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Abstract: In recent years, fuel-powered multi-rotor unmanned aerial vehicles (UAV) have been increasingly applied in 
high-stalk crops, because of their stronger rotor wind field.  More and more attention has been paid to UAV application 
performance in high-stalk crops.  Maize is a kind of typical high-stalk crops and it is also one of the main food crops and its 
planting area ranks third in China, second only to wheat and rice.  In this study, a field test was conducted to investigate the 
application performance in maize crop protection of fuel-powered UAVs and droplets deposition effect on different canopies 
and leaf positions.  The results show that: Due to the assistance of rotor wind field, the coverage rate of droplets in the three 
maize canopies is all high, but the deposition uniformity in the middle and upper canopy is poor.  For the middle and lower 
leaves of maize, as the height of the leaves position increases, the droplets deposition on the maize leaves increases slowly.  
For the middle and upper leaves, as the height of the leaves position increases, the droplets deposition increases sharply.  
Compared with the coverage rate of droplets on the 7th leaf, the coverage rate of the droplets on the 10th maize leaf has 
increased by 127.12%.  For the middle and upper canopy, the coverage rate of droplets in the maize leaf sheath is the highest, 
followed by the middle leaves, and the lowest tip.  For the middle and lower canopy, the coverage rate of the droplets in the 
middle of the maize leaves is the highest, followed by the sheath, and the lowest tip. 
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1  Introduction  

Maize is one of the main food crops and its planting area ranks 
third in China, second only to wheat and rice[1].  Sheath blight, 
smut, maize borer, maize aphids, second-generation armyworm, 
and Spodoptera frugiperda that have invaded China in recent years 
are the main pests and diseases and will harm maize yield if they 
happen[1-3].  Since maize is a high-stalk crop, the height of the 
maize in the middle and late growth stages has exceeded the 
average height of a person, making it difficult for traditional plant 
protection equipment to enter, affecting the control effect of maize 
diseases and insect pests, especially large-scale diseases and insect 
pests happening suddenly, and reducing maize Yield.  In addition, 
the droplets are very difficult for maize and other high-stalk crops 
to penetrate the crop canopy.  Which will restrict the control effect 
of diseases and insect pests[4]. 

Compared with the traditional plant protection equipment, such 
as traditional knapsack sprayers, stretcher sprayers and 
self-propelled boom sprayers and so on[5-7], plant protection UAVs 
get rid of the restriction of the ground operation mode, the types of 
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crops (low and high rods Crops, etc.) and the terrain.  It has the 
advantages of high pesticide application efficiency and strong 
ability to respond to sudden pests and diseases[8,9].  Compared 
with traditional plant protection equipment, the rotor wind field of 
plant protection UAVs has the characteristics of disturbing object 
crops canopy, assisting droplet deposition, improving droplet 
penetration probability, and reducing droplet drift risk[10-13]. 

Qin[14] used a solution of Rhodamine-B mixed with water in 
0.1% concentration instead of the pesticide to spray maize field, 
obtained the droplet deposition results by water sensitive paper 
fixed on maize leaves, analyzed the effect of flight height and 
swath width of N-3 UAV on the droplet deposition and 
recommended 7m flight height and 7m swath width as N-3 UAV 
operation parameter.  Gao[15] explored the control effect of 
chlorpyrifos-methyl sprayed by Af-811 UAV on maize borer, and 
analyzed the effects of the flight height and pesticide concentration 
on the droplet deposition in the maize canopy, and the control 
effect of chlorpyrifos-methyl on maize borer.  Yang[16] tested the 
control effect of 3% phenoxycarb EC sprayed by TXC-8-50-1 
eight-rotor plant protection UAV on maize borer at ear stage of 
maize, and analyzed the effect of flight height, the spray amount of 
pesticide and droplet evaporation inhibitor on the deposition and 
distribution of droplet in the maize canopy.  

The above research explored the application effects of 
fuel-powered single-rotor and electric multi-rotor UAV in maize 
fields, and analyzed the application prospects of the above plant 
protection UAVs in the field of maize plant protection.  The 
fuel-powered multi-rotor plant protection UAV has stronger rotor 
wind field and greater assistant effect on droplets.  The droplets 
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have a better penetration effect on the canopy of high-stalk crops 
and densely planted crops.  Therefore, its application in the plant 
protection field is gradually increasing, especially in Xinjiang and 
Northeast China.  At present, there are few studies on the 
operation effect of fuel-powered multi-rotor in the field of maize 
plant protection.  Based on this, this paper uses 200 g/L 
chlorantraniliprole 8 mL as a spray solution and uses water 
sensitive paper to test the droplet deposition and penetration effect 
of ‘Dazhuang’ fuel-powered multi-rotor plant protection UAV in 
maize canopy.  The test results are expected to provide reference 
for the evaluation of the application effect of the ‘Dazhuang’ 
fuel-powered UAV in the maize field for plant protection 
operations and the optimization of the Dazhuang UAV structure. 

2  Materials and methods 

2.1  Spray equipment 
Each rotor of the “Dazhuang” UAV is equipped with an engine 

to provide power for the rotor alone.  Therefore, compared with 
other plant protection UAVs, the rotor wind field of the Dazhuang 
UAV is stronger, which is more assistant to droplets deposition.  
The disturbance to the crop canopy is stronger, which is conducive 
to the droplets penetrating the crop canopy and depositing to the 
bottom canopy of the crop.  

The maximum pesticide load of the ‘Dazhuang’ UAV is 60 kg, 
the longest endurance is 4 hours, the swath width is 8 m, the flight 
speed is 6 m/s, the operating height is 4.6 m, and the spray volume 
is 15 L/hm.  

 

 
Figure 1  Test mode of UAV 

 

Table 1  The detailed parameters of ‘Dazhuang’ fuel-powered 
UAV 

Parameters Values 

Fuselage size/mm×mm×mm 2300×200×900 

Maximum pesticide load/kg 60 

the longest endurance/h 4 

Flight heitht/m 5-10 

Swath width/m 6-15 
 

2.2  Test design and method 
The test was carried out in Tieling, Liaoning Province.  The 

sprayed target was maize at the filling stage.  The average height 
of maize was about 220 cm.  Due to the limitation of maize height, 
the test field was divided by DJI Wizard 4.  The length and width 
of maize field sprayed in this test were 30 m and 60 m respectively. 

In order to analyze the deposition performance of droplets in 
the maize canopy and the impact of the UAV rotor wind field on 
the penetration probability of droplets, this test arranged a total of 
11 sampling points in the test field.  Each sampling point arranged 
three layers water-sensitive paper, the first layer of water-sensitive 
paper was arranged on the maize leaf 30 cm from the apex of the 
ear, the second and third layers were arranged on the leaves 80 cm 

and 140 cm from the first sampling layer respectively, the interval 
between each sampling point is 1 m.  The second row of sampling 
points were arranged 10 m away from the first row of sampling 
points in the same way to obtain the repeat test data, showed as 
Figure 2a. 

The inclination angle of crop leaves affects the retention 
stability of droplets on crop leaves[17,18].  The leaves of maize 
plants are relatively large, and the inclination angle of the leaves’ 
different parts are significant different.  Therefore, the droplets 
retention potential on maize leaves’ different parts are very 
different.  Coupled with the different flexibility of maize leaves’ 
different parts, the maize leaves’ different parts response to the 
rotor wind field of UAV quite different.  Which affect 
significantly the droplet retention and penetration probability on 
maize canopy[4,19-20].  In order to quantify the deposition ability of 
droplets on maize leaves’ different parts, this study arranged two 
water sensitive papers on each sampling leaf, one at the maize leaf 
sheath and the other at the middle part of the maize leaf.  There is 
an aging problem in the leaves of maize bottom canopy, so, only a 
piece of water-sensitive paper is placed on the leaves at the lowest 
sampling layer of maize.  See Figure 2b for details.  Then, the 
average value of the droplet deposition data of the sheath and 
mid-leaf of each maize leaf was taken to characterize the deposition 
of droplets on the sheath and mid-leaf of the maize leaf. 

 
a. Sample point layout   

 

  
b. The position of water sensitive paper 

on maize leaves 
c. The position of water sensitive paper 

entire maize 
 

Figure 2  Sample point layout 
 

In order to explore the droplets deposition performance on the 
whole maize plant in detail, a whole maize plant was arranged by 
water sensitive paper.  That is, the sampling water sensitive papers 
were arranged from the third maize leaf to the penultimate maize 
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leaf.  There are 10 leaves in total.  3 sheets of water-sensitive 
paper are arranged on each leaf, the first sheet is arranged at the 
sheath, the second sheet is arranged in the middle of leaf, and the 
third sheet is arranged at the tip of the leaf.  For detailed 
information on the layout, see Figure 2c. 

During the test, the temperature is (30±1)°C, the wind speed is 
0.24~1.10 m/s, and the humidity is 50%±1%. 

3  Result and analysis 

3.1  Analysis of droplet deposition on  three sampling layers 
of maize 

Figure 3 shows the coverage rate of droplets sprayed by the 
‘Dazhuang’ plant protection UAV on the upper, middle and lower 
maize canopies.  The coverage rate of droplets on the upper maize 
canopy is the highest, reaching 5.36%; that of the maize middle 
canopy reaches 3.32%, and that of the droplet on the lowest maize 
canopy is the lowest, with a coverage rate of 2.05%.  The 
coverage rate of droplets in the middle and lowest part of the maize 
plant is about 61.94% and 38.25% of the coverage rate of droplets 
in the upper part of the maize plant. 

 
Figure 3  Distribution of droplets deposition in maize 3 canopies 

 

In addition, the coefficient of variation of the coverage rate of 
droplets at the upper and middle maize sampling layers is higher 
than 50%, which indicates that the deposition uniformity of 
droplets in the middle and upper part of the maize is relatively poor.  
The reason for this phenomenon may be that each rotor of the 
“Dazhuang” plant protection UAV is equipped with an engine 
which make the effective rotor wind field be enhanced and the 
complexity of the coupling wind field between the rotors be 
increased.  

Figure 4 depicts the droplets deposition on the sheath and the 
middle part of the maize leaf.  Based on Figure 4, the coverage 
rate of the droplet on the maize leaf sheath is slightly higher than 
that of the droplet on the middle part of the maize leaf.  And the 
deposition uniformity of the droplets in the maize leaf sheath is 
slightly better than that of the droplets in the middle of the maize 
leaf, which is different from the conventional droplet deposition 
trend.  The possible reason for this result is that the flexibility of 
the sheath of the maize leaf is poor, and the effect of the rotor wind 
field disturbance is less, and the probability of droplets deposition 
on the sheath of the maize is relatively higher.  The flexibility of 
the middle part of the maize leaf is better, and the rotor wind field 
disturbance has a great influence on the middle part of maize leaf.  
Due to the violent sway of the leaves, the probability of droplets 
colliding with the leaves and eventually deposition on the blades is 
greatly reduced.  Thereby reducing the droplets deposition in the 
middle of the maize leaves, and increasing the difference in the 
result of the droplet deposition in the middle of the maize leaf. 

 
Figure 4  Distribution of droplets deposition in the sheath and 

middle part maize leaves 
 

3.2  Analysis of the droplet deposition on the whole maize 
Figure 5 depicts the droplets deposition on the entire maize 

leaf.  It can be seen from Fig.5 that as the position of the leaf rises, 
the coverage rate of the droplets on the maize leaves increases.  
From the first leaf to the sixth leaf at the bottom, the coverage rate 
of droplets on the leaves increased slightly with the increase of leaf 
position height, and the average coverage rate of droplets was 
0.80%.  The volume median diameter of the droplets fluctuates 
between 221~349 um.  From the seventh leaf, the coverage rate of 
droplets enhanced sharply with the increase of leaf position height.  
Compared with the coverage rate of droplets on the seventh leaf, 
the coverage rate of droplets on the 10th maize leaf increased by 
127.12%. 

 
Figure 5  Distribution of droplets deposition on entire maize 

 

Figure 6 depicts the coverage rate of droplets on the tip, middle 
and sheath of 10 maize leaves.  It can be seen from Figure 6 that 
the droplet coverage rate is the highest in the middle part of leaves 
for lower maize leaves (1-6 leaves from maize bottom), the average 
coverage rate is 1.03%; the leaf sheath is second, the coverage rate 
reaches 1.01%.  The droplet coverage rate at the tip of the leaf, the 
coverage rate is the lowest, with a coverage rate of 0.57%.  For 
the upper part of maize (7-10 leaves), the coverage rate of droplets 
on the sheath of maize leaves is the highest, with a coverage rate of 
4.12%.  The coverage rate on the middle of maize is the second, 
with a coverage rate of 3.28%.  The coverage rate at the tip of the 
leaf is the lowest, the coverage rate was 2.69%.  

The possible reason for this phenomenon is that the rotor wind 
field of the ‘Dazhuang’ plant protection UAV is too strong and 
disturbs the middle and upper maize canopy too much.  Therefore, 
the leaf tip with the highest degree of freedom is affected by the 
rotor wind field.  Too intense disturbance for leaf tip results in the 
worst droplet coverage, while the leaf sheath has the lowest 
flexibility and is less disturbed by the rotor wind field.  Therefore, 
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in the middle and upper maize leaves, the droplet coverage on the 
maize leaf sheath is the highest.  However, blocked by maize 
plants, when the UAV rotor wind field reaches the middle and 
lower part of the maize, the wind field weakens a lot, and the 
disturbance to the maize stalks and leaves is weak.  Therefore, the 
effective area of maize leaf plays a more important role in 
intercepting droplets.  So, on the middle and lower leaves of 
maize, the coverage rate of droplets in the middle part of the maize 
leaves is the highest, followed by the sheath, and the coverage rate 
of droplets in the tip of the leaf is the lowest. 

 
Figure 6  Distribution of droplets deposition in 3 parts of a leaf for 

entire maize 
 

4  Conclusions 

Water-sensitive paper was used as an alternative target to test 
the deposition performance of droplets sprayed by the “Dazhuang” 
fuel-powered multi-rotor plant protection UAV on different maize 
canopies and different position leaves, and analyzed the impact of 
the rotor wind field on the penetration effect of the droplets in the 
maize canopy and the deposition rate and uniformity of the droplets 
on different parts of the maize leaves.  The conclusion is as 
follows: 

1) Due to the assistance of the rotor wind field of the 
‘Dazhuang’ plant protection UAV, the coverage rate of droplets in 
the three maize canopies is high, but the deposition uniformity in 
the middle and upper canopy is poor. 

2) For the middle and lower leaves of maize, as the height of 
the leaf position increases, the amount of droplets deposited on the 
maize leaves increases, but the increase is not high.  For the 
middle and upper leaves, as the height of the leaves position 
increases, the droplets deposition on the maize leaves increase 
sharply.  Compared with the coverage rate of droplets on the 7th 
leaf, the coverage rate of the droplets on the 10th maize leaf has 
increased by 127.12%. 

3) For the middle and upper canopy, the coverage rate of 
droplets in the maize leaf sheath is the highest, followed by the 
middle leaves, and the leaf tip is the lowest.  For the middle and 
lower canopy, the coverage rate of the droplets in the middle of the 
maize leaves is the highest, followed by the sheath.  The tip of the 
leaf is the lowest. 
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