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ARTICLE INFO ABSTRACT

Introduction
Keywords

The apple codling moth, Cydia pomonella (Lep.: Tortricidae), is one of the key pests of th

Apple codling moth, trees. This pest attacks apple trees in significant numbers every year, causing damage th

Hour-degreeCelsius exceeds the level of economic loss. Therefore, apple godimth forecasting is very important
forecastingnodel, determine the most appropriate time for spraying to control the pest, which plays a major role

orchard management. Using modern and smart methods for pest forecasting is very important t
loT, in chemicalcontrol and reducing the number of spraying times in the orchard. Internet of Thing
LoRaprotocol, technology and its smart solutions, based on the basic principles of sensor networks, can en:

environments and datzased decisiomaking. In this researcla smart system based on the Intern
Smartagriculture Things and a Wireless Sensor Network (WSN) technologies was developed for forecasting of 1
WSN codling moth in the orchard. The effectiveness of using the designed system was also investig

apple orchad located in Tehran province (Damavand County).

Materials and Methods

Received: A wireless sensor node was used to colleclimmdata of the ambient temperature in the orct
July 11, 2025 The data was transported to the gateway through LoRa radio protocol,-eatgggand lowpower
protocol for the Internet of Things. They were sent fromgaeway to the network server and t

Revised: made available to the software designed for the system. The main heart of the software for
Septembe8, 2025 making was the apple codling moth forecasting model, which was determined based on-tieg ez
Accepted: Celsius. For thipurpose, the biofix of apple codling moth pest was determined using pheromot
Septembe8, 2025 and the ambient temperature was recorded hourly using the wireless sensor node installed in tl

to calculate the total effective environmental temperature. Baséteaemperature data and usir

phenological forecasting model, the most appropriate spraying time for controlling the apple

moth was determined and included in the designed software of the system. A dashboard

designed to display the tdts. The efficiency of the designed smart system and its forecasting
* Corresponding Author: for controlling apple codling moth pest in the orchard was evaluated over two years.
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Results and Discussion

The Internet of Thingdased smart system designed for apple codling moth forecasting pes
orchard could announce the appropriate time for sprayafang with the type and dosage of
pesticide. This smart system has excellent reliability in data transmission with zero data loss
excellent accuracy (100%) in terms of timely warning announcements. Evaluations showed
designed systemeduces the damage caused by the apple codling moth pest by reducing the n
spraying times from four to two, which will increase the yield and improve the quality of the pi
The results of the twgear investigation indicated that the damagesed by the apple codling mc
pest at the harvest time in the control trees was more than 70% greater than in trees that we
based on the forecasting model of the designed system. This is even though according to th
manager's statementbe average number of spraying times in previous years, based on pre
made with pheromone traps, has been four, and the damage caused by the codling moth ha:
the amount estimated in this research. Spraying times for controlling the agiig cnoth was reduce
to twice a year in the orchard by using the smart system developed based on -thegheaiCelsiu
forecasting model.

Conclusion

Given the high efficiency of the smart system designed based on the determined forecasti
in controlling the apple codling moth pest and reducing the use and costs of pesticides by £
consequently a 50% reduction in labor costs and pestipidgiag equipment required for each time
spraying in the orchard, the use of this Internet of Thivaged system is recommended for foreca
of this pest in apple orchards. Reducing the risk of contamination for the workers who spray p
andreducing the amount of pesticide residue in the product are indirect positive effects of u
designed smart systefuture work in the continuation of this research is to pay attention to rr
the biofix determination process smarter by developing smart traps that can be connected to th
Wireless Sensor Network.
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Fig. 1. The apple orchard selected for the research
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Table 1.Technical specifications of the selected wireless sensor node

A ~ 3/, 0 3
WA Ay 740 A
Specifications Sensor
Range:35t0 +75 € A A C £62A0 (AfB 53 w &
Resolution0.01 TA A C £6 At RAKELA B Y ¢ % Wil %0A

Temperature measurement intenfaminA @ €W o t &4 £ w,C¥iv € Temperature sensor

Range0to 10®% © | %% +w £5 a¥%iamiz
Resolution0.04% ° | ¥%# B U EAD § ¢ % C{ Ay ¢z}
Relative humiditymeasurement interva:minA & G% G { £y ¢a AY%y v Relative humidity sensol

Modulation:LoRaWAN LoRaWANS5 0 ACAd y ° 1
Radio Frequency868 MHz A £ ¥331MBEE AE 1 v . Ayv

. N <ot Acl vy
Distance to Gateway: km %0 UBAGYCA wE€ A6 w Radi
. adio
Signalstrength:18 dbm, @bm 56 wp o CA | %o é
Voltage:3.6V ¢ 6.5 Awa 6 y
Capacity:2600mAh- 1 mah 5 ¢ C& %U ¢ HEWZ
Battery Life:2 YearsO wA ¢ %Ewz %0 VY Battery
LodD3 . 5C«wBw- wbzv
External dimension$8x58>x33mm i twbzyv
IP65 5 Co Uwaed AEi Dimensions

Protection clasdP65

1- Global Positioning System 9- End-Nodes
2- Data Loss 10- End-Devices
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Fig. 2. Wireless temperature and humidity sensor node, gateway and antenna installation in the orchard

(Ranjbar Aghdam & Seddighi, 2015)C a WE ©© Aw Kag CA 341 ¢ AADADPIEIVIM® - Y% |1 ¢ AAd AFARKA
Table 2. Physiological time of occurrence of different phenological stages of apple codling moth based on the forecasting
model (Ranjbar Aghdam & Seddighi, 2015)
# AACHREOHYWAS Cewui: i cAABApA Aobs3 ta&aj o6 /&y
Thermal requirement (Hour - Degree Celsius) Phenological stage Pest generation
wH B~ VY ¥~ O
Moths flight peak
B wa, £ ¢Cbl« OV
4570N\230 Eggs population peak #0y Vadw o0
Overwintering (First)

3080210

wiay%nd ¢Cbhic«
10290\390 Larva population peak

wH B~ VY ¥~ O

19080250 Moths flight peak

N wa, £ ¢Cbhblu« OV #+y1$ Cyw
2150080 Eggs population peak Summer (Second)

. N .
25120480 wayled ¢CPU«

Larva population peak

Rwzyhy &YBaBal ¢wWeE ¢
Fig. 3. One of the pheromone traps installed in the orchard
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