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Abstract 
In order to reduce the strawberry planting labor intensity, improve the strawberry 
planting mechanization, according to the strawberry planting agronomic requirements, 
developing a small electric strawberry directional transplanting machine, this machine 
is mainly composed of electric chassis, seedlings, planting devices and control system, 
can satisfy the strawberry hole tray seedling pot body requirements, such as high power, 
high density planting and directional planting and electric drive, small volume, no 
pollution.The field experiment showed that the working endurance of the prototype was 
4.5h, the lodging rate of the transplanting test was 3.71%, the coefficient of variation of 
plant distance was 3.05%, the success rate of transplanting was 92.58%, and the success 
rate of directional planting was 97.46%.The relevant transplanting performance 
indexes are in line with the national standard of JB/T10291-2013 "Dryland Planting 
Machinery". This study provides reference for the further research on strawberry 
transplanting machinery in China. 
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1. Introduction 

China has the largest strawberry planting area in the world. According to the data from the National 
Bureau of Statistics, the strawberry planting area in China has maintained a continuous growth market 
trend in recent years, increasing from 79,360 hectares in 2007 to 141,300 hectares in 2017, and it 
continues to grow [1]. In addition, the strawberry industry at home and abroad has always been 
considered as a labor-intensive industry: research shows that facility strawberry production needs 
about 528 artificial workers per hectare, among which transplanting and plant management consume 
the most labor, accounting for 21% respectively; 

Seedling is next [2]. Moreover, in order to meet the needs of strawberry growth, high economic 
benefits and convenient management conditions, strawberry planting needs high density directional 
transplanting. It can be seen from the research on the development of automatic vegetable 
transplanting machine that the current automatic vegetable transplanters are larger in size and driven 
by people, most of which are driven by internal combustion engine. If it is used in small and medium-
sized facility agriculture with narrow space and poor ventilation, the size can not meet the needs of 
existing low facility agriculture, and it is easy to cause air pollution and affect the quality of vegetables. 
In the research of the existing automatic vegetable transplanting machine in China, it has not been 
found that there is a small automatic vegetable transplanting machine which can meet the 
requirements of the small and medium-sized facility agriculture. 
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The research and development of vegetable transplanting machinery targeted at home and abroad is 
in the stage of rapid development, but it also has disadvantages such as disconnection from agronomy, 
unstable continuous performance, and difficulties in productization [3-4]. Domestic transplanting 
machinery is large in volume, with complex seedling division, planting mechanism, high cost and 
complex operation. In addition to not meeting the agronomic needs of strawberry planting, these 
transplanting machines can not meet the requirements of suitable price and simple operation required 
by the strawberry production situation of family-based operation and low educational level of growers 
[5]. Therefore, according to the current situation of strawberry production in China, a micro electric 
directional strawberry transplanter was designed, which is light and small in structure, simple in 
operation, and suitable in price to meet the agronomic needs of strawberry planting. 

2. The design and technical indicators of machine  

2.1 The structure of whole machine  

The transplanting mechanical transplanting method is single row and double row transplanting, which 
is mainly composed of three-point mechanical chassis, seedling dividing mechanism, planting 
mechanism and control system, as shown in Fig. 1. 

 

 
1. Seedling tray frame 2. Seedling dividing mechanism 3. Planting mechanism 4.Partly three-

wheeled walking gear train 6. Guide roller 7. DC motor and reducer 8. Handrails 9.battery 

Fig. 1 Structure diagram of the machine 

 

The whole machine is supported by a mechanical chassis, which includes a partial three-wheeled 
walking wheel system, a guide wheel and a handrail. The handrail is installed behind the mechanical 
chassis and connected with the rear wheel of the partial three-wheeled walking wheel system. The 
plate frame is installed on the longitudinal beam of the mechanical chassis in front of the handrail, 
and the guide wheel is installed in front of the longitudinal beam of the mechanical chassis. The 
battery placed on the mechanical chassis provides power for the DC motor, which is decelerated by 
the reducer and powered by the chain drive for the seedling mechanism, planting mechanism and the 
whole machine. The seedling dividing mechanism is connected with the seedling tray frame, and the 
planting mechanism is installed on the beam of the mechanical chassis just below the seedling 
dividing mechanism. The seedling dividing mechanism and the planting mechanism cooperate with 
each other to complete the planting work. 
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2.2 Working principle and main parameters of transplanter 

Before transplanting, adjust the front guide wheel of the transplanter to fit the ridge edge according 
to the ridge type, and put the strawberry hole seedlings for transplanting into the seedling cups of the 
seedling dividing mechanism. Operator press and transplanting transplanting switch work, the 
operator side armrest, operation side constantly take seedlings from strawberry cave dish and 
strawberry arch toward the joint points miao miao cup cup tags into the points, points miao device 
rotation to drive the seedling cup to specify the location, movement points seedling cup under the 
action of roller convex body open, strawberry hole tray seedling falling to the earth periodic motion 
to plant in the duck mouth. 

After the periodic movement of the planting mechanism moves down to the lowest place and holes 
are punched, with the cooperation of the mechanism, the duck beak is opened, the strawberry hole 
plate seedlings fall into the seedling hole, the planting mechanism continues to move up periodically, 
and the closure is completed with the cooperation of the mechanism, and the movement reaches the 
highest place and the seedlings are received again. In such a cycle, the planting work is completed 
under the mutual cooperation of the seedling dividing mechanism and planting mechanism. 

Main technical parameters: 

Total weight /kg: ≈100 

Planting spacing /mm: 200 

Planting row spacing /mm: 800-150 

Planting frequency/plant • min-1:25-35 

Operating speed /mm• s-1:83.4-116.7 

Battery type: 48V/30Ah 

3. Design of key parts 

3.1 Design of seedling dividing mechanism 

Seedling dividing mechanism has the functions of marking and depositing seedlings in the process of 
planting and placing seedlings at a certain point. It is mainly composed of seedling tray support frame, 
seedling support rod, seedling sprocket, seedling tray, CAM support rod, seedling cup, seedling 
indicator, seedling boss ,as shown in Fig. 2 

 
1, seedling tray support frame 2, seedling support rod 3, seedling sprocket 4, seedling tray 5, CAM 

support rod 6, seedling cup 7, seedling indicator 8, seedling boss 

Fig. 2 seedling division mechanism 



 

 

471 

International Core Journal of Engineering 

ISSN: 2414-1895 
Volume 7 Issue 3, 2021 

DOI: 10.6919/ICJE.202103_7(3).0065 

One end of the seedling dividing support rod is fixed on the seedling tray support frame; 

The seedling boss is installed on one end of the CAM support rod, and the other end is installed on 
the seedling tray support frame. 

The seedling dividing plate is mounted on the other end of the seedling dividing support rod through 
a shaft and a bearing, and the sprocket is coordinated with the shaft key. The minute and second plate 
has four seedlings falling mouth and a seedling throwing indicator. 

The four sub -seedling cups installed on the sub -second plate can realize the tensioning function 
under the action of sub - seedling boss and spring tensioning in the process of periodic rotation. 

The seedling dividing cup consists of a seedling falling mouth, a hinge block of the seedling cup, a 
fixed hinge block, a roller mounting rod, a groove fitting part, a spring rod, a roller and a seedling 
cup, as shown in Fig. 3. 

 
1, fall seedling mouth 2, seedling cup hinge block 3, fixed hinge block 4, roller mounting rod 5, 

notch matching part 6, spring rod 7, roller 8, seedling cup 

Fig. 3 The mechanism of dividing seedling cup 

 

Among them, the falling seedling mouth is installed on the dividing seedling plate, the fixed hinge 
block is installed on the falling seedling mouth, the Miao cup is installed on the Miao cup hinge block, 
and the Miao cup hinge block is quickly hinged with the fixed hinge. 

The spring rod is installed on the edge of the cup, and the cup is closed under the action of the spring 
force installed on the spring rod. 

Start after transplanting, the operator from seedling tray seedling and fall toward the side of the 
strawberry pot body camber miao mouth for miao miao indicator into points inside the cup, installed 
at the points of seedling tray seedling cup periodic rotation, when transferred to points miao convex 
sets in, under the action of a convex set by the open and closed state of strawberry pot body free fall 
to the bottom of the duck mouth, planting seedlings function implementation points. 

3.2 Design of planting mechanism 

As a key part of transplanting machinery, the planting mechanism in China is mainly composed of 
multi-pole structure to achieve the requirements of zero-speed transplanting movement trajectory. 
With CAM mechanism, the opening and closing of the duck beak can be realized, and then the 
planting function can be completed, which has problems such as complex structure and difficult 
adjustment [6-11]. The planting mechanism of this machine has the functions of receiving seedlings, 



 

 

472 

International Core Journal of Engineering 

ISSN: 2414-1895 
Volume 7 Issue 3, 2021 

DOI: 10.6919/ICJE.202103_7(3).0065 

drilling holes and throwing seedlings, and it is light in volume and can realize the opening and closing 
of duck bill with pure mechanical coordination [6]. It is mainly composed of mounting plate, "L" type 
plate, lower connecting rod, upper connecting rod, limit part, duck bill mounting plate, duck bill, 
adjusting rod, rocker rod and connecting rod, as shown in Fig. 4. 

One side of the mounting plate is installed on the beam of the mechanical chassis through the clasp, 
and the other side is welded with the "L" type plate. Wherein one end of the upper connecting rod 
and the lower connecting rod is hinged with the upper end of the "L" type plate, and the other end is 
hinged with the mounting plate of the duck beak; The duck bill is mounted on the duck bill mounting 
plate; Rocker end with "L-shaped plate". "L" type plate, upper connecting rod, lower connecting rod 
and duck bill mounting plate form a row of quadrilateral mechanism, and then cooperate with rocker 
and connecting rod to form a crank rocker mechanism. Dripped by the rocker with uniform rotation 
speed, the beak of the planted duck moves up and down periodically in the same direction, and then 
the opening and closing function of the beak of the planted duck is realized with the limiting part and 
the adjusting rod. 

 
1.Installation version 2. L-shaped plate 3. Lower connecting rod 4. Upper connecting rod  

5. Limiting piece 6. Duckbill mounting plate 7. Duckbill  

8. Adjusting rod 9. Rocker 10. Connecting rod 

Figure 4 Planting institutions 

 

When the planting duck's bill moves to the top, the strawberry plug seedlings fall from the seedling 
cup to the planting duck's bill at a fixed point. The planting duck's bill drives the strawberry seedlings 
to move down periodically and complete the hole drilling. The duck's bill is planted with the 
adjustment rod. When opening, the strawberry plug seedlings fall into the punched hole and the duck 
beak is planted periodically to move upwards to complete one planting. 

3.3 Transmission and control system 

The transmission system realizes the coordinated transplanting work between the seedling separating 
mechanism and the planting mechanism through the cooperation of chain transmission and 
mechanical clutch, as shown in Fig. 5. 

The battery supplies power to the motor. The motor is connected to a single-axis input and dual-axis 
output worm gear reducer. One output shaft is connected to the ground wheel, and the other output 
shaft is connected to the planting mechanism and seedling separation mechanism. By calculating the 
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transmission ratio between the sprockets, Control the frequency of planting institutions and planting 
institutions to achieve the purpose of coordination and cooperation. According to the actual situation 
and cost-saving requirements, the motor uses 48V constant torque DC motor, and the motor driver 
uses BLDC4815 DC speed regulation drive. Combining the inherent functions of the controller and 
actual requirements, design forward gear, planting gear, reverse gear and neutral gear; In addition, 
for the mechanical power, the shaft connection can be cut off by mechanical clutch and pushed 
manually. 

 
1.Motor and worm gear reducer 2. Planting mechanism 3. Seedling separation mechanism 4. 

Ground wheel 5. Clutch 

Fig. 5 Transmission system 

4. Test and result analysis 

4.1 Test conditions 

For the strawberry plug seedlings used in this experiment, 32-hole PVC plugs were selected, with a 
single acupuncture point having a hole diameter of 60mm, a bottom 28mm, and a depth of 110mm. 
As shown in Fig. 6. Due to seasonal reasons, there are no strawberry plug seedlings, and the bowl of 
strawberry plug seedlings is replaced with plastic flower mud. In this experiment, 4 trays of 
strawberry plug seedlings were selected, a total of 128 strawberry plug seedlings. 

The test site was selected as the test site of Runhe (Zhenjiang) Agricultural Machinery Equipment 
Co., Ltd. The test site was ridged after repeated drying and rotary tillage by a rotary tiller. The ridge 
type refers to the standard of DB13/T2749-2018 "Technical Regulations for High Ridge Mulching 
and Planting of Strawberry Plug Seedlings" and the general situation in Jiangsu Province. The ridge 
height is 30mm, the bottom width is 50-60cm, the upper ridge width is 45cm, and the ridge width is 
20~30cm [12,13]. To remove weeds, large soil blocks and gravel on the ridge surface, the mulch film 
is made of black polyethylene with a thickness of 0.08mm and a width of 80mm, without damage and 
bonding. 

 
Fig. 6 Strawberry plug 
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4.2 Experiment method 

Since there is no test standard for the mechanical performance of strawberry transplanting machinery 
at this stage, this test refers to the national standard of JB/T10291-2013 "Dry Land Planting 
Machinery" [14], with planting frequency, lodging rate, plant spacing coefficient of variation and 
planting qualification rate as indicators. One is to test the transplanting performance of the miniature 
electric strawberry directional transplanter; the prototype test is used to test whether the actual 
planting life of the whole machine can meet the theoretical calculation time and the rational design 
requirements of the whole machine structure; and the strawberry transplanter is oriented. The 
following methods are used as the test standard for the success rate of transplanting: make the normal 
line of the vertical ridge through the strawberry planting center, make a straight line through the 
strawberry planting center and form an included angle with the normal line. The included angle is 
greater than or equal to -45 degrees and less than or equal to 45 degrees. The area swept by a straight 
line is the successful directional planting area. After the machine completes the directional planting, 
the strawberry plug seedlings with the arched back marking points in this area are the directional 
planting success, as shown in Fig. 7. 

 
Fig. 7 Schematic diagram of the success rate of directional transplantation 

 

4.3 Test results and analysis 

The test results are shown in Table 1. When the theoretically calculated plant spacing is 30 plants/min, 
the actual test average plant spacing is 30 plants/min, which meets the design requirements. The 
designed strawberry transplanter can complete the planting of strawberry pot seedlings with higher 
erection degree, the average plant spacing variation coefficient is 3.05%, and the overall transplanting 
pass rate reaches 92.58%, which meets the design requirements. As an important parameter to 
distinguish other types of plug seedling transplanting machinery, the success rate of directional 
transplantation reached 97.46%, which basically met the requirements of strawberry planting. The 
actual test environment and coating conditions are shown in Fig. 8. 

 

Table 1 Experimental results of transplanting performance of transplanting machine 

Project 
Transplanting 

frequency/Z/min 
Lodging 

resistance/% 

Coefficient of 
variation of plant 

spacing/% 

Transplanting 
pass rate/% 

Success rate of 
directional 

transplanting/% 
Test1 30 2.34 2.62 92.97 97.66 
Test2 31 3.12 3.49 92.19 96.1 
Test3 29 3.12 3.2 93.75 99.21 
Test4 30 6.25 2.87 91.4 96.88 

Average value 30 3.71 3.05 92.58 97.46 
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Fig. 8 Field transplanting test 

 

5. Conclusion 

In view of the current development status of strawberry transplanting and the special agronomic 
requirements of strawberry planting, a miniature electric strawberry directional transplanting machine 
has been developed, which can complete automatic seedling division and seedling operations, drilling 
holes and transplanting, and reduce the strawberry transplanting process. Work intensity, strawberry 
planting cost, improve strawberry planting efficiency. The whole machine is light in structure, easy 
to operate, electric and pollution-free, and can better meet the agronomic needs of strawberry planting. 

Field experiments show that the operating speed of the whole machine is 0.36km/h, the planting 
frequency is 30 plants/min per row, the planting lodging rate is 3.71%, the plant spacing variation 
coefficient is 3.05%, the transplanting success rate is 92.58%, and the directional transplanting 
success rate is 97.46%. And the battery life of the whole machine is 4.3h, which meets the needs of 
design and actual work. In the process of transplanting, the seedling damage rate is low, and the 
damage to the mulching film is small. The performance and quality of transplanting on the film meet 
the requirements of the national standard of JB/T10291-2013 "Dry Land Planting Machinery" and 
meet the agronomic needs of strawberry planting. 

This transplanting machine can meet the agronomic requirements of large, high-density planting and 
directional transplanting of strawberry plug seedlings. It combines mechanical mechanism with 
simple motor control. It has the characteristics of simple operation, light mechanism, and electric 
pollution-free. Functional requirements for transplanting strawberry plug seedlings. 
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