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Abstract: A spray and rotary tillage combined disinfection machine for soil was designed to solve the serious problems of plant 

diseases and insect pests, and it was divided into two operations which were soil disinfection and rotary tillage.  The main 

structure and working principle of this machine were illustrated and analyzed.  The reasonable structural parameters of the key 

parts of this machine were optimized, such as spraying disinfection system and rotary tillage land preparation system.  To 

optimize the working performance and obtain better operation parameters, the orthogonal experiments were carried out to 

analyze the influences of three factors (forward speed of driving machine, rotational speed of rotary tillage, and working 

pressure) on the working performance.  The mixing uniformity coefficient and the variation coefficient of spraying were 

selected for evaluating working performance.  The range analysis and variance analysis were studied based on experimental 

data.  The results showed that, the mixing uniformity coefficient of spraying was 93.95% and the variation coefficient was 

6.01% with a working speed of 3 km/h, rotational speed of 2000 r/min and working pressure of 2.0 MPa.  The machine can 

meet the agronomic requirements of disinfection and plowing, which was designed simply, compactly and strong applicability.  

The results can provide a guidance and technical support for preventing the plant diseases and insect pests, developing 

sustainable and ecological agriculture and improving the efficiency of compound cultivation. 
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1  Introduction

 

In recent years, with the development of planting pattern in 

continuous cropping of high value-added crops, the specialization, 

institutionalization and scale of crop production continue to 

increase[1,2].  However, it has caused a serious pollution and 

insects pests in soil, which has become the main problem that 

affects the crop yield and quality.  Soil disinfection is an advanced 

technology to kill fungus, bacterium, nematode, weed, soil borne 

virus disease, insects underground and rodents with high 

efficiency[3].  The methods of soil disinfection mainly include 

physical disinfection, chemical disinfection and biological 

fumigating disinfection.  The technology and related machines 

attached for physical disinfection with the advantages of 

convenience, high efficiency and low cost, which is a key point in 

research around the world[4].  Many scholars have conducted 

researches on the development of physical disinfection for soil[5-7]. 

The combination of mechanical and electrical technologies can be 

carried out through high-temperature flame, high-pressure steam 
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and burying capsule.  However, these soil disinfection 

technologies only apply to small greenhouse, and it cannot be 

expanded and applied in field crops for its low-severity, 

high-priced, diversity of disinfectant, uncertain ways of operating, 

tense time of busy season and lacking awareness of disinfection. 

Researches about disinfection have been at the primary stage in 

China[8,9].  Many operations are in the way of mulching after 

spraying disinfectant, which can cause environmental pollution and 

impact on the following operation for tillage and soil 

preparation[10]. 

In this case, in order to solve the problems of plant diseases 

and insect pests, a rotary tillage and combined disinfection machine 

for soil was designed.  The operation mode combined spraying 

microbial disinfectant with the plowing technology.  The working 

principle and the optimized structure parameters of key parts were 

analyzed in this paper.  The field orthogonal experiments were 

conducted to obtain better operation parameters.  This study can 

provide a guidance and direction for the research of disinfection 

machine and its key component, and then promote the development 

of green and efficient production pattern of soil.  

2  Overall structure and working principle  

2.1  Design principle 

Soil disinfection technology mainly solves issues which are 

caused by continuous cropping pattern of high value-added crops.  

Researches about soil disinfection were mostly applied to the 

greenhouse at present, and there were no standard and perfect 

agronomic requirements related to soil disinfection in field crops.  

The research carried out in this paper should consider the 

agronomic requirements of spraying microbial disinfectant as 

follows: 
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1) The diluted solution is sprayed to the surface of soil or 

watered into soil directly, so that the liquid would irrigate into deep 

soil (150-200 mm in depth) to kill germs.  It applied to operate in 

greenhouse, sheds or field crops. 

2) The liquidity of disinfectant is conductive to contact 

between soil and liquid[11].  The liquid should make sure not to 

burn crop seeds.  If the liquid is too little, the effect of disinfection 

would not be achieved.  If liquid is too much, it will delay the 

subsequent planting time. 

3) Selection of suitable microbial soil disinfectant can avoid 

additional coating operation after spraying conventional pesticide 

disinfectant, and reduce a secondary pollution. 

4) The ideal operating time is before planting in spring or after 

harvesting in autumn. 

2.2  Main structure 

As shown in Figure 1, the spray and rotary tillage combined 

disinfection machine mainly consisted of rotary tillage system 

(rotary blade, rotary cutter shaft and soil covering shell), spraying 

disinfection system (disinfectant spray sprinkler, hanging pole, 

liquid medicine box, disinfectant pump and fixed frame), belt 

wheel transmission system, main frame and three-point hitch 

linkage, etc.  The disinfection spray assembly should match the 

dimensions and structural parameters of rotary tillage system.  

Moreover, combined with the characteristic of liquid medicine, the 

design and selection of spraying disinfection system were carried 

out.  The transmission form of machine was the main drive in 

double axis.  Spraying disinfection system and rotary tillage 

system were formed as one body.  The rotary tillage system was 

composed of fifty IT245 rotary blades which were arranged 

interlaced internally and externally in double helix to improve 

rotary tillage quality and reduce power consumption[12].  Nine 

large spray sprinklers were arranged evenly under the hanging pole, 

which made spraying take place at the time of rotary tillage and 

reduce the influence of external factors on spraying operations.  

The pressure adjustable diaphragm pump was selected as the 

disinfectant pump medicine, and it can be controlled by adjusting 

the liquid pump pressure valve to control the flow rate in unit time.  

The belt wheel transfers the power of gearbox to disinfectant pump 

to drive spraying.  Medicine boxes were fixed on two sides of the 

fixed frame, which improved the stability and balance. 

 
1. Rotary blade  2. Rotary cutter shaft  3. Disinfectant spray sprinkler  4. Hanging pole  5. Main frame  6. Liquid medicine box  7. Fixed frame   

8. Disinfectant pump  9. Main and auxiliary gearbox  10. Three-point hitch linkage  11. Soil covering shell  12. Belt wheel transmission system 

Figure 1  Spray and rotary tillage combined disinfection machine for soil 
 

2.3  Working principle 

The working process of combined disinfection machine was 

mainly divided into two sections, namely spraying disinfection and 

rotary tillage.  The combined disinfection machine was hung on 

the driving machine through three-point hitch linkage.  The proper 

depth can be controlled by adjusting the length and angle of the 

pole.  According to the internal state of soil and the characteristics 

of disinfectant, the mixture ratio was adjusted and dissolved evenly 

in the liquid medicine box.  The power of spraying disinfection 

and rotary tillage came from the power output of tractor, and 

transmitted to disinfectant pump and rotary cutter shaft through 

various universal couplings and gearboxes.  In the actual 

operating process, microbial disinfectant was sprayed evenly on the 

soil surface by spray sprinklers, and rotary tillage system makes the 

disinfection contact different layers of soil sufficiently. 

2.4  Technical parameters 

The disinfection machine combines with spraying disinfection 

and rotary tillage to solve the problem of two conventional 

operations of soil tillage and disinfection.  The operation process 

met technical requirements of disinfection and plowing, made the 

disinfection contact different layers of soil sufficiently, and carried 

out the compound operation.  In actual operation, the microbial 

disinfectant was chosen as the liquid medicine, which had little 

pollution and was harmless to beneficial organisms.  It could 

maintain ecological balance and could be applied to field crops 

disinfection.  The whole configuration adopted a lightweight 

design which had simple construction and high reliability.  The 

main technical parameters of disinfection machine are shown in 

Table 1. 
 

Table 1  Main technical parameters 

Items Parameters 

Boundary dimensions/mm 1700×870×930 

Mass/kg 470 

Mating power/kW 50 

Forward speed/km∙h
-1

 3-6 

Operation width/mm 1600 

Operation depth/mm 150-180 

Capacity of medicine box/L 250 

Pump type MB345/2.5 

Rotary blades arrangement Double helix 

Rotary blade type IT245 

Rotational speed/r∙min
-1

 300-650 

Spray sprinkler spacing/mm 170 

Quantity of spray sprinklers 9 

3  Main structure design  

The configurations of spraying disinfection system and rotary 

tillage system directly affected the quality of whole complicated 

compound operation.  This study focused on the optimal design of 

critical parts to improve disinfection quality and rotary uniformity 

and to meet the agronomic requirements. 
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3.1  Spraying disinfection system  

3.1.1  Disinfectant spray sprinkler 

In actual operation, disinfectant was sprayed evenly on the soil 

surface by special spray sprinkler, and then rotary tillage system 

made the disinfection contact different layers of soil sufficiently, as 

shown in Figure 2.  The type, quantity and configuration of spray 

sprinkler directly affected the spraying quality. 

 
Figure 2  Structure diagram of compound operation 

 

A conical atomization sprinkler was chosen as execution 

component to make the structure compact[13,14].  The flow range 

was 0.3-1.2 m3/h under standard conditions, and it would generate 

solid conical deposits.  In order to guarantee the disinfectant 

sprayed into the soil would be stirred adequately and to reduce the 

waste of disinfectant, the operation width (1600 mm) of spraying 

disinfection system should be the same as that of rotary tillage 

system.  At the same time, the sprinklers should be close to the 

ground as possible to prevent the drift phenomenon caused by wind 

under the circumstances that the rolled clod cannot block sprinklers.  

Figure 3 shows the configuration of simplified spraying 

disinfection system under the actual condition.  Considering the 

flow requirement of single sprinkler and the overlapping rate of 

adjacent spraying range, the configuration of spray sprinklers was 

designed as follows: 

                  zL Db
a

D Db





                    (1) 

where, a is the quantity of spray sprinklers; D is the spraying range 

of single sprinkler, mm; b is the overlapping rate of adjacent 

spraying range, %; Lz is the whole operation width, mm.  

 
1. Disinfectant spray sprinkler  2. Spray line  3. Disinfectant pump  4. Liquid 

medicine box 

Figure 3  Configuration of spraying disinfection system 
 

By analyzing the consumption of microbial disinfectant and 

the fixed operation width, the overlapping rate of adjacent spraying 

range was b=29%, the spraying range of single sprinkler was 

D=240 mm, the spraying angle of single sprinkler was θ=44º.  

The parameters were calculated by Equation (1), and the quantity 

of spray sprinklers was a =9 and the spacing was c =170 mm. 

3.1.2  Disinfectant pump 

Disinfectant pump was the energy source for spraying 

disinfection system whose power was transmitted by belt drive 

system.  Disinfectant pump output liquid medicine and made 

spray sprinkler work normally.  Design of the disinfectant pump 

should comprehensively consider the forward speed, operation 

width, spraying flow, spraying area and other factors[15].  When 

the width and flow of spraying disinfection system were constant, 

the forward speed affected spraying flow in unit time directly,   

so: 

               Q = q·a                      (2) 

where, Q is the total dose of sprinkler spraying in unit time, L/h;  

q is the dose of one single sprinkler spraying in unit time, L/h. 

The whole spraying area in unit time could be expressed: 

W = Lz·vm                     (3) 

where, W is the whole spraying area in unit time, m2; vm is the 

forward speed of driving machine, km/h. 

According to the actual requirements, the dose of microbial 

disinfectant in unit area was given by: 

                     
z

M
m

W
                      (4) 

where, m is the dose of microbial disinfectant in unit area, L/m2;  

M is the total dose of microbial disinfectant, L/m2; Wz is the total 

spraying area, m2. 

The total dose of microbial disinfectant should meet:  

Q ≥W·m                     (5) 

From Equations (1)-(5): 

z m

z

M L v
Q

W

 
                   (6) 

According to the agronomic requirements of mechanized 

rotary tillage and soil preparation technology in northeast China, 

the forward speed of driving machine was  vm=4-6 km/h, the dose 

of disinfectant pump per hectare was M =450 L/km2.  These 

parameters were substituted into the Equation (6) to calculate 

Q=2878 L/h.  MB345/2.5 type diaphragm pump was chosen to 

adjust pressure valve to control the flow in unit time, and improve 

the spraying adaptability. 

3.2  Rotary tillage system  

Rotary tillage system was the key part which could stir soil 

disinfectant into different depth soil.  Configuration of cutter 

roller was the core of rotary tillage system, which affected the 

spray mixing uniformity and quality directly. 

3.2.1  Transmission methods 

Combined with the agronomic requirements and the 

configuration of whole machine, an improved design of rotary 

cultivator with a width of 1600 mm was selected.   In order to 

install liquid medicine box conveniently and to improve the 

capacity of spraying, the main frame of rotary tiller adopted a 

lightweight composition design, on which fixed mount was 

configured symmetrically.  The whole transmission methods are 

shown in Figure 4.  The whole machine adopted biaxial central 

transmission that made the power transmit from power output shaft 

of tractor to main gearbox by universal joint.  Drive shaft was 

fixed on the side of main gearbox making the pump work normally 

by belt wheel.  The power was transmitted to auxiliary gearbox 

from the other side, and then the power was impacted on cutter 

shaft, and the land preparation operations were carried out. 

http://dict.youdao.com/w/convenient/#keyfrom=E2Ctranslation
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1. Power output shaft  2. Main gearbox  3. Auxiliary gearbox  4. Rotary blade   

5. Disinfectant pump 

Figure 4  Transmission methods of rotary tillage land preparation 

system 
 

3.2.2  Rotary tillage cutter roller 

Rotary tillage cutter roller was the key part of rotary tillage 

land preparation system. The design and arrangement for rotary 

blades affected the spray mixing uniformity of plowing, quality 

of crumbling soil, and power consumption.  Compared with the 

rotating operation in forward and backward[16], the cutter roller 

rotating in backward could result in blocking, as its work form of 

bottom-up cutting soil could throw the clod into the rear.  In 

order to avoid blocking spray sprinklers, the cutter roller  

rotating in forward was adopted.  IT245 type rotary blade was 

chosen according to Chinese national standard GB/T 5669-2008 

(Rotary tiller-rotary blades and blade holders), which had two 

turning directions including left and right.  And its turning 

radius was 245 mm, operation width was 45 mm, material was  

65 Mn. 

In order to improve the endurance and flexural strength of 

rotary blade, the hardness of the rotary tillage was HRC50-55 by 

quenching.  In actual rotary tillage operation, the application for 

the whole system should decrease the forward speed of driving 

machine, increase the rotational speed of rotary tillage and add the 

quantity of rotary blades in per cutting area to improve the spray 

mixing uniformity between soil and disinfectant.  If the forward 

speed of driving machine was too slow, it could result in low 

efficiency.  If the rotational speed of rotary tillage was too fast, it 

could result in increasing power consumption.  If the quantity of 

rotary blades in per cutting area is added, it could result in winding 

grasses and jams of mud[17].  When the soil moisture rate was 

20%-30%, the distance of cutting soil should be more than 100 mm.  

When the soil moisture rate was more than 35%, the distance of 

cutting soil should be at 60-90 mm.  The quantity of rotary blades 

in per cutting area was as follows: 

60000 mv
Z

n S



                   (7) 

where, n is the rotational speed of rotary tillage, r/min; Z is the 

quantity of rotary blades in per cutting area; S is the distance of 

cutting soil, mm. 

Taking the requirements of soil cutting and the influences of 

power consumption into account, the rotational speed of rotary 

tillage was n =300-600 r/min, the distance of cutting soil was S =  

80 mm.  These parameters were substituted into the Equation (7) 

to calculate the quantity of rotary blades was Z=2-4. 

The reasonable arrangement of rotary blades could improve 

mixing uniformity, reduce power consumption and failure rate of 

operation[18].  Therefore, arrangement of rotary blades should 

meet the following requirements: 1) Axial installation distance and 

radial adjacency angle of rotary blades should be increased to avoid 

the interference and relieving abrasion from blades.  2) Axial 

installation angle for adjacent blades should be equal, and stress of 

cutter shaft should be uniform, vibration of the whole machine 

should be reduced, and the leaking should be avoided.  3) The 

rotating cutter of left side and right side should enter into soil 

alternately, and the stress of the whole machine should be balanced 

to ensure work normally. 

Combined with the advantages and disadvantages of different 

arrangement and actual characteristic of configuration, the bifilar 

helix arrangement of blade holders was adopted, as shown in 

Figure 5.  Cutter shaft was divided into two parts.  The width of 

auxiliary gearbox was 82 mm, and length of each cutter shaft was 

878 mm, and the quantity of left or right rotary blades was 25.  

The phase angle of opposite blades differed 180º in the same plane, 

and the lifting angle of adjacent blades in the same bifilar helix was 

60º. 

 
Figure 5  Arrangement form of rotary blades 
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4  Materials and methods 

4.1  Test materials 

In order to optimize the working performance of combined 

disinfection machine, clarify the effects of influencing factors on 

performance and obtain better operation parameters, a field 

experiment was conducted on April 2017 at agricultural testing 

farm of Northeast Agricultural University in Harbin, China.  The 

experimental field was at demonstration field of maize with an area 

of 1000 m2.  The soil was black loam.  The moisture content and 

compaction strength of soil were 13%-20% and 280-480 kPa at 

5-20 cm depth.  The ambient temperature was 13ºC, environmental 

humidity was 51% and average wind speed was 1.5-2.0 m/s, all 

these conditions met the agronomic requirements.  The spray and 

rotary tillage combined disinfection machine was driven by Foton 

Lovol 904 type tractor. A kind of environment-protection microbial 

disinfectant was chosen as experimental disinfectant.  The actual 

operation is shown in Figure 6. 
 

  
a. Experimental prototype b. Operating effect 

 

 
c. Experiment measurement 

Figure 6  Actual operation of field experiment 
 

4.2  Test factors and response indexes  

According to the above theoretical analysis and actual field 

operations, there were many factors and interactions that could 

affect the quality of compound operation, such as mixing 

uniformity of rotary tillage and uniformity for spraying.  In actual 

field operation, spraying flow of disinfection could be controlled by 

adjusting the regulator of disinfectant pump, and the quality of 

rotary tillage could be controlled by changing the forward speed of 

driving machine and rotational speed of power output shaft.  Thus, 

the forward speed of driving machine, rotational speed of rotary 

tillage and working pressure for spraying were selected as the 

experiment factors.  Combined with above theoretical analysis, 

requirements of actual field operation and single factor experiments, 

the variation ranges of three factors were determined.  The factors 

and levels are shown in Table 2. 
 

Table 2  Factors and levels of experiments 

Levels 

Factors 

Forward speed A 

/km∙h
-1

 

Rotational speed B 

/r∙min
-1

 

Working pressure C 

/MPa 

1 3 300 0.5 

2 4 400 1.0 

3 5 500 1.5 

4 6 600 2.0 
 

According to Chinese national standards GB/T 50085-2007 

(Technical code for sprinkler engineering) and GB/T 5668-2008 

(Rotary tiller), the evaluation indexes were soil spray mixing 

uniformity coefficient (Christiansen uniformity coefficient) and 

variation coefficient.  In order to improve the operability and 

accuracy of experiments, the research adopted the test of 

soil moisture content for different depth instead of the mixing 

effects of microbes disinfectant in soil, and then the effects of 

mixed spraying was evaluated further.  The dose of microbial 

disinfectant was controlled normally to make sure the mixture 

between soil and disinfectant is fully mixed.  When the dose of 

microbial disinfectant was too much, the disinfectant could 

have side-effects and the following operation part would be 

affected.  When the dose of microbial disinfectant was too little, 

the effect of disinfection is not remarkable.  It was very necessary 

to achieve the effect of full contact between soil and disinfectant by 

rotary tillage.  Because the relative changes of soil moisture were 

not obvious, the times of compound operation should be added to 

make it obviously, and the whole operation was made 22 times in 

fact.  The calculation equations of indexes are as follows: 

        1(1 ) 100%

N

i

i
uC

N





  
  


             (8) 

100%v

C
C  


                  (9) 

1

N

i

i

N




                    (10) 

where, Cu is the Christiansen uniformity coefficient, %; Cv is the 

variation coefficient, %; N is the number of measurement points;  

  is the average soil moisture content, %;  θi is the soil moisture 

content of measurement points, %; C is the standard deviations of 

soil moisture content, %. 

In order to reduce the errors of experiments, the operation area 

was divided into promoter region, test region and stop region.  

The total distance of test was 200 m, and the distance of promoter 

region and stop region were 20 m, respectively.  When the 

experimental prototype entered into the test region, the forward 

speed of driving machine and rotational speed of power output 

shaft were controlled to meet the requirements of test.  The 

disinfection area was chosen randomly with a length of 3 m and a 

width of 2 m, and it was arranged measurement points for soil 

moisture content.  Measurement points were divided into five 

groups including four vertexes and diagonal intersection of 

rectangle.  Soil moisture content was tested in different depth by 

humidity measuring instrument to analyze the uniformity, and the 

depth were 5 cm, 10 cm and 15 cm respectively.  The soil 

moisture meter (with accuracy of 0.1%) was developed by Zhejiang 

University. 

5  Results and discussion 

5.1  Test results 

By evaluating the interactions among different factors, the 

orthogonal array L16(4
5) was used to arrange the experiments[19-21].  

Three repeated tests were carried out under working conditions, 

and the average value was taken as experimental data.  The 

schemes and results of experiments were analyzed by 

Design-Expert 6.0 software, as shown in Table 3.  A black column, 

marked as “error”, was added to estimate the test error.  Thus the 

data could be analyzed by variance analysis (ANOVA), as shown 

in Table 4.  

When the whole machine finished the operation, average depth  

../../../è½¯ä»¶2/caj/Youdao/Dict/7.0.1.0214/resultui/dict/result.html
../../../è½¯ä»¶2/caj/Youdao/Dict/7.0.1.0214/resultui/dict/result.html
../../../è½¯ä»¶2/caj/Youdao/Dict/7.0.1.0214/resultui/dict/result.html
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of rotary tillage measured was 17 cm, the soil moisture content was 

34% at 0-50 cm depth, 32% at 50-100 cm depth, and 36% at 

100-150 cm depth.  All effects of operation could meet the 

agronomic requirements.  For compound operation, the larger the 

soil spray mixing uniformity coefficient was, the smaller the 

variation coefficient was, it could prove that the better mixing 

uniformity of soil and disinfectant was, and the better disinfectant 

effect was.  From Table 3, the rules can be obtained in which the 

primary and secondary effect orders of each factor on the objective 

functions.  The effect intensity of factors on the spray mixing 

uniformity coefficient was that forward speed A > rotational speed 

B > working pressure C, and the better factors combination was 

A1B4C4.  The effect intensity of factors on the variation coefficient 

was that forward speed A > rotational speed B > working pressure 

C, and the better factors combination was A1B4C2. 

 

Table 3  Schemes and results of experiments 

No. 
Factors Test evaluation indexes 

Forward speed A/km∙h
-1

 Rotational speed B/r∙min
-1

 Working pressure C/MPa Uniformity coefficient Cu/% Variation coefficient Cv/% 

1 1 (3) 1 (300) 1 (0.5) 90.45 9.50 

2 1 2 (400) 2 (1.0) 90.95 9.03 

3 1 3 (500) 3 (1.5) 91.01 8.90 

4 1 4 (600) 4 (2.0) 93.95 6.01 

5 2 (4) 1 2 85.99 13.01 

6 2 2 1 86.03 13.65 

7 2 3 4 86.97 13.02 

8 2 4 3 87.03 12.95 

9 3 (5) 1 3 83.14 16.84 

10 3 2 4 84.53 15.35 

11 3 3 1 85.56 14.45 

12 3 4 2 86.24 13.75 

13 4 (6) 1 4 81.12 18.65 

14 4 2 3 81.21 18.56 

15 4 3 2 82.99 17.01 

16 4 4 1 83.13 16.85 

Cu 

k1 91.59 85.18 86.29 

A1B4C4 

k2 86.51 85.68 86.54 

k3 84.87 86.63 85.60 

k4 82.11 87.59 86.64 

R 9.48 2.41 1.04 

Cv 

k1 8.36 14.50 13.61 

A1B4C2 

k2 13.16 14.15 13.20 

k3 15.10 13.35 14.32 

k4 17.77 12.39 13.26 

R 9.41 2.11 1.06 

Note: A, B and C mean coded values of forward speed, rotational speed and working pressure respectively; k1, k2, k3 and k4 mean the average values of each level 

respectively. 
 

Table 4  Results of ANOVA 

Test index Variation source Standard deviation square Degree of freedom Mean square MS F value Significance 

Uniformity coefficient Cu 

A 190.44 3 63.48 142.58 ** 

B 13.66 3 4.55 10.23 * 

C 2.66 3 0.89 3.96 N 

Variation coefficient Cv 

A 189.06 3 63.02 103.29 ** 

B 10.56 3 3.52 5.77 N 

C 3.14 3 1.05 2.67 N 

Note: ** means significance; * means relative significance; N means no significance. 

 

According to the results of ANOVA and range analysis[22], for 

the working performance, the forward speed had obvious 

significance on uniformity coefficient and variation coefficient, 

rotational speed had significance on uniformity coefficient and 

working pressure had less significance on uniformity coefficient 

and variation coefficient.  In actual field operation, increasing the 

working pressure for spraying can improve uniformity coefficient.  

The test showed that, the working pressure had less influence on 

uniformity coefficient, since the working pressure mainly 

controlled the quantity of flow.  

The rule should be followed that the larger uniformity 

coefficient and the smaller variation coefficient, so that the better 

operation parameters of combined disinfection machine would be 

obtained.  The optimum combination of parameters was 

determined as A1B4C4, from which the uniformity coefficient was 

93.95% and the variation coefficient was 6.01% under the 
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condition that the forward speed was 3 km/h, rotational speed was 

2000 r/min and working pressure was 2.0 MPa. 

5.2  Discussion  

Through improving the relative position of the sprinklers, 

changing the working order of spraying and rotary tillage 

operations, the new designed machine could achieve spraying 

during plowing, before plowing and after plowing, which had a 

strong applicability with simple structure and environmental 

friendly for soil disinfection.  Earlier research could prove that 

operation effects of spraying before plowing was better than the 

others[23].  When the spray sprinklers were fixed in the front of 

main front frame, it could reduce the blocking problem.  When the 

spray sprinklers were fixed on the covering shell, although it could 

achieve spraying while plowing in theory, it could block the spray 

sprinklers.  When the spray sprinklers were fixed on the main rear 

frame, it could spray disinfection after plowing to cause the 

disinfectant sprayed on the soil surface inadequately.  So the 

machine should be designed to achieve spraying while plowing, 

which could spray the disinfectant into the 3D plane cracked to 

meet the disinfection well. 

6  Conclusions 

1) A spray and rotary tillage combined disinfection machine 

for soil was designed and configured.  The machine could achieve 

compound operation to meet the agronomic requirements of 

disinfection and plowing, and it was designed simply, compactly, 

which had strong applicability 

2) The orthogonal experiment was conducted to verify the 

effects of these influencing factors on the working performance.  

The results showed that, the factors affacting the working 

performance in a descending order were as forward speed A, 

rotational speed B, working pressure C.  The soil spray mixing 

uniformity coefficient was 93.95% and the variation coefficient 

was 6.01% under the condition that the forward speed was 3 km/h, 

rotational speed was 2000 r/min and working pressure was 2.0 

MPa.  

The research of spray and rotary tillage combined disinfection 

machine for soil can solve disinfection and plowing compound 

operations, which can control the plant diseases and insect pests, 

has great significance to develop sustainable ecological agriculture 

and provide the technology supports for mechanical efficient 

compound cultivation. 
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