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Abstract: Wheat is a major food source throughout the world.  However, biological factors like pests and weeds can lead to 
lower crop yield.  Most crop protection nowadays involves pesticide and herbicides application.  This is commonly 
conducted with knapsack in China, which is inefficient and high labor intensive.  Unmanned aerial vehicle (UAV) are an aerial 
spraying technology recently-developed.  Using UAV application is more flexible and standardized, the spraying efficiency is 
60 times more than knapsack sprayer.  However, weed management using UAV is still a challenge.  Low spray volume and 
droplet density with less penetration may affect weed control efficacy.  High droplet concentration may induce crop injury.  
This study focused on discovering crop safety and weed control efficacy of UAV in wheat fields.  Different herbicides, rates 
and spray volume were tested for pre-emergence (PRE) and post-emergence (POST).  The results show that no crop injury 
was induced for PRE.  While 10%-20% injury on wheat was found for POST.  All herbicides treatments showed significant 
effects on weed management compared to untreated control.  However, the efficacy was not stable between years and fields.  
Weed management for PRE can reach 98%-100% when the soil is humid, smooth and with no straw coverage when using 
diflufenican + isoproturon (120 + 1200 g ai ha-1).  For POST application via UAV, weed injury ranged from 10% injury to 
70%, in which isoproturon + clodinafop-propargyl + mesosulfuron (120 + 7.5 + 0.9 g ai ha-1) injured weed the most in 2018 
(reached 70%).  Knapsack sprayer showed relatively better weed control efficacy in many cases for POST applications.  
Weeds showed certain degree of resistance.  In general, PRE application with UAV showed better potential, but herbicide 
spraying needs to be combined with field management to achieve better weed management efficacy. 
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1  Introduction  

Wheat (Triticum aestivum L.) is one of the most important 
grain crops throughout the world especially for North America, 
Asia and Europe[1-3].  It provides food for about 40% of the 
population all over the world[3].  The human population has 
increased dramatically and will reach about 10 billion by 2050[4], 
this will increase the need of intensive agriculture.  Crop 
protection with pesticides and herbicides is an important step to 
ensure crop production in modern agriculture system[5].  It has 
been reported that agrochemical may enhance food supply by up to 
45%[6].  Traditional herbicide or pesticide application is normally 
conducted by tractor and knapsack sprayer in many area in China[7].  
The disadvantages of those application methods include low 
efficiency (especially for knapsack sprayer), high labor intensity, 
time-consuming, and water consuming (225-450 L ha-1).  
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Nonstandard spraying via backward equipment results in uneven 
droplet distribution and waste of agrochemical[8].  In order to 
increase efficiency, standardize pesticide spraying, and adapt to 
labor decrease in rural area, modern agriculture includes 
agricultural aerial spraying has been developing fast during the last 
decades.  Agricultural aerial spraying includes manned and 
unmanned aircraft[9].  Unmanned aerial vehicle (UAV) is more 
suitable for small farming plots[10].  It has been already commonly 
used in Japan and Korea[11,12].  UAV spraying are more flexible 
and standardized than conventional methods, with 60 time higher 
efficiency than traditional methods[13].  It causes almost none 
damage to crops or soil structure during operation[14], has low labor 
and water cost.  

Due to all the advantages, many studies have been conducted 
on UAV application for pesticide includes insecticide and fungicide.  
Those studies promoted the usage of UAV on crop protection 
successfully, the techniques of UAV spraying have been 
developing[15-17].  However, herbicide application via UAV has 
always been a challenge.  UAV spraying is followed with low 
spray volume and limited droplet distribution due to limited battery 
endurance and small loading capacity[18].  Droplet concentration 
will increase when spray volume decrease.  Droplet concentration 
for UAV spraying may be 30 times more than that of traditional 
spray methods.  High droplet concentration of some herbicides 
may induce crop injury.  Many studies reported that droplet size, 
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droplet concentration, spray volume affect herbicide application 
efficacy[19].  When droplet concentration is high, uptake of 
herbicide may decrease due to leaf tissue necrosis or increase due 
to increased herbicide gradient.  Some studies showed that low 
spray volume may decreased some herbicides’ efficacy[20] while it 
has opposite effect on some other herbicides[21,22].  In addition, 
proper adjuvant increases weed management efficacy via increasing 
adsorption and decrease evaporation and dripping[23,24].  Therefore, 
herbicide applied by UAV is possible but the efficacy may vary a 
lot among spray parameters and herbicides.  For herbicide 
application via UAVs, drift risk is also a problem due to high spray 
height.  Therefore, the requirement for herbicide selection will be 
more strict.  Because of those challenges, progress about herbicide 
application via UAVs is very limited.  The information about 
weed management via UAV spraying in wheat field is still lacking.  
More experiments should be conducted to discover the possibility 
of herbicide application via UAV.  

The purpose of this study was to explore the potential of UAV 
to conduct herbicide application tasks in wheat fields.  To find out 
the appropriate herbicides for weed management in wheat fields for 

UAV application and to test how application affects crop safety, 
weed management efficacy. 

2  Materials and methods 

2.1  Field experiments 
Experiments were conducted in wheat fields in Jiangsu 

province, China from the winter of 2017 to spring 2018, and 
repeated from winter of 2018 to spring 2019.  Soil in the 
experiment area contains 4.1%-5.8% organic matter and has a pH 
of 6-6.5.  Field was plowed to mix straw from last rice season 
with soil and was disked to create a relatively smooth surface.  
Some of the soil surface was still covered with straw when the 
experiments were conducted (Figure 1).  Seeds were sown in drill 
and most of them were 0 to 3 cm below soil surface.  Seed line 
spacing was about 10 cm.  Fields were not irrigated after sowing 
and before reviving stage.  Management practices included pest 
control, fertilization and irrigation (at or after reviving stage) were 
conducted to optimize crop growth.  Experimental design used 
randomized complete block.  Each UAV treatment area was 
between 0.13 to 0.25 ha for all the experiments.  

 
Figure 1  Soil surface before herbicide application 

 

Both pre-emergence (PRE) and post-emergence (POST) 
applications were conducted.  PRE applications were operated 
after seed sowing to control ungerminated or newly germinated 
weeds.  Two herbicide combinations, two application time (5 or 
20 days after sowing), two herbicide rate were tested (Table 1).  
Low rate (20% less than rate commonly used in the experimental 
area) was tested in the same area only in 2018 to explore the 

possibility of herbicide reduction.  POST application was taken 
after reviving stage before wheat jointing stage depending on weed 
growth.  Two herbicides combinations and two rate were tested in 
2018 (Table 2-1).  Three herbicide combinations with one rate and 
two spray volume were tested in 2019 (Table 2-2).  For each field, 
two untreated (no herbicide applied) areas about 0.05 ha were used 
as control (CK). 

 

Table 1  Experimental design for PRE treatments in 2017 and 2018 winter 

Application method Herbicides Application time (d after seeding) Rate/g ai·hm-2 Spray volume/L·hm-2 

5 180 + 1800 

5 Diflufenican + isoproturon 

20 
120 + 1200a UAV 

Flufenacet + diflufenican +flurtamone 5 165 + 165 +165 

18.75 
 

5 180 + 1800 

5 Diflufenican + isoproturon 

20 
120 + 1200a Knapsack sprayer 

Flufenacet + diflufenican +flurtamone 5 165 + 165 +165 

450 

Note: a Rate of 120 + 1200 g ai hm-2 was only tested in 2018. 
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Table 2-1  Experimental design for POST treatments in 2018 spring 

Application method Herbicides Rate/g ai·hm-2 Spray volume/L·hm-2 

120 + 7.5 + 0.9 
Isoproturon + clodinafop-propargyl + mesosulfuron 

80 + 5 + 0.6 
120 + 7.5 + 4.5 

UAV 
Isoproturon + clodinafop-propargyl + flucarbazone-sodium 

80 + 5 + 3 

18.75 

Knapsack sprayer Isoproturon + clodinafop-propargyl + mesosulfuron 120 + 7.5 + 0.9 225 
 

Table 2-2  Experimental design for POST treatments in 2019 spring 

Application method Herbicides Rate/g ai·hm-2 Spray volume/L·hm-2 

15 
Isoproturon + mesosulfuron + florasulam 120 + 0.9 + 0.7 

22.5 

15 
Pinoxaden + clodinafop-propargyl + florasulam 7.5 + 7.5 + 1 

22.5 

15 

UAV 

Flucarbazone-sodium + clodinafop-propargyl + mesosulfuron + florasulam 3.2 + 7.5 + 0.9 + 1 
22.5 

Isoproturon + mesosulfuron + florasulama 120 + 0.9 + 0.7 
Pinoxaden + clodinafop-propargyl + florasulama 7.5 + 7.5 + 1 Knapsack sprayer 

Flucarbazone-sodium + clodinafop-propargyl + mesosulfuron + florasulama 3.2 + 7.5 + 0.9 + 1 

225 

 

The guideline of precautions for application was followed 
strictly: temperature was not lower than 0°C before, during and   
7 days after application.  Heavy rainfall and impounded surface 
water within 7 days after application should be avoided.  
Herbicide applications were conducted between 9 am 11 am.  No 
precipitation occurred at least 12 hours prior to or after application.  
In some PRE experiments, precipitation occurred 2-3 days after 
application, which may help herbicides settling in soil.  
Experiments used DJI MG-1S and 1P (DJI, Shenzhen, China, 
518057) for UAV treatments.  XR1101VS (TeeJet Technologies 
(Tianjin) Co. Ltd., Tianjin, China, 300385) nozzles were equipped 
on UAV when applying herbicides.  Knapsack sprayer was from 
local farming store and equipped with cone nozzle.  The fixed 
flight parameters for the experiment include flight height 1.5 m, 
spray amplitude 3.5 m, flight speed 4.5 m s-1.  The optimal flight 
parameters used in herbicides experiments were from previously 
UAV tests (data unpublished).   
2.2  Statistical analysis 

Crop tolerance was evaluated visually 7 and 14 DAT using a 
scale of 0 to 100 (0 = no damage, 100 = plant death).  Injury 
symptoms were evaluated, which included stunting, bleaching on 
leaves and tissue necrosis.  Weed control efficacy was evaluated 
from 7 to 30 DAT.  For PRE application experiments, weed number 
was counted.  For POST applications, only weed injury level was 
recorded.  PROC GLM (SAS 9.3, SAS Institute Inc., 100 SAS 
Campus Drive, Cary, NC 27513) was used for data analysis.  
Means were compared using Student-Newman-Keuls test (α = 0.05).  

3  Results and discussion 

3.1  Sensitivity of wheat to selected herbicides applied with 
UAV   

When following the guideline of precautions for application 
UAV application of diflufenican + isoproturondid or flufenacet + 
diflufenican + flurtamonenot did not induce wheat seed or seedling 
injury when applied 5 or 20 days after seeding in 2017 and 2018 
winter.  Herbicides and rates used in this study were safe to wheat 
before and after seed germination when applied PRE via UAV.  
For POST treatments, wheat seedlings expressed about 10%-15% 
injury after isoproturon + clodinafop-propargyl + mesosulfuron  
(80 + 5 + 0.6 g ai hm-2) treatments in 2018 spring.  Injury increased 
to about 20% when the rate was 120 + 7.5 + 0.9 g ai hm-2.  The 

main symptom of the seedlings is whole plant chlorosis (Figure 2).  
Seedlings were fully recovered about 20 days after treatment (DAT) 
and wheat growth was not affected according to observation.  
Isoproturon + clodinafop-propargyl + flucarbazone-sodium 
treatments with both equipments and isoproturon + clodinafop- 
propargyl + mesosulfuron applied with knapsack sprayer did not 
induce any injury.  This indicates that for this herbicide combination 
with mesosulfuron, spray volume may affect crop safety.  Using 
more water during application may increase the safety.  POST 
treatments in 2019 did not induce wheat injury.  However, if UAV 
was resprayed (hovering above the same area when spraying), it 
may induce severe injury to wheat seedlings.  This should be 
avoided during herbicide application.  The results indicate that 
UAV application of herbicides on wheat is possible and relatively 
safe.  However, even when the herbicide combination and rate is 
safe for wheat seedling in this study.  UAV application may still 
injure wheat seedlings due to sensitive wheat varieties or 
environment[25].  Every herbicide application with UAVs should 
be tested in a small area before large-scale application.   

 

 
Figure 2  Response of wheat seedlings to UAV POST application 
of isoproturon + clodinafop-propargyl + mesosulfuron (120 + 7.5 + 

0.9 g ai hm-2) treatments in 2018 spring 12 (on) and 20 (under)  
days after treatment (DAT) 
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3.2  Response of weeds to selected herbicides applied with 
UAV 
3.2.1  Response of weeds to PRE herbicide application  

All PRE herbicides applied by UAV and knapsack sprayer 
showed significant effects on weed management compared to 
untreated control (CK).  However, the effect was not uniform 
among different fields, equipments and years.  In 2017, both 
experiment fields had about 100-110 Japanese foxtail (Alopecurus 
japonicus Steud.) seedlings germinated on CK area.  It was the 
major weed species in the wheat fields (Figure 3).  In field A, 
about 27% less Japanese foxtail seedlings was observed in UAV 
application area after treated with diflufenican + isoproturon (180 + 
1800 g ai hm-2) compared to CK.  While knapsack sprayer treatments 
controlled 64% Japanese foxtail.  In this field, knapsack sprayer’s 
weed control efficacy was significantly better than UAV.  In field 

B, when diflufenican + isoproturon was applied, both UAV and 
knapsack sprayer application suppressed about 80% of Japanese 
foxtail germination.  When use flufenacet + diflufenican + 
flurtamone, UAV application area had the least Japanese foxtail 
seedling number (about 5 weeds per 0.5 m2), which is 95% less 
than CK.  While knapsack sprayer treatment area had about 20 
weeds per 0.5 m2, which is 80% less than CK.  The difference of 
weed management efficacy between UAV and knapsack sprayer 
was significant on field A but was not significant on field B.  This 
may be because of the field quality.  The soil was more humid in 
field B because there are irrigation channels around the plot.  In 
addition, there is less straw covering the soil surface, and the soil is 
relatively smooth and fine for field B.  Herbicides are more likely 
to form a herbicide coverage on soil surface relying on soil moisture, 
and therefore is less affected by low spray volume of UAV. 

 
Note: CK, UAV-1, KS-1, UAV-2, KS-2 represent untreated control, diflufenican + isoproturon (high rate: 180 + 1800 g ai hm-2 or low rate 120 + 1200 g ai hm-2) applied 
with UAV and applied with knapsack sprayer, flufenacet + diflufenican +flurtamone (165 + 165 +165 g ai hm-2) applied with UAV and applied with knapsack sprayer.  
In 2018, low rate (20% less than high rate) treatments were added in field A.  Data were taken 30 days after treatment (DAT).  Vertical bars represent standard error.  
Means with the same letter within the same field, herbicide rate and weed species are not significantly different according to Student-Newman-Keuls (α = 0.05). 

Figure 3  Response of major species weeds (showed as germinated seedling number per 0.5 m2) to PRE herbicides applied with different 
equipment 30 days after treatment (DAT) 

 

In 2018 winter, UAV application of diflufenican + isoproturon 
showed great weed management effect (suppressed more than 98% 
of the weeds) on Japanese foxtail and bedstraw (Galium aparine L.) 
(two major weed species) on field A (Figure 3).  More than 100 
Japanese foxtail seedlings and 25 bedstraw seedlings were 
observed for CK area, while only about 0-2 weeds were observed 
per 0.5 m2 for treated area.  Most of the treated area had no weed 
seedling (Figure 4).  No significant difference on weed 
management effect was observed between different herbicide rate 
(diflufenican + isoproturon of 180 + 1800 g ai hm-2 and 120 +  
1200 g ai hm-2), between UAV and knapsack sprayer and between 
different herbicide combinations (diflufenican + isoproturon and 
flufenacet + diflufenican +flurtamone) on field A.  For field B, 
Japanese foxtail and shepherd’s purse (Capsella bursa-pastoris) 
were major weed species.  About 20 Japanese foxtail and 4 
shepherd’s purse seedlings were observed per 0.5 m2 in CK area 
(Figure 3).  UAV application of diflufenican + isoproturon 
decreased about 60% Japanese foxtail seedlings and 50% 
shepherd’s purse respectively.  While knapsack sprayer 
application of diflufenican + isoproturon controlled about 75% 
Japanese foxtail and 80% shepherd’s purse respectively.  UAV 
application of flufenacet + diflufenican +flurtamone controlled 
70% Japanese foxtail and 80% shepherd’s purse while knapsack 
sprayer application decreased about 85% Japanese foxtail and 80% 
shepherd’s purse.  However, the difference is not statistically 
significant.  As showed in the Figure 2, weed management effect 
on field A in 2018 is much better than any other fields of 2017 and 
2018.  Even when the rate was 20% less than commonly used rate, 

weed management effect was not affected.  It is because there 
was no straw exist on this field and the soil surface was smooth 
(Figure 4).  Besides, the weather in 2018 winter was more 
humid than 2017 and more rainfall there was in 2018 winter.  As 
mentioned above, soil moisture help PRE herbicide to form a 
herbicide film on soil surface.  Especially when spray volume is 
too low to provide enough moisture.  Big soil particles and 
straws on soil surface can both prevent the formation of herbicide 
film.  Therefore, using UAV to apply PRE herbicide has great 
potential, but it need a correlated soil management technique to 
achieve great weed management performance.  In addition, PRE 
herbicide is able to suppress many weed species that are resistant 
to POST herbicides because POST herbicide resistance occurs 
more frequent and faster than PRE[26].  Therefore, it is 
meaningful to conduct more researches about PRE herbicide 
application via UAVs.  
3.2.2  Response of weeds to POST herbicide application  

For POST application, all treatments induced significant weed 
injury compared to untreated control (CK).  However, the weed 
control effect has great difference among treatments, fields and 
years, ranged from 10% injury to 80%.  In addition, weed species 
of this area showed certain level of resistance for the herbicides 
selected.  In 2018, Japanese foxtail was the major weed species.  
No significant difference was detected between UAV and knapsack 
sprayer, herbicide combinations, and herbicide ratefor weed control 
effect (Figure 5).  On field A, UAV application of isoproturon + 
clodinafop-propargyl + mesosulfuron of low and high rate 
herbicides induced approximate 68 and 72% injury respectively, 



December, 2019             Chen Y, et al.  Weed control effect of unmanned aerial vehicle (UAV) application in wheat field             Vol. 2 No. 2   29 

while knapsack sprayer induced 80%.  On field B, UAV 
application with lower rate of herbicide combinations induced in 

average 48%-50% injury on Japanese foxtail and higher rate was 
62%-65%. knapsack sprayer was 68%.  

 

CK PRE treatment 
 

Figure 4  Response of weeds to UAV PRE application of diflufenican + isoproturon (120 + 1200 g ai hm-2) 30 days after treatment (DAT) 

 
Note: For data from 2018, UAV-I, UAV-I*, KS-I represent UAV application of isoproturon + clodinafop-propargyl + mesosulfuron with high (120 + 7.5 +   
0.9 g ai hm-2) and low (80 + 5 + 0.6 g ai hm-2) rate, and knapsack sprayer application (120 + 7.5 + 0.9 g ai hm-2).  UAV-II, UAV-II*, KS-II represent UAV 
application of Isoproturon + clodinafop-propargyl + flucarbazone-sodium with high (120 + 7.5 + 4.5 g ai hm-2) and low (80 + 5 + 3 g ai hm-2) rate, and knapsack 
sprayer application (120 + 7.5 + 4.5 g ai hm-2).  For data from 2018, UAV-1, UAV-1*, KS-1 represent UAV application of isoproturon + mesosulfuron + 
florasulam (120 + 0.9 + 0.7 g ai hm-2) with 15 and 22.5 L ha-1 spray volume, and knapsack sprayer application.  UAV-2, UAV-2*, KS-2 represent UAV 
application of pinoxaden + clodinafop-propargyl + florasulam (7.5 + 7.5 + 1 g ai hm-2) with 15 and 22.5 L hm-2 spray volume, and knapsack sprayer application.  
UAV-3, UAV-3*, KS-3 represent UAV application of flucarbazone-sodium + clodinafop-propargyl + mesosulfuron + florasulam (3.2 + 7.5 + 0.9 + 1 g ai hm-2) 
with 15 and 22.5 L hm-2 spray volume, and knapsack sprayer application.  Vertical bars represent standard error.  Means with the same letter within the same 
field (2018 and 2019) and weed species (2019) are not significantly different, according to Student-Newman-Keuls (α=0.05). 

Figure 5  Response of major species weeds (showed as % injury) to POST herbicides applied with different equipment and different spray 
volume 14 days after treatment (DAT) 

 

 

In 2019, Japanese foxtail was the major weed species on field 
A. Bluegrass (Poa annua L.) and bedstraw was the major weed 
species on field B.  In general, spray volume of 15 and 22.5 L/hm2 
did not affect weed control effect significantly.  Except for 
bluegrass treated with flucarbazone-sodium + clodinafop-propargyl 
+ mesosulfuron + florasulam and bedstraw treated with pinoxaden 
+ clodinafop-propargyl + florasulam, in which low spray volume 
showed better effect on bluegrass and high spray volume showed 
better effect on bedstraw (Figure 5).  Knapsack sprayer treatments 
showed better effect than UAV treatments on Japanese foxtail.  
Knapsack sprayer treatments induced 56%-64% injury while UAV 
treatments caused 20%-40% injury to Japanese foxtail.  While for 
bluegrass, UAV treatments showed similar weed control effect 
with knapsack sprayer for isoproturon + mesosulfuron + florasulam 
(48%-60% injury).  Knapsack sprayer induced less injury (25%) 
than UAV applied pinoxaden + clodinafop-propargyl + florasulam 
(38%-48%), while caused more injury (34%) than UAV of    
22.5 L/hm2 spray volume (12%) for flucarbazone-sodium + 
clodinafop-propargyl + mesosulfuron + florasulam.  For bedstraw, 
UAV application and knapsack sprayer showed similar effect for 
isoproturon + mesosulfuron + florasulam (46%-52%) and 
flucarbazone-sodium + clodinafop-propargyl + mesosulfuron + 

florasulam (34%-52%), while UAV application with 15 L/hm2 

spray volume showed less effect (22%) than 22.5 L/hm2 and 
knapsack sprayer (48%-56%).  There was no significant 
difference for weed management effect among herbicide 
combination, except for flucarbazone-sodium + clodinafop- 
propargyl + mesosulfuron + florasulam that showed relatively less 
control effect on bluegrass.   

In general, weed management efficacy of POST application in 
this study is unsatisfactory.  Low rate herbicide showed less 
efficacy than high rate in 2018, which indicates weeds in this area 
already developed certain resistance.  High rate isoproturon + 
clodinafop-propargyl + mesosulfuron sprayed with UAV showed 
similar efficacy with knapsack sprayer.  This denotes that POST 
application with low spray volume is possible.  However, in 2019, 
none of the herbicides applied with UAV showed better efficacy 
than knapsack sprayer, which indicates that low spray volume, low 
droplet density and weak penetrability that are associated with 
UAV will affect weed control efficacy of those herbicides 
significantly on Japanese foxtail or possibly for other grass weed.  
But it is not necessarily impact the effect on broadleaf weed.  
Spray volume is related to droplet coverage[27] and concentrations.  
For some herbicides, high concentration will help absorption[28,29] 
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while some may induce necrosis and prevent absorption. 

4  Conclusions 

We explored the possibility of UAV application for PRE and 
POST herbicides.  DJI MG-1S and 1P equipped with XR1101VS 
nozzles were tested in this study for both PRE and POST 
applications.  PRE treatments tested two herbicide combinations, 
two application time (5 or 20 days after sowing), two herbicide rate.  
POST application included two herbicides combinations and two 
rate in 2018, three herbicide combinations with two spray volume 
in 2019.  When following the guideline of precautions for 
application.  UAV application of PRE herbicides used in this 
study is safe to wheat seeds and seedlings.  POST application via 
UAV with isoproturon + clodinafop-propargyl + mesosulfuron 
induced 10%-20% injury (whole plant chlorosis) that recovered 20 
DAT.  Other POST herbicides applied with UAV did not induce 
injury.  Therefore, when applying herbicide combination contains 
mesosulfuron via UAV, operators should be more careful and test 
the formula in small plot before conducting large-scale application.  
If herbicides were resprayed with UAV (hovering above the same 
area when spraying), severe injury to wheat will be induced and 
this should be avoided.  In conclusion, UAV application of 
herbicides on wheat is relatively safe.  All PRE and POST 
herbicides applied by UAV and knapsack sprayer showed 
significant effects on weed management compared to CK.  
However, the effect was not uniform.  In general, PRE application 
via UAV can achieve a great weed management (98%) when the 
soil’s moisture is high, has relatively smooth surface and is not 
covered with straw.  The PRE weed control efficacy is closely 
related to soil management.  Weeds in experimental area showed 
certain level of resistance for POST herbicides used in this study.  
UAV application of isoproturon + clodinafop-propargyl + 
mesosulfuron showed similar weed control efficacy with knapsack 
sprayer.  For other herbicides, Knapsack sprayer treatments 
showed better effect than UAV treatments on Japanese foxtail.  
While for bluegrass and bedstraw, UAV treatments showed similar 
weed control effect with knapsack sprayer.  In general, spray 
volume of 15 and 22.5 L/hm2 did not affect weed control effect 
significantly.  POST application with low spray volume is 
possible, but in some situation, low spray volume, low droplet 
density and weak penetrability that are associated with UAV will 
affect weed control efficacy.  
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