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Introduction

One of the key structural factors in agricultural mechanization is the selection of appropriate technology.
Today, examining the effects of technology application and development on agricultural production remains of
highly importance. Innovative technologies, such as spraying drones, play a critical role in advancing agriculture
and ensuring food security. Without these technologies and proper input management, environmental impacts are
likely to intensify. Achieving sustainable production and ensuring food security is a major challenge for
researchers and global policymakers. This study evaluates and compares the performance of spraying drones and
boom sprayers in controlling weeds and yellow rust disease in wheat fields. The aim of this study is to optimize
pesticide use and achieve sustainable agriculture.

Materials and Methods

This research was conducted to evaluate the field performance and economic feasibility of using spraying
drones compared to boom sprayers for controlling weeds and yellow rust disease in wheat fields. Experiments
were carried out in regional Khorramabad, Iran, using a DJI Agras MG-1P spraying drone and a 400-liter 400B8
TF boom sprayer. The aim was to investigate the impact of modern technology, specifically spraying drones,
compared to traditional methods, such as boom sprayers, for managing weeds and yellow rust disease.
Additionally, the study assessed the profitability of these technologies. The experiments followed a randomized
complete block design with three treatments: boom sprayer, spraying drone, and control. They were conducted in
two separate, independent fields to examine treatment effects on weeds and yellow rust in wheat. For weeds

control, 2-4-D herbicide was applied at 1.5 L ha'*, and for yellow rust control, Tilt fungicide was used at 0.5 L ha-
1

Results and Discussion

Results showed that the deposition rate of pesticides in boom sprayers (82.8%) was higher than with drone
spraying (69.9%). Furthermore, the average dry weight of weeds in boom sprayer was 172 g m?, and in drone
spraying, it was 163 g m2, which was not statistically significant. Additionally, the average weed density was 25
plants per square meter for boom sprayers and 29.3 plants per square meter for drone spraying, with no statistically
significant difference. The average harvest index in weed control experiments was 44% for boom sprayer and 41%
for drone spraying, which was statistically significant at the 1% level. The average severity of yellow rust infection
in wheat fields was 30.7% for boom sprayer and 25.3% for drone spraying, which was not statistically significant
at the 1% level, but both treatments were significantly different from the control (68.3%). The harvest index in
yellow rust experiments was better in drone spraying (43.8%) compared to boom sprayer (41.9%). The total annual
cost for drone owners in the studied region (2980.3 million rials) was higher than the total cost for boom sprayer
owners (513.48 million rials). However, the benefit-cost ratio for drone owners (1.215) exceeded that of boom
sprayer owners (1.030), demonstrating economic viability for both sprayers. Overall, drones are found to be more
economical for spraying than boom sprayers due to their higher efficiency and profitability. The use of drones can
significantly increase the efficiency and profitability of spraying operations.

Conclusion

The results of this study showed that both drone and boom sprayer were effective in reducing the dry weight
of weeds, but there was no statistically significant difference between them. Weed density was higher with drone
spraying, and the harvest index was better with drone spraying compared to boom sprayer. The costs of using
drones were higher than boom sprayers, but despite the higher costs, drones are superior option for spraying due
to their increased efficiency and profitability.

Keywords: Boom Sprayer, Cost-Benefit, Drone, Effectiveness, Spray
Deposition
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Specifications of the spraying drone
DJI Agras MG-1P : Jue 4 Sl
Brand and Model: DJI Agras MG-1P
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The number of motors: 6
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Flight time: 20 Min
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Tank volume: 10 Liter
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Specifications of the boom sprayer
B8 TF400 : s 5 S,Lo
Brand and Model: B8 TF400
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Table 1- Analysis of variance (ANOVA) for the effect of sprayer type on pesticide deposition amount in spraying

b el OS2l ©las 0 Egooro ©laz o 5iSlke F Sig.
Parameters Source of variation Sum of squares Mean square
P90 748.845 748.845 128321 0.000*
Between Groups
el olie (#3509 93.371 5.836
Deposition amount Within Groups
S 842.216
Total

Mgz a8 NS s Gze o jd B el )0 8 )ld gime doyd ) x>
ns: Not significant, *Significant at the probability level of 5%, and **Significant at the probability level of 1%

Equivalent Uniform Annual Cost (EUAC)

1- Benefit—Cost Ratio
2 - Equivalent Uniform Annual Benefit (EUAB) or
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Fig. 3. Effect of sprayer type on technical spraying parameters: settlement rate diagram
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Table 2- Analysis of Variance (ANOVA) of the effects of boom and drone spraying treatments compared to the
control treatment on weed control in wheat fields
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K
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RIS o
sbaale Sis ool 39 Between groups
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Dry matter weight Within groups
of weeds K
Total
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Harvest Index 2955 590
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233.33 38.89
557.55

97068.22 48538.11 2399  0.001%
12135.33 2022.55
109203.55
40.93 20.46 11.26 0.009**
10.9 1.81
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Fig. 4. Effect of spraying methods compared to control on harvest index and dry weight of weeds in wheat fields
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Table 3- Analysis of Variance (ANOVA) of the effects of boom and drone spraying treatments compared
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to control on yellow rust disease in wheat fields

o ol kS golie Gl g9 Ly s ile .
i . Sum of ; F Sig.
Parameters Source of variation Mean square
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Within groups
percentage
£ 47.56
Total
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Fig.5. Effect of spraying methods compared to control on the percentage of infected plants, infection intensity, and
harvest index in controlling yellow rust disease in wheat fields

5 ool puiie g Coli (slaal o ggemme .l ool Cowddy yuiie

E9oo 9 JLiy (youleo YAAY OV Sl Oliess 5 ol
du_wbu Jl.s) u?alu@ OVY/¥A )].)ro}g L)"L’ﬁ_“’ )I ool L;LM...,)A

S

ubasdl slaadlis b))l
(Sl i 3a) ubigans JS 230

b £55 93 3l oolat wl S w slraiie JSF Joio po
9 ol slaaysa (picren o (4ol aloy) gl aanso Jols

pssye 9 3ke (e €95 99 2,8 L paiS 450 (Blew CuSIle ally glaaze S5 -€ Jgia
Table 4- Total annual costs of wheat field spraying using drone and conventional sprayers
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aJol aiy5m Initial capital
Initial cost o> 7000 1597.8

Sum



VB liaano) F 0 los IO ol «(g 59l b ymislo 4y pid

¢

el 603 20.7 415 55.61 63
Depreciation
alop ot 847.55 37.95 795 101.7 88.55
Interest
SRS Kol
b ooz omile 50.25 2.25 45 6.03 5.25
Fixed costs Housing
o 16.75 0.75 15 2.01 1.75
Insurance
b sladyip gos  1517.55 61.65 165.35 158.55
Total Fixed 1579.2 3239
costs
e 670 21 420 56.28 49
Repaire
Sy 0 36 18 0.24 0
Fuel
=9 0 15 9 1.2 0
oo olbdn Qil
seite (slodiy3n .
Variable e
costs Service and 100.5 45 90 12.06 105
maintenance
ol 25003 600 0 450 60.3 0
Labor
e cloas gay 13705 30.6 130.08 59.5
Total Variable 1401.1 189.58
costs
2888.05 92.25 295.43 218.05
Sl glaaiy; >
ol a “iz;t': 2980.3 (MR yr-) 513.48 (MR yr-)
4.846 (MR ha'l) 3.789 (MR ha't)

M3y ol (S a3 5l ao)d YE/AY) Jby yoekeo YAR/DA
S 3l (hlew 53 yite ladiy o e ol b (Sl
by iy Do oo 0mlie YV S > aS job los Ll
VYD Jolao cilo oo 000 2 boapo (Blhpas £95 0l 53 oo
Ajp epgd Ay ) 9 (U5 abjp jl Ao YV/0) Jb; (yoske
ol (S a3 31 as)d YY) Jby aedes VASY b S)pe!
2 i 4 o 0B glaais s YL phaw oz LS Woald oy
oS cwl )] Sl Wmosls Julow IS bt ol Jlapgr iliow
oloyw o)t 9 Olpness VL e > 4 dlag b (bl
4 5Ppg (ol b duslie 3 (gytln )L 5 Al laan s

Ao o olais] dg5

P Al e g Culi slodl e Aoy jbbses & S
2l b9y crl > Cl sladiz o ams oo L ) Sy b (Slos
3 (S izjm ) A os OVRY) Ly s s3een \OVAIY L
a3l duoyd YV V) Jby askeo VNV L ply puste claasy s
okt & byrpe (Blwws £95 cnl )3 A e ( plir ol (JS
Caol (JS aigz 5l ao s YAIVY) by (ackee AAD/D Jolao clo puo
YY) Uy oaske A0 liee L Olysesd aoja pad 43y 40 o
b & Bios @lppans 4o 2al3al )l 5 (S ainjm jl oy
sl 5l S i sn
YYV/A Joles jlopgr iliow o cali slaas o ¢ Jalds jo
b il peite sloaiyjm g (S ajm jlao)s #Y7-A) Jb) (isebee



20.13%

3.52
Sl sloasja IS zes

= Depreciation Mgzl
20.93%
= Interest wloyw 0,0

= Housing (,lus o%ls

0.12% Total annual costs: 2980,3 MR = INSUFANCE 4o
b glaas o
Fixed costs: 52.99% = Repaire olyues
0.05% ke (sladi 3o
Variable costs: 47.01% = Fuel ¢4
23.19 90.71% Oil 425,
% .
= Service And maintenance sy
o TSRV
1.76% 0.59% Laber s, sjeza
o b (bbpm > Sl puiio g <ol sladl o sy =T SIS
Fig. 6. The annual fixed and variable costs percentage in drone spraying
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