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A review of smart plant protection technologies and their current applications
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Abstract: Amid intensifying global climate change and rising concerns over food security, crop pest
and disease control is confronted with multiple challenges. Smart plant protection, as a key frontier in
the integrated innovation of modern agricultural information technologies, establishes an intelligent full-
chain system covering perception, communication, decision-making, and execution through the deep
integration of cutting-edge technologies such as artificial intelligence, Internet of Things, and remote
sensing monitoring. This paper systematically reviews the technical architecture of smart plant protec-
tion: at the information perception layer, multi-source sensor networks are integrated with satellite
remote sensing to achieve multi-dimensional monitoring of pests and diseases; at the data communica-
tion layer, an edge-cloud collaborative transmission and processing platform is constructed to ensure
real-time information flow; at the decision-execution layer, intelligent algorithms are employed to

power precision spraying equipment and plant protection robots. Typical application scenarios demon-
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strate the significant benefits of smart plant protection technologies in improving control efficiency,

reducing pesticide use, and minimizing environmental impacts. Finally, practical bottlenecks such as

high cost, data silos, and a lack of unified standards are discussed, and a coordinated development strategy

of hardware miniaturization, software open-sourcing, and cloud-based services is proposed to provide a

theoretical reference for promoting agricultural green transformation and sustainable development.

Key words: smart plant protection; pest and disease control; Internet of Things; artificial intelligence
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Fig. 1 Technical framework of the smart plant protection system
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Table I Common types of sensors and monitored parameters in agricultural monitoring
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TGRS STM32 HHER P (L IRA K TN L A PG XU IAE 2025
Soil sensor STM32 soil organic sensor Soil moisture and soil organic matter Liu et al., 2025
TDR 3K 55 K WA 145, 2024
TDR soil moisture sensor Soil moisture Chen et al., 2024
FDR HHEK 748 oK S Chen et al., 2019
FDR soil moisture sensor Soil moisture
LoRaWAN 37K /5 s + 3Ky Chavanne & Frangi,
LoRaWAN soil moisture sensor Soil moisture 2023
REMEE (GO LR T Huang et al., 2023
s rGO humidity sensor Humidity
LSTIDCTANS  TENG I R AN Sietal, 2024
:;lnsolrlml Y TENG temperature and humidity senso Temperature and humidity
PDMS-PVA 10 5 8% L AR Song et al., 2025
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G-C £ )84#% G-C humidity sensor J2J¥ Humidity Beniwal et al., 2023
CO, [tk NDIR CO, f&/## NDIR CO, sensor CO, ¥ J& CO, concentration Wu et al., 2025
CO, sensor p(D-co-M)CO, L% CO, ¥ Shahrbabaki et al., 2023
p(D-co-M) CO, sensor CO, concentration
MOF/Pebax QCM CO, &) CO,#e i Xu et al., 2025
MOF/Pebax QCM CO, sensor CO, concentration
FEAL A LDR J:f& &%+ LDR light sensor YRR JE Light intensity Hoque et al., 2020

Lightsensor  \g7341 y.fL k3% AS7341 light sensor

CdS LDR %8¢+ CdS LDR sensor
LIS A

Multimodal sensor

T RS

Plant sensor

FeME 9% L 1845 Flexible ethylene sensor

EFPCF VL4
EFPCF flexible sensor

STM32 +HEAPLTL RS

STM32 soil organic sensor

TR

Soil sensor

JEHE58R B Light intensity
M5 Light intensity

RGN EY) R 2R LR

FIFRGENE

Volatile organic compounds, leaf

surface temperature/humidity,
and environmental humidity

Z.J% Ethylene
M 3R TR

Leaf surface temperature and humidity

KSR A P

Soil moisture and soil organic matter

Pereira & Gomes, 2025
Cappelli et al., 2024
Lee et al., 2023

Hossain et al., 2023
Quetal., 2024

XIR W5, 2025
Liu et al., 2025

RO BB 2R G R R A A 22 R
b 22 IXE BP9 S B U, A4 M X R ) 2 [
ATFAE R B ¥ A bR iR, SEBLZ BRI R 1 D[R] 3

FHETREW.

TESEBRIVHTHR , R A4y e 00

A IR =25 I [ s A, M) T e RO T X 3
P AT 7] 20 A8 28 0 AL [ S it . A, DX JsOh 240 WL



84 oW R 2E W 53 %

00 5 it A M Ty 5 8 S 3 v A R I 2% S BB B
ZHCILI IR, I LT o SRR AR Al 12 45 ) S o
PEAR R I I R B R 5 A 5 i i 24 R SR 5
Al PR SR R S S MAE YR I E  d

ZEHEER

Spatial resolution
100

BAR R

Technical maturity

Cost effectiveness  ~ ~

~
e — -

TS B E IR SRR R . BEEHTRUL REREOR
TR 5 2RO R 5 SR Sl R DR A 1 B2
RE TR RFLEIEAN, D HUT B P S (1 0 8 A Y B
S

v EES R

Temporal resolution

LI N
A | J&ﬂl&@
Ground-based remote sensing

m EAPLBRR

UAYV remote sensing

m DEBR

Satellite remote sensing

B2 AEERTAERREEN A ERET L

Fig. 2 Performance comparison of different remote sensing platforms for pest and disease monitoring
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Table 2 Pest and disease identification models and their accuracy

ALY B2 P HE Z R
Algorithm type Model name Identify category Accuracy/% Reference
A 2% LFMNet KA1 Corn foliar pests and diseases 95.68  Liuetal., 2024
Classification Dise-Efficient FH Y95 HUFE Plant pests and diseases 64.40  Guanetal., 2023
network )

CBAM-VGGNetl6, JINAZ 9 B E Wheat pests and diseases 96.60,  Yaoetal., 2023
NLCBAM-VGGNetl6 97.57
AWdpCNER JINAZ 955 1 Wheat pests and diseases 94.76  Zhang DM et al., 2023
SCHNet FHAR 3 L Citrus pests 94.48  Yuetal., 2024
CA-ResNet-50-WAMSFF S F-J%6 HU 3 Apple leaf pests and diseases 98.32 Zhang XH et al., 2023
RLDMGWO AL e TR 95.83, Luetal, 2025
Pentatomidae pests and corn disease pests 96.51
FCOS-FL ZHREE B HUEE Lychee leaf pests and diseases  91.30  Xie et al., 2023
HV-GNN WNHEEE dt Coffee pests 93.66  Maruthai et al., 2025
EResNet-SVM 7 MLY% E Seven plant diseases 99.30 Xiong et al., 2024
HEREM R 2% IMLL-DETR FHRE I B HUEE Lychee leaf pests and diseases ~ 84.40  Lietal., 2025
Detection Ak YOLOVS IR RGN AES S E 8291  Wangetal, 2024
network Optimized YOLOv8 Rice and cotton pests and diseases
GCSS-YOLOvSs A L Agricultural pests 90.50  Xiao et al., 2023
TTPRNet Z5) 1 Tea tree insect infestation 92.80  Lietal., 2024
SEDCN-YOLOvS8 8 )TV H 3 Cucumber pests and diseases 75.10 Xie et al., 2025
Transformer PepperNet B B Pepper pests and diseases 91.93  Liu & Wang, 2024
e SpemNet FAEIA HLE Cotton pests and diseases 99.03  Qiuetal., 2024
Transformer ) .
model RReNet JNZZ I B Wheat leaf pests and diseases 94.10  Zhang & Liu, 2025
ResiAdvNet L4 25 L2 Potato pests and diseases 92.25 Tang et al., 2024
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Fig. 3 Multi-level monitoring and early warning network architecture for smart plant protection
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