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Abstract: Potatoes are a staple food in many countries due to their rich nutritional content, including vitamins and
carbohydrates, leading to their widespread cultivation globally. As China ranks first in the world in potato cultivation area and
yield, making the crop vital to national food security, mechanized harvesting has become an indispensable solution for the
sustainable development of the potato industry. This paper analyzes key technologies in potato mechanized harvesting,
including efficient vine removal, low-loss and obstruction-reduced digging, high-efficiency cleaning and separation, and
intelligent harvesting, based on an overview of China’s potato cultivation modes, mechanized harvesting methods and
equipment. Furthermore, the study identifies gaps between Chinese potato harvesting equipment and that of European and
American countries in terms of harvesting performance, intelligence level, and adaptability. Key challenges are also
highlighted, such as significant regional variability, the lack of high-efficiency and low-loss separation devices, and difficulties
in overcoming critical “chokepoint” technologies. Finally, the paper proposes future development directions for China’s potato
harvesting equipment, emphasizing 1) synergistic multi-mode development, 2) research on flexible and low-loss separation
devices, and 3) the integration of intelligent technologies. This study aims to provide references for key technologies and
optimized design solutions, supporting the advancement of mechanized potato harvesting and promoting sustainable and
efficient practices in the potato industry.
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1 Introduction

Potato is an annual herbaceous plant of the Solanaceae family
and Solanum genus, rich in various nutrients such as dietary fiber,
starch, protein, minerals, and vitamins. Potato has been a staple
food for more than 70 countries including China, India, Ukraine,
Russia, and the United States, because it can be processed into
Mantou, noodles, and other staple foods, and it plays an important
role in industrial material and animal feed"”. Therefore, potatoes
are widely cultivated around the world. According to the China
Statistical Yearbook, in 2022, the potato cultivation area in China
was 7.185 million hm? while its total production was 29.774
million tons®. The proportion of potato production in China to
global production remained between 21% and 25% from 2011 to
2022, as shown in Figure 1 and Figure 2.

According to statistics from the Food and Agriculture
Organization (FAO), the consumption of potatoes of the top ten
countries in 2018 is listed in Table 1. According to relevant
statistics, the per capita annual consumption of potatoes in
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European countries has stabilized at 50-60 kg, and that in Russia
has reached more than 170 kg“. China’s per capita consumption is
among the first in the world. China’s potato industry has always
maintained a leading position in the world, with its cultivation area
and production consistently ranking first on a yearly basis.
Additionally, potatoes in China have become the fourth main staple
crop after maize, wheat, and rice, which is of great significance in
ensuring national food security and consolidating the achievements
of poverty alleviation>“.
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Figure 1  Global potato production and China’s production share

The potato production process roughly includes variety
selection, cultivation, field management, and harvesting. Among
them, the harvesting process is the most time-consuming and the
most labor-intensive. At the same time, manual harvesting of
potatoes has the problems of low efficiency and high cost, and the
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harvesting phase is short. Therefore, the mechanized harvesting of
potatoes is the primary goal of potato mechanization production.

According to the Statistical Bulletin on the Development of
Agricultural Mechanization in China and the China Agricultural
Mechanization Yearbook”, the mechanization rates of potatoes
cultivation,  cultivation,  harvesting, and  comprehensive
mechanization in China in 2022 were 78%, 31%, 32%, and 50%,
respectively, which are lower than the full mechanization rates of
wheat, maize, and rice production operations. Although there are
various types of potato harvesters available on the market, in some
regions of China potatoes are still harvested manually or semi-
mechanically for different terrains and soil types.

The purpose of this study is to provide a comprehensive
reference for the research and development of potato harvester, as
well as to provide suggestions for improving the quality of potato
harvesting and the sustainable development of potato harvesting
mechanization. To achieve this purpose, this study analyzes the
cultivation modes of potato in different regions of China, and
focuses on the key technologies of the vines killing, tubers digging,
conveying, and separating. Furthermore, this study provides the
current development status of potato harvesters on a national and

international scale, and compares the types of existing potato
harvesting mechanisms, along with their advantages and
disadvantages. Finally, the problems and challenges of potato
mechanized harvesting are identified, and an outlook is provided on
the development of the potato harvesters for the sustainable
development of agricultural mechanization.
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Figure 2 Potato cultivation area and yield in China from
2016 to 2021

Table 1 Consumption of potato-producing countries in 2018 Unit: 10000 t

Country China India Russia Ukraine USA

Germany Bangladesh France Netherlands Poland

Consumption 9910 4364 3042 2200 2000

980 954 630 680 780

2 Characteristics of potato cultivation and harvesting
in China

2.1 Regional characteristics of potato cultivation in China

Potatoes are cultivated in all regions of China throughout the
year due to potatoes have the advantages of being tolerant to cold,
drought, and barrenness although the natural conditions such as
terrain, climate, and soil in different regions of China are significant
different. The potato cultivation regions in China can be categorized
into the first cultivation region of northern China, the second
cultivation region of central plains, the mixed cultivation region of
southwestern China, and the winter cultivation region of southern
China.

The first cultivation region of northern China is mainly
composed of plains, with a dry climate and little rainfall. The potato
cultivation area accounts for about 50% of the total potato
cultivation area in China. The potato cultivation area in the second
cultivation region of central plains accounts for about 7% of the
total potato cultivation area in China, with small plots mostly on the
edges. The terrain of the southwestern mixed cultivation region is
mainly hilly and mountainous, with small fields and heavy soil,
accounting for about 38% of the potato cultivation area in China.
The winter cultivation region in the south of China is mainly hilly
and mountainous, the plots are small, the soil is sticky, and the
cultivation mode is mainly based on ridges. Its potato cultivation
area accounts for about 5% of the total potato cultivation area.

2.2 The cultivation modes of potato in China

The cultivation mode of potato in various regions of China is
tailored to local conditions such as terrain, climate, and soil. The
terrain of the first cultivation region of northern China and the
second cultivation region of central plains is relatively flat, the
categories of cultivation modes include a large ridge and double
rows, a single ridge and single row, and the typical row spacing is 60-
85 cm. The comprehensive mechanization rate of cultivation potato
in these regions is about 60%". The southwestern China mixed

cultivation region and the winter cultivation region in south China
mainly rely on traditional manual cultivation, with diverse
cultivation modes, and the mechanized harvesting rate is less than
5%, due to the hilly and mountainous terrain and sticky soil. The
purpose of studying these cultivation modes of potato is to achieve
efficiently mechanized harvesting with low losses.

2.3 Harvesting mode of potato in China

At present, there are two main mechanized harvesting modes of
potatoes: segmented harvesting and combined harvesting.
Segmented harvesting mode is more suitable for small- and medium-
sized potato cultivation areas compared to combined harvesting, and
relatively common in China.

2.3.1 Segmented mechanized harvesting modes of potatoes

Segmented harvesting potatoes includes two stages. In the first
stage, potato tubers are dug up by using a digging mechanism after
removing the potato vines, which are preliminarily separated
through a conveying and separation mechanism, and then the tubers
are laid on the ridges in strips. In the second stage, the potato tubers
laying on the ridges are picked up and sorted for collection
according to their size or quality by manual work™. The workflow is
shown in Figure 3. Segmented harvesting mode is more suitable in
hilly and mountainous areas and small-size plots, as it requires
smaller machines, lower power demands, and lower initial
investment costs. However, it is labor-intensive.

A digging, conveying, and separation mechanism serves as the
core component in segmented potato harvesting systems. It is
designed with a compact structure and minimal dimensions, as
shown in Figure 4, and it is implemented by tractor-towing for field
harvesting operations. The device typically incorporates two
conveying and separation rod chains with distinct vibrating
operational parameters. The primary rod chain operates with larger
amplitude to enhance potato-soil separation efficiency, while the
secondary rod chain employs reduced amplitude to minimize tuber
damage. Following this separation process, potatoes are deposited
onto the soil ridge.
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a. Removing potato vines

b. Digging up potatoes and laying them on
ridges in strips

¢. Manual picking potatoes and sorting them
into bags

~/ 2 ~/

Figure 3 Segmented harvesting process of potatoes”'”)

Note: 1. Imitation monopoly-shaped depth-limiting wheel; 2. self-cleaning device
for depth-limiting wheel; 3. digging shovel; 4. rear suspension; 5. power
transmission shaft; 6. grid type conveying separation screen; 7. collection barrier
for potato; 8. transmission mechanism; 9. body frame; 10. vines and grass cutting
disc; 11. self-cleaning device for cutting disk.

Figure 4 Diagram of segmented potato harvester!'!

2.3.2 Combined mechanized potato harvesting

Combined mechanized potato harvesting refers to an integrated
process that simultaneously performs: potato tuber digging, soil and
impurity separation, potato transportation and grading, and bulk
packaging. The optimal operational time for combined harvesting
occurs 4-11 days post vine removal. To achieve the combined
harvesting function of potatoes, a combined potato harvester is
equipped with the key components including vine removal
equipment, digging equipment, separation
mechanism, sorting and collection mechanisms, a power
transmission system, a hydraulic control device, a walking
mechanism, and other parts. Figure 5 shows the process of
combined potato harvesting mode.

conveying and

| Separation and conveying

| Digging and conveying

| Removing potato vines

I |

Potato sorting collection

Figure 5 Diagram of combined potato harvesting operation!"”

3 Key technologies and equipment of combined
mechanized potato harvesting

Combined mechanized potato
integration of multiple core technologies and specialized equipment
to achieve efficient, high-quality, and low-loss operations. The
geometric design and operational parameters of the digging shovel

harvesting requires the

directly influence the harvester’s tuber collection efficiency and loss
rate. Similarly, the configuration of separation and conveying
systems significantly impacts three key performance metrics:
1) mechanical damage rate, 2) periderm breaking rate, and
3) residual impurity content. To optimize harvesting quality, these
critical technical aspects of potato vines removal, digging up, row
aligning and depth limiting, separation, packing potatoes into ton
bags, and intelligent control should be the focus of research and
development!"l.
3.1 Potato vines removal technologies and equipment
3.1.1 Advantages of potato vines removal before harvesting

Potato vines removal prior to digging up potatoes offers several
benefits: eliminating vines prevents harvesters from becoming
entangled with weeds and potato stems, ensuring smoother and
more efficient operations. In addition, once vines are removed,
nutrients no longer flow to the tubers, accelerating periderm aging
and promoting lignification. This helps potato tubers naturally
detach from creeping stems and develop a tougher periderm,
reducing damage from collisions and friction during harvesting.
Crushed vines left in the field decompose and return organic matter
to the soil, increasing carbon sequestration, improving soil structure,
and enhancing fertility.
3.1.2 Potato vine removal technology

Potato vine removal methods include mechanical, frost-
induced, and chemical approaches. Among these, mechanical vine
removal is the most widely adopted due to its high efficiency and
minimal environmental impact. Mechanical vine removal can be
further classified into segmented removal and combined removal.
During the process of mechanical vine removal, some technical
requirements should meet the following criteria: minimal soil
disturbance to avoid displacing tubers; uniform stubble height for
consistent field conditions; controlled vine fragment length to
facilitate decomposition.
3.1.3 Key components of the vine removal device

To achieve these goals, a vine removal device should be
equipped with rotary cutting blades, a main shaft, a depth-limiting
wheel, upper jaw plates, one-way clutches, and other components.
The rotary cutting system comprises three blade configurations:
ridge-top, ridge-side, and ridge-bottom cutters*. These blades are
symmetrically arranged on the primary drive shaft, with their
geometric alignment precisely matching the ridge contour profile
(Figure 6). This configuration ensures complete vine coverage while
maintaining cutting consistency across the entire ridge surface.

The depth-limiting wheel regulates stubble height during
operation, while the upper jaw plate guides and ejects crushed vines
smoothly. A one-way clutch mechanism prevents power
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transmission backflow, safeguarding the drive system. For optimal
performance, the rotary blades require a cutting speed >1300 r/min
to: 1) ensure efficient vine pulverization, and 2) generate sufficient
aerodynamic lift for vine transportation into the crushing chamber.
Blade quantity and spatial configuration should be adaptively
designed according to specific cultivation patterns!®'”.

e 2 SR e =

Figure 6 General assembly of potato vines removal cutter'

3.1.4 Potato vine removal equipment

Table 2 presents several representative models of potato vine
removal equipment from China, which come from Zhongji Meinuo,
Shandong Xisen Tiancheng, and Qingdao Hongzhu Agricultural
Machinery Co., Ltd.

Compared to leading international models such as Netherlands
APH 6LKB-550, GRIMME (Germany) HT-400, and KS3600
series, the Belgium AVR Rafale series features automatic depth
adjustment technology, three distinct technological advantages
emerging in international equipment, advanced cutting systems for
real-time cutting pressure adjustment, precision performance control
systems, and strong adaptability to cross diverse field conditions.
The comparison reveals several areas where Chinese manufacturers
need further development to reach international standards, such as
automation capabilities, adaptability to varying soil conditions, long-
term durability, and reliability.

Table 2 Representative technical parameters and characteristics of potato vine cutters at home and abroad

Brand/Model Photos Technical characteristics
Rear-mounted suspension type, supporting power of 66.2-88.3 kW, tractor output speed of 760 r-min™, suitable for large
MENOBLE/1804 ridge single-row cultivation mode, row spacing of 80/90 cm, 4 rows per operation, double-sided belt transmission form,

Xisen/4JM-360B

Hongzhu/1JH-110

[19]

work efficiency of 1-1.5 hm*-h "',

Rear-mounted suspension type, supporting power of 73.6-132.4 kW, tractor output speed of 760 r-min"', suitable for
large ridge single-row cultivation mode, row spacing of 90 cm, 4 rows per operation, double-sided belt transmission,
work efficiency of 1.4-2.5 hm?-h™'"".

Rear-mounted suspension type, supporting power of 18.4-33.1 kW, working width of 1000 mm, blade roller working
speed of 2000 r'min’', suitable for large ridge double- row cultivation mode, one ridge and two rows per operation,
single-sided belt transmission form, working efficiency of 0.26-0.33 hm*-h'".

3.2 Potato digging technology and equipment
3.2.1 Key technologies of potato digging

Potato digging equipment is designed to dig tubers from ridges
with minimal soil adhesion and ensure smooth transfer to the
cleaning and separation mechanism. The digging equipment must
meet the following core requirements: The digging shovel should
avoid mechanical injury to potato tubers, and has the optimized
performance of low digging resistance, high soil fragmentation
efficiency, superior wear, and fatigue resistance!'**".

To meet the agronomic requirements of potato digging, the
structural composition of the potato digging equipment includes: a
digging shovel, press wheel, soil-cutting disc, anti-clogging device,
depth-limiting mechanism, automatic row-following system, and
conveying chain, as shown in Figure 4 in Section 2.3.1.

3.2.2 Digging shovel

The digging shovel is a critical soil-contact part in potato
digging equipment, the structural shape and performance of which
directly affect digging efficiency, potato damage rate, and energy
consumption of the digging equipment. The general requirement for
digging shovel is to minimize resistance, wear resistance, and
automatic soil cleaning. To optimize the performance of the digging
shovel, the manufacturing materials for digging shovels are usually
65Mn and alloyed boron steel, and various structural forms of
digging shovels are researched and developed.

1) Structural forms of potato digging shovel

Digging shovels are divided into integral blade shovel and

multi-blade combined shovel. The combination digging shovel is
composed of multiple independent shovel body modules, which can
be combined with shovel blades of different lengths, widths, and
shapes according to actual needs to adapt to different cultivation
spacing, soil types, or terrains. In addition, these modules also
include adjustable components for adjusting digging parameters
such as shovel depth and shovel surface tilt angle to achieve optimal
harvesting results. By replacing or adding specific functional
modules, the combined digging shovel can also adapt to the digging
and harvesting of other root and stem crops, such as sugar beets,
carrots, etc., improving the utilization rate and economic benefits of
the equipment.

As shown in Table 3, it can be seen that the flat digging shovel
has the advantages of simple structure, easy operation, and less
damage to soil. However, its adaptability is poor and it is not
suitable for hard soil or soil with a lot of stones. While the vibrating
digging shovel has the advantage of strong adaptability and can be
applied to various types of soil, its complex structure and high
destructive power to soil may not be conducive to soil and water
conservation. Therefore, when designing a digging shovel, the
appropriate digging shovel type should be selected based on soil
type, crop planting method, and root depth, especially in hard or
rocky soil, where a digging shovel with high strength and good
wear resistance should be chosen.

2) Structural shape of potato digging shovel

Various structural shapes of digging shovel are researched and
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developed for potato digging, such as triangular flat shovels, strip
flat shovels, concave curved shovels, groove shovels, and
biomimetic digging shovels. Usually, flat shovels are used
commonly, and their structure should include a front end processed
into a sharp angular slanting edge, which can reduce the resistance
to digging and prevent the entanglement of weeds and congestion.
The angle of the flat-type digging shovel is generally between 20
degrees and 35 degrees, as shown in Figure 7.

To reduce the resistance of digging potato tubers with a digging
shovel and minimize the mechanical damage to potatoes, many

scholars have designed biomimetic digging shovels based on
physiological structural characteristics of certain animals and plants
in nature, such as claws, beaks, and scales, with low soil adhesion.

These digging shovels possess unique performance capabilities,
adapting well to specific soil conditions and demonstrating
advantages of low energy consumption and high efficiency during

the digging process. However, they suffer from significant
drawbacks such as complex structures and high design and

maintenance costs>?,
biomimetic shovels and their characteristics.

Table 4 shows typical examples of

Table 3 Structural form, characteristics, and application performance of potato digging devices

Characteristics

Application

The characteristics of this shovel are simple structure low
manufacturing cost, and easy installation. The width of the
shovel surface is generally less than 200 mm. A stone
sieve grille is installed in the transition gap between the
rear end of the digging shovel and the separation device to
prevent hard objects such as stones from blocking the
separation device.

The split flat combination shovel is independently
installed on a cantilever bracket, and the front end of the
shovel is processed into a sharp-edged blade, which has
good sliding cutting performance and low digging
resistance. The burial angle can be adjusted between 30°
and 42° to accommodate different types of soil.

Vibration digging shovel carries out horizontal and
vertical vibration by using a combination of a four-bar
mechanism and concentric wheels. It increases the cutting
effect on soil blocks, and the soil blocks break smoothly,
which helps to transport potatoes to the separation
component and facilitates potato soil separation. The
vibration of the digging shovel reduces the digging
resistance, but does not decrease the total power required.

It is commonly used in
small potato harvesters
in  China, such as
Hongzhu 4U-90, 4U-130,
Xisen Tiancheng 4UX-
120, etc.

This type of digging
shovel is commonly used
in large potato combine
harvesters produced by
Germany GRIMME
company, and Belgium
AVR company.

Vibratory digging shovel
is mainly used to solve
the problems of high
digging resistance and
high energy consumption.
For example, Chen Kai,
Lv Jinqing, Liu Xiao, et
al. designed a vibrating
shovel potato harvester,
respectively.

c. Triangle one-piece shovel

Figure 7 Common flat digging shovels

d. Stone fence combination shovel

Table 4 Typical examples of biomimetic shovels and their characteristics

Structural forms Structural diagram
2
Integrated flat
shovel 2! \
3
1. Frame fixing point, 2. Stone screening grid, 3. Digging
shovel.
7
9
: /
S S
4 i i
. 3 ! ‘
Split flat
combination 2 I B
shovel?" 1
a. Front view b. Side view
1. Flat shovel, 2-3. Stone screening grid, 4. Cantilever bracket,
5. Shaft end limit screw, 6. Angle adjusting lever, 7. Angle
adjusting screw rod, 8. Main beam of shovel frame,
9. Articulated shaft.
Vibratory
digging
shovel™.
1. Eccentric wheel, 2. Connecting rod, 3. Reciprocating shovel
frame, 4. Potatoes, 5. Landridge, 6. Digging shovel, 7. Digging
shovel movement trajectory, 8. Conveyor lifting chain.
a. Triangle two-piece shovel b. Triangle combination shovel
Bionic Structural diagram Biomimetic prototype
shovels er prototyp

Performance characteristics

Biomimetic £ /

curved
shovel

The forelimbs of Gryllotalpa orientalis Burmeister are highly adapted for soil digging. Their
forefoot toes exhibit an upward-facing shovel-like morphology, with a curved lateral profile of
specific curvature. The claw tips feature a square-wedge structure, characterized by wedge angles
of approximately 30° on both the frontal and lateral aspects. Through evolutionary optimization,
the configuration of these claws and toes minimizes resistance during soil penetration, enhancing
. burrowing efficiency™*.

(To be continued on the next page)
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Table 4 (Continued )
Bionic . L .
shovels Structural diagram Biomimetic prototype Performance characteristics

Biomimetic
ripple shovel

Biomimetic
wild boar’s
snout digging
shovel

The structure of earthworms and scallops has good soil flowability. By constructing relevant
biomimetic digging shovels and conducting relevant experiments, the results show that the
digging resistance of the biomimetic ripple shovel and the damage rate are reduced by 14.45% and
0.736%, respectively 7.

The head and nose of wild boars have unique advantages in turning, arching, and breaking soil,
and their digging process is very similar to that of a digging shovel. By collecting point cloud data
from the head and nose of wild boars and then conducting reverse engineering modeling, a
biomimetic digging shovel can be obtained. Both simulation experiments and soil trench
experiments have shown that the average digging resistance of biomimetic digging shovels is
lower than that of flat digging shovels, with a drag reduction rate of 24.29%">*,

3.2.3 Potato digging depth limiting technology

Potato tubers grow at a certain position in the soil ridge, so
when excavating the potato tubers, it is necessary to control the
appropriate digging depth. If the digging depth is too short, the
digging shovel is prone to damage the potato tubers, increasing the
damage rate and reducing the harvest quality. If the digging depth is
too long, the amount of soil excavated will increase sharply, while
also increasing the load and power consumption of the potato soil
separation components.

At present, there are mainly two types of digging-depth-
limiting technologies for potato harvesting. One technique is to
adjust the height of two guide wheels installed on both sides of the
frame. The two guide wheels guide the digging shovel along the
potato rows before digging potato tubers, as shown in Figure 8a.
Another technique is to adjust the height of an imitation monopoly-
shaped depth-limiting roller, which is installed at the front-end of
the harvesting devices as shown in Figure 8b.

a. Twoguide wheels

b. Imitation monopoly-shaped
depth-limiting roller

Figure 8 Digging-depth-limiting device!"”

Generally, the digging angle a for potato ridge harvesting is set
at 20° to 30°. Considering that different cultivation techniques and
soil types also affect the friction angle ¢ between the potato soil
mixture and the digging shovel, the digging angle a of the digging
shovel needs to be adjusted reasonably according to the actual
situation. In addition, under the conditions of slope operation, the
digging depth on both sides of the excavator is not consistent, which
can easily lead to unnecessary losses. The relative position
relationship between the adjustable frame and the harvesting frame
can be controlled by hydraulic cylinders on both sides, thereby
adjusting the digging angle of the shovel to ensure the quality of the
harvest and reduce drag and consumption. Digging-depth-limiting
technology is used to adjust the shovel’s penetration depth to ensure
a reasonable digging depth, avoiding the digging shovel mechanical
damage to some potatoes that grow deeper".

3.3 Potato separation technology and separation device

Potato separation device located behind the digging shovel is
employed to separate potatoes from the mixture entering the
separation device, including potato tubers, fine soil, clods of soil,
stones, potato vines, and weeds. It can be divided into segmented
harvesting and separation technology, combined harvesting and
separation technology, and impurity separation technology
according to different mechanized harvesting methods. Research on
the conveyor and separation mechanism of potato harvesters aims to
improve the separation efficiency of potato-soil while also reducing
skin breakage and damage rates during the harvesting process.

During the process of conveying and separating potatoes,
potatoes often collide and rub with surrounding potatoes and
devices, resulting in potato periderm breakage and damage**.
According to relevant national standards, the harvesting quality of
the combined harvester is required to have a periderm breakage rate
of no more than 3% and a damage rate of no more than 2%"°.
3.3.1 Potato-soil separation technology

1) Potato-soil separation technology in segmented harvest

The link bar conveyor chain is a common working component
of potato segmented harvester, which not only fulfills the purpose of
transporting potato but also takes on the task of potato—soil
separation, as shown in Figure 9. The link bar conveyor chain is
configured with parallel metal bars, a rubber conveyor belt, a
vibrating mechanism, a driving wheel, several roller wheels, etc.
The diameter of metal rods is usually 12 mm, with a spacing of 44-
55 mm between adjacent rods. The metal rods are covered with a
certain thickness of flexible materials such as rubber or

Note: 1. Passive wheel; 2. Shake mechanism; 3. Conveyor chain; 4. U-shaped
bracket; 5. Drive wheel.
Figure 9 Structure of link bar conveying
separation device
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polyurethane to reduce collision damage to potatoes”.

The vibrating mechanism is a critical part of the separation
conveyor chain, as its frequency and amplitude directly influence
the potato damage and epidermis breakage rates. Currently, most
vibrating systems employ a continuously variable speed drive,
allowing stepless adjustment of frequency and amplitude to ensure
effective separation while minimizing potato tubers damage.
Typical jitter wheels are shown in Table 5.

The link bar conveyor chain is widely used in potato segmented
harvester in China due to its relatively simple structure and low
production cost. The representative models include Xisen
Tiancheng 4UX-165 and Qingdao Hongzhu 4U-90. However, the
separation of potatoes from soil is poor, and potatoes roll
excessively on the conveyor chain, easily causing damage.

To avoid potatoes rolling or bouncing on the rods, the link bar
conveyor chain is equipped with the combination of curved and

straight rods, enhancing the support capacity of the screening
surface and improving the separating efficiency of potato-soil®.

2) Potato-soil separation technology in combined harvest

To achieve effective separation of potatoes from soil and
impurities, three or more stages of conveying and separation
mechanisms are usually used in medium or large potato combine
harvesters. The first and second stage separation mechanisms are
mainly used to separate most of the soil and impurities, while the
third and subsequent separation mechanisms are mainly used to
complete the transportation and sorting of potato tubers. The
conveying and separation system in potato combine harvesters
usually uses a combination of various structural forms of conveying
and separation mechanisms, including vertical annular conveying
and separation devices, grid plate conveying and separation devices,
and multiple sets of roller combined conveying and separation
mechanisms®™. Their characteristics are listed in Table 6.

Table 5 Characteristics of different vibration mechanisms

Mechanism Photograph

Characteristics

Y-shaped
swinging
mechanism

Rotating four
head
vibrating
rubber wheel

Eccentric
vibration
wheel

[37]

The "Y"-shaped swing frame is driven by a hydraulic motor through a connecting rod, and the rubber wheels at both ends
alternately strike the screen surface to vibrate it up and down, causing the soil blocks to break and fall to the ground”.

Four rotating rubber wheels alternately strike the screen surface to make it vibrate up and down. The height of the four
rubber wheels can be controlled and adjusted by an electro-hydraulic push rod to achieve stepless amplitude adjustment,
ultimately achieving the goal of crushing soil and causing it to fall off the screen surface.

The integrated design of the electric motor and vibration wheel allows the electric motor to directly drive the eccentric
block, resulting in a compact structure and high energy transfer efficiency. By adjusting the motor speed (such as
frequency converter control), the vibration frequency can be flexibly changed. By changing the eccentricity of the
eccentric block, the amplitude can be adjusted to meet different working conditions.

3.3.2 Potato-impurity separation technology and device of
combined harvest

For potato-impurity separation technology, airflow separation,
mechanical separation, and vibration screening separation are widely
used. Usually, there is a positive correlation between the ability of
separation potato from vines and the potato damage rate, that is, the
stronger the separation ability, the greater the potato damage rate.

Airflow separation technology utilizes airstream generated by a
fan to remove lightweight impurities, such as soil particles and
residual leaves. Typically, a blower is installed at the end of the
lifting chain or tail conveyor screen. The strong airflow generated
by the blower blows away the mixture of falling potatoes and
residual seedlings, effectively removing lightweight impurities like
leftover seedlings from the machine and reducing overall impurity
content!™.

Mechanical separation leverages differences in physical
properties (e.g., size, density) between potatoes and impurities for

segregation. For instance, a staggered rollers separation mechanism
is used for conveying and separation during the combined
harvesting process. As the potato-impurity mixture passes through,
potatoes move forward unimpeded, while potato seedlings and
weeds become entangled in the threaded de-vegetation rollers and
are thereby separated. Vibration screening separation uses the
differences in inertial forces between potatoes and impurities to
separate them. The adjustment of vibration frequency and amplitude
is achieved by adjusting the speed of the driving mechanism and the
length of the top rod, respectively"”.

The typical impurity removal device illustrated in Figure 10
comprises staggered light rollers and threaded impurity removal
rollers. When the potato-impurity mixture passes through, potatoes
will pass through unimpeded, while potato vines and weeds are
entangled by the threaded rollers and subsequently separated. To
minimize potato damage, the threaded rollers are coated with a
flexible material.
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Table 6 Characteristics of different conveying-separation mechanisms

Mechanism Photograph

Features

Vertical circular
conveying and
separating
mechanism

1. Vertical circular separating screen 2. Positioning guide wheel
3. Inclining baffle 4. Secondary conveying mechanism 5. Hydraulic
motor 6. Frame 7. Transverse transfer mechanism 8. Driven
sprocket 9. Chain 10. Guide plate of the screen 11. Drive sprocket
12. Belt-type conveying mechanism 13. Fixed wheel set
14. Protective screen 15. Transverse transfer baffle 16. Connecting
plate of protective grating strip.

The vertical circular conveying and separating mechanism is installed on a self-propelled potato combine harvester. When potatoes are digged along
with soil and impurities, they move backwards via a belt-type conveyor mechanism. Then, potatoes are dipped onto the vertical circular separating
screen by rubber fingers on the transverse transfer mechanism. The vertical annular separation sieve is rotated by the engagement drive of gears and
ring gears. During the rotational process, potatoes and soil blocks are subjected to the combined effects of their own gravity and centrifugal force,
resulting in different rolling characteristics. During the process of circular lifting, potatoes separate from soil through relative motion, and the vertical
circular separating screen can prevent potatoes from falling .

Grid plate
conveying and
separation
mechanism

1. Rubber belt 2. Rod 3. Grid plate*!

Roller pushing-
based conveying-
separation
mechanism

Staggered rollers
separation
mechanism

The grid plate conveying and separation mechanism is similar to the bar-rod type conveying separation
chain, as both use parallel metal bars arranged in an orderly manner on conveying chain. The difference
between these two structures is that some grid plates are installed on the grid plate conveying and
separating mechanism, which is beneficial for lifting potatoes. When potatoes fall onto the grid plate
conveying and separation mechanism after passing through the conveyor chain, they are lifted to a higher
height within a shorter horizontal distance while remaining relatively stationary relative to the grid plate, to
prevent damage to the potatoes'*!’.

The structure of the roller pushing-based conveying-separation mechanism consists of a series of rotating
rollers. The rotation rollers push potatoes to roll on the roller assembly, causing the detached soil to fall
through the gaps between the rollers, while the potatoes continue to be conveyed backward achieving the
separation of the tubers from the soil. This technology can be found in potato harvesters focusing on the
heavy clay soil areas".

The separation mechanism is composed of multiple finger rollers or spiral rollers arranged side by side
horizontally or vertically, and is installed after the lifting conveyor chain. It can efficiently separate
potatoes from soil by the relative motion. The gap between the rollers can be adjusted to improve the
separation efficiency of potato and soil. The damage rates are low because the relative motion between
potatoes and the staggered rollers separation mechanism is minimal™'.

and technical characteristics.
4.2 Structure characteristics
harvesting equipment

To save costs and improve harvesting efficiency, combined

and of combined potato

potato harvesting equipment is designed to complete multiple potato-
harvesting processes at the same time, such as potato digging,
transportation, clear selection separation, and packing potatoes into
boxes. Potato combine harvesters are classified into two main types:
small-scale and large-scale harvesters. Small-scale potato harvesters
structural  design, offering superior

feature a lightweight

7 21 20 maneuverability and the ability to adapt to varying terrain
7. Rod-chain separation screen; 8. scraper auxiliary lifting device; conditions for chtlmal hal:vestlng performance.
10. counterweight blocking rod; 12. flexible impurity removal roller; 42.1 Small-sized combined potato harvester

13. rod—chain separation screen driving shaft; 16. comb film teeth; 17. hinged

rod; 18. limit rod; 19. film-clearing knife; 20. separated stem and vine;

21. separated plastic film.

Figure 10 Schematic diagram of film and vine

separation structure'!

4 Current situation of potato harvester

4.1 Segmented potato harvesting equipment

Table 7 shows some typical segmented potato-harvesting
equipment in China and abroad and their models, equipment photos,

Common small-sized potato harvesting equipment is shown in
Table 8. Large-scale potato harvesting equipment is mostly used on
plains, large plots, and other areas, as it has a high harvesting
efficiency. The main types of small-sized potato harvesters are
listed in Table 8.

As detailed in Table 8, the lightweight potato excavator
employs a simplified mechanical design with two-stage separation
sieve that deliberately omits electromechanical-hydraulic or
intelligent control systems. While this minimalist approach restricts
functionality to fundamental digging operations*”, it provides two
significant agronomic advantages: substantially reduced tuber
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Table 7 Typical segmented potato-harvesting equipment and technical characteristics

Model Equipment photos Basic structure and technical features
N -
The equipment is rear-suspended with three-point, and powered by a 58.8-88.2 kW tractor. The overall
Hongzhu dimensions are 5200 mm (L)x2030 mm (W)x1550 mm (H) and a working width of 1600 mm for double-row
4U 160D potato harvesting. The device employs a stepped shovel and a two-stage lifting chain mechanism for digging,

conveying, and separating potatoes.

(10]

The equipment is rear-suspended with three-point and grid screen conveyor chain, and powered by a more than
66.2 kW tractor. The overall dimensions are 3810 mm (L)*x2020 mm (W)>x1200 mm (H). The working width is
1700 mm for double-row potato harvesting, and the digging depth is 150-350 mm!"".

Hongzhu 4U-170B

This equipment is towed by a walk-behind tractor and powered by a 19 kW engine. It features an overall width of
800 mm and a working width of 600 mm, enabling it to efficiently harvest potatoes in either single or double
rows. Its operational capabilities include key tasks such as digging, potato-soil separation, and windrowing
(forming crop rows). The compact design of this machine makes it particularly well-adapted for small-scale
farming operations in mountainous and hilly regions**..

Hand-held self-
propelled potato
harvester

This equipment is rear-suspended with three-point and is powered by a 50 kW tractor. With overall dimensions of
3800 mm (L)x1900 mm (W)x1400 mm (H) and working width of 900 mm, it is designed for double-row potato
harvesting. The machine combines two specialized techniques to accommodate both tender and tough potato
epidermis characteristics during harvest'*.

GRIMME WH200S

[45]

Table 8 Small-sized potato harvesters

Model Photos Basic structure and technical features

The structure of this potato combine harvester is a rear suspension type, with dimensions of 4700x2000x2050 mm,

~ a working width of 1400 mm, and an adjustable excavation depth within the range of 0-300 mm. It needs to match a
driving power of 44.0-58.8 kW and has functions of excavation, conveying separation, classification, and
bagging!*’l.

4UFD-1400 potato
combine harvester

The structural form of this potato combine harvester is a tracked chassis self-propelled harvester, which consists of

A4UZ-110 crawler a chassis walking system, excavation and conveying mechanism, depth limiting ground wheels, multi-stage

S(iﬁgrco(f;g?ge conveying and separation device, potato collection box, etc. The matched engine power is 55 kW. The working
p harvester width is 1000 mm and can adapt to ridge spacing of 800 mm to 1000 mm. The harvesting speed can reach

1.0 m-s'1,

(21]

impact damage and lower periderm breakage rates attributable to
shortened conveyance pathways. These performance characteristics
make the equipment particularly suitable for fresh market potato
production, where it serves as the primary digging unit in a two-
stage harvesting system-mechanical digging followed by manual
collection and bagging operations.
4.2.2 Large-sized combined potato harvester

Large-sized combined potato harvesters are primarily deployed
in plain regions, extensive fields, and other flat or expansive areas,
given their large machine dimensions. However, the breakage rate
of potato periderms is higher than that in small potato harvesters, as
the lengthy transportation process heightens the risk of potato
compression, collision, and dropping.

Table 9 lists the models, structures, and characteristics of

potato combine harvesters manufactured in China, while Table 10
lists the models, structures, and technical characteristics of potato
combine harvesters manufactured in other countries.

According to Tables 9 and 10, it can be seen that the majority
of potato harvesters produced and manufactured in China have pure
mechanical structures. Compared with potato harvesters produced
and manufactured in other countries, they have simple structures,
lack intelligent control systems, and the technical parameters of key
components cannot be automatically adjusted. The technical level is
not high, resulting in poor adaptability of potato harvesters if
operating in different regions and soil environments. The potato
harvesting equipment produced and manufactured in developed
countries has multifunctional, information-based, and intelligent
technological features, which can monitor the working status of
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Table 9 The models, structures, and characteristics of potato combine harvesters manufactured in China

Model Country Harvester photos

Basic structure and technical characteristics

4ULZ -170

M Ry
Xisen Tiancheng China

DEVO 4UML-

180 China
MENOBLE .
17108 China

This is a rear-suspended traction device requiring a matching power output of >88.2 kW. The key

. specifications are as follows: Dimensions (LxWxH): 9795x3300x3360 mm; Machine Mass: 5960 kg;

Working Width: 1700 mm; Ridge Width Adaptability: >700 mm; Digging Depth: 150-300 mm; PTO Input
Speed: 540 rmin™. It is equipped with a multi-stage star-roller soil-clearing and debris-removal system,
ensuring efficient separation of soil and debris from harvested potatoes*.

This is a rear-suspended traction device requiring a matching power output of >110 kW. The key
specifications are as follows: Dimensions (LxWxH): 8800x3400x3500 mm; Machine Mass: 8380 kg;
Working Width: 1600-1800 mm; Ridge width adaptability: 800-900 mm; Digging depth: 150-350 mmy;
Double ridge digging harvesting; Operating speed: 2-5 km-h™'; Operating efficiency: 0.1-0.2 hm*h'. Five-
level belt conveyor system reduces potato skin breakage rate, and three-level potato-vines separation system
reduces impurity content!*’.

This is a rear-suspended traction device requiring a matching power output of >73.55 kW. The key
specifications are as follows: Dimensions (LxWxH): 5000%3300%3400 mm; Machine mass: 4000 kg;
Working width: 1600-1800 mm; Ridge width adaptability: 800-900 mm; Digging depth: 0-300 mm; Double
ridge digging harvesting; Operating speed: 2-5 km-h'. Floating disc knife effectively cuts through weeds and
reduces digging resistance. The conveyor belt and lifting device behind the vibrating screen directly transport
the harvested potatoes to the transport vehicle®”.

Table 10 The models, structures, and technical characteristics of potato combine harvesters manufactured in other countries

Model Country Harvesters photos

Basic structure and technical features

GRIMME
VARITRON  Germany
470

AVR -Puma 3 Belgium

Dewulf Kwatro Belgium

Double L 7340 America

This is a self-propelled harvester with an engine power of 338.33 kW, and the chassis is driven by a static
hydraulic system. There are two types of harvesters, suitable for harvesting ridges with a spacing of
750 mm and 900 mm, separately. It can harvest 4 rows at the same time, so the total length is 12 740/
15 615 mm, the width is 3490mm/3855 mm, and the height is 4000 mm. It has a circular lifting belt with a
tarpaulin groove, which reduces damage to potato chunks caused by collisions. The advanced and
comfortable driver’s cabin is equipped with a video surveillance system that enables all-round blind spot
monitoring at the rear of the machine. Real-time images are transmitted through WIFI, and a 12-inch touch
screen display is available?**.

This is a wheeled self-propelled harvester equipped with a 345 kW engine. Four wheels are driven by static
hydraulic pressure system. The machine size (LxWxH) is 14 500x3480x4000 mm, adapting to ridge
spacing of 750 mm or 900 mm, harvesting 4 rows at each time, supporting an 8t storage capacity. The
working parameters of each component can be adjusted through the driving terminal, and can be monitored
by imaging and sensor. It has the function of automatic control and assisted driving. The unloading device
has functions such as adaptive adjustment of height and unloading speed”’.

This harvester adopts a self-propelled wheeled and crawler chassis system with four-wheel drive and needs
to be equipped with 367.75 kW. The machine size (LxWxH) is 15 090x4100x4000 mm. It can operate
four rows. The whole machine adopts full hydraulic drive, which can realize the stepless regulation of
several operating parameters, and the potato collection section uses adaptive height adjustment technology,
so potato chunks have less damage®".

This is a traction harvester pulled by a forward extending lifting arm, with a 338.33 kW engine. The
machine size (LxWxH) is 11 480x6530%3710 mm, harvesting 4 rows at each time. Its transmission adopts
a combination of mechanical and hydraulic systems. The working status of key components of the
machinery is monitored in real time through sensors, and the working data and fault information can be
transmitted to the visual monitoring terminal in the cab and external computer through Bluetooth
controls®.

potatoes in real time during the harvesting process and adaptively
adjust the working parameters, having low potato damage rate and
low periderm breaking rate harvesting performance.

5 Challenges and development prospects of potato
harvesters in China

5.1 Challenges facing potato harvesters in China
5.1.1 Lower mechanized harvesting rate of potatoes

China’s vast potato cultivation areas span diverse terrains,
including plains, mountains, and terraces, resulting in significant
regional variations
southwestern mixed-cropping and southern winter-cropping

in mechanized harvesting rates. The

regions, accounting for approximately 43% of China’s total potato
cultivation area, are predominantly hilly and mountainous.
Meanwhile, the mechanized potato harvesting rate is less than 5% in
these areas due to moist, sticky soil conditions. In hilly and
mountainous regions of China, the application rate of potato
harvesting equipment remains comparatively lower than that in
plain areas.

Faced with diverse terrain conditions in hilly and mountainous
areas, the working parameters of potato harvesting machinery
requires frequent manual adjustment to accommodate varying field
conditions. But parameter adjustment limitations lead to high potato
loss rate, high skin damage rate, and high impurity rate®.
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Consequently, the low mechanization harvesting rate of potatoes in
hilly and mountainous regions remains a critical bottleneck in
China’s potato harvesting sector, demanding urgent technological
and equipment improvements.

5.1.2 Limitations in manufacturing precision of potato harvesters

There are still many practical bottleneck technologies in
practical applications due to limitations in manufacturing
capabilities and key components. The primary reason is that
agricultural machinery manufacturers lack the financial capacity to
invest in high-precision processing equipment and specialized high-
performance materials, which entail prohibitively high costs®.
Many Chinese agricultural machinery manufacturing enterprises
suffer from outdated processing techniques, low production
accuracy, sub-optimal material selection, and reliance on empirical
design rather than data-driven optimization. As a result, key
components often fail to meet expected performance standards,
deviating significantly from theoretical models. Common
operational issues include: 1) Poor wear resistance of digging
shovels, leading to frequent replacements; 2) Excessive vibration in
transmission systems, causing high failure rates; 3) Inefficient soil
removal, increasing post-harvest cleaning efforts; 4) High
mechanical impact during lifting, resulting in potato damage (e.g.,
skin breakage, bruising) due to collisions, free-fall drops, and
rolling friction within the harvesting mechanism.

5.1.3 Lack of'intelligent control systems

Current Chinese potato harvesters primarily employ fixed
mechanical configurations with limited intelligent capabilities.
These existing harvesters notably lack several advanced systems
that are critical for modern agricultural operations, such as electro-
hydraulic integrated control systems, environmental recognition
systems, real-time parameter monitoring systems, and fault
identification and diagnostic systems. These technological
deficiencies result in significant functional limitations, such as: 1)
The absence of environment recognition systems makes it
impossible to identify the work environment in different regions and
soil conditions®; 2) Without real-time parameter monitoring,
operators cannot track the performance status of critical components
during operation”’"; 3) Missing electro-hydraulic integrated control
systems hinders smart decision-making and adaptive parameter
adjustment of critical components®™; 4) Missing fault recognition
and diagnosis systems delays fault detection, reducing operational
efficiency and increasing downtime. These limitations collectively
result in poor machine adaptability to different field conditions,
failure to meet versatile operational requirements for harvesting
other root crops (e.g., sugar beets, onions), and low equipment
utilization rates.

The fixed parameter design severely restricts the machines’
functionality, making them unsuitable for diversified agricultural
operations. This technological gap highlights the urgent need for
more intelligent, adaptive harvesting systems in China’s agricultural
sector.

5.2 Development prospects of potato harvesters in China
5.2.1 Collaborate to develop multi-mode potato harvester

To bridge the gap of uneven development of potato harvesting
mechanization in different regions, domestic agricultural machinery
enterprises, research institutes, and universities should draw upon
advanced technologies from developed countries’. In Europe and
the USA, fully mechanized potato harvesting has been achieved
across large fields and small plots. Meanwhile, countries like Japan
and South Korea—where hilly and mountainous landscapes
dominate—have excelled in developing and deploying small-to-

medium-sized harvesting equipment, achieving high mechanization
rates and advanced intelligent technologies®’. To improve the
balance of China’s potato-harvesting mechanization, the following
strategies are recommended: optimized harvesting technology
should be introduced to hilly and mountainous regions, modifying
potato-harvesting equipment to suit local terrain characteristics,
ensuring operational efficiency and adaptability, and promote
equitable mechanization rates across regions by tailoring solutions
to varying topographic needs. By integrating global innovations
with localized adaptations, China can achieve balanced and efficient
potato harvesting mechanization nationwide.

5.2.2 Strengthen the manufacturing technology of agricultural
machinery

To develop high-performance potato harvesting equipment
characterized by low damage rates, minimal epidermis breakage,
low impurity content, and high reliability, it is essential to optimize
structural design, material selection, and manufacturing processes'**.
Key focus areas include: a) Conduct stress analysis to refine
structural design and improve equipment durability, and enhance
manufacturing precision of transmission mechanisms to minimize
operational failures; b) Adopt advanced materials to increase
structural strength and longevity; c¢) Investigate the formation
mechanisms of potato collision damage during conveying and
separation processes, and develop innovative buffer structures to
mitigate impact and reduce potato damage rates; d) Study the
separation dynamics of potatoes from soil and vines to identify
optimal operational parameters, and optimize separation devices to
maximize efficiency and minimize impurity retention'’. By
addressing these critical aspects, the development of next-
generation potato harvesting equipment can achieve superior
performance and operational reliability.

5.2.3 Enhancing potato harvester adaptability

Advancements in sensing technology, machine vision, Al
models, information control systems, and new energy power drives
present opportunities to integrate intelligent technologies into potato
harvesters, addressing bottlenecks'. In terms of intelligent system,
real-time monitoring & sensing, adaptive control decision-making,
and eco-friendly power & mobility should be integrated into potato
harvesters!®*l.

Many kinds of sensors including soil sensors, crop sensors,
position sensors, speed sensors, and machine vision should be
installed to monitor the work status, and machine vision should be
used to identify impurity rate and damage rate of the mixture of
potatoes, soil, and vines during potato harvesting!”’\. To optimize
the harvester performance, digging depth, conveying speed, and
separation parameters should be dynamically adjusted based on real-
time soil and crop conditions, and an automatic alignment system
for precision digging should be applied, minimizing missed or
incorrect digs when the harvester makes a U-turn at the end of the
field”. Hybrid (diesel+electric) or pure electric drives should be
supported to reduce emissions and develop eco-friendly
agriculture™”\. Each wheel of the walking chassis should be driven
by static hydraulic to achieve stepless speed regulation, and walk
unobstructed in muddy fields". In uneven environments, it also has
the function of automatically adjusting the body posture!>".,

5.24 Government departments should innovate mechanisms and
establish special funds to overcome weak technologies

Under policies aimed at overcoming agricultural machinery
shortcomings and promoting mechanization in hilly and
mountainous regions, relevant government agencies should

implement stronger supportive measures’”. These supportive
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measures should increase research and development (R&D) funding
to encourage collaboration among research institutions, enterprises,
and producers to integrate industrial, academic, research, and
practical applications””. Additionally, it is necessary to establish
special funding projects, for example, research on mechanisms of
reducing soil adhesion during potato digging, potato-soil-vines
separation, and flexible conveying structure design in sticky, heavy
soils®™*, Special funding should be allocated for improving potato
variety to enhance the lignification of potato epidermis during
harvest period. Special funding should also be allocated for leading
agricultural machinery enterprises to design potato harvesters suited
to hilly and mountainous terrain. Additionally, local agricultural
extension services should intensify the promotion and training of
mechanized potato cultivation and harvesting technologies,
progressively refining the agricultural machinery and agrotechnical
social service system.

6 Conclusions

Against the backdrop of rapid technological advancement and
strong national support for sustainable agricultural mechanization,
the market demand for potato harvesters continues to rise, along
with increasingly stringent requirements for their operational
performance.

This article systematically summarized the operational modes
of mechanized potato harvesting, with a particular focus on
reviewing the current research status in China regarding vines
removal, potato digging, and transport-separation technologies and
mechanisms in potato harvesters. It summarizes the functional
characteristics of different harvesting methods and analyzes relevant
foreign reference technologies and structural designs.

The key stages of mechanized potato harvesting—vines
removal, digging, and transport-separation—play a critical role in
overall efficiency. To address the prevalent issues of high breakage
and damage rates in existing harvesters, this study conducts a
comparative analysis of segmented harvesting technology and
combined harvesting technology, evaluating the advantages and
disadvantages of their respective mechanisms. Based on this
analysis, the primary strategy proposed involves the ongoing
development of higher-performance potato harvesters. This
approach aims to reduce damage and skin breakage rates, enhance
harvesting quality, and further advance the sustainable development
of agricultural mechanization.
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