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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.

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 m, 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
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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.
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Specifications of the spraying drone
DJI Agras MG-1P : Jue 4 S,ls
Brand and Model: DJI Agras MG-1P
dde £ ygige dlis
The number of motors: 6
488> Ve i gilgy Cuoglie
Flight time: 20 Min
BN
Tank volume: 10 Liter
Fobighdly o
Spray width: 5 meters
dae ) :(dlA]é.’?J .xi.s) FPV 90
Number of FPV cameras: 1
b yd jlg cas 2ae Y LED slaws
Number of LED: 2
Co gt ¥ ol g Jib gg
Number and type of nozzles: 4 TeeJet
45 3 il s sl S o 51
Maximum spray capacity: 0.5 L Min
M3pgr e Slasuiie
Specifications of the boom sprayer
B8 TF400 : s 5 Sl
Brand and Model: B8 TF400
AT el
Tank volume: 400 Liter
Ol e i
Material of the tank: Polyethylene
As ogily iy Joo
Pump model: Raton 80
Fe Vil by
Spraying width: 16 meters
(cos) bt psl b g5
Nozzle type: Flat fan (TeeJet)
8 W] i
Power train system: PTO
(s b A 108U £ g
Pressure relief valve: Manual, three valves
L0 LY £Lid aubas B 0dgamce
Pressure range: 1-5 bar

L

(dhge 9 51pg2 Lolw) Gl 95 (6 Slasuie =) JSW
Fig.1l. Technical specifications of the two sprayers (boom sprayer and drone sprayer)
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2- Percentage of infected plants
3- Infection severity
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1- Benefit—Cost Ratio
2- Equivalent Uniform Annual Benefit (EUAB) or
Equivalent Uniform Annual Cost (EUAC)
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Table 1- Analysis of variance (ANOVA) for the effect of sprayer type on pesticide deposition amount in spraying

b 5l Oyt gibe @l 0 9000 ©lasyo (Sl F Sig.
Parameters Source of variation Sum of squares Mean square
(255 Ont 748.845 748.845 128321  0.000%
Between Groups
“ a5 oe0t S a4
Sl e 295 09) 93.371 5.836
Deposition amount Within Groups ' '
S 842.216
Total )

Mo gze pue NS > Sxe Juo > O g jd # > gime do)d V xlaws jd s
ns: Not significant, *Significant at the probability level of 5%, and **Significant at the probability level of 1%
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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

%l Ol yds 2l Oluge ggome  Olupe (iile Sig.
Parameters Source of variation Sum of squares Mean square
B9 O 324.22 162.11 4.17 0.073m
Between groups
jpsladile slass 295090 233.33 38.89
Number of weeds Within groups ' '
5 557.55

Total '

s 97068.22 48538.11 23.99 0.001*

sladils i3 osle 55 Between groups ' ' '
» 29,509, 12135.33 2022.55
Dry matter weight Within groups
of weeds S 109203.55

Total

P55 O 40.93 20.46 1126 0.009*

Between groups
il el P95 092
10. 1.81
Harvest Index Within groups 09 8
S 51.83
Total '

M sze 20y B prdaw )3 # Yy xe loyd Y e )d i e e 1 NS
ns: Not significant, *Significant at the probability level of 5%, and **Significant at the probability level of 1%
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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
to control on yellow rust disease in wheat fields

1 ol e gl G 0T e il .
; - Sum of F Sig.
Parameters Source of variation Mean square
squares
PSSO 1.56 0.78 0.101 0.905m™
: Between groups
035” dl.mcby Joyd gm; 5
Infected plants IO 46 7.67
Within groups
percentage
o 47.56
Total
P5SO 3296.22 1648.11 69.63 0.000%
Between groups
2 ead 297092 142 23.66
Infection severity Within groups
£ 3438.22
Total
P90 88.14 44.07 10171 0.000%
Between groups
Harvest Index Within groups
£ 90.7
Total

M sxe doyd B el 3 > e doyd N mlaw ) i > dxe puE NS
ns: Not significant, *Significant at the probability level of 5%, and **Significant at the probability level of 1%
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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

ol (S 50 51 0o YY) Jby asdee VWASY L SM !
P i & Coond ol glods i GV ppuo saimd lis Wodly oy
aS coal ol S5l osls o o IS jobods ol Hlapgr il
loys 0y 5 Slyeast £Vl (slocizin 5 & Sl b (Bl
4 5bpg (Bl b duglie ) (5 i 5)US 5 Alle soanjn

23 o olaisl dg5

a3 g dlie caanad
0als e g lael)d g laai ja leMbl aoMs & Jois
Gl > oo Ui ) Sy 9 )bpgr (b 93 53 Al e 4 Cunite
st il 31 it sl F10 g 3,55 olize s
Oldes ay Jluw 53 55815 3,5,L8" 51 o pa W/F adl) el
4 baye 15815 0,58 5l asn AP/F 5 Wb o olaid] bl
Mg b (bl 3j05wd lawgio e g (Cawl blles plo
Sl g by el YEVVIYO adlaie 5 sy <o 5 (555,54
aujp pSolae el cowdts Jby edeo OYANY Jopgs b
5y (JLy Gaales YAAS/Y) slgy cuSTlo g (505,54 sllo
hrjo 4 e sl ol (JLy el OVWIFA) s il
s adhaio 3 (ilew 93 8 (S, an a5 b (L Sy
3 sl ol s il (oobatdl 6l 5,551 5Sile ol
oo 5> Aje 4 Cadie a3 ld el Cundts VI i ol 9
D5 @l gpamars 3 (V-F) s il ) 22 (V10)
9 2SS Jdd 4o YL (sladisjm 5559 b cladlps 45" > 0

$ulaidl glayeald byl
(9L 4338) publyan JS o

Db g5 93 3l oolaiwl SWLw sladsia ¥ Joio jo
9 Cal slaaiie oumen o (gl alopw) adgl laat o ol
5l osliiwl ke g coli (cladis i £gemme Canl odal Cunddy yuito
oo 9 by Qoo VALY VL (ol Clined 5 ol
dle JLoy Goeben OVIYA Jlapgy (bl I odlitul (slaa o

P bl jsie g ol slra e do)d jhaod & IS
lr ey rl ol ladsa amd oo (L ) ol b (oSbew
9 (S5 a5l ame 2 OV/AY) JLo) (igshee osbee VOVAY Ly
i 3l aoyd YV V) by asee VNV L ol puste (sladly 3o
oyt & borpe (S 9 cnl ) Aip wrow (b Cal (JS
Cawl (IS 450 51 o3 YAIVY) Uy (aslee AAD/D Joleo caylo puo
Jbs & Baes et atjn Gl o)l )3 (JS aa 5l am
ool g5l pArged Az

YYV/A Jolso jlapa ilomw o ol (gladsysa o Jlio jo
L lp it gloatyso o (US4 jo 5l ao ) #Y7A) b (ysebee
My el (S aisjp jl ao)d YE/AY) Jby yoakeo YAR/DA
yeS opgr (hliems 13 piile (Sl jo i gy b (e
ey yidd g o odmliie Y SCd 50 4 job ylen .l
VAYD Jolse caslopus 0500 4 bowyo (Bbew g9 cl o Loz jo
aaip pd 4y ) 5 (S aaje Sl aod YV-0) Jb) sk



044

- olopg Pl b dmlio 53 (ol paw Slge 31 oolistwl (oLl g glas )50 (25l ol o g 813 (Slao

Gl yiig Centio ol ool Yo 1 edlatnl loj o Jgame
a3 il 1 il Slles g ygl59m

S pas s yje Susby Collash Lalyd )3 slgy 35,15 ol

pssye 9 3ke (e €95 99 2,8 L paiS 450 (cBlew CoSIle allle glaayse S5 -€ Jgaa
Table 4- Total annual costs of wheat field spraying using drone and conventional sprayers

oolow Sl

Drone sprayer
(Million rials per

Menoilew
Boom sprayer
(Million rials per year)

year)
[EXIRTY A Eg - . . -
" - - towbom Sllas glai 32 pbow |
Costs Cost type Js) 29515 o M e u‘i f: . )2925;-' T
e (el (Cos v S st
Drone  Generator Tractor (Cost share of spraying
Tra((::tgsrts()t otal operations: 13.4% of total sBrc');rZr
operations) pray
adgl wlo
b “ - 6700 300 6000 897.8 700
aJgl g sm Initial capital
Initial cost &> 2000 1597 8
Sum
< 603 20.7 415 55.61 63
Depreciation
Loy o
ey o 847.55 37.95 795 101.7 88.55
Interest
SIS oSl
b claanja oile 50.25 2.25 45 6.03 5.25
Fixed costs Housing
o 16.75 0.75 15 2.01 1.75
Insurance
b sloayin ze>  1517.55 61.65 165.35 158.55
Total Fixed 1579.2 323.9
costs
N 670 21 420 56.28 49
Repaire
g 0 3.6 18 0.24 0
Fuel
9 0 15 9 1.2 0
v elas s Qil
e (SBAG -
costs Service and 100.5 4.5 90 12.06 10.5
maintenance
oy 2> 600 0 450 60.3 0
Labor
yaie lBdl ia xe> 1370.5 30.6 130.08 59.5
Total Variable 14011 189.58
costs
2888.05 92.25 295.43 218.05
Allls clrds;
'I:OtafannIJ:I isétj 29803 (MR yr) 513.48 (MR yrt)
4.846 (MR hal) 3.789 (MR hal)
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Fig. 6. The annual fixed and variable costs percentage in drone spraying
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Fig. 7. The annual fixed and variable costs percentage in boom spraying

g 039]] slaaSe o yd o Sogll i (claasls el (g,loliae
Se g 53 38LS 4 G il £95 93 3 Sy paSls
YoV opg b y (Sl as :Sike 505 Iy gxe doyd
&l iy (adld g ao)d YOIN slgg 3 g o
45 35 (VA) Jheg il 5l st (FYTA) Sty b oad oBlmms
33 e G (5 Mo )d wized sl (gyoline (g lol cglis

(S 5 A
e Comndld (30 > 41 ) Ppgr Blime &5 3 o0 (LIS
w15 0ele 251 eyt 2l dligg b (bl 4 o 5V
VY sl b (b 3 9 332 VO Jlpg b )3 5,0 lacile
Caiby padls (1Sle (bl (g )bliae ciglas d)bﬂ A 5l as o
bl @glas 4 59 ¥V sl b b 53 9 ¥F Hlopgr obems 5



PoN o yloper oliem b dm i yo (il Slag 31 oolisiw! (gobasBl g slac yio b3yl ooyl e g oI5 Slawo

P Ylaisl g ddlate cpl )5 )lpg oo b dulie )3 (Shew
Cll oligy glord 5l oliosltS yy JUiil s o]
i) pie e yin g oy cosllaals Ly 53 sl 3,585
JoYs il obagy (655,54 5YL 3etwd 5 odlatwl floj 40 Jgae
Wlgs o Ll 3l odlaiwl ool Ly Gl iy Candio ol Lol

il ) il Slles (5y5l35m 9 (539050 (REFHE Hobas
Y. %)

9 bl slaaiy o ggeome 92 Sty b (il 1 e slpg bl
Ogse YAANY T GY Lo sl liass g sbag 5l eolil puiio
Jbo 53 Jly sbee OIWIFA Jlps (tlows sl g Jlo 53 Jl)
51 e (VYD) slige ) dgjp dn Comiio sl A dulxe
A Cadie a3 lS 4 4295 b ggeae )3 390 (V+T) Jhps Sl
gV oladi s 0959 b dadlps a5 a0 b uls cdl 3o
i platl cloayS gty gl o LS b

b olew 53 A jp 4 Cadle (adld 5 3jetwd )5, GleMb] 1 Ske 4o -0 Jodo
Table 5- Summary of Average Labor Information, Wages, and Benefit-Cost Ratio in Sprayers
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