenly missing part of the tubers increases. In addition, tubers are harvested in late 
autumn, when, before autumn precipitation, harvests of vegetable and fruit crops are also urgently 
harvested by hand, i.e. during the period of labor shortage. 



AEGIS 2021
IOP Conf. Series: Earth and Environmental Science 868 (2021) 012041

IOP Publishing
doi:10.1088/1755-1315/868/1/012041

3

 

Figure 1. Scheme of placement of Jerusalem artichoke tubers both in the ridge and under the 
bottom of the irrigation furrow. 

 
Therefore, we believe that it is advisable to introduce more widely the mechanized harvesting of 

Jerusalem artichoke using potato diggers, after some alterations concerning local conditions. Working 
width �� of the excavating share of the existing elevator potato digger is sufficient for complete 
digging of tubers grown in the ridge, setting the digging depth to 16-18 cm (Figure 1). In this case, if 
the row spacing is � =  70 cm, then an untreated strip with a width of 2∆� =  100 mm remains 
between the shares of adjacent ridges. As it is noted above, part of the tubers may remain intact under 
the 2∆� strip. Therefore, we considered that in irrigated lands the width of the share should be��  +

 2∆�, i.e. ��  + 100 mm. 
In addition, a plowshare with a width ��  +  2∆�, must not be flat. Because, for a more complete 

digging of all tubers from under the bottom of the furrow, the share should be buried to a depth of � +

 ∆�, which is why the volume of soil that should be separated from the field and raised up to the 
elevator will be very large. Such digging would be excessively energy-intensive. Therefore, the front 
part of the share with the blade should not be flat, but curved, as shown in Figure 2. The curvature of 
the plowshare blade should repeat the curvature of the locations of all tubers, the depth of their 
location from the ridge to the bottom. Consequently, the front half of the plowshare should be bent in 
the form of the base of a cone with a peaked�
. The curvature of the blade (section С-С in Figure 2), 
as already mentioned, should repeat the lower level of placement of tubers in the ridge. 

The plowshare is installed obliquely forward at a low angle so that the soil layer with tubers, 
sliding along the plowshare, can rise to the bar elevator, which will begin to intensively destroy the 
layer, separating the soil down. To ensure the transfer of the formation to the bar elevator, the second, 
i.e. the rear part 1 of the share is made flat (Figure. 2, section A-A). Of course, such a share is heavy, 
especially with a large volume of the soil layer, it experiences bending deformation. To prevent 
deformation of the share, the lower part is laid on a firm bed. To ensure strength, in addition to the 
above, the right and left flat edges of the share are equipped with an edge 6. 

It was said above that the volume of soil moving along such a share will be quite large, therefore, it 
will be advisable to use such a share on light soils. In order to reduce the volume of the soil moved 
along the plowshare, it was conceived to make it with a grate, i.e. install the grate bars along the 
generatrices of the cone-shaped surface, leaving an open space between them and asking for the soil to 
be separated through it (Figure. 2). The gap between the grates was set taking into account the size of 
the small part of the tubers. However, the gap between the grates turns out to be narrowing, which is 
why the cut B-B (Figure. 2) can be clogged with moist soil. Therefore, it was decided to install the 
grate, not along the generatrix of the conical surface, but parallel to the direction of movement of the 
machine. (Figure. 3) 
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Figure 2. Scheme of a general view of a share adapted for digging up Jerusalem artichoke in 
irrigated agriculture: a - top view, b- side view, 1- flat part, 2-downward curved part of the 
blade, 3- curved upward part of the blade, 4, 5- forming conical surfaces, 6 - stiffeners. 

 

   

a                                       b                                      c 

Figure 3. General view of the grate share (a), its top view (c) and side view (b). 

 
The front ends of the grate rods are located along a curve that is consistent with the lower border of 

the tubers (Figure. 1) both in the ridge and under the irrigation furrow (Figure. 4). The rear ends of all 

grates are in the same horizontal plane to transfer the soil layer to the flat elevator. 
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Figure 4. Scheme of matching the form of placing the front ends of the 
grate with the placement of tubers in height 

 
Grizzly grates with a circular cross-section with a diameter of 14 mm were chosen. An open gap 20 
mm wide was left between adjacent grates. To increase the strength of the entire structure, a plate is 
welded to the front ends of the grate from the bottom side along the entire width of the share (Figure. 
4). Figure 5 shows the standard and grate ploughshare. 

The blade of such a share is intermittent and rather thick. Because it is installed obliquely at an 
angle less than the angle of friction with the soil, when the unit moves, the layer with tubers will rise 
up to the elevator. Therefore, the layer breaks off along the bend line, while a significant part of the 
soil, being crushed, is sifted already on the plowshare. Energy costs are reduced noticeably. 

Cantilever columns in the vertical plane are inclined at different angles α. Two middle grates are 
installed as a continuation of the plowshare base plane. The grates to the left and right of the middle 
ones are set symmetrically at the same angles α. The grates are the same length, but curved at different 
angles, increasing towards the right and left edges. Therefore, bend the extreme grates as much as 
possible, so their horizontal projections seem to be short. 

 

Figure 5. Standard and grate plowshares 

 
Thus, the consideration of a plowshare made of grate bars, the cantilever ends of which form a 

ridge-like con Figure, makes it possible to more fully dig up Jerusalem artichoke tubers, which 
originated both in the ridge and 4 under the irrigation furrow with a decrease in the energy intensity of 
the machine. 
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The field experiments were carried out in the spring in the following order. For the experiments, the 
farm allocated a part of the field 24-25 m long and 200 m2 in area. The field is sown with a row 
spacing of 0.70 m. The stems at a height of 15-18 cm were cut by hand. A two-row elevator potato 
digger was tested, on which two grate plowshares were mounted. In this part of the field, three 
sections of 3 m in length were selected, where the sizes of furrows and ridges, as well as the density of 
plants, were visually comparable. 

Each three-meter section was prepared as follows (Figure. 6).  

 
Figure 6. Scheme of preparation of experimental sections: 1-axis of symmetry of the ridge; 
2-wheel tractor; 3-grate plowshare; 4-bar digger elevator; 5-cross section of rows 

 
In five places (outside the experimental plots), tubers were manually dug up to the entire depth of their 
placement, i.e. there was the greatest depth of tubers under the furrow (Figure. 7). The ratio of the 
mass of the club from the ridge and from under the bottom is 5: 2, i.e. 74-79% of the yield was formed 
in the ridge, and 21-26% - under the bottom of the furrow. Tubers in the ridge at a depth of ℎ� =  12 

cm, and under the furrow ℎ� =  8 cm. Using the tractor attachment, the depth of the plowshares was 
set to 20-22 cm under the bottom of the furrow (the depth at the ridge would be 12 cm). 

 
Figure 7. The scheme for determining the dimensions of the experimental section: �м- 
the width of the row spacing; ��- ridge section width, determining depth ℎ� - tuber 

occurrence; �� - the width of the bottom of the furrow, where can the tubers be located; 
h- ridge height; ℎ� - the depth of tubers under the furrow bottom. 
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On the length A-B of the section, the tubers were harvested by hand over a length of 1.5 m. This is 
done because when the digger is working, it is planned to harvest tubers along the length of C-A 
without stopping the unit. After the digger leaves the C-B, tubers will continue to flow from the digger 
elevator to the surface of the field, which will then be manually collected and taken into account. On 
the part of the C-D plot, the crop is also harvested completely by hand before the experiments. buried 
in the soil, the position is established after the D-D border. 

The harvest along the length B-C is harvested by a digger. The digger leaves all the tubers on the 
surface of the field and then handpicks them for weight. It was said above that adjacent plowshares to 
work with some overlap to remove tubers with width �� (Figure. 7). After the digger passes through 
the area, the soil is manually dug out approximately at the width of the bee and the tubers left under 
the bottom of the furrow are collected for accounting. 

As a result of the experiments, it was revealed that the prototype of the grate share digs up to 92-
94% of the tubers from the bottom of the furrow. The overall rate of digging (extraction to the surface 
of the field) was even up to 95% of the harvest. 

Thus, field experiments have shown that the use of grate plowshares is advisable. However, for the 
operation of these plowshares, it is necessary to allocate fields that are not clogged with weeds. 

4. Conclusion 
During the cultivation of Jerusalem artichoke in irrigated agriculture, repeated irrigation is carried out 
along the furrows. Therefore, the soil under the bottom of the irrigation furrow is more moistened and 
also retains moisture longer. Therefore, the tuberous roots of Jerusalem artichoke develop under the 
bottom of the furrow, and tubers appear there at a depth of 8.0 cm from the bottom. Therefore, when 
harvesting in such fields with the help of ordinary potato diggers, the plowshares of which are not 
adapted to sink deeper than the bottom of the irrigation furrows, a part of the grown crop is left on the 
field (up to 15-18%) 

For more complete harvesting of the grown Jerusalem artichoke crop in irrigated agriculture, it is 
also necessary to process the soil under the bottom of the furrow to extract all the tubers from there. 

Plowshares, adapted to extract tubers from under the irrigation furrow, turn out to be cumbersome, 
energy-intensive, therefore, they should be made of lattice from longitudinal grates, when part of the 
soil will be separated already on the plowshare, facilitating the work of the elevator conveyor. 
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