Journal of Research in Mechanics of Agricultural Machinery/Vol. 15 /No.1 /Serial No. 38/ Spring 2026

Journal of Research in Mechanics of Agricultural Machinery

ShahrekRord
University

Research Paper

Evaluation of the Efficiency of an Unmanned Aerial Vehicle Sprayer in
Controlling Two-Spotted Spider Mite (Tetranychus Urticae) Bean

M. Tahmasebi'”, N. Bagheri!, A. Hedayatipour !, S. Ashtari ?
! Agricultural Engineering Research Department, Markazi Agricultural and Natural Resources Research and Education
Center, Agricultural Research, Education and Extension Organization (AREEO), Arak, Iran.
2 Agriculture Engineering Research Institute, Agricultural Research, Education and Extension Organization (AREEO),

Karaj, Iran.

3 Plant Protection Research Department, Markazi Agricultural and Natural Resources Research and Education Center,
Agricultural Research, Education and Extension Organization (AREEO), Arak, Iran.

Article information

Abstract

Submited: 2025/12/21
Revised: 2026/02/18
Accepted: 2026/03/10

Published
online: 2026/06/30

Keywords:

Unmanned Aerial Vehicle
sprayer, Smart agriculture,
pest control, beans

*Corresponding author:
tahmasebi.mona@gmail.com

ORCID:
0000-0001-5413-4870

Common bean, with a cultivated area of 99,090 ha, is the most important
irrigated legume crop in the country. The two-spotted spider mite
(Tetranychus urticae) is one of the key pests of this crop and can cause
substantial yield losses if not controlled in a timely manner. This study was
conducted to evaluate the effectiveness of an agricultural spraying UAV in
controlling this mite and compare it with the conventional spraying method
(tractor-mounted lancer sprayer). The experiment was carried out over two
growing seasons using a randomized complete block design with three
replications. The UAV treatments were variable in two levels of spraying
height and spraying rate: T1- UAV sprayer (1.2 L/min, 1.5 m), T2- UAV
sprayer (1.2 L/min, 2.5 m), T3- UAV sprayer (2.4 L/min, 1.5 m), T4- UAV
sprayer (2.4 L/min, 2.5 m), and T5- tractor-mounted lancer sprayer
(conventional method). The results showed that the UAV sprayer reduced
pesticide consumption and drift compared with the conventional method.
Drift rates for treatments 1 to 5 were 21.67%, 22.5%, 7.5%, 10%, and
34.17%, respectively. Increasing flight height at both spray rates increased
drift, and the lowest drift value, 7.5%, was obtained at 2.4 L/min and 1.5
m. The field efficiency of the UAV sprayer at flight heights of 1.5 and 2.5
m was 72.3% and 69.4%, respectively, which was significantly higher than
that of the lancer sprayer (42.3%). The effective field capacity of the UAV
sprayer was 6.72 and 7.8 ha/h, while that of the lancer sprayer was 0.83
ha/h. Increasing the spray rate also improved spray uniformity. Pest control
efficacy at 7 and 14 days after spraying showed no significant difference
among UAV treatments, but the lancer sprayer had the lowest efficacy.
Overall, considering its technical performance and economic advantages,
the use of a UAV sprayer is recommended for spraying bean fields.
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EXTENDED ABSTRACT

Introduction

Legumes are the second most consumed food
source for humans, and beans rank first
among water legumes in Iran based on the
area under cultivation. The two-spotted spider
mite (Tetranychus urticae) is a major pest of
common bean, causing reduced growth, yield
losses, and, in severe cases, plant mortality.
Without timely intervention, infestations can
cause  significant economic  damage,
prompting reliance on chemical control
methods. According to reports, bean fields are
sprayed with various pesticides and acaricides
using sprayers, on average 3 to 5 times (in
some cases 8§ times) each year, to control this
pest. This level of pesticide spraying, along
with environmental pollution, increases
production costs, eliminates natural enemies,
and increases unauthorized pesticide residues
in the product. Today, the use of unmanned
aerial vehicle (UAV) to control pests and
diseases of various crops has been proposed
as a new method of spraying. According to
the results of the research conducted, spraying
with UAV has been more effective and
efficient than other spraying methods.
Therefore, considering the problems of
spraying beans with conventional sprayers
and the capabilities of UAV in pest
management, the aim of this study is to assess
the technical efficacy of unmanned aerial
vehicle (UAV) sprayers in managing of two-
spotted spider mite in bean fields compered to
tractor-mounted lancer sprayers as a
conventional method.

Material and Methods

In order to investigate the effect of spraying
rate and height on the consumption of the
solution pesticide, the drift, the spraying
uniformity, and control of two-spotted spider
mite, a randomized complete block design
with three replications was employed in two
crop years at the station of the Agricultural
Research and

and Natural Resources

Education Center of Markazi Province. The

experimental treatments included: T1- UAV
sprayer (spraying rate of 1.2 L/min- spraying
height of 1.5 m), T2- UAV sprayer (spraying
rate of 1.2 L/min- spraying height of 2.5 m),
T3- UAV sprayer (spraying rate of 2.4 L/min-
spraying height of 1.5 m), T4- UAV sprayer
(spraying rate of 2.4 L/min- spraying height
of 2.5 m), and T5- tractor-mounted lancer
sprayers (conventional method). In all tests,
the flying speed of the UAV sprayer was 6
m/s. Conventional tractor-mounted lancer
sprayers, the standard regional method,
served as the control. Data were analyzed
using SPSS, and ANOVA

significant treatment differences at the 1%

revealed
level.

Results and Discussion
The results demonstrated that the UAV

sprayer not only reduced pesticide
consumption but also significantly decreased
the spray drift rate compared to tractor-
mounted lancer sprayers. This dual effect
substantially minimized pesticide waste and
mitigated environmental contamination. The
highest drift (34.17%) occurred with the
lancer sprayer, whereas the lowest drift
(7.5%) was observed for the UAV treatment
3 (2.4 L/min, 1.5 m height). The highest
consumption rate of the UAV sprayer was
26.4 L/hr, achieved at a spraying rate of 2.4
L/min and a speed of 6 m/s. This was
substantially lower than the amount of
solution used by the lancer sprayer by 502.2
L/hr. The average effective field capacity was
7.8 ha/hr and 6.7 ha/hr for the UAV sprayer at
25 m and 1.5 m heights, respectively,
compared to 0.83 ha/hr for the lancer sprayer.
The field efficiency of the UAV sprayer was
72.33% and 69.49% at heights of 1.5 m and

2.5 m, respectively.
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In contrast, the lowest field -efficiency
(42.33%) was attained with the lancer
sprayer. Accordingly, the effective field
capacity of the UAV sprayer at heights of 1.5
m and 2.5 m, and the lancer sprayer was
obtained 6.72, 7.8, and 0.83 hr/hr,
respectively. Increasing the spray flow rate at
spraying
uniformity coefficient. Among the UAV

constant speed enhanced the
treatments, treatment 3 (2.4 L/min, 1.5 m)
showed the lowest spraying coefficient. All
UAYV treatments outperformed conventional
spraying in mite control while using less
pesticide. The lancer sprayer showed the
lowest effectiveness in controlling the two-
spotted spider mite on beans at 7 and 14 days

after spraying. Although there was no

significant ~ difference =~ between  the
experimental treatments 14 days after
spraying, both spraying methods were

effective in controlling the two-spotted spider
mite. Notably, Treatment 2 (1.2 L/min, 2.5 m)
achieved the highest efficacy at 7 and 14 days
after spraying. In conclusion, from a technical
standpoint, the UAV sprayer is superior to the
lance sprayer for controlling bean pests,
offering significant advantages in efficiency,
drift reduction, and chemical usage.

Conclusions

This study was conducted to evaluate the
performance of a UAV sprayer with two
spray rates and two spray heights for
controlling the two-spotted spider mite pest of
common beans, and to compare it with the
conventional spraying method (a tractor-
mounted lancer sprayer).

- In spraying with the UAV sprayer, in
addition to reducing the consumption of
pesticide solution, the amount of drift was

lower than with a lancer sprayer.

- The effective field capacity and field
efficiency of the UAV sprayer are higher than
that of the lancer sprayer.

- The UAV sprayer has acceptable spraying
quality factors.

- The lance sprayer showed the lowest
percentage of effectiveness in controlling the
two-spotted spider mite of beans at 7 and 14
days after spraying.

Due to its greater field efficiency, the UAV
sprayer is advantageous for large areas and in
conditions of pest epidemics. Also, in fields
where tractors cannot enter due to flat bean
cultivation (or rainfall and post-irrigation
conditions), the best spraying method is to use
a UAV. In general, when spraying with the
UAV sprayer to control bean spider mites, a
flight height of 1.5 m, a maximum flight
speed of 6 m/s, and a flow rate of 2.4 L/min
are recommended.

Author Contributions
Author 1: Conceptualization, Data collection
and  analysis, = Funding  acquisition,
Methodology,
(original draft, review & editing).
Author 2: Methodology,

procedures, Writing (review & editing).

Investigation, Writing

Experimental

Author 3: Data collection, Data curation,
Formal analysis, Investigation.

Author 4: Consulting, Formal analysis and
(spraying

Writing—specific section

efficiency).

Data Availability Statement
Not applicable.

Ethical Considerations

The authors confirm adherence to ethical
principles throughout the research and
publication process.



Evaluation of the Efficiency of an Unmanned Aerial Vehicle Sprayer in Controlling ... 4

Conflict of Interest

The authors declare that they have no known
competing financial interests or personal
relationships that could have appeared to
influence the work reported in this paper.

Funding Statement
The authors received no specific funding for
this research.



VP8 5L YA 2l 1) o)l N ol (5559l sl miile Sl sl yidg iy & o

JJ/;L:‘/{’Q‘: Lv.dé‘ff‘k)%:/:/

sw.b"‘ 9y Jlo

Lug) (Tetranychus urticae) g1asdgd (v )b &S5 gl jo (ol puw Ologe ‘sgj)lf ‘sglg.)’)l

T s sl Ao ygy ulae Juadllgnl T g ,8L 59,505 O amlogb Lo
@95 3 Uhigel «Olindos Glojle o635 o il (oxmbs olia g (55,5LaS ojgal 9 Dliniod 35 sa o(5,9laS (owiign 5 (b Dl o -
Ol STl s pslas
Ol @5 (85518 mss 5 obsel cliniod (lojle (55,9laS (qwaipe g (8 Dlidiod dusges Y
STl e5,5LaS gy g Ghigel «lind lojle (635 po il (rlo wlie 5 (55,9liS (b9l 5 Dlinios 3 50« SbpalS Slidos i -V

ol
oanSz Ao 4z b
S ogdios wame j3iS o Shg (n Fege GBS %00 CiS 5 s b Ly VFeFAY sl o
Sl gBgens S5 pas Sjgo 40 a5 Cal Jyame onl gulS ST ) slaSUgs ()
7S 50 Pl sl @b bl Gaa b gl (pl oS e 0 )ls &)l 4 (5 B VFeFINYA 16,5550
BoY Giliem) Blpe pywye 29y b ol dlie 5 Lugd slaSlgs )b A
Ll oy Jlo 59 (b g )15 aw b (Solar JolS slaSTsl 5k B o (6,951 ey NS ZAMALEE- Y

VIO glasl —asds jo 2 VY il &35 (b ol T Jels uﬁlu"l.a)‘—‘ sl les 0l
u“"l’r‘*“‘ oL..e; Ts (o Y/O 5L2:3)| -aado o U JVY uwJJL. &) u,ul;p.w oL.eH T, (e

VPeB/of/oq 1 yLaail
30 I VIF (28l #55) obams olagy T (e VIO glis)| —aids ,o ;2 YIF Lail £59)

oolil ol i gulis widg (6,535 icuy s (il Ts g (e VIO glis | ~aiido 1ol sleelly
L8l 9 2o, YNV 5 Vo VB YYD YVFY cs a0 B Y sla s jo (Sopsls Loy cdl (ool ciadisn

(20,5 VIB) ()1 Jlado o yieS g o (S0 ol Gali8l el Gidly &5 9 0 50 5lyp glis)|
50 ol (slac 30 003k ael Cewd A i VIO 3l glis,l g aiBs o xIVIF mal F 5 p
il ) s b5 5oty 45 355 a0 S 5 VYIY s s e VIO 5 V0 (slaglis )|
2553 gLl g0 50 sl S5e (slas)re Cudyl immen g Sy (o) YYIT) Jla Y
tslons el o S AT I Y s gl 5 celis ;3 liSa VIA 5 SIVY o iy

o g8 Sy P oy
o
tahmasebi.mona@gmail

JrsS @bl @byl s S il S35 o po Sgnte e 5 G0l £ 5 Glali8l ol ORCID:
3925 & o sire IS by sl Lo o olo i il 5l 53, VE g Y o 2l ceeeme e N -OTAY-FAY

0529 b (il ol cEgamme jo .cblo 1) oIS 1 ieS oY ibew Ll il

Ll o8 Jlosl sleSlys 055 435 5 (6550 U555 SIS Jgomo aS B yae OE:A0]
1

Log) &l},o ‘_,’...JL’M sly u.ul..p.,...» oL..Q_» 3 oolaiwl (golazdl sblse 4 ‘5,3 o Slas @y az g3 i
g oo Aoyl [=]

:adlilo oyl 4 slcewl og

Tetranychus ) slaslgs 5,6 a8 ol ;0 (ibaw ol (o, b, OVF20) .o il ol (g culad .y (6 ,8b ep ¢ cmlogl
Juss anls AYA YA wsiglis  (slogails Sl (sl ieg 4, Lag)  (urticae

https:/dx.doi.org/10.22034/jrmam.2026.14808.744



https://orcid.org/0000-0000-0000-0000
http://jrmam.sku.ac.ir

5 V6o 5le ITA o 1Y) o les 110 ol /6559l slacrinle Seilso (oo sidg s s pidd

gs“‘"’”)" 9 0,5ee sl gs”’l"r"""" o0 slahgy 4 cans
olgy 0,8 @L., Jhe Glgxe @l 00 (65 i
Sl 59 o8 ol s oS slogly ST b (sl il
Spas g Joim @b S (Sl 5 )5 sl o,
00 Gras Jolme Jlaie (e g ST e Jolo
S V-0 oo olg )5 byl g )l jo 1 V-
(Giles & Billing, 2015) o i ,)158 el 4o

KAETAN oo sl b ol 5l LN ERE
as ol las b al el coesplol ¢z Jgame
cy 4 Jpame 90 onl slp (b @laee bl
L oodl o518 sl cele jo LS VA 5 VN0
Yallappa, ) =8l yiol3sl o il jLad ¢ 5lgy elas )| aolsal
Pl Sty €95 )z 9o (5,00 gy 5o (2017
Sl 9 005 39S 5ud ao,kad w555 5 o8 Ahe B0
(Wangetal.,2017) s,ls 58 5,Sloc 5940 9 Mol 4 5L

bosles sl bty b s5hom sladole 53l (pptions
Lghb&.]é:l.é 9 ol 6}5 al.é.})‘ 5o r:o.;f S0 &JS
Qin et ) wisls 1,3 aslllas 5,90 |, ool Jolowe alizee
2ol oy Lol b ibpw sloislesl (al, 2018
el 4l e ¥ (Lilpw Sy 5 20 O 9 VO slaglas )|
kb 1595 5 ohlpe glis) 5l aS ols ol bt .
E)l 5o paiS Wiy s AY (g5, Olylad ibe lade
el Cessty 456 e B (blea St g %0 O (Bbem
L ilgs go Sl ol a5 00,5 5,155 ()L Kagsy ol
O 1y b 8550 (e Jlaie (g ,0 Yo B Y als
Srdudalan ( adon mll b aws il as,e £
53 (Al Slilas Job )0 o5 gl )] )0 slgy Sl g
(Kharim et al., 2019) s4; aalg> 5 0L 4

o5 Gl b oluy 8B Sl (laddlas s
byl 0y iz >l o @y Jeame ) J*SV‘*"
b 033l a5 ols lis bl (Zhou et al., 2020) o
S b 5l 5o 0l Sl den )0 ilews Sl b

99 b ol by S bl ColS S0 BT o
2 (6)y8T5 Sady HlowY g jlopg) Jgloie ibews g9

doddo
PRSI T A S (I WRP S SUY - X SN 11 DN R W
gl b )5iS 50 ol Sl G 50 Lugd adgi 65 ,5lS
ools plansl sg5 a1y ol plie S 999+ cutS 5
458 slogd asy0 Ve 5l i (Ahmadi ez al., 2023) el
by s, g Jlre ez o635 o by slagliwl 5o
Ol 2gdge 2tS ledal 5 (Briolmbydl (el
VO S ) gl b) Log coiS 5 whaw Sl 5l 655 5
o Jyame nl g 0)ls 5525 S po 1) pge plie (1S
Ul el gl (el Jpame o et 92 9 posS
L) o 5 LS a8 e gl 81 555 m li
CiS (B30 5 B58h) o3 Lugl 5 (B 5 Luyo) i
g g0

oo b L Loy (556 as
Cool olpl jo Loy slacdl  page I complex
oo @Bge 4y HalS ol O jge o a5 (Khanjani, 2004)
Gl o Sld Jpame Jogine oSl als
sais] slale jo 8l Come st Lioljél g o5 slas

Tetranychus urticae

w3l plbog b ol p o yo o 45,155 bl o anlgs
oj )b (4o A 3)lge (B0 )2) 40 B LY Lagio j5b 4
oolaiwl (Yousefi & Dori, 2012) 35 o ploxl  oleors
s jlanze Fogl pogdle Slasds pyas 5l o> 5l i
Ol g b liads Bds g an e iolidl cels
Lege et al., ) o4i oo Jyame ;0 pu jloxo e oxilo 8l
Copde o oplplo (1992; Vassiliou & Kitsis, 2013
a Loy cls el (55,0 28T Cnl Gl Gl Bhe
Err ba,eSly o9 dag) Jpae 50859, (55 G0,
@ 85 Sl ol 5l claS JBIs 4 jloeg o ilem
&1aSUg0 (5,6 S 8T Lo ,lo (g a5 ol oas el
oolawl ()bu,...s}!) (5)3—'5|)J 9 ‘5_..“) ‘_gl_éu.ul.,.o_w )‘
asly il a1y il s & La il ol 09l
«(Safari & Bagheri, 2021) &g o0 5,5,
o o 5 ST L o3 ke 5T ologe 3l ooliziud o3
odd zrhae (LAhpw (g8 OBy Olgie 4 (SLsS DY garme

599 5l pdacalan oy !



Loyl (Tetranychus urticae) glasdas o )0 a5 ol 30 (il ouw Sbugs @“T)LT <L)l Y

g YWV AVe e (Bras p Jolore Jlade iy & (b
Qo ,d A+IY g £ £ 1PF slac,to 00l LS yo XYY
ol ol 0093 Qo) YH/FA 5 VY5 FO/F So ol g
ok @D (bl 50 Ghgy 59 4 S (Bl
Sl )3 A58 4S9 T goladl L Il
5 FIMN SN0 o a0 Bl sl 9 5 nbess! Olop
s ol b (oDl e o9, a5 0l (3,155 VY
by <l Jialy jsbaieas nlegil (otdy Gibpw g logms¥
s (Safari et al., 2023b) wis )5 Sbj)l 5,8 a>65
@ b by 9 5 nblegl GlouY Blpw ;o a5 sls (Las
S NS YAV XVEIY 5 me pes Jsloee e cod
5 doyd FAe g YOIV XFIF lac,je oojb LiSa o
@5 ol ol 0351 30,5 A3 5 VIS FEID o 0l
5 SOk ise slas ) re Jhe Codyl L ) Al Sbgy
Zbls (5555 K0 g 90 A Camd LS o dlews (e
22,0 AV L oY s (ctbpw 2L S0l Ll
08,5 i,)l55 Gubizma (ol el 1) ST Jlade o 3 e
4 S Sl @D 0525 b Sl by 05 oS
D9 o0 dpogi ( Dlpa S ae e

Slgg 9 p)l5 &S wasoe i bategh @S (om)
Cone Sl erlie 435 golamdl g (28 Ll 4 ilew
1 g 05l Ll el alS gl lay § b
5 kel Jpaze 59, s b (SAbpw 2L (b))l o9
@ axgi beopl plo .l oaiid slol 5 )5 4L ol (ol
1Bt oll sl lus g Jpame (ol (solaidl Cooal
LB alie 5 o Sles 2L heghy cnl 5l Bas 28]
Olye @) 6,958 15 Sty Y Ahpw g b sl
slasd g0 5 a8 e lp (GBbp pomre B,
ol Loyl Jgazee

g, 9 Slgo
Gl 5 ol Sty 2 5 0 Shee (agh (nl o
(adlaio ;o (ol poasye (59)) (655515 Cudy oY
©5)) oxgdes sz slug) slasdgs ()6 S sl
A 2, (LS

ol Lol slaSsly 7y ool L Lo Lo dulio
g Slindon 35 pe ol 5o (el)y Jlo 93 )3 9,155 4w o
a5 2l 655 e pll gl mlio 5 53)5L8S gel
VY ol 9) Golpmw 0l T e olds Galesl sloless

s .(Nowrouzieh ef al., 2022) ol awslio 4y cel)j
23 Al 93 b dnlie )3 Bl Sbgy o5 sls i
By Ly a2l dw )0 mhae e weyd eSSl
ser 5 et Bl &1 Bt G2l S eSS s
5 S S SIS ize 05 Bl Sl o 5]
43S e Gl Sl ol Bpan j3 ogradso lais
.\59..)

P95 Pl @A G oy pleerd S 0
b el g Ko S & e s S b 2
S eSS A (i 59,8 e 9 Pl Sl sl
slae o Codyl GUSe o p Yo le 9V FIF 2ras Jolxe
Yol g VEIP i3l o g el S 10 5 TIVO e
, (Sheikhigarjan et al., 2024) o 5,18 LS o
pg SRl (Bl Sl (Bhp dbiwg dw (idod
sl GR¥e,s) ohy s e 5 6osS15 Sy
Wl dwolie paS gl 5 baale Lol
olge sy wudy 4 @bl (Zarifneshat et al., 2022)
Jslows jlade )3 10¥50,95 Bleas 9 )lopgr (b (Al
Cad B e 53 2 YEAY 5 YOVF OV/) b ae o
doyd el o LSe VIV 5 018 FIY 5o slac,ie
YAYVIA VA 5pan 550 o YAIF o VIV ASIA 5ol
@S ool Geb ol (515 S 5o JgjekS FYAZIY
Jolome (Al Jlade S0 (Bl 59 4 S Bl ol
ol eBls 65 G (#155 035k 9 S (Brae 55 g e
s 5 Sopsl s shaeyie cubb ) Bl
285 )18 pom e Slypas 90 Lanly s> 50 (Bl

Ao b slin 5 Bl sl 3 Skt S2ags 5o
Ol @l ad (Db, (gege axh il slp Y995
e o 4 ;Y9505 (b 5 Gilhpes Sl yo a5 ol
slas )50 005l LS o S I VAVIE 5 WY (B rae Jolowe
5 VYN 1N Ll oS b s TY/Y 5 OV/F
gy 2Ll g el BlaglsS Ve 10 5 V/F 5 (55,
39y S g dw )0 u¥ene Sl b dwslis )3 b
St b 5l om 59 VF 50 9 568 SShe o
.(Bagheri et al., 2022) 54

b i 55 Bl sbge 8Khee S Ao o
281 e sl Hbegl ity e 5 Y il
(Safari et al., 2023a) o o, 534265 udsle
Sbte 9 begsl Y Sla Blye sl aS ols lis s



A V6o 5le ITA o 1Y) o les 110 ol /6559l slacrinle Seilso (oo sidg s s pidd

3 e VO glas )l o ol lawgie Cae s 090 0,0 YF 5 YO
VA G WY i a Gtalel pgo 5 Jol o )0 o s
VING ol s ey rbas 51 2 VIO £l )1 50 g 4l e
W g uSeslal adl e VA g

Sy oy Yooy C] o515 a5 e S
00 (5,1 paiges S p Ve IS LY o Sogll sanli)
Noorbakhsh, ) o sleil (Jleé a5 ¥-0 .Sk jsba
55 Gyt S5 S5 S o 512021
e 4y (SIS (bgd (69, oad dnogi 590 wlulp T
Al oolazwl Ll yo </

) b Sy “To (e VIO gl —aids o 2l
b 0l T3 (e YO gl \l-aa 8o o 2 J VY il
ol —Ta (o VIO glas | —aaBs jo 2 VIF il #59)
5 (e VO gl —aids jo VT il 29 e
iogs (s B9y 6,98ty oY il -Ts

2 5o Pl oy Slan e lrpgesl aen 4o
Sedy oY il 9 e sl Slasiie g 4l
Lol 0al &Y 9V sla gz )0 g3l 555515

Jbe 50wy alesT szl 55 50 1o sled oo
bioe (i Cusb) 5 pugadis 42,0 T g YAIY g0 5 ol

oo (39031 Silyeas Sl Wlasduo - Jgur

Olasio

Jole

MG-1P (DJI, China)
A
¥

5ok XR11001VS

(ol Sy g )5 Lanoes ay a2 95 L) 20,500 VYo -YO

s ¥-F
BRI
s o o - /f0

oadjlu &S b g Juw

25590 Slass

o SGLadl olass

b SLadl Jas

XR11001VS) lao ks o5l Jawgio
OBl S o

Jame yo GV 51 22l gl
(Soladl o (sl ety Jlade 05 )

(Cebo pol oo VYoo e (5L cudyb b SolS VWA Ginlss 59 L) 4o Ve

(A.A.CLJ)MT&M\"”’
PN

by eV

Silon Cuagloe

SAL cd,b b p SLS VYA piulss 59 L) aids 4

O e
Slles Cepu JiSlas

00 ;53031 10 iy il s lasine =Y Jgdo

39 yad) Gl slade P x> S B yen (lgl . &y _ )
. 5 .. . ‘ . oy €9 e ol i
(aido owily O o jlw (b ) ] A
" Iy 3k
£V b JEO T e R L STE $1¥ S U e A
C75 00 gy

Slie dgliio s Lol SPSS 16.0 1531 5 31 ool
&olel gl 50 SSIs (a3l Lulol  eals (5,50 5lail Wlaw
Jslore e pymss siile _Lalge ool el o s plondl V7
Fhe slesio Codib (Al (SE13SH (S0 p0k (B pan
e G295 99 52 Slp e 2D 5 slas)re 035k

el 00l 00ld gl 7 A S Al (5 S0l

59 e @)l paiged « ilhpe LS (6 Soslul sl

b 3l om0 VF 9V Gz 5 e 5l i
syt 50 Sbaw by 05 Sl iy 0 plil o les
Ot g LCSGLES) g coay (20 (5 S ojlusl Jolis 50 o IS
o plnil Joallygiws b Glhe ibpw 3o L5 5)e
L ools .(Seidin, 2018; Safarai & Bagheri, 2021)

! Hexythiazox Nisuron



Lsg) (Tetranychus urticae) glastgs o ;U a5 sl 50 ol pme Sty 7,55 U35 4

S ool Hlade
ool 'Ol 4 oles AL 51 Lole oyl s (gl
6)|&fo)Lq;b 3 o u] £y U""L“"“’ saels (Y JS.,..;) KW
e ol s 00 )l e Sl glaalold (o
ools )1 8 la bl CS > p g0 g )0 g A, ie bl
Sldae 3l (Wolfetal., 1993; Gil et al., 2013) was
P oM SiS Gl e g agslaer LA Libew
b e 5 ools 18 oo (6,108 o 0 Jlocu ) sloanS
oSl OpticSlim 1180 Jae Plustek Sl 51 oolaiul
RORRGA N1 - PO L P R I L G W WS WS PR VAW
Lwslas 5 18 asas
Qo yd g A s ol osly I8 sledels IS coluw g

wLw} Lng.\.clS TS TN L :-\.>5.:

Behzadi Pour et al., 2017; ) ael caws a4 (Sl
.Kharim et al., 2019

o "'Lg. .."9;&1
5 0gee 500Ss 5l gyie /O alold 4 g i b e
[EX L ) PPNV EUWWERRUR W) A U R PRV
W Qi..;l\"wdpi&,.iAKQ)ﬁL‘)&mlbstg”Tép
M)brg_.wduo).‘aﬁ .“)S‘)J “_)‘J.Jaﬁ L)"’) ‘w
Ol 4 S S e 1 0gee LS (655 e
2 (VMD) ¥ oz il b g s 5l 4 cl il

Dol e s & (F akasl)) (NMD) " gsue ailee s
VMD

U= —— )
NMD

2 () all, 5l ooliul U ez 5 g30e ailoo (slalad

Jgas a5 b aslsl yo .(Behrouzi Lar, 1999) asl cuso

weLsls 5 Slgl2 10y as ghkd jlad (e g Sl 3

.(Kharim et al., 2019) o y00i NMD g VMD  50li0

211 l.,_
nNDq

&lpoyhd h3:Dip>q e FLVYY qgp:y) 0as
n «(um) i o)".)J\ 03; 5 o).‘aé slass :Nj (um) i o}b&‘ 09;

! oa)f o)"..b" slows 4 9 L&vo)‘.\a‘ 05; Slows

Dyt = ( P=d @

3 Number Median Diameter (NMD)

g 9219 50 (B pan Joloo lude

535 orS gy e sbre ke s sl
@ slode jokaie cnl (sly ol ooliiul as 50 )0 Lo il eas
S 5 (BSLE 5| s Jslo rgy5 e ) lacssLadl
ety by ol Lansg 00y b Cdlaos e iy Sy
dlore e SIS (550 g (adBs i) adds yo Sl
L LS 5 50 ool mjed ATAS Jolxe jlade g 00
e () akly eluly e 5 So e
:(Amirshaghaghi & Safari, 2016)

_Q
g = == 10000 )
abayl ) cpl joaS
30 Pras Jslow jlaie )q (L/min) lasSLadl oo jlase Q
L5 e W g /min) (g5, ooy S (L/ha) (LS

Sl (M) Foe

lasy0 005k

Sl ol Ojle (o Blon Glae 50 035
S (5,55 slasype byl A S gl )ie o8k
Safari & Sheikhigarjan, ) ..\JGA Cewd @ (V) alal) 3ub
s, ol glace e 005l (6 S oslasil (ol (2020
S So (il sl Y by S las)ie
B wazrg Lol s mSosladl 1SS aw 3 (s
e Sl Y oles 0T Srter S 5 Sl 2 S50
«aledys g 6 pSojlul Segig)S abiwga IS SH (G2
SBy b e S G pSojll ke slac)pe co8 b
o3k g wb dulxe (1) alaly I 5y las,5e
«(Safari & Sheikhigarjan, 2020) o.é awle slas o

C
E=—°

M

t
Slaeie co8b Co (%) slas,ie 003l E iy
98,855 lasyre cud)ls «Co ha/h) S5

™

1)04\5

C = W xS
10
Ct «km/h) (g9 s Sy S (M) LIS 5,0 W :Q] o as

Lol (ha/h) 5,45 slas 0 ud b

! Water Sensitive Paper (WSP)
2 Volume Median Diameter (VMD)



\e VPO 5L YA 2la 1) o)leds N0 ol [ (65,9LiS (g piile Sl (g gy g pid

3 PErae Jolore jlade 0ol 6 S o3Il S5 2aly (550
S5 4 e s ke les b dlone S 2
ou 00,51 | IS o (Bl B9y 99 )0 GRSl e

by
N
.

502.2

(>4
rY
.

-
-
¢

—
.
.

-
v
.

12.9 26.4

[ — |

OS2 o yid) (S pan Joloxo o
-+

P Plhowoly E5) Plwdlty Sy oY Gileows

25 VY GRBL 58y VIF i So9STy
(aido (aido
il 9

5 Ol bty (S pan Joloxo jladio (puSilee duw Lo ) S
Sl Gl e

(O Sty Gk 25 Gl LN ISS bl
SaRe g 5t el il oli8l Bras Jeloe Hlade
2 A VY il Jlade o b sl (Srae ol
JRYRE A WURRVN RUWRIPPRN (L SRR £ EARVINPPTICN
Momd¥ Gl 4 bgype ASAS Jole Brae ke
‘Sé]m Jﬁjau )L).QA ‘u.:‘]:l.u .09.3 ()Lo.i(b )a )A.J A'Y/Y)
Sl Brae Jslxe jlade 51 565 Jlws Shpwoltn
(Safarietal.,2021) Slados gl b gl ol o o iy
Gl alpw 09,5 ;0 1, oY (e laps] ol Jlgson
Sras oS Sloiliow 09,5 ;0 1, A Sbty 5 Sracn
Slp Eras Jolowe rals gl (pl 4 azgi L aisls )3
5 9b) ot S (Sl gy Slde 4 Bl ol
OB 5 5,8k slaasdly b 5 005 Jo8 LB )5 o
Safari et al., ) ;),Ken 5 5,20 (Bagheri et al., 2024)
Nowrouzieh et al., ) ;),Ken g 4539,9 «(2023a; 2023b
& o (Zarifneshat et al., 2022) bl b (2022
oo 5 >3 Sl g (Safari er al, 2018)
o,ls cdllae (Sheikhigarjan et al., 2024)

sl 2L

3G 39 S sl paised | SBlie 2L e sl
b jles (b 5l m 595 VY 5V ez 5 SAbe
il oyl Sogll Jaie cpeens slp s plo
ooliiwl (23003 hgy 5l gl glasdgs (5,0 4S8
S ) Solal 4y aigy N jled o 5l (6l paiged g 0l
e Sp oo ks 5 g sa el Ll (S gs )
3l onl el Ol o1 YL 5l 6,500 5 omb
axgi Lol o0 ,e goad o> S p Ve gaoome (o Lo
059,55 bl slml cely glasdss (56 a5 ade asil &
@ Bl sl b gl o)l whide 09b o0
2980 el 2 g0

Sl -V o0 0 51 JeS Olus ST ol o)
a0 )3 YO-FD iy &yl —F e ) B-Y0
Ashtari ) ws,0 £0 5l o O lus —F g o0 FO-FO o
(et al., 2020

ool 98 gobasdl (b5
S5 )3 (5 y9logm Calesyd 9 6y90 e E5 OBl o> b b
bl eay opl 3l (Eskouinejad, 2020) ols o158l |,
ooy ilea 5 plrasslig) Uil 59 (g3l
() adaly 5l oolaiwl b e 4 Catie golaidl azli
Slles sloas jo aon (Eskouinejad, 2020) ol apwlos
Uinleyl e g0 o 0 aS cilep g cils wwls Jols
adloais azd 8 las o Slawlbre jo wilosgs LSy
J.A] oAl ),
B/C — p) 2R (?)
e
S5l SOl sl o ,Sles (5 Soslasl gl o2
Log) oabcidls p slaasl .ol ool |1 S5 aw o (SRR
om g b eols JUl 55 e ol 4 (@255 o5 Sz
la> aasls ‘@li&il,oﬂ 95 o, 5l ool b pais S

W (6 8ol o, Sles o

33y e 5 Bl Sty Slatie 4 axgi b
g olbaw (9,50, I8 mls pelwln 9V gV sl Jgax

1.Spraying Efficacy



Lsg) (Tetranychus urticae) glastgs o ;U a5 sl 50 ol pme Sty 7,55 U35 A

F5 B o S RSl gl e a5 obs plas gl
EW) 52 6595 9 She slae)pe byl Itk oo 1alS
B e 4z St S e VB 4 S 26 VIO
Ll o (Lse (Ahpw ol b jlos¥ (A
Ol o9y 0l glas 50 003l 5 ke slas s byl DL
St b (b St S rtm Sy 4 g oo |, B
o3l i ¥ e Gilhe s Ladpe lpe
Ao MO (Ahpw gli)] 50 Ahpw obgy 42 by je sl 5
Gl 4 Bl slas e 035l 250 5 (o) e

Dy o Y

ol glas )30 003
J9oz )0 (6,55 5 e slas,ie cud,lb e il oye
65}*“"" CA.C).uJ 9 )lS uo).c Lel C\.‘>9.' Lv w‘ 0l 00)3] Y
Codyb Sl (il Bgy 90 o lp ead ol
e VI 5 VB slaglis )] o (Bl ol Fige slas )5
e mb b asls plas ol 5log celw jo S «/AY

5,05 (S Gl 75 4 g S (59 pdn Sy 9,18
bl ol LY Jled oV s L) las jlade

slac )30 003l g yao glac ;i cud b =Y Jgux

slac 30 0030 Sr9 Cad b Faoglas, o cad b ool ge By s
(20 9) (w0 9) (el 1 ,liSa) (i) o
YY/YY AR bsivy \7AB \
#a/f0 VVYY CY/A- DIy Y
YY/YY /¥4 bgivy £y Y
#4/f0 ARVARS CY/A- OIY A\
A\ATARE V/A¥ a-/A\Y N N

0 md VY sl lade boaslie o agds o o J VT
a5 09 S (5,0 e Dygo dr Gialejl L g 0 4dBs
0392 0L (59) 32 o Sanned (0 Al Bl epiee Y 51 (S
ok s il £l Gl U i gl ol e
g I aixe S Ll 2l gl 5 ol
SrSoilul mls oY il b olgy anslie o
@ loY Al 4 banye (F93b G5 ol s
Jaie S a5 Il 4 sl dg aopo YENY e
5SS el oo saaline (O Jguz) ¥ les jo (So ok
bl Sbety b (SBbma (B9, 50 (S 0k 39 S Yo
a8 w3l sl o9y s 4 Wl oo lakme S0 LI5S
o |y o SllS ol 4 gy IS Gl Sl L
Fodys bds @ Y il j0 a8 g Colan Ban
(B0 Caomw 4y Sl pad 0alds ol Colad g e Dl phad yog
4997 5 3l e Lal 03ged 9,95 52 B olS 4y o Jolona
Safari et al., ) o5 g0 00351y oL Jawgi g 0als idn Ban
(Safari et al., 2020) ;) San 5 5 yio i o 2018
9 YOIV (695515 <oty Jlopnd¥ (Sl (S0 00k o 5 @
S 5 ol s0mnas ol s el o L35 FY/F

OLes 5 syhe slagiagy sleal b s o

oo g blascay b «(Safari et al., 2022; 2018; 2009)
oS ¢ ol 60z (Zarifneshat er al, 2022)
oo 9 39,6 g (Saeidirad et al, 2023)
olis 5 gl .cusls Jlgsen (Nowrouzieh er al., 2022)
by o Bl b dslie 55 Bl oligy 230l

B8 6 Gt lae 0 005l 5 5o slac e

S ool Hlado
6oy 1) obesl sbayless 31 uilly 4z s § Jgos
Qo 59y Jlo g jlesd Sl ams ce ylis (Fopoly jlade
ogae Jdo oy o gme 1Y (g le] o yo S50k
Jls 90 50 islesl (dame byl i a5 ol ol Lo oy
)‘..\AA u...ivl...a MLM I} Jj..\? ! 09y uslﬁ.uo quLo)—‘
20 0l aeyl 5l eolatwl b 1y sads (g uSejlasl (S5 0k

DS oo olas 7 Lg)LJ C"a“’
2 SOl Hlie e @ Jeur @l peluly
A odwlice (aads o ) VYY) 5aS ol ek

ol lade jo (S0 0l Jlade aS ols lis gull iz e



Y VPO 5L YA 2l 1Y o)l N0 ol [ (65,9LS b pilo Sl b gy a4y pis

SPeS ol oluge a5 ols Lis (Saeidirad er al., 2023)

g 1o Y 3L Jeloe 5 dy o (2o, 0V V/Q) 1) (S0 ol
3,00 (Ao, YOIF 5 YEIV) | plegs!

oudh (g yuS 0 Il Clas g9 (Piule)l Gloylod T il g 41325 —F Jou

Ola o (aSSleo
36 yod ol3l a0 2 23l
e (20 0) S ol
ol 3l ans 39,1F ol 3o 5,V ol 3 J3 39
o[y o[ YEnS TR ¥/yyns Y S
Y evE <AV A Fav Vo™ ¥ o
RN <[+ ¥4 “/+YA V- IPYD A sialeyl gllas
/ey FIvYa”” VAT sy ) Jus
o[- gy <[+QA TS ojgeyE Y4/0A" ¥ Slowix L
<[+ YADS ooy S L Yot Y J,Sax Jle
“[YF “/+¥4 o[+ Y Y/ag A Sialeyl gllas
MY VY Iy Vo T

sl 00,0 0 9V (5 kel Zshan ;0 T 4 abg e Cdo (59, e o cime VBT 0gmg ooims jLi ik g

sl a0y B (5 o] b )0 5 4 dbgy e Cuito (53 Hland 0 sire B g5 pas saims oLis NS

oo (il Ao l H Bz e (B Jsuz) Wit
L ologgine DS sbgy b (il jlod Sz o)l
oSy Silpw D)l Hlade Ll il Susg
Sl 1 45 ad 5,18 VAR L il O Slaws) sy
g2 I3 gire IS (nl 9 092 S (Sl St

2 Sl Gelde lesd Sl Bl ) Gy 35, VY
oS alm e cpl jo 0l lis gyl sme WSO mlaws
b 5l o sy e asle &l ulidbe (n e s
(O Jgu2) w5092 ¥ 9 0 slajlocd o

oY il 4 Bl SIS S S ol ol
dnlie )3 e Sl b (Bl sla Lo ples o 2l
05 S o Syl iy sl s ¥ Sl
s e s ) l4Sg o) S el cad atadl
¥l olba b Gobpw slojlas G 50 ;500 Gam
aals (Bhaw 3l 39, VF 5 Y 5o b as s n 568
wn]

(Zarifneshat et al., 2022) .| )Ke ¢ blus o b
Slogihom b ihen tlie 3 & wo IS
DS o9y e 2D blems dlegy 5 5l Y505
5o sladile Gl p (Bhew U 5 £ 6l e
e slagbs; @b oo s ol eog LS

e 21,
&35 1y oilojl slajles Sl uil)ls 3o @l § Jgu
V5V iz 5 b 5l G 55y S Bl 2L
obly 458 @S e ge Gl (LAhew 5l o )
D S ol bt piules] Jle g sly (F Jsaz)
ST e gt il sy e B 2o
s eluly clls 0539 70 kel maw ,o &)l e
bl (iR 9 2FpS B 9oz 50 (el alie
bgrpe i 4 Gl bt b (b () 50 D)l
VD £l —aids o i VIF il £0) F el 4
g2 Gie V1B glis ) ~aido o 5 VY il 20 ¥ 5 (e
SoS15 Sty lea) 0l )0 Sjlus ke iz
55 YITD (o

Sty Gl 5 Gl Sbaw) Glalesl glale ples
by (RalS as )50 )0 S Comaz o515 (Ol sy (5,955
a5 e 5 (Bl By 90 8 wad e (LS AT 0o
(Y JS8) caslodgs e (glasdgn oy,

ooy Jbo g b Sl (B 5 G gy Cuie
US| oy S g om mhe o iy o)ls
2 D)l b (n 0S5 GG ol (LS (5l e
Vi b slojles 4 bgpe iy & Shpw slagts,



Lyl (Tetranychus urticae) glasdgs oy ;U &5 sl jo (b o Sl G;.T L8 Ui \v

@S 50 palS e 0)m (ol )0 (9,50 9 Gk dlge)
Sheikhigarjan et al., ) ;)|,Kep g o> 5 S Gubos ,o
el oad w55 (2024

Pl Sl Sialel Jlw 98 58 (2T, 9 (59 0L Hladio 2 (ulojT b jlos 1 (uSileo dunglio =0 Jgur
(P50

. Sl i
51 am 3959 lam 39,V 513 5950 lows
) (22)9)

AIARAL:! \/bYa Y/Yob Y\/$Yb \
AIARAL:! \/fra Y/vob YY/ob Y
\/Yva \/fya \/afa Yida Y
AIARE:! V/ova V/aYa V-a ¥
V/g-b \IASb Y/vob ARANLY b

JOmPA 6)Lai o 58 ls (e BB 3925 pae swims lis ajline By >

3 (Chen et al., 2020) iogh ,o .Cubly ald Cosxex

Sl 31 g 53y S 53 M ooty b (S 28
2 )15 (Bl 5 oG9y S5l Gt Ve
3 o
ol oo &) # Jgaz o b il S5 16Ss oo b b
U Sl ooty o T o515 e 5 S8 o5l [
oY hpw @l il (SBIES 0 cBeS

25 g b BB LIS LalS _Fos s cleay

Vit Toled Yol Fuld &L

Sy 2 2 oY le e o a5 e e Lis LitrlogT glmyla,
S grmn g 3gee b Job )3 0 g ulus sladels

g ged odaline il (SeS
ol Sla s s gl 1o 8 o b 4y azg b 2 Wl 215 5 GalejT (b yland 1 (raSilen —Y S
Pl oy Gulojl Jlw g0

B b il e tay Y W ptla il e 53, ¥ e 3t 5 1F

0l St (bl (SBIES o pd St L (20 g
WY il 290V Sles 1) Al ColeS 0 5nS 9 ol

Safari et al., 2018) o, 5as 5 & ko uix
5 oy ol b g ol 415l (e VIO glis ) —aido o g 20 ST E ) OLBer s ke Crizen

P PP B L P E S IFURVASC S LR P W2

ool adly jo.0,ls Slsseen (Kharim et al., 2019) o Ko e o ‘
S5 2T sl 3 oo Bl ) b sl b

@ Ol 9 FeS SRl S s a5 Wsged (B)F 5
e G S e SIS Seb Sk GR3L

o Lol sl 00925 lo gine (LBloas 51 o 595 4 o S50
9o @‘5 )é 9 w‘ 03l QLAA.A-' ‘) Lg)“bgs;"m ;.9){..}‘ )’5) Y )|

o L ls oles (Bagheri ef al., 2024) ol (Son o ,8b ios
Y - P R P B SO s S S

5 LLis sl 5 (Safari ef al,, 2023a; 2009) o Kan S U S Ol DI aRd Conazr 0l o Jo
S9y SO ol b 5l o 9y VY e b



¥ VPO 5L YA 2l 1Y o)l N0 ol [ (65,9LS b pilo Sl b gy a4y pis

arse & @l jald 55 GhlSes g olp Jlae il axdly
9 VN0 i @ jlopgr (oo 5 Goloomssln sl 1)
Oz (Safacinezhd er al., 2025) wis,S° o ,135 V/-Y
e sy anie 4 Bl (23l 53 Koo shagh )
TIN5 @ snlegl b g 5l Bl (Abpw
lag,] s (Safari er al., 2022) ws 5,15 VIAA 5 VAY
Jdo a4 i jtn lodn e 0g2g b olygy a5 ol lis
4 Cod g fsolatdl glaaty S 5t 2liaelie 5 2

i (b sl s slagtl e

9 VT (adly jlade ;0 (Al ol (B rae Jolne jlade -
S 0 I VYA YEIF Ll o sy aids o ;) VY
oY il B pan Hladie 5l 5eS Jlows a5 del Cows 4
(4o ;o mJ0-YIY) oy

b & Cod Sibpw Sbp b (Bl j0 (Sopol -
Ol bty (S0l Jlade Grizes 5 F6S oY
VY il 50 4 Camd adido jo 2 VIT sl 25 50
b oidl 25 59 50 R0 o 5l o S adds jo
il I3 (T ol Bl sty 3l glis) il
el

e VI 9 VO el )3 Ahpw slte slas ;5o 033k -
Pl 5 223 PAUT 5 VYV L ply ol S e elan
el Cewdds Ao, TYIV L ol lo Y

3 JB LA oieS ulps sl Al Sbty -
ol g5 slesd wlt b (Gthew lajles o Sl
OinS () lesd) S VIO glayl g asds o o VYY
Sl plad ]y dl oo obS

lasdge 5,6 aS b ojile jo il by slojles -
L slogine ST (alpa 51 59, VY g V0 Loy
@T)LY o, S Y b Lol asiila [Sus
ol las |y

St slaghy, ;o anje 4 @l S (golail il -
MY Sl 5 4885 )3 2l V¥ 9 VY (23l 255 b olens
20 uadls ol el css 4 YA/OD 5 VBN OVEINE L
S5 9 Sl Jl0Y Bl 515 (e sl )

b pey boawolio jo 1y Bbew ol by, (o
A3 o olas )lou.ﬁl

b ol 5 (Zarifneshat er al., 2022) |, Son
o1 Lad b e jS00 4 s | (655 (Sl SerheS

Gl GNP o 30 Sle dumglio —F Jgux

\/¥va |

-/]aYb
-IA3b
\/-fb

GSoslail LB e

e -+ —t —

4 jp 4 @8lo Comd
Frae Al S5aS e Jlade ol LAbpw sloas e
- oyll A s (GBS WS O 5 slaai 1o £gemme (LS o
P9y 93 2 50 Y 651 anje s Shew ol 5 AL
Slleanie plo el Cansar VFo Y Jlo slacasd olalp
5 Oeg udlS ( (B00gS (n) (silwoslel dije ales
30 Wl gy g0y (Feli AT pl 4 Az b clls
bl g s 2l )8 ke ol sois ai8 3 L )8 Slawle
Wl 01 03] Cawday

OB8L E5 b il Sy by Sl AR 4 g Cans
ol el cawd 4 VEY 9 WEIVE b5 aids o ) Y/¥ 5 VY
YA/00 Y bbb Bgy 3 (adls cpl &S cal Jbs p
Gl b (Bloow gy 4 Lo abje (n 5 g
A Sgus S Hlalo ( T0S AeS 50 g Cowl 00 Ll Y
gy o an e oldl hYs S el sl Jol> asyja
9 (Pran e (09 S Y e b (Sdlien
23 2 4 Sl (Labpm o 50 S g0 Plas
G P b A olass 4y ol @ deas ialS (gl o)lse

it b Bl g, o a0 e L5 loatil iz e
e Ry A Sl (R AR 4 S Cuend e
L Bl sy 2 42,51 2 o Bl b 5L
Syae Jods 4 (> 13 2 VV) oS A8l 550 by
ool Cess &y iyl S5 azeiiyd 5 VL AR 3 e o
olgy b sl g, 0 aS ol las amls coled jo .ol
0 Byn S AT s Jlone o30S aija p esdle
U@Uﬁslaww)édﬁﬂsuusdubbw)dﬁ



Lsg) (Tetranychus urticae) glastgs o ;U a5 sl 50 ol pme Sty 7,55 U35 10

b B, Jb gilis 455 o a5 0 o ol oty g
el See a5 hasaslly ass L,
U RUPRVANPTRA KU LI IR BRI o

Slo oo

gk cnl plnl slp (ool Jlo oo o (B)odin s
Wiles SG il o
&L

Ahmadi, K., Ebadzadeh, H.R., Hatami, F., Abdshah, H.,
and Kazemian, A. (2023). Agricultural Statistics for
the Crop Year 2022-2023. Ministry of Agricultural
Jihad, Deputy of Planning and Economy.

Amirshaghaghi, F., & Safari, M. (2016). Comparison
and technical evaluation of electrostatic, micronair and
tractor-mounted lance sprayers in order to control
(Carpocasa pomonella L) in apple orchards. Journal of
Agricultural Machinery, 6(2), 376-
383.https://doi.org/10.22067/jam.v6i2.36084

Ashtari, S., Yosefi, M., & Douri, H. (2020). Evaluation
of bean genotypes resistance to Two spotted spider
mite, tssm, Tetranychus urticae Koch under field and
greenhouse conditions. Journal of Applied Research in
Plant Protection, 9(2), 15-30. (in Persian)

Bagheri, N., Safari, M., & Sheikhigarjan, A. (2024).
Performance evaluation of the UAV sprayer in the
control of Brevicoryne Brassicae L. pest in Canola.
Journal of Agricultural Machinery. 14(2), 135-146. (in
Persian)
https://doi.org/10.22067/jam.2022.79329.1129

Behrouzi Lar, M. (1999). Engineering Principles of
Agricultural Machines (Translated). Azad Islamic
University Press. 1st Edition, 355-357. (in Persian)

Behzadi Pour, F. , Ghasemi-Nejad Raeini, M. , Asoodar,
M. A. , Marzban, A. and Abdanan Mehdizadeh, S.
(2017). Study of the operational parameters of crops
turbine sprayer (turbo liner) on spray quality and
diameter of droplets, using image processing. Journal
of Agricultural  Machinery, 7(1), 61-72. doi:
10.22067/jam.v7i1.48194

Chen, P., Lan, Y., Huang, X., Qi, H., Wang, G., Wang,
J., Wang, L., & Xiao, H. (2020). Droplet deposition
and control of planthoppers of different nozzles in two-
stage rice with a quadrotor unmanned aerial vehicle.
Agronomy, 10(303),1-14.
https://doi.org/10.3390/agronomy10020303.

Eskouinejad, M. M. (2020). Engineering Economics
(Economic Evaluation of Industerial Projects).

Gil, E., Llorens, J., Llop, J., Fabregas, X., and Gallart,
M. 2013. Use of a terrestrial LIDAR sensor for drift
detection in vineyard spraying. Sensors, 13(1), 516-
534.

Giles, D. K., & Billing, R. C. (2015). Deployment and
performance of a UAV for crop spraying. Chemical
Engineering Transactions, 44, 307-312.
https://doi.org/10.3303/CET1544052.

b b (8 51 5l el cesony @l @ axgi L

9 Sl (55 SIS Y Gl a4y Cond (Blyes Sty
ok sblze Lag DB (LBbew sl (he) cnl 5l ool
Jods @ Sl sby oeizes Sl apogs BB g atils
Ok blyl 13 5 g Bblio (sl 5 Gt slas )30 005
S by Jdo a4 aS e lie j0 izl 0l Coge cdl
3959 Ol (55kal 51 Gy 5 S5k Ll L) Loyl lae
oolul (Lhlpus Gl (p e @0l S99 ds e 0 iS5
09y 30 PeS ol Gpas 4 azgi b Bk el sl
w2l rserte Pl D550 5 il Sl b (ohlem
s Slp clio loan 35 55 WIS oo Slhe Sl
Pl bty b (sBhe 50 5 ek 40,5 )18 Lol g1
Sy e VMO Slop gl bugl (5,6 a5 Lol sln
aiBs )0 I VIV a5 9 4l e 7 iSlas slg

Dgl o0 Aoy

OB Ko g S ) Lio

& g ool el 53 Sy S8 )Lt fsee 5 0950

il 25 O y50

doools Judos g (g)lo posls «gilwpsgin gl onings -
G e omlid by, (B lRley wzog (el
(Gilns 9 il sl Gmagioien)

PN (o sladg, owlidihy) ipgd ediumg -
(Glrg 9 3l

l58le 5 dwosls Ldoei dwosls (6 glaas ipgu odings -

WS ) uu)Lia 9 aools LJ;:.: 5 ‘o)jlx}:m :P)LQ’? LRSS -
(ihans oS

Wodls dy ow ywd
Sl 0ol &1l Allae e yo ol g Sledbl dsn

Syl
wole Sl epl Slasl g alowl jo 1) IS Jgo! Baiss

DS S gdlin 3L


https://doi.org/10.22067/jam.v6i2.36084
https://doi.org/10.22067/jam.2022.79329.1129
https://doi.org/10.3390/agronomy10020303

\id VPO 5L YA 2l 1Y o)l N0 ol [ (65,9LS b pilo Sl b gy a4y pis

Safari, M., Bagheri, N., Sheikhigarjan, A., &
Zarifneshat, S. (2023b). Evaluation and comparison of
sprayer drone to control tuta pest in tomato crop.
Agricultural Mechanization and Systems Research,

23(84), 1-16. (in Persian)
https://doi.org/10.22092/amsr.2023.361037.1435
Safari, M., Bagheri, N., Sheikhigarjan, A., &

Zarifneshat, S. (2022). Evaluation and comparison of
sprayer drone to control tuta pest in tomato crop.

Agricultural Mechanization and Systems Research,
23(84), 1-16.
https://doi.org/10.22092/amsr.2023.361037.1435
Safari, M., & Sheikhigarjan, A. (2020). Comparison
between unmanned aerial vehicle and tractor lance
sprayer against Dubas bug Ommatissus lybicus
(Hemiptera: Tropiduchidae). Iranian journal of plant
protection science, 51(1), 13-26. (in Persian)
10.22059/ijpps.2020.281898.1006894

Safari, M., Hedayatipoor, M., Gerami, K., Haghshenas,
M. (2009). Final report of the project on Development
and evaluation of boom automizer sprayer to control
sunn pests in wheat production. Research Institute of
Agricultural Engineering. Iran. (in Persian)

Safari, M., Sheikhigarjan, A., Sharifnasab, H., Bagheri,
N. (2018) Final report of the project on Date palm
spraying using new technology of sprayer drone.
Research Institute of Agricultural Engineering. Iran.
(in Persian)

Seidin, P. (2018). Guidelines for the Use of spraying
drones to control pests. Plant Protection Organization,
Pest Control Deputy, Pesticide Office. (in Persian)

Sheikhigarjan, A., Safari, M., Ghazi, M. M., Zarnegar,
A., Shahrokhi, S., Bagheri, N., & Seyedin, P. 2024.
Chemical control of wheat sunn pest, Eurygaster
integriceps, by UAV sprayer and very low volume
knapsack sprayer. Phytoparasitica, 52(3), 49.
https://doi.org/10.1007/s12600-024-01166-2

Vassiliou, V. A., and Kitsis, P. 2013. Acaricide
resistance  in  Tetranychus  urticae  (Acari:
Tetranychidae) populations from Cyprus. Journal of
economic  entomology, 106(4), 1848-1854.
https://doi.org/10.1603/EC12369

Wang, S., Song, J., He, X., Song, Le. Wang, X., Wang,
C., Wang, Z and Ling, Y. 2017. Performance’s
evaluation of four typical unmanned aerial vehicles
used for pesticide application in China. Internatinal
Journal Agriculture & Biology Engineering, 10 (4):
22-31.

Wolf, T. M., Grover, R., Wallace, K., Shewchuk, S. R.,
and Maybank, J. 1993. Effect of protective shields on
drift and deposition characteristics of field sprayers.
Canadian journal of plant science, 73(4), 1261-1273.
https://doi.org/10.4141/cjps93-165

Yallappa, D. (2017). Development and evaluation of
drone mounted sprayer for pesticide applications to
crops. Proceedings of the IEEE Global Humanitarian
Technology Conference (GHTC). Oct. 19-22. San
Jose, CA, USA.

Yousefi, M. and Dori, H.R. (2012). Final report of the
project on the evaluation of resistance mechanisms to

Khanjani, M. (2004). Crop pests (insects and mites).
Buali Sina University, Hamadan.

Kharim, M. N. A., Wayayok, A., Shariff, Sharif, A. R.
M., Abdullah, A. F., & Husin, E. M. (2019). Droplet
deposition density of organic liquid fertilizer at low
altitude UAV aerial spraying in rice cultivation.
Computers and Electronics in Agriculture 167,
105045.
https://doi.org/10.1016/j.compag.2019.105045.

Lege, K. E., Smith, C. W., and Cothren, J. T. (1992).
Genotypic and cultural effects on condensed tannin
concentration of cotton leaves. Crop Science, 32(4),
1024-1028.
https://doi.org/10.2135/cropscil 992.0011183X003200
040038x

Noorbakhsh, S. (2021). List of major agricultural pests,
diseases, and weeds; Recommended pesticides and
control methods. Plant Protection Organization,
Deputy of Pest Control. [In Persian]

Nowrouzieh, S., Rezaei Asl, A., Jokar, M. & Shafipour,
A.M. (2022). Evaluation of UAV sprayer quality in
compared to common sprayers in cotton field. /ranian
Journal of Cotton Researches, 10(1), 109-132. (in
Persian)

Qin, W., Xue, X., Zhang, S., Gu, W., and Wang, B.
2018. Droplet deposition and efficiency of fungicides
sprayed with small UAV against wheat powdery
mildew. International Journal of Agricultural and
Biological Engineering, 11(2), 27-
32.10.25165/j.ijabe.20181102.3157

Saeidirad, M. H., Zarifneshat, S., & Forouhar, M.
(2023). Evaluation of UAV spraying performance in
fertilizing saffron compared to conventional liquid

fertilization ~ spraying  methods.  Agricultural
Mechanization and Systems Research, 24(88), 1-16.
(in Persian)

https://doi.org/10.22092/amsr.2024.366525.1493

Safaeinejad, M. , Ghasemi-Nejad Raeini, M. and Taki,
M. (2025). Field and Economic Evaluation of Spraying
Drones Versus Boom Sprayers for Weed and Yellow
Rust control in Wheat fields. Journal of Agricultural
Machinery, 15(4), 587-603. (in Persian) doi:
10.22067/jam.2025.91236.1322

Safari, M., & Bagheri, N. (2021). Technical criteria for
the evaluation of sprayer drones. Technical Instruction.
Agricultural Engineering Research Institute. (in
Persian)

Safari, M., & Sheikhigarjan, A. (2020). Comparison
between unmanned aerial vehicle and tractor lance
sprayer against Dubas. bug Ommatissus lybicus
(Hemiptera: Tropiduchidae). franian Journal of Plant
ProtectionScience, 51(1), 13-26. (in Persian)
10.22059/ijpps.2020.281898.1006894

Safari, M., Bagheri, N., & Sheikhigarjan, A. (2023a).
Technical and Economical Evaluation of UAV sprayer
in Comparison with Conventional methods to Control
Tomato helicoverpa amigera. Agricultural
Mechanization and Systems Research, 24(85), 91-110.
https://doi.org/10.22092/amsr.2024.364474.1474



https://doi.org/10.2135/cropsci1992.0011183X003200040038x
https://doi.org/10.2135/cropsci1992.0011183X003200040038x
https://doi.org/10.22092/amsr.2024.366525.1493
https://doi.org/10.22092/amsr.2024.364474.1474
https://doi.org/10.22092/amsr.2023.361037.1435
https://doi.org/10.22092/amsr.2023.361037.1435
https://doi.org/10.1603/EC12369
https://doi.org/10.4141/cjps93-165

Lsg) (Tetranychus urticae) glastgs o ;U a5 sl 50 ol pme Sty 7,55 U35 \Y

two-spotted spider mite in a number of pinto bean
genotypes under greenhouse conditions, Markazi
Agricultural and Natural Resources Research Center.
Arak.

Zarifneshat, S., Saeedirad, M. H., Safari, M.,
Moatamedoshariati, H. R., & Naseri, M. (2022).
Evaluation of the sprayer drone in the fight against
wheat weeds and its comparison with conventional
methods. Agricultural Mechanization and Systems
Research.  23(82), 53-70. (in  Persian)
https://doi.org/10.22092/amsr.2022.360045.1427

Zhou, Q., Xue, X., Qin, W., Chen, C., and Cai, C. 2020.
Analysis of pesticide use efficiency of a UAV sprayer
at different growth stages of rice. International Journal

of Precision Agricultural Aviation, 3(1), 38-42.



https://doi.org/10.22092/amsr.2022.360045.1427




