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As a major global pest, fall armyworm (FAW), Spodoptera frugiperda, invaded China in 2019, which has seriously threatened the safety of China's food production and raised widespread concerns. As a new low-volume application technology, an unmanned aerial spray system (UASS) is playing an important role in the control of FAW in China. However, the studies on the effect of the water application volume on the efficacy of FAW using UASS have been limited. In this study, Kromekote® cards were used to sample the deposition. The method of using a sampling pole and sampling leaf for the determination of deposition. Four water application volumes (7.5, 15.0, 22.5, and 30.0 L/ha) were evaluated with regard to the corn FAW control efficacy. A blank control was used as a comparison. The control efficacy was assessed at 1, 3, 7, and 14 days after treatment (DAT). The tested results showed that sampling methods have a significant effect on deposition results. The number of spray deposits and coverage on the sampling pole were 35 and 40% higher than those on the sampling leaves, respectively. The deposition and control efficacy gradually increased as the water application volume increased. The control efficacy at 14 DAT under different water application volumes was in the range of 59.4–85.4%. These data suggest that UASS spraying can be used to achieve a satisfying control of FAW, but the control efficacy of the water application volume of 30.0 and 22.5 L/ha did not differ significantly. Considering work efficiency, a water application volume of 22.5 L/ha is recommended for field operation.
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INTRODUCTION

The fall armyworm (FAW), Spodoptera frugiperda, is a major global pest. The FAW displays outstanding adaptable and migratory capacity and is an agricultural pest characterized by outbreaks. When the temperature is suitable, FAW can lay eggs once every 2–3 days, about 1,500 eggs are laid at a time, and a life cycle can be completed in 30–45 days (Cui et al., 2019). It can travel a 1,600 km migration distance within 30 h if the weather conditions are suitable (Lu et al., 2021). It originated in North America and invaded Africa in 2016. In 2 years, it spread across 44 countries in Africa and caused great damage to corn cultivation (Goergen et al., 2016). Since 2018, FAW has been expanding northward and southward into Asia, and the degree of occurrence has seriously increased, with it now has spread to 16 countries in Asia. In January 2019, it invaded Yunnan Province, China. Since then, it has seriously threatened the safety of China's food production. After 6 months, it was found in more than 22 provinces, seriously threatening the grain production (Jing et al., 2019). It has attracted wide attention internationally due to its strong adaptability, migration ability (Westbrook et al., 2015), and the characteristics of outbreak damage (Johnson, 1987). FAW larvae attack a large number of cultivated plant species (Casmuz et al., 2010), such as corn, sorghum, cotton, peanut, and soybean. In sub-Saharan Africa, more than $13 billion a year is at risk of crops being destroyed by the FAW (Harrison et al., 2019). In the United States, an outbreak year can cost as much as $500 billion in yield loss (Mitchell, 1979; Montezano et al., 2018). In Brazil, about $600 million was spent in 2009 to control FAW (Ferreira Filho et al., 2010). When 55–100% of corn plants were infected with FAW in the mid-to-late corn stage, the yield decreased by 15–73% (Hruska and Gould, 1997). Currently, FAW control is primarily achieved by spraying insecticides with large volume sprays. A crop protection unmanned aerial spray system (UASS) represents a new pesticide spraying technology adapted to the development of modern agriculture. UASS has many advantages compared with manned aircraft and traditional application machinery, including high efficiency, low drift, no need to take off from an airport, a lower price and labor operation cost, and no damage to the physical structure of crops and soil (Zhang et al., 2015). Meanwhile, it is more suitable for complex and tall crops where no machine can normally move. It can fly quickly to the exact location to accurately process the target area, and be pre-programmed to navigate its way around. Furthermore, the use of a low or ultra-low spray volume can reduce pesticide use by 15.0–20.0%, which can be used as an important technical support for the pesticide reduction program in China (Lan and Chen, 2018; Meng et al., 2019).

In recent years, the use of and research on UASS have rapidly developed across the world (Huang et al., 2013; Berner and Chojnacki, 2017). In the most recent 5 years, research on UASS has been carried out in China, the United States, Brazil, Poland, and other countries (Faiçal et al., 2014, 2017; Pachuta et al., 2018). Researchers have studied the addition of additives (He et al., 2017; Xiao et al., 2019), droplet deposition (Qin et al., 2016; He et al., 2017; Zhang et al., 2017; Wang et al., 2019a), control efficacy (Qin et al., 2016; Zhang et al., 2017; Wang et al., 2019a; Xiao et al., 2019), etc., in UASS. Xiao et al. (2019) studied the effects of aviation spray adjuvants on cotton defoliation and boll opening. The results showed that adding aviation spray adjuvants could increase the defoliation rate by 3.1–34.6% and the bell opening rate by 6.7–29.6%. He et al. (2017) studies showed that increasing the water application volume can significantly increase the deposition density of droplets while adding spray adjuvants can significantly increase the deposition and effective deposition rate of droplets. Wang et al. (2019a) studied the effect of a low water application volume on droplet deposition and control efficacy, and the results indicated that different water application volumes significantly influenced the droplet deposition and control efficacy of wheat pests and diseases. Qin et al. (2016) found that flight parameters not only affect the control efficacy of rice planthoppers (Nilaparvata lugens) but also affect the droplet distribution uniformity in a rice canopy. Zhang et al. (2017) used UASS to study the effect of different citrus tree shapes on droplet deposition and control efficacy. The results showed that the droplet distribution performance and control efficacy of hedgerow-shaped plants were the best. Xin et al.'s (2018) research showed that with the increase of the UASS water application volume, the thidiazuron and diuron residues in cotton leaves also increased. Phani et al. (2021) studied the effects of different pesticides on the control effect of FAW using high-volume spraying, and screened out the pesticides with better control effect. Yan et al. (2021) studied the control effect of FAW by using a plant protection UASS to spray solid particles of pesticides. Lu et al. (2021) used a plant protection UASS to study the effect of spraying time on the control effect of FAW and recommend the best spraying time. Different application parameters have a great effect on the control of different pests and diseases by plant protection UASS. Meanwhile, in the prevention and control of pests and diseases, excessive water application volume will not only cause the loss of pesticides but also reduce work efficiency, while too low water application volume often fails to achieve the effect of pest control. However, none of the above studies involved the effect of different water application volumes of plant protection UASS on the control effect of FAW. It is unknown whether the plant protection UASS low water consumption spray can effectively control the FAW. Therefore, a crop protection UASS was used to study the effects of four different water application volumes on the control efficacy of FAW, and determine the optimal water application volume.

In the dose transfer process, the deposition structure plays an important role. This is because it associates the target organism with the pesticide application (Ebert et al., 1999). The deposit structure has a significant effect on the control of pests and diseases. However, different sampling materials and sampling arrangement methods have been used to obtain different deposition results. Therefore, the choice of sampling material and sampling arrangement method is very important for the deposition results. Commonly used sampling materials include Kromekote® cards, water-sensitive paper, Petri dishes, and filter paper (Brain et al., 2017). The most common sampling methods include the arrangement of sampling materials on a slant on the plant leaf (Qin et al., 2016; Wang et al., 2019b) or horizontally on the sampling pole (Kharim et al., 2019; Wang et al., 2019a). However, different sampling methods lead to different deposition results, which makes it difficult to compare the data in different papers. Therefore, this study compared the droplet deposition using different sampling methods under the same spray conditions.

An experiment was carried out in Yunnan Province, China to study the control efficacy of UASS on FAW. Due to the climate characteristics of this experiment site, the air humidity is relatively high, and the water-sensitive paper is easily affected by moisture, which can easily affect the test results. The use of stainless steel samplers is more troublesome for subsequent acquisition of test data (droplet density and coverage), while Kromekote cards are similar to water-sensitive paper, which is not easily disturbed by external conditions and has a better stability. Therefore, the experiment chose the Kromekote® card as the deposition acquisition material, and DepositScan was used to obtain the droplet density and coverage. The experiment compared the effect of four different water application volumes (7.5–30.0 L/ha) on the control efficacy of FAW in corn.



MATERIALS AND METHODS


Sprayers

The spraying equipment is an eight-rotor electrical-powered UASS (MG-1P, Shenzhen DJI Technology Co., Ltd., Guangzhou, China). The spraying equipment is shown in Figure 1. The MG-1P UASS is powered by lithium-ion batteries, which provide a flight time of about 15 min on one charge. It can be operated remotely or automatically and can fly according to a pre-programmed route. The MG-1P platform was equipped with four XR11001 or XR110015 nozzles (TeeJet Technologies, Wheaton, IL). Due to the limited range of the UASS flight speed, the water application volumes in this test were difficult to achieve when only using a change in flight speed. Therefore, the tests used XR11001 and XR110015 nozzles to achieve different water application volumes. The nozzles were mounted under rotors and angled vertically downward and in a parallel direction with reference to the direction of flight. The arrangement of the four nozzles was rectangular, and the length and width were 132 and 56 cm, respectively. The spray pressure, output rate, and flight height of the UASS were set through the remote controller. When using XR11001 or XR110015 nozzles, the spray pressure and output rate were 2.0 bar and 0.32 L/min or 2.5 bar and 0.54 L/min, respectively.


[image: Figure 1]
FIGURE 1. The DJI MG-1P eight-rotor electric unmanned aerial spray system (UASS).




Experimental Design

The experiment was conducted in September 2019 at Corteva Yunnan research center, Kunming City, Yunnan Province (E103°8′52″; N24°46′47″), China (the field is private land, and the owner of the land permitted to conduct the study on this site). The corn variety in the experimental site field was Tian Cui 311, and the sowing time was July 20, 2019. The corn plant height, row spacing, and plant spacing during application were about 0.4, 0.4, and 0.3 m, respectively. The corn growth periods were small, with flaring open stages. FAW kills the growing point of corn plants, causing numerous holes in the whorls and upper leaves (Yan et al., 2021). The field observation and survey rate of the harmed corn plants reached above 10%, and most of the corn plants reached the damage level of 3 (Davis scale) (Davis et al., 1992).

The dimension of the experimental field was about 170 m × 118 m, and it was divided into five treatments. Each treatment was replicated three times for a total of 12 plots. Each plot was a 50 m × 22 m area. Then, 10 m buffer zones between plots were set to avoid the drift pollution of droplets. Among them, there were four treatments for the DJI MG-1P UASS and one treatment for the blank control. In the experiment, the effect of water application volumes on the spray deposition and control effect was studied. The DJI MG-1P UASS used four different water application volumes of 7.5, 15.0, 22.5, and 30.0 L/ha.


Sampling Point Arrangement

Two sampling methods were used to analyze the influence of different sampling methods on the deposition results (Figure 2). The first sampling method was Kromekote® cards horizontally arranged at a distance of 5 cm from the crop canopy using a sampling pole. This method has the characteristic that the deposition sampling efficiency is not related to the crop canopy. This standard method can be used to compare the results with other research in further work. The second sampling method was Kromekote® cards arranged on the first corn leaf from the top with a stapler at an angle of almost 50 ± 10 degrees. The droplet deposition on the first leaf from the top of the corn had an important role in the control efficacy of FAW. There were two main considerations in using this sampling method. On the one hand, the droplet was mainly deposited on the first leaf from the top of the corn; on the other hand, the FAW mainly lays eggs and hatches on the first leaf from the top of the corn (Yan et al., 2021). For analyzing the droplet deposition, 11 sampling points were uniformly arranged in the experiment plot.


[image: Figure 2]
FIGURE 2. (A) The actual arrangement in the field. (B) Sampling point arrangement.




Water Application Volume

In the experiment, the spray height was 2.0 m. Under the spray pressure of 2.0 and 2.5 bar, the droplet size of the XR11001 nozzle and XR110015 nozzle was 90.4–121.2 μm (Jeon and Tian, 2010) and 154.2–183.0 μm (Guo et al., 2020), respectively. Different water application volumes of UASS were achieved by changing the flight speed and nozzles. The corresponding flight speed according to the water application volume was ascertained under the conditions of spray pressure, output rate, and swath width. The flight speed was calculated according to Formula (1) (American Society of Agricultural Engineers, 1995). When the water application volumes were 7.5, 15.0, 22.5, and 30.0 L/ha, the corresponding flight speeds were as shown in Table 1.

[image: image]

where, R is the water application volume, L/ha; Q is the output rate, L/min; K3 is a constant, 600; V is the flight speed, km/h; and S is the swath width, m.


Table 1. The speed of flight under different water application volumes.

[image: Table 1]




Measurement of Droplet Deposition

Before application, 10.0 g/L of Allura Red (80% purity, purchased from Beijing Oriental Care Trading Ltd., China) was added to the tank using a tracer. The tracer is used to measure the deposition of droplets on Kromekote® cards (Qin et al., 2018). After application, the Kromekote® cards contained in a self-sealing bag were brought to the laboratory for collection and processing. Kromekote® cards were scanned at a resolution of 600 dpi with a scanner (Model GT-1500 Seiko Epson Corporation. Japan). Then, the imagery software DepositScan (USDA, Wooster, OH, USA) was utilized to extract and analyze the droplet density and coverage on the scanned photos (Xiao et al., 2019).

The climatic conditions were recorded using a weather meter (Model NK-5500, Nielsen-Kellerman Co., Boothwyn, PA, 209 USA), which indicated temperatures of 22.9–29.5°C, relative humidity of 45.4–72.2%, and wind velocities of 0.4–2.2 m/s during the deposition test.



Control Efficacy

The insecticide used in this experiment was a 25% Spinetoram water-dispersible granule (Delegate®) produced by Corteva™ agriscience Company, USA. The dosage for each treatment was 30 g a.i/ha.

The efficacy experiment was based on the insecticide field efficacy test guideline (II) standards and the Davis scale. A five-point sampling method per plot was selected. The FAW numbers and the damage index of three plants of corn per point before spraying were investigated and the corns were marked with a red string (Wang et al., 2019a,b). Then, 1, 3, 7, and 14 days after application, the number of FAW and the damage index of corn in the same location and plant were investigated again. The overall control efficacy against corn FAW was calculated without regard to the instars of the corn FAW. The control efficacy was obtained based on the population numbers of live insects in each zone before and after spraying. The control efficacy was calculated according to Equations (2) and (3) (Wang et al., 2019b). The damage index of the corn method referred to the investigation method of Davis et al. (1992). Figure 3 shows a visual map of the corn FAW damage to leaf feeding. A numerical scale (0–9) was employed, where 0 indicates no visible damage and 9 indicates heavy damage, which is also known as the Davis scale. This method can quickly and easily distinguish small differences in plant damage. It was based on the types and numbers of feeding lesions at 7 and 14 days after infestation. The damage index of each treatment area was calculated according to the damage index Equation (4).
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[image: Figure 3]
FIGURE 3. A visual map of some different damage levels of corn fall armyworm. (1) There was only needle-like damage on the leaves, and the damaged area was <5%. (3) There were pin-eye or small annular lesions on the leaves, and the damaged leaf area is between 6 and 15%. (5) Several small and medium irregular holes appeared on the leaves, and the damaged area was between 16 and 25%. (7) There are many large, elongated lesions on the leaves, ranging from 26 to 50% of the damaged area. (9) Corn leaves are destroyed and it is difficult to restore normal growth.




Data Analysis

A significant difference was obtained using analysis of variance (ANOVA) by Duncan's test at a significance level of 95% with SPSS v17.0 (SPSS Inc., an IBM Company, Chicago, IL, USA), and Excel software (Microsoft Office 2019, Microsoft Corporation, Redmond, Washington, USA) was used to calculate the coefficient of variation (CV). The CV was used to show the uniformity of droplet deposition and can be presented as (Xiao et al., 2019).
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where, S is the standard deviation (SD) of the samples in the same test group, Xi is the droplet density or coverage of each sampling point, [image: image] is the mean value of the droplet density or coverage in each test group, and n is the number of sampling points in each test group.




RESULTS


Visual Photos of Droplet Deposition

The droplet deposition has a great effect on the control efficacy. Figure 4 is a visual photo of the droplet deposition of the MG-1P UASS with different water application volumes and sampling methods. Three qualitative conclusions can be drawn from the visual photos: (1) the water application volume has a significant effect on the droplet density and coverage; (2) the droplet density and coverage obtained by sampling on the pole were higher than those obtained by sampling on the leaf; and (3) a significant difference in the deposition was observed at different sampling points, indicating poor deposition uniformity.


[image: Figure 4]
FIGURE 4. A visual aid showing deposition on the representative Kromekote® cards by UASS application.




Quantitative Analysis of Deposition Characteristics
 
Effect of Sampling Methods on Droplet Deposition

The droplet deposition (droplet density and coverage) values obtained by different sampling methods are shown in Figure 5. Under the water application volumes of 7.5–30.0 L/ha, the droplet density and coverage achieved by the sampling on the pole method were 24.3 droplet/cm2 and 8.4%, respectively; by the sampling on the leaf method, they were 18.0 droplet/cm2 and 6.0%, respectively. The droplet density and coverage obtained by the sampling on the pole method were 35.0 and 40.0% higher than those obtained by the sampling on the leaf method, and the difference was significant (p < 0.01). The CV values of deposition obtained by the two sampling methods were all higher than 60.0%, indicating that the uniformity of the deposition was poor.


[image: Figure 5]
FIGURE 5. Effects of sampling pole method and sampling leaf method on deposition characteristics of droplet density and coverage. (A) Droplet density and (B) coverage. The numbers in the figure are the mean value (CV), and the different lowercase letters after the numbers indicate the significant difference, p < 0.01.




Effect of Water Application Volumes on Droplet Deposition

The droplet density and coverage under different water applications are shown in Figure 6. When the water applications volume of the UASS was in the range of 7.5–30.0 L/ha, the droplet density was 12.5–37.0 droplet/cm2 and the coverage was 5.9–11.8%. The droplet density and coverage increased as the water application volumes increased. Through linear fitting of the data, a good linear relationship was found between the droplet deposition (droplet density and coverage) and water application volume. The coefficients of determination of the droplet density and coverage were 0.89 and 0.92, respectively.


[image: Figure 6]
FIGURE 6. Droplet deposition at different water application volumes for various treatments. (A) Droplet density and (B) coverage. The numbers in the figure represent the mean value (CV). The green line is a fitted curve for the droplet density/coverage and water application volume.





Control Efficacy for Fall Armyworms
 
Effect of Water Application Volumes on the Control Efficacy

The control efficacy under different water application volumes achieved by the UASS sprayer on FAW is indicated in Figure 7. From the live insect investigation results, the control efficacy significantly increased as the water application volume increased (p < 0.01). At 7 days after treatment (DAT), the best control efficacy was achieved at 30.0 L/ha using the UASS sprayer. However, the control efficacy of the water application volume of 30.0 and 22.5 L/ha did not differ significantly. Meanwhile, it can also be seen that the control effect of the same water application volume varies with different application days. The control efficacy gradually increased from 1 to 7 DAT and decreased from 7 to 14 DAT. The peak of the control efficacy appeared at 7 DAT. This changing trend was the same under different water application volumes.


[image: Figure 7]
FIGURE 7. Control efficacy (%) of fall armyworm (FAW) was evaluated at 1, 3, 7, and 14 days after treatment (DAT) resulting from field-treated 25% Spinetoram water-dispersible granule (Delegate®) with an unmanned aerial spray system sprayer at four spray volumes (the different lowercase letters indicate significant results, p < 0.01).




Effect of Water Application Volumes on the Damage Index

The damage index of FAW for corn when employing the UASS sprayers and a blank control at 0, 1, 3, 7, and 14 DAT is indicated in Figure 8. Before application, the damage index of each treatment area was approximately the same, which indicated that the original insect population of each treatment was similar. The trough of the damage index appeared at 7 DAT, after which the damage index began to increase, which corresponds to the results of the insect control efficacy. At 14 DAT, the blank control displayed the largest difference in the damage index compared with the treatment, which was 61.7% higher than the worst control efficacy treatment of the UASS.


[image: Figure 8]
FIGURE 8. The damage index changed with the application time.






DISCUSSION

The experimental results of this study show that there are significant differences between the two sampling methods used for droplet deposition. The results of this experiment were related to the angle of the Kromekote® card arrangement. The Kromekote® card arrangement affects the sampling efficiency of the droplet to some extent. Capri et al. (2005) measured the off-target deposition of chlorpyrifos in two fields: one field was flat and the other field was sloped. It was indicated that the flat field deposition was higher than that of the sloped field. Besides, the Kromekote® cards arranged on the sampling leaves were affected by the shielding of the leaves. Various crops have different canopy sizes, canopy shapes, foliage densities, and planting arrangements, all of which affect the droplet density and coverage (Heidary et al., 2014; Pan et al., 2016; Badules et al., 2017; Hong et al., 2017, 2018). Mostly, the upper layer of the plant canopy displays higher deposition than that of the lower layers. In a study on cotton defoliant spraying, the droplet density and coverage of the upper layer increased by 61.9 and 150.0%, respectively, compared with the lower layers (Xiao et al., 2019). The reason for this was that the upper leaves of the cotton canopy were complex and overlapping, which affected the deposition of the lower droplet. Lefrancq et al. (2013) used 51 glass Petri dishes to successfully collect the sample deposition of kresoxim-methyl in a vineyard catchment, for which the change in the deposition values was caused by the droplet being intercepted by the vine plant canopy. Of course, various sampling methods have different advantages. In this study, the sampling pole method can avoid the influence of the canopy structure and arrangement angle on droplet deposition and collect droplet deposition without bias, which will help in comparing the results obtained from different research. The sampling pole method should be used for physical characterization studies. For example, the performance of different UASS and the effects of operating parameters on droplet deposition characteristics were studied. However, it cannot replace the deposition of droplets on the leaves. The method of arranging the Kromekote® cards directly on the leaves could directly obtain the deposition of the droplets on specific leaves at different growth stages of the plant, which helped build a relationship between the droplet deposition and control efficacy. The sampling leaf method needs to include a more natural target configuration to be representative of the target structure. For example, the control effect of pests and the penetration research test of droplets.

Control efficacy experiments on corn FAW were performed with different water application volumes using UASS sprayers. The experimental results of this study show that the control efficacy gradually increased with the water application volume increased. Wang et al. (2019a) used UASS to study the control experiments of three different water application volumes (9.0, 16.8, and 28.1 L/ha) on wheat aphids. Their results were consistent with this experimental research results. However, their control efficacy results were better than this experimental result, which may be related to the operating parameters of the UASS and the droplet size. Qin et al. (2016) compared the control efficacy of low-volume spraying technology for rice planthoppers (N. lugens). By optimizing the spraying parameters of the UASS, the control efficacy was improved. Chen et al. (2020) used three nozzles with different droplet sizes to study the effects of different droplet sizes on the rice planthopper control efficacy. The results show that the selection of nozzles with smaller atomizing particle sizes for UASS can improve the control efficacy of rice planthoppers (N. lugens). In addition, different results were found by other researchers. Roehrig et al. (2018) tested spray volumes between 40 and 160 L/ha and verified that the 130 L/ha was higher than the others for soybean yield, being statistically similar to the 160 L/ha. Sánchez-Hermosilla et al. (2011) reduced application volumes from 1,000 to 500 L/ha and improved crop control product application in tomatoes by altering the spray gun (900 and 1,800 L/ha) on the vertical spray boom. Berger-Neto et al. (2017) compared two spray volumes of 100 and 200 L/ha, and concluded that spray volume did not affect the control of white mold in soybean. Garcerá et al. (2014) also found that spray application volumes (11.74, 17.65, and 32.21 L/ha) did not affect two of the organophosphate insecticides controlling California red scale infestation. Their results were not consistent with our research results. This may be caused by excessive spray volume. Wang et al. (2019a) conducted experiments on wheat with different sprayers, and the results proved that high-volume (225 and 450 L/ha) spraying easily leads to run-off and lower deposition, thereby reducing the control efficacy of high-volume. Thus, it is not necessary to use high-volume spraying, as a certain number of spray volumes achieve good efficacy.

In this study, the number of live insects decreased significantly by 1 DAT, but the damage index did not change much. This may be because the investigation method of the damage index has hysteresis compared with the investigation method of the insect control efficacy. The control effect was best on the 7DAT. At 14 DAT, the control efficacy was reduced, indicating that the insecticides had a shelf life of fewer than 14 days, increasing the number of live insects. The control efficacy of the water application volume of 30.0 and 22.5 L/ha did not differ significantly. Considering work efficiency, a water application volume of 22.5 L/ha is recommended for field operation. The control efficacy (84.8%) of the UASS sprayer meets basic field control requirements, but the UASS has the advantage of a high efficiency in comparison with the large-capacity spray, which has an important role in the rapid control of explosive pests. Of course, further work will be to continuously improve the control efficacy of the UASS by adding spraying adjuvants or optimizing the spraying system.



CONCLUSIONS

In this study, four different water application volumes were used for pesticide application in the cornfield. The droplet deposition characteristics of different sampling methods and the control efficacy for corn FAW using different water application volumes were compared in this research. The conclusions are as follows:

1) The droplet density and coverage were affected by the sampling method;

2) There was a good linear relationship between the droplet deposition (droplet density or coverage) and water application volumes;

3) The control efficacy increased and the damage index decreased with the increase of water application volumes. When using plant protection UASS in the field, it is recommended to use 22.5 L/ha of water application volume.

The experiments demonstrated the feasibility of UASS sprayers in controlling corn FAW fields. However, the control efficacy of UASS needs to be further improved. Due to the poor deposition uniformity, effective measures, such as adding an adjuvant in the tank or optimizing the spraying system, which can improve the deposition uniformity, will be needed in the future.
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