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The effectiveness of pest control operations is critically dependent on the application of precise
application methods and appropriately suited equipment. This study aimed to identify the most
optimal sprayer for paddy fields in Guilan province, employing the analytic hierarchy process
with the support of Expert Choice 11 software. The research encompassed an evaluation of
five prevalent sprayer types in the region: manual backpack, battery-powered backpack,
motorized backpack with lance, atomizer and wheelbarrow. Selection criteria were established
to include effectiveness, spray uniformity, ease of use and ergonomics, operating costs,
spraying volume, drift, energy consumption, field capacity, and environmental impacts. The
weighting and prioritization of these criteria were determined through comprehensive
literature reviews and structured consultations with agricultural experts, industry specialists,
and leading farmers via questionnaires. The findings revealed that effectiveness emerged as
the paramount criterion, carrying a weight of 0.19, closely followed by spray uniformity and
ease of use. Conversely, energy consumption, with a weight of 0.055, was deemed the least
significant factor. The atomizer sprayer was identified as the superior choice, demonstrating
marked advantages in effectiveness, spray uniformity, drift, and energy consumption.
Concurrently, the battery-powered sprayer was recommended as an economically viable and
user-centric alternative, owing to its minimal operational costs, optimal ergonomics, and
reduced environmental impact. The manual sprayer, however, underperformed across most
evaluated metrics, securing the lowest priority. Sensitivity analysis confirmed that the overall
ranking of sprayers is notably sensitive to variations in the effectiveness criterion’s weight,
underscoring its pivotal role in the decision-making process.
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EXTENDED ABSTRACT

Introduction

Rice is a staple food for more than half of the world’s population and plays a vital role in global food
security. In Iran, the northern provinces, particularly Guilan, are central to rice production, contributing
significantly to the national yield. However, pests, diseases, and weeds cause substantial annual losses, with
improper pesticide use worsening environmental and health risks. Choosing a proper sprayer is crucial for
optimizing pesticide application, reducing costs, and minimizing ecological damage. Given the variety of
sprayers used in rice paddies, a comprehensive evaluation is needed. This study aims to identify and prioritize
the criteria for selecting the most suitable sprayer in Guilan using the analytic hierarchy process. By filling
existing research gaps, this work provides practical insights to assist farmers in making informed decisions,
ultimately improving both productivity and sustainability.

Method

This study utilized a multi-criteria decision-making approach based on the analytic hierarchy process to
identify the most suitable sprayer for rice paddies in Guilan. Five types of sprayers; manual backpack, battery-
powered backpack, motorized backpack with lance, atomizer and wheelbarrow, were evaluated against nine
criteria: include effectiveness, spray uniformity, ease of use and ergonomics, operating costs, spraying volume,
drift, energy consumption, field capacity, and environmental impacts. These criteria were established through
a comprehensive literature review and consultations with experts and farmers. The analytic hierarchy process
framework comprised three hierarchical levels: goal, criteria, and alternatives. Questionnaires were
administered to 25 experts and 20 farmers to perform pairwise comparisons. Criteria weights and alternative
priorities were calculated using the eigenvector method in Expert Choice software, with consistency ratios
verified to ensure reliability. Data collection occurred during the 2024-2025 agricultural year and included
measurements of solution consumption, drift, effective capacity, spray quality, and pest control effectiveness.
Additionally, a cost analysis was performed based on a 10-year cash flow projection. All procedures were
thoroughly documented to guarantee replicability, and informed consent was obtained from all participants.

Results

In this study, the criteria for selecting the most suitable sprayer for rice paddies in Guilan were pairwise
compared and weighted using the analytic hierarchy process. Effectiveness was identified as the most
important criterion with a weight of 0.190, while energy consumption was the least important with a weight of
0.055. The overall consistency ratio of 0.03 indicated high consistency and reliability of the judgments.

Pairwise comparisons of sprayer alternatives against each criterion showed that the battery-powered
backpack sprayer ranked the highest in operational costs (weight = 0.397), ease of use and ergonomics (0.361),
and environmental impact (0.394), whereas the wheelbarrow sprayer scored lowest in these criteria. The
atomizer sprayer scored the highest in field capacity (0.324), pesticide solution consumption (0.109), spray
uniformity (0.383), drift (0.341), effectiveness (0.417), and energy consumption (0.396). All inconsistency
ratios for pairwise comparisons were below 0.10, confirming the stability and validity of the results.

Head-to-head comparisons revealed that the atomizer outperformed other sprayers in most criteria except
environmental impacts, where the battery-powered sprayer showed superiority. Integrating criteria weights
and alternatives, the atomizer emerged as the most suitable sprayer for rice paddies in Guilan, while the manual
sprayer ranked lowest. Sensitivity analysis confirmed that effectiveness was the most influential criterion in
sprayer selection, followed by spray uniformity, ease of use and ergonomics, field capacity, and other factors.

Conclusions

This study utilized the the analytic hierarchy process to identify the optimal sprayer for rice paddies in
Guilan province. The findings revealed that effectiveness, with a weight of 0.190, was the most critical
criterion, followed by spray uniformity and ease of use and ergonomics. Energy consumption was deemed the
least important criterion, with a weight of 0.055. Among the evaluated alternatives, the atomizer sprayer
emerged as the most efficient and suitable option. The battery-powered sprayer ranked second and was
recommended as a cost-effective and user-friendly alternative due to its low operating costs and minimal
environmental impact. Conversely, the widely used manual sprayer demonstrated the weakest performance
across most criteria and ranked the lowest. Sensitivity analysis confirmed that the final ranking was most
sensitive to the changes in the effectiveness criterion’s weight, underscoring its vital role in the decision-
making process. These results provide valuable insights for farmers and agricultural experts seeking to enhance
pest control efficiency in the rice fields of Guilan.
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Goal: Selecting the Most Suitable Sprayer Type for Rice Farms in Guilan Province
effectiveness 190 |
spray uniformity 163 I
Ease of Use and Ergonomics in rice fields a0 I
Field Capacity 120
spraying volume 091
Operating Costs 090
drift ey
Environmental Impacts (pesticide wastage, pollutant emission and noise emission} 069 [N
Energy consumption 055 I
Inconsistency = 0.05
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Goal: Selecting the Most Suitable Sprayer Type for Rice Farms in Guilan Province >Operating Costs
Overall Inconsistency = 0.07

Battery-Powered Backpack Sprayer (Electric) 307 |
Motorized Backpack Atomizer Sprayer 202 I

Motorized Backpack Sprayer with Lance 180

Manual Backpack Sprayer (Hand-pump) 116 T

Wheelbarrow Sprayer 104

Flles Sy Jlae polwl 2 (295 O jge 4 ey 5 dwglie T IS

ot VY (555 b gt b bl el 1 HSa) e o bl e 53 dgd o onlie ¥ JS 5 o olalas

ool 2 1y Wiy 35 cancaglsl bl ol ilosls olaisl ags 4y 1y ohes o ieS +/+AY (5 b s (glsall iy (bloms 9 o
o[¥ L 2y daslio pl (gly oad duslre (5,5 5L0b cr .J.LSUA uaie (lo daly 3 yuin Colue IS ) Lmo—l u_ib’b}'
955 b ilp slasyje bl b)) ) Gl slacglas & sad o (Ui ool Bl e J9B LB £ oS cun
Oladss gl b sdolcanddy (claadly aiiwn slaxel b osel cuwd 4 s g 039 09> Sleren o ()55l gyl (g0 Jolss



(oi2g3s — ode) VF+F 5l oF 5 lowd DO 2595 ¢y ! piwmmnntgns owidigee Al VY

Fho e )zo bl oy iy da (slainghy 13 4 (S84 )15 Slysan (Fgall (uisy g (g rized g Sen g 55k
o) Cusl 0392 b Elgil b 51 YL (gybline jgboas e cul g 003 ()15 (9983 s jlodlatl 3 (csls pr )lSa)
¥V (Sgall (gwigs g g VTV Ko

bl (o Sgre (3b5 Gl (2)5) YU (bl @538 disy S 5 ) Aoy e yie Cud )l 3 (S92 8 b 0
21> (YL o33L) (15 (935 » sl By Glaglej pSKediz (B2 ofg 41 g (193] by (Siad (g J38 JB g9y o p)
rlo amd o Ui 395 ) (dlasyie cud)l cnicml (39 Jele w2 > (B lacudgie b oopal (Blew (Jlie )
wid oo Bl Joo Cgres 9 (EBL 0518 G (S g 65 (0 )18 b (nl Slee 3 (655L8 5 ygse by G ew

Goal: Selecting the Most Suitable Sprayer Type for Rice Farms in Guilan Province >Field Capacity
Overall Inconsistency = 0.04

Wheelbarrow Sprayer 324 I
Motorized Backpack Atomizer Sprayer 228

Motorized Backpack Sprayer with Lance A9t

Battery-Powered Backpack Sprayer (Electric) .158 |

Manual Backpack Sprayer (Hand-pump) 092
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Goal: Selecting the Most Suitable Sprayer Type for Rice Farms in Guilan Province >spraying volume
Overall Inconsistency = 0.06

Wheelbarrow Sprayer 412 |
Motorized Backpack Sprayer with Lance 183

Battery-Powered Backpack Sprayer (Electric) .165 |G

Manual Backpack Sprayer (Hand-pump) 129

Motorized Backpack Atomizer Sprayer d00
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Goal: Selecting the Most Suitable Sprayer Type for Rice Farms in Guilan Province =spray uniformity
Overall Inconsistency = 0.04

Motorized Backpack Atomizer Sprayer 383 I
Battery-Powered Backpack Sprayer (Electric) .24¢ |

Motorized Backpack Sprayer with Lance 160

Manual Backpack Sprayer (Hand-pump) 114 T

Wheelbarrow Sprayer 093 T
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Goal: Selecting the Most Suitable Sprayer Type for Rice Farms in Guilan Province >drift
Owverall Inconsistency = 0.03

Meotorized Backpack Atomizer Sprayer 41
Battery-Powered Backpack Sprayer (Electric) .242 NG

Manual Backpack Sprayer (Hand-pump) A83 T

Motorized Backpack Sprayer with Lance Kkimm 02000 |

Wheelbarrow Sprayer 095
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Goalk Selecting the Most Suitable Sprayer Type for Rice Farms in Guilan Province = effectiveness
Overall Inconsistency = 0.04

Motorized Backpack Atomizer Sprayer 417 I
Battery-Powered Backpack Sprayer (Electric) .224 [N

Motorized Backpack Sprayer with Lance 156 T

Wheelbarrow Sprayer 19

Manual Backpack Sprayer (Hand-pump) 084 T
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Goal: Selecting the Most Suitable Sprayer Type for Rice Farms in Guilan Province >Energy consumption
Overall Inconsistency = 0.05

Motorized Backpack Atomizer Sprayer .. ]
Battery-Powered Backpack Sprayer (Electric).215 [N

Motorized Backpack Sprayer with Lance 163 T

Manual Backpack Sprayer (Hand-pump) 135 T

Wheelbarrow Sprayer 092 T
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Goal: Selecting the Most Suitable Sprayer Type for Rice Farms in Guilan Province >Ease of Use and Ergonomics in rice fields
Owerall Inconsistency = 0.03
Battery-Powered Backpack Sprayer (Electric).361 [N
Motorized Backpack Atomizer Sprayer 253 I
Motorized Backpack Sprayer with Lance A76
Manual Backpack Sprayer (Hand-pump) 123
Wheelbarrow Sprayer 086 I
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Goal: Selecting the Most Suitable Sprayer Type for Rice Farms in Guilan Province >Environmental Impacts
Overal Inconsistency = 0.08
Battery-Powered Backpack Sprayer (Electric) 394
Manual Backpack Sprayer (Hand-pump) 207 I
Motorized Backpack Sprayer with Lance A87
Motorized Backpack Atomizer Sprayer 129
Wheelbarrow Sprayer 083 1
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IMuturized Backpack Atomizer Sprayer <> Manual Backpack 5prayer [Hand-pump]
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Matorized Backpack Atomizer Sprayer <> Battery-Powered Backpack 5prayer[Electric)

Operating Co

FidldCapaci
spraving vol
-uniful
[atine

IYEnes

El- consu
Ease of Use
Environmenta

rall

I 1 1 1
18.‘782; 12.57% 8.3‘82 4.19% % 4.19% B.SIBZ 12.57% IB.%BZ

S5l Sy b 9 ) 3logil (59990 (Sl Wil (o pw 4w Hlag0d VT USS

Motorized Backpack Atomizer Sprayer «<>» Motorized Backpack Sprayer with Lance
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Maotorized Backpack Atomizer Sprayer <> Wheelbarrow 5prayer
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Goal: Selecting the Most Suitable Sprayer Type for Rice Farms in Guilan Province
Overall Incongistency = .05

Motorized Backpack Atomizer 5prayer 230 |
Battery-Fowered Backpack Sprayer [Electric) 261 I

Motorized Backpack Sprayer with Lance A7
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