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Abstract: According to the requirement of assorted maize transplanting machine, a maize bud-seed precise sowing device was 

presented for use in cold areas.  Experiments were performed to optimise the parameters of a maize bowl-tray precise seeder 

to improve the seed-filling performance.  When the diameter of brush seed wheel was 78 mm, the clearance of brushing 

seed was 3 mm, with the maize varieties Demeiya 1, the moisture content about 40%, the depth of shaped hole 6 mm, the 

two major factors, the diameter of shaped hole and the velocity of seed box, were tested at five levels for each factor using 

the orthogonal rotational regression experiment.  The effects on the single-seed rate, multi-seed rate, empty-seed rate, 

broken-bud rate and damage rate were investigated.  The test results indicated that the factors affecting the single-seed rate 

and the multi-seed rate were the diameters of shaped hole and the velocity of seeds box, and the factor affecting the 

empty-seed rate was primarily the diameter of shaped hole.  This study determined the optimal parameters, and verified the 

results, which provide the basis for the design and performance improvement of the maize bud-seed bowl-tray precision 

seeder. 
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1  Introduction  

Maize is a primary crop (second only to wheat) in 

China, a large agricultural country.  Be considered as 

“the king of feed” for the first variety of its production 

area and yield , maize also serves as an important 

industrial raw material
[1]

.  Because of the short frost-free 

period in Heilongjiang with big changes of temperature 
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annually, the direct seeding method during spring sowing 

will easily cause cold damage to the emergence and 

seedlings, and in the late stage of corn growth, it is often 

compromised by early frost, which is extremely 

unfavourable to corn production
[2]

.  Dryland cultivation 

of major crop is the primary method of sowing, but the 

required area of seedling planting is quite large
[3]

.  

Maize seedling transplanting technology, which 

extends the growth period by more than one month, can 

fully solve the drought problem of seedlings emergence 

and guarantee their quality.  The transplantation of 

maize seedlings has become one of the best planting 

techniques in recent years.  In the mid-1970s, the first 

mechanical approach for maize planting was developed in 

China
[4]

; Subsequently, continued research and 

development gradually led to the introduction of a variety 

forms of vegetables, tobacco, sugar beet and other crops 

that were suitable for use with planting machinery.  

However, such planting machinery was not used widely 
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due to the backward nursery technology, poor matching 

performance and low overall efficiency.  No tillage 

planter as a new technology of conservation agriculture is 

gradually started and the benefits have been widely 

recognized
[5]

.  Precision seeding technology is a new 

seeding technology promotion based on no tillage seeding, 

which is seeding a single grain seed in the soil with a 

suitable distance
[6]

.  Much research has been performed 

on the development of precision planter and recent 

achievement
[7-9]

.  

Seeding technology of air suction is developing very 

fast in Europe, America and Japan, etc.
[10]

, various of 

monitoring devices are generally installed in the seeding 

planter and some operating controls are electronic
[11]

.  

Yu et al.
[12]

 investigated the relationship between the 

positive pressures and the negative ones of nozzles on 

pneumatic precision metering device for rapeseed through 

developing fluid models of chamber and conducting the 

k-ε turbulence model.  Great Plains of Manufacturing 

company developed single seed metering device which 

can change the seeding wheel to meet various crops. The 

uniformity is suitable for circular corn seed, but not 

proper for flat corn seed
[13]

.  Li et al.
[14,15]

 studied on tilt 

disc spoon type precision seed-metering device angle and 

rotating speed on the performance of maize seed species.  

Liao et al.
[16-18]

 did a lot of research on the horizontal 

plate precision meter for corn seed, putting forward the 

corresponding measures and methods on reducing the 

broken seed rate.  Yu et al.
[9,19,20]

 studied on the corn 

precision metering device with concave metering 

inner-cell, with single seed rate of about 90% and empty 

seed rate less than 3.5%.  Seed size was required strict 

of these mechanical seed meter, and seed-filling was not 

high enough.  Xia et al.
[7]

 studied on precision 

seed-metering device for pelleted corn seeds, the single 

seed rate could earn up 98%.  However, these researches 

were focus on dry-seed which is not suitable for 

transplanting, and germinal precision seeding meter is 

rare.  Wu et al.
 [21]

 presented an automatic precision 

seeding system which has high automatic level, and the 

experiment result showed that the miss index and 

multiple index for corn seeds were 3.70% and 4.62% 

respectively. 

The main objective of this study was to investigate 

the seed-filling performance of a maize bowl-tray 

precision seeder while performing basic single maize 

sowing with the target of reducing the damage and 

determining the optimum parameters.  Single-grain 

maize bud-seed sowing techniques are important for 

reducing waste, ensuring the germination rate and 

improving maize production, which is conducive to the 

promotion of rational use of resources and improved 

varieties to achieve large-scale, intensive and commercial 

production. 

2  Materials and method 

2.1  Test device and operating principle 

A maize bowl-tray precision seeder is shown in 

Figure 1, which is mainly composed by subsoil box, 

compaction wheel, seed box, brushing seeds wheel, 

shaped hole plate, plate-turnover, seed raising trays, push 

rod of seeds box, surface soil box, frame, motor, 

transmission chain, speed reducer and connecting rod 

frame body.  

 
1. Table-board  2. Adjusting control of pushing  3. Installation of pushing 

bow-tray  4. Subsoil box  5. Compaction wheel  6. Seed box  7. Surface soil 

box  8. Scraper  9. Roller  10. Frame work  11. Assembly of link mechanism   

12. Plate of shaped hole  13. Motor  14. Switch control  15. Control cabinet of 

frequency conversion  16. High-speed camera  17. Reaction member 

Figure 1  Schematic diagram of experiment platform of the maize 

bowl-tray precision seeder 

 

The operating principle: The plate pusher and sowing 

body will execute longitudinal parallel movements based 

on the drive of motor via the chain transmission, the 

speed reducer and the crank-link mechanism.  The crank 

fixed on both ends of the output shaft of the speed 
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reducer.  When the crank makes a round, the crank-link 

mechanism will drive the plate pusher and sowing device 

to move a distance of one group of seed raising trays, 

which arrives below the subsoil box after finishing the 

compaction of soil.  Then, the compacted seed raising 

trays reaches below the seeding apparatus.  The 

shaped-hole plates are used to fill the seed trays twice.  

In the seed-filling process, the crank drives connecting 

rod of plate pusher to perform the reciprocating linear 

motion of the seed box through push rod of seed box.  

The seed box, which equipped with a baffle inside, 

can control the falling of maize seeds.  The two sides of 

seed box were equipped with brush wheels, each of which 

had a diameter of 78 mm, to follow its movement, and the 

clearance of brush wheel was 3 mm.  In seed-filling 

process of the sowing device, the baffle was opened; 

maize seeds fell to the surface of shaped-hole plate by 

gravity.  Under the drive of the brush wheel, seeds were 

filled through shaped hole, and the spare seeds were 

brushed out to guarantee that approximately one seed was 

placed in shaped hole, and the shape of which is 

cylindrical, with a diameter of 12-16 mm and depth of   

6 mm.  Which one group of trays is filled, the seed box 

could finish one reciprocating motion to enable the 

completion of the second seed-filling processes. After 

filling, with the cooperation between flap assembly 

installed at the bottom of shaped-hole plate and 

plate-turnover, the shutter was opened through the drive 

of instruments at both ends of the output shaft of speed 

reducer.  Under the action of their own gravity and 

inertial force, the maize seed in shaped hole fell into the 

seed raising tray.  In this manner, the sowing process 

was completed.  The seed-filling link was the highest 

priority in seeding process, so this study only considered 

the seed-filling process. 

2.2  Test materials and methods 

The combination factors affecting the performance of 

seed-filling apparatus were further studied based on the 

preliminary tests and single factor tests
[22]

.  The seeds 

used in this test were maize named Demeiya 1 in 

Heilongjiang province, for which one-thousand kernel 

weight (TKW) is approximately 246 g.  The germinal 

length is approximately 1 mm, moisture content is about 

40%, and depth of the shaped hole is 6 mm.  This study 

considered the diameter of shaped hole (x1) and the 

velocity of seed box (x2) as the test factors.  The 

single-seed rate, multi-seed rate, empty-seed rate, 

broken-bud rate and damage rate were taken as indices 

using the quadratic orthogonal rotary regression 

experiment design.  The coding of factor levels is 

presented in Table 1.  Computer simulation and 

optimisation were used to determine the optimal 

combination of two factors and changing trend.  
 

Table 1  Code and level of factors 

Code value 
Diameter of the shaped  

hole x1/mm 

Velocity of the seed box  

x2/mm·s
-1

 

asterisk on the arm (+y) 16 135 

upper level (1) 15.41≈15 129.14 ≈129 

zero level (0) 14 115 

lower level (−1) 12.59 ≈13 100.86 ≈101 

asterisk under the arm (−y) 12 95 

Δj (j=1, 2) 1 6 

 

Before the test began, a certain amount of maize was 

filled into seed box, and the switch of box was closed.  

When the frequency converter was changed to specified 

frequency and motor speed was stable, the switch of seed 

box was turned on.  Seeds filled shaped holes due to the 

action of gravity, the brushing seed wheel and the 

scraping seed plate.  When the box finished 

reciprocating seed-filling, the trial operation was finished, 

and the test was completed before the flap was opened.  

3  Results and discussion 

3.1  The test results 

According to the initial experimental design, results 

of quadratic orthogonal rotary regression experiment are 

presented in Table 2.  The reported value is the average 

from three observations.  

3.2  Regression equation and secondary order of 

experimental factors 

The test data were analysed using DPS (Data 

Processing System
[23]

).  The regression equations were 

determined between each experimental factor and 

performance index, as shown below: 

1 1 2

2 2

1 2 1 2

92.05375 16.37931 8.78422

       13.21750 21.65250 5.89250

y x x

x x x x

   

 
   (1) 
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2 1 2

2 2

1 2 1 2

2.52500 5.80922 0.15320

       3.21250 0.08250 2.18500

y x x

x x x x

   

 
     (2) 

3 1 2

2 2

1 2 1 2

5.42125 22.18853 8.63103

       10.00500 21.73500 8.07750

y x x

x x x x

   

 
   (3) 

where, y1 is single-seed rate, %; y2 is empty-seed rate, %; 

y3 is multi-seed rate, %; x1 is diameter of shaped hole, 

mm; and x2 is t velocity of seeds box, mm/s. 

 

Table 2  Experimental results 

Serial 

number 

Diameter of the 

shaped hole x1/mm 

Velocity of the seed 

box x2/mm/s 
Single-seed rate/% Empty-seed rate/% Multi-seed rate/% Broken-bud rate/% Damage rate/% 

1 15 129 56.19 0.95 42.86 0 0 

2 15 101 26.67 0 73.33 0 0 

3 13 129 82.14 7.69 10.17 0.60 0.60 

4 13 101 76.19 15.48 8.33 0 0 

5 12 115 82.15 17.15 0.70 0.50 0.80 

6 16 115 42.86 0 57.14 0 0 

7 14 95 33.33 0 66.67 0 0 

8 14 135 57.94 3.97 38.09 0 0 

9 14 115 88.57 3.11 8.32 0 0 

10 14 115 97.14 0.97 1.89 0 0 

11 14 115 94.26 4.03 1.71 0 0 

12 14 115 91.42 2.51 6.07 0 0.20 

13 14 115 95.57 0.49 3.94 0 0 

14 14 115 87.43 3.50 9.07 0.15 0 

15 14 115 92.43 5.56 1.91 0 0 

16 14 115 89.54 0.13 10.33 0 0 

 

   The results indicated that no significant relationship 

existed between performance index broken-bud rate and 

damage rate for experimental factors, and the values were 

very small.  Thus, the time relationship between factors 

and two performance indexes (broken-bud rate and 

damage rate) were ignored. 

In order to verify the significance of regression 

equation, the F test was used for Equations (1), (2) and 

(3).  According to the lack-of-fit test, F11=3.56, F12=1.95 

and F13=4.13 were all less than F0.05(3,7)=4.35, the lack 

of fit was significant at the level of α=0.05 because 

F21=76.46, F22=16.12 and F23=77.44 are all higher than 

F0.05(5,10)=5.46; the regression equation is significant at 

the level of α=0.01; and the equation fits well with the 

experimental data according to the T test of the regression 

coefficients, reaching a significance level of 0.05.  

Eliminating the insignificant factors, the models between 

experiment factors and performance index are as follows: 

1 1 2

2 2

1 2

92.05375 16.37931 8.78422

       13.21750 21.65250

y x x

x x

   


    (4) 

2

2 1 12.52500 5.80922 3.21250y x x          (5) 

3 1 2

2 2

1 2 1 2

5.42125 22.18853 8.63103

       10.00500 21.73500 8.07750

y x x

x x x x

   

 
  (6) 

The test of the regression coefficients of Equations 

(4)-(6) indicated that the primary and secondary order of 

the factors affecting the single-seed rate and multi-seed 

rate was the diameter of shaped hole and the velocity of 

seed box; the factor affecting empty-seed rate was the 

diameter of shaped hole. 

3.3  Discussion of the effect of the two factors  

The quadratic regression equation between diameter 

of shaped hole, velocity of seed box and single-seed rate, 

multi-seed rate and empty-seed rate was obtained.  

According to the equation, the relationships among 

single-seed rate, multi-seed rate, empty-seed rate and 

various factors are shown in Figures 2-4. 

3.3.1  Effect of experimental factors on single-seed rate 

Figure 2 exhibits the interaction of shaped hole 

diameter and velocity diameter of the seed box on 

single-seed rate.  As shown in Figure 2, a higher region 

of single-seed rate appears when diameter of shaped hole 

and velocity of seed box are all approximately at the zero 

level.  When velocity of the seed box is fixed, the 

single-seed rate initially increases with decrease of  

shaped hole diameter and then decreases slowly; when 

the diameter of shaped hole is fixed, single-seed rate 

increases with the increase of shaped hole diameter 
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initially and then decreases.  The highest point (96.94%) 

appears when velocity of seed box is at the zero level.  

When velocity of the seed box is below zero, the 

single-seed rate increases with the increase of velocity of 

seed box; when the velocity of seed box is above zero, the 

single-seed rate decreases with increase of velocity of 

seed box.  In the course of interaction of the diameter of 

shaped hole and the velocity of seed box, the diameter of 

the shaped hole is the main factor influencing the seeding 

rate. 

3.3.2  Effect of experiment factors on empty-seed rate 

Figure 3 shows the interaction of the diameter of 

shaped hole and the velocity of seed box on empty-seed 

rate.  As shown in Figure 3, the lower region of 

empty-seed rate appears when the diameter of shaped 

hole is approximately one level.  When the diameter of 

shaped hole is fixed, the change of empty-seed rate with 

vertical displacement of the maize seeds is almost 

negligible; when the velocity of seed box is fixed, 

empty-seed rate initially decreases slightly with decrease 

of the diameter of shaped hole and then increases rapidly.  

When the diameter of shaped hole is at approximately 

one level, the empty-seed rate is effectively at minimum 

(0%).  When the diameter of shaped hole is below the 

first level, the empty-seed rate decreases with the 

diameter of shaped hole increasing; when the diameter of 

shaped hole is above the 1 level, the empty-seed rate 

increases with diameter of shaped hole increasing.  

During the interaction course of the diameter of shaped 

hole and the velocity of seed box, the diameter of shaped 

hole is the main factor influencing seeding rate. 

3.3.3  Effect of experiment factors on multi-seed rate 

Figure 4 shows the interaction of the diameter of 

shaped hole and the velocity of seed box on multi-seed 

rate.  As shown in Figure 4, the effective lower region of 

multi-seed rate appears when the diameter of shaped hole 

is approximately at the -0.5 level and the velocity of the 

seed box 0.5 level.  

 

Figure 2a  Contour of the interaction of shaped hole 

diameter and the velocity of seed box 

 Figure 2b  Surface of the interaction of shaped hole 

diameter and velocity of the seed box 

 

 

Figure 3a  Contour of the interaction of shaped hole 

diameter and velocity of seed box 

 Figure 3b  Surface of the interaction of shaped hole 

diameter and velocity of seed box 
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Figure 4a  Contour of the interaction of shaped hole 

diameter and velocity of seed box 

 Figure 4b  Surface of the interaction of shaped hole 

diameter and velocity of seed box 

 

When the velocity of seed box is fixed, the multi-seed 

rate increases with the diameter of shaped hole increasing; 

when diameter of shaped hole is fixed, the multi-seed rate 

decreases with the velocity of seed box increase initially, 

and then increases.  

The effective lowest point (0%) appears when the 

velocity of seed box is approximately at the 0.5 level.  

When the velocity of seed box is below the 0.5 level, the 

multi-seed rate decreases with velocity of seed box 

increasing; when the velocity of seed box is above zero, 

the single-seed rate increases with velocity of seed box 

increasing.  

During the interaction course of the diameter of 

shaped hole and the velocity of seed box, the diameter of 

shaped hole is the main factor influencing the seeding 

rate. 

4  Optimisation of the performance index  

According to seed-filling performance requirement of 

maize bowl-tray precision seeder, three regression 

equations of the performance index of single-seed rate, 

multi-seed rate and empty-seed rate are taken as the index.  

The main objective function method
[24]

 was used with 

MATLAB to optimise the solution, achieving the 

improved parameter combination scheme under different 

objective functions.  

The optimization model can be obtained when the 

single-seed rate is as the objective functions:  

1 2

2 2

1 2

Max  92.05375 16.37931 8.78422

         13.21750 21.65250

x x

x x

  


 

s.t. 2

1 10 2.52500 5.80922 3.21250 10x x     

2

1 2 1

2

2 1 2

0 5.42125 22.18853 8.63103 10.00500

21.73500 8.07750 15

x x x

x x x

    

 
 

1-1.414 1.414x  , 
2-1.414 1.414x   

The optimization model was obtained when choosing 

empty-seed rate as the objective functions: 

Min 2

1 12.52500 5.80922 3.21250x x     

1 2

2 2

1 2

s.t.  80 92.05375 16.37931 8.78422

       13.21750 21.65250 100

x x

x x

   

 
 

2

1 2 1

2

2 1 2

0 5.42125 22.18853 8.63103 10.00500

21.73500 8.07750 15

x x x

x x x

    

 
 

1-1.414 1.414x  , 
2-1.414 1.414x   

Choosing multi-seed rate as objective functions: 

2

1 2 1

2

2 1 2

min   5.42125 22.18853 8.63103 10.00500

         21.73500 8.07750

x x x

x x x

   


 

1 2

2 2

1 2

s.t.  80 92.05375 16.37931 8.78422

       13.21750 21.65250 100

x x

x x

   

 
 

2

1 10 2.52500 5.80922 3.21250 10x x     

1-1.414 1.414x  , 
2-1.414 1.414x   

The optimum parameter combinations are presented 

in table 3. 
 

Table 3  Optimum combinations of parameters of different 

objective functions 

Objective function 
Diameter of shaped  

hole x1/mm 

Velocity of seed box 

x2/mm·s
-1

 

Single-seed rate 13.72 119.20 

Empty-seed rate 14.43 118.92 

Multi-seed rate 13.13 110.10 
 

Considering the first two indices of single-seed rate 

and empty-seed rate are relatively importance, the value 

of optimum parameters are: the diameter of shaped hole  
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is 14 mm and the velocity of seed box is 119 mm/s.  

5  Experimental verification 

According to above research, the performance indices 

are a single-seed rate of 94.29%, an empty-seed rate of 

2.84%, a multi-seed rate of 2.86%, a broken-bud rate of 

0.0%, and a damage rate of 0.71% under the condition of 

a rectangular seed box with a baffle; a seed-brush wheel 

diameter of 78 mm; a clearance of the brush wheel of   

3 mm; and a cylindrically shaped hole with a diameter of 

14 mm and depth is 6 mm.  The velocity of seed box is 

119 mm/s, and the maize seeds of Demeiya 1 have a 

germinal length of approximately 1 mm.  The test was 

repeated five times and took the average.  The 

performance index can meet technical requirements
[20]

.  

The results of experiment are more preferable than 

analogous maize seeding device
[15,21]

. 

6  Conclusions 

1) Through a quadratic orthogonal rotary regression 

analysis, a nonlinear regression model was established.  

This model illustrates the relationship among the 

diameter of shaped hole, the velocity of seed box and 

single-seed rate, empty-seed rate, and multi-seed rate, 

which lays a theoretical foundation for parameters 

improvement of the maize bowl-tray precision seeder. 

2) The factors affecting single-seed rate and 

multi-seed rate were in the order of the diameter of 

shaped hole and the velocity of seeds box.  The factor 

affecting empty-seed rate was almost the diameter of 

shaped hole. 

3) The optimal parameters of maize bowl-tray 

precision seeder determined in this study are the diameter 

of 14 mm for shaped hole and a velocity of 119 mm/s for 

seed box.  

4) The performance indexes verified through 

experiment are the single-seed rate of 94.29%, 

empty-seed rate 2.84%, multi-seed rate 2.86%, 

broken-bud rate 0%, and damage rate 0.71%.  The 

resulting performance indexes met the technical 

requirements. 

Single-grain maize bud-seed sowing techniques are 

important for reducing waste, ensuring germination rate, 

and improving maize production, which is conducive to 

the promotion of rational use of resources and improved 

varieties to achieve large-scale, intensive and commercial 

production. 
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