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A Structured Review of Plant Health Monitoring and Preventive

Management in Greenhouses: From Machine Vision and Early Warning to
Intelligent Control
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TITLE-ABS-KEY/(
(greenhouse OR "controlled environment" OR "controlled-environment" OR "protected cultivation" OR
"protected agriculture” OR "CEA")
AND
("plant disease" OR pathogen* OR fungal OR bacteria* OR viral OR mildew OR blight OR "powdery mildew"
OR "downy mildew")
AND
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("abiotic stress" OR "plant stress" OR "water stress" OR drought OR "heat stress" OR "temperature stress" OR
salinity OR "salt stress" OR "nutrient stress" OR "nutrient deficiency" OR chlorosis OR "iron deficiency" OR
"nitrogen deficiency" OR "physiological disorder")
AND
(monitoring OR detection OR diagnosis OR "stress detection" OR "stress recognition” OR "early warning" OR
forecast™ OR prediction OR presymptom* OR "pre-symptom*")
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("machine learning" OR "deep learning” OR "computer vision" OR CNN OR "convolutional neural” OR
transformer OR "vision transformer" OR ViT OR "anomaly detection" OR "few-shot" OR "self-supervised")
)
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AND (DOCTYPE(ar) OR DOCTYPE(cp))
Q2: MPC/Optimization for irrigation, climate, and energy in greenhouses
TITLE-ABS-KEY(
(greenhouse OR glasshouse OR "protected cultivation" OR "controlled environment" OR "controlled-
environment" OR CEA)
AND
("model predictive control” OR MPC OR "predictive control" OR "economic model predictive control" OR
EMPC OR "receding horizon" OR "robust MPC" OR "stochastic MPC")
AND
(irrigation OR fertigation OR "irrigation scheduling" OR "climate control" OR microclimate OR HVAC OR
ventilation OR heating OR cooling OR CO2 OR "energy management" OR "energy consumption" OR VPD)
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Q3: Health-aware MPC / bridge query
TITLE-ABS-KEY(
(greenhouse OR glasshouse OR "protected cultivation" OR "controlled environment" OR "controlled-
environment" OR CEA)
AND
("model predictive control" OR MPC OR "predictive control" OR EMPC OR "receding horizon")
AND
("plant health" OR disease* OR stress OR "abiotic stress" OR "early warning" OR forecast® OR prediction OR
anomaly OR "risk score" OR "risk-aware" OR "health-aware")
)
AND (PUBYEAR > 2015)
AND (LIMIT-TO(LANGUAGE, "English"))
AND (DOCTYPE(ar) OR DOCTYPE(cp))
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Fig. 4. conceptual framework for preventive and health-aware management in smart greenhouses. This diagram
illustrates the principal gap identified in this review (the disconnect between plant health monitoring and
control) and the proposed pathway to bridge it. The outer loop depicts the components of an integrated
health-aware system: (1) continuous plant health monitoring using computer vision sensors (RGB,
thermal, hyperspectral, fluorescence, and multi-sensor fusion), (2) transformation of raw data into
quantitative health indicators (e.g., CWSI, disease severity, pest pressure, and risk scores), (3)
forecasting of health trajectories and generation of early warnings based on predictive models, and (4)
execution of preventive control actions (adjustment of temperature, humidity, ventilation, irrigation, and
nutrition) by a model predictive controller. The inner loop represents the continuous "monitor — predict
— act — feedback" cycle, placing the plant as the central decision-making variable in greenhouse
management.
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Table 2. Key research gaps and proposed pathways toward health-aware control in greenhouses.
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Fig. 5. Coverage of key capabilities along the smart greenhouse plant health management pipeline across the 44
core studies. This bar chart illustrates the number of studies possessing each of the seven capabilities in
the "monitoring to health-aware control" pipeline (a single study may cover multiple capabilities). The
capabilities, from left to right, are: Sensing/Monitoring (29 studies), Pre-symptomatic Detection (14
studies), Forecast/Early Warning (5 studies), Control (16 studies), Plant-aware Objective (5 studies),
Health-aware Constraint (5 studies), and Deployment Readiness > 2 (Greenhouse-level or higher) (27
studies). The sharp drop in the number of studies at the "Forecast/Early Warning" and "Health-aware
Control" stages, compared to "Sensing" and "General Control," highlights the principal gap in translating
plant health monitoring data into automated, preventive control actions.

ilowile S €l b € jaseid» Y )8 jeim o sliws plodes a5 ols lid ol aslas ¥F Lo (Jl> ol b
Iy ol Cedw (29,5 b gt 5l (Sl jled g wiload Suop Sloj jlaie g Wy, Suion poeie 4 axlllas gy LS
Al jo mlin g paldl wie—iige J 0SS slaailbilw (0 (s ;o los,S Sogs S dal> G 0)ly puiie jgboay
sse s Bas plizmon Ll oo, iy oo laoalibpis L 0,55 5 5 8958 S o i slagbs, 5§l 42 5]
| ch LaauT)o al.if Ceodhw W é‘leule: 9 @5‘50 Juo.c ‘Sja.oua 6L‘b;~x~o

arwg b oanseis slaJoe cds o 05 el 50 4 wiedgr ladildS o]y a5 col )1 950 opl Lol azily
pladle— Sy, St ¢ Cedw (iob? 5l o Glles 0,0y G bl jo Al ¢ Foduzey slaoaisS S
‘)Lo.«.v/wJLw) ool 6L&7u..m>)4 )| dql; u—*—‘*’L‘ @L.u 6[.@4JLOLMJ (5}9? “_JP) u—" )0 R M@r‘ « l509> ‘_“J)J
Pal SLaldl b g (st slaonisS J S s ly b b (5399 oyt il a oalis (nl G 055 13

waisS Jlis |y pasetie o8 iz b oans] slaagh lailesar ool Gas ol


https://journal-irshs.ir/article-1-758-en.html

[ Downloaded from journal-irshs.ir on 2026-11-12 ]

F-O) 11T EAY slodmio ) s)los PV Al 3l SLEL (555 5 pole alxa

5 oed8l slrools ol Cedws pglai lojpp jobday a5 sl slaaslxlS o J_adai> Job slaosloacgass aJg.)
il oo S i 1y Jpas olaladl
s VF AY) Lateie Sboj slosdl o], il 689 Jim| « 59990 vz sloas &S 00isS plu i o Jos angs. ¥
RV UNO (o.\;,J celw FA
QLS Cdb,e e ad bl e Glgrea | crdile ol p (e Cadlo slo sl a5 slasass S b T
Sl 9 (305 (Jald (Lo (S5 34>65) Sl g DY sazo gl alSlon g ot LgL(a:k.Stl_..J u..c.»J:.ai
LSl Le—ligp ARS gum i Glu S Wlg e € goraciiadl &l LS i o oo pgpde (olpd o
Jedos caiin oo i 1) obS 2Bl o b9 aSLh S o J S s Ll 6550 5 CO2 gy oo LpsaiaS pleaills
39 0594 (6, l0dllS Caio  Jasred ) g golaidl o lal (ol o g Dluls ralS Jeame Cudlw g ZodlS
Aled GLLs SaS ) assle (6551l sl il

References &bw

-

Abioye, E. A., Zainal Abidin, M. S., Aman, M. N., Mahmud, M. S. A., & Buyamin, S. (2021). A model predictive
controller for precision irrigation using discrete Laguerre networks. Computers and Electronics in
Agriculture, 181, 105953.

Abioye, A. E., Zainal Abidin, M. S., Mahmud, M. S. A., Buyamin, S., Mohammed, O. O., Otuoze, A. O., Oleolo,
I. O., & Mayowa, A. (2023). Model based predictive control strategy for water saving drip irrigation. Smart
Agricultural Technology, 4, 100179.

Achour, Y., Ouammi, A., Zejli, D., & Sayadi, S. (2020). Supervisory model predictive control for optimal operation
of a greenhouse indoor environment coping with food-energy-water nexus. IEEE Access, 8,211562-211575.

Chen, M., Zhang, S., Zhai, X., Hu, P., Wang, Z., Zhu, H., Li, Z., Wang, F., Han, Z., Zhang, F., Wei, M., & Shi, Y.
(2025). Intelligent detection of wilted cucumber leaves with deep learning model in real greenhouse
conditions. Industrial Crops and Products, 235, 121723.

Chen, W. H., & You, F. (2021). Smart greenhouse control under harsh climate conditions based on data-driven
robust model predictive control with principal component analysis and kernel density estimation. Journal of
Process Control, 107, 103-113.

Chen, W. H., Mattson, N. S., & You, F. (2022). Intelligent control and energy optimization in controlled
environment agriculture via nonlinear model predictive control of semi-closed greenhouse. Applied Energy,
320, 119334,

Chen, X., Shi, D., Zhang, H., Sanchez Pérez, J. A., Yang, X., & Li, M. (2024). Early diagnosis of greenhouse
cucumber downy mildew in seedling stage using chlorophyll fluorescence imaging technology. Biosystems
Engineering, 242, 107-122.

Das Choudhury, S., Guadagno, C. R., Bashyam, S., Mazis, A., Ewers, B. E., Samal, A., & Awada, T. (2024). Stress
phenotyping analysis leveraging autofluorescence image sequences with machine learning. Frontiers in Plant
Science, 15, 1353110.

Elvanidi, A., Katsoulas, N., Augoustaki, D., Loulou, 1., & Kittas, C. (2018). Crop reflectance measurements for
nitrogen deficiency detection in a soilless tomato crop. Biosystems Engineering, 176, 1-11.

Guo, Y., Lan, Y., & Chen, X. (2022). CST: Convolutional Swin Transformer for detecting the degree and types of
plant diseases. Computers and Electronics in Agriculture, 202, 107407.

Hu, G., & You, F. (2023). An Al framework integrating physics-informed neural network with predictive control
for energy-efficient food production in the built environment. Applied Energy, 348, 121450.

Lackeman, B., Bonte, J., Dermauw, W., Christiaens, A., Gobin, B., Van Huylenbroeck, J., Dhooghe, E., & Lootens,
P. (2025). Species-level detection of thrips and whiteflies on yellow sticky traps using YOLO-based deep
learning detection models. Frontiers in Plant Science, 16, 1668795.

Li, W., Wang, D., Li, M., Gao, Y., Wu, J., & Yang, X. (2021). Field detection of tiny pests from sticky trap images
using deep learning in agricultural greenhouse. Computers and Electronics in Agriculture, 183, 106048.

Li, Y., Zhang, Y., Wang, Y., Chen, H., Han, X., Mao, Y., Sun, L., Shen, J., & Ding, Z. (2026). A lightweight hybrid
transformer approach for hyperspectral imaging-based drought tolerance evaluation in tea plants. Plant
Methods, 22, 11.

Lin, D., Hu, M., Ren, Z., Dong, Y., Ye, X., Fan, Y., & Zhang, L. (2026). Hierarchical model predictive control of
greenhouse energy systems considering energy-water-carbon-food nexus. Energy, 347, 140421.

Mac, T. T., Nguyen, T. D., Dang, H. K., Nguyen, D. T., & Nguyen, X. T. (2024). Intelligent agricultural robotic
detection system for greenhouse tomato leaf diseases using soft computing techniques and deep learning.
Scientific Reports, 14, 23887.

Mahmood, F., Govindan, R., Bermak, A., Yang, D., & Al-Ansari, T. (2023). Data-driven robust model predictive
control for greenhouse temperature control and energy utilisation assessment. Applied Energy, 343, 121190.



https://journal-irshs.ir/article-1-758-en.html

[ Downloaded from journal-irshs.ir on 2026-11-12 ]

Ohles 5 5 olsS

Mahmood, F., Govindan, R., & Al-Ansari, T. (2025). Efficient energy management and temperature control of a
high-tech greenhouse using an improved data-driven model predictive control. Energy Conversion and
Management: X, 26, 100939.

Mertens, S., Verbraeken, L., Sprenger, H., De Meyer, S., Demuynck, K., Cannoot, B., Merchie, J., De Block, J.,
Vogel, J. T., Bruce, W., Nelissen, H., Maere, S., Inzé, D., & Wuyts, N. (2023). Monitoring of drought stress
and transpiration rate using proximal thermal and hyperspectral imaging in an indoor automated plant
phenotyping platform. Plant Methods, 19, 132.

Navarro, A., Nicastro, N., Costa, C., Pentangelo, A., Cardarelli, M., Ortenzi, L., Pallottino, F., Cardi, T., & Pane,
C. (2022). Sorting biotic and abiotic stresses on wild rocket by leaf-image hyperspectral data mining with an
artificial intelligence model. Plant Methods, 18, 45.

Ouammi, A., Achour, Y., Zejli, D., & Dagdougui, H. (2020). Supervisory model predictive control for optimal
energy management of networked smart greenhouses integrated microgrid. /EEE Transactions on Automation
Science and Engineering, 17(1), 117-128.

Prasad, K. M. A., & Pushpa, B. R. (2025). WMC-Leafset: A dataset of wax gourd and Mangalore cucumber plants
for leaf miner and pest infestation diseased object detection. Data in Brief, 63, 112231.

Qi, J., Liu, X, Liu, K., Xu, F., Guo, H., Tian, X., Li, M., Bao, Z., & Li, Y. (2022). An improved YOLOvV5 model
based on visual attention mechanism: Application to recognition of tomato virus disease. Computers and
Electronics in Agriculture, 194, 106780.

Ramezani, S. F., Vafa, E., Fakhroleslam, M., & Shahrokhi, M. (2023). Adaptive predictive control of a fan-
ventilated tunnel greenhouse with evaporative cooling. Journal of Process Control, 129, 103060.

Reno, V., Cardellicchio, A., Romanjenko, B. C., & Guadagno, C. R. (2024). Al-assisted image analysis and
physiological validation for progressive drought detection in a diverse panel of Gossypium hirsutum L.
Frontiers in Plant Science, 14, 1305292.

Rivera-Romero, C. A., Palacios-Hernandez, E. R., Mufioz-Minjares, J. U., Vite-Chavez, O., Olivera-Reyna, R., &
Reyes-Portillo, I. A. (2025). Recognition in the early stage of powdery mildew damage for cucurbits plants
using spectral signatures. Biosystems Engineering, 252, 144-158.

Rustia, D. J. A., Chiu, L. Y., Ly, C. Y., Wu, Y. F., Chen, S. K., Chung, J. Y., Hsu, J. C., & Lin, T. T. (2022). Towards
intelligent and integrated pest management through an AloT-based monitoring system. Pest Management
Science, 78(10), 4288-4302.

Schor, N., Bechar, A., Ignat, T., Dombrovsky, A., Elad, Y., & Berman, S. (2016). Robotic disease detection in
greenhouses: Combined detection of powdery mildew and tomato spotted wilt virus. IEEE Robotics and
Automation Letters, 1(1), 354-360.

Si, G., Ling, P., Testen, A. L., & Zhu, H. (2026). Early detection of tomato bacterial spot in controlled environment
using machine learning processed spectral information. HortScience, 61(1), 14-22.

Su, Y., & Xu, L. (2021). Greenhouse climate setpoint optimization: An online decision strategy. IEEE Access, 9,
140299-140313.

Sun, S., Zhu, L., Liang, N., He, Y., Wang, Z., Chen, S., Liu, J., Cen, H., He, Y., & Zhou, Z. (2023). Monitoring
drought induced photosynthetic and fluorescent variations of potatoes by visible and thermal imaging
analysis. Computers and Electronics in Agriculture, 215, 108433.

Svensen, J. L., Cheng, X., Boersma, S., & Sun, C. (2024). Chance-constrained stochastic MPC of greenhouse
production systems with parametric uncertainty. Computers and Electronics in Agriculture, 217, 108578.

Thao, L. Q., Cuong, D. D., Anh, N. T., Minh, N., & Tam, N. D. (2022). Pest early detection in greenhouse using
machine learning. Revue d’Intelligence Artificielle, 36(2), 209-214.

Tran, D., Najdenovska, E., Dutoit, F., Plummer, C., Wallbridge, N., Mazza, M., Camps, C., & Raileanu, L. E.
(2024). Advanced assessment of nutrient deficiencies in greenhouse with electrophysiological signals.
Horticulture, Environment, and Biotechnology, 65, 567-580.

Valabek, P., Vargan, J., & Paulen, R. (2025). Adaptive optimal control of lettuce growth in greenhouses using
sensitivity-driven measurement collection. /FAC-PapersOnLine, 59(6), 516-521.

van Laatum, B., Msaad, S., van Henten, E. J., Mcallister, R. D., & Boersma, S. (2026). Stochastic model predictive
control with reinforcement learning for greenhouse production systems under parametric uncertainty. Control
Engineering Practice, 169, 106787.

Wadinger, M., Faber, R., Pavlovicova, E., & Paulen, R. (2025). Carbon neutral greenhouse: Economic model
predictive control framework for education. European Journal of Control, 86, 101297.

Wei, X., Johnson, M. A., Langston, D. B., Jr., Mehl, H. L., & Li, S. (2021). Identifying optimal wavelengths as
disease signatures using hyperspectral sensor and machine learning. Remote Sensing, 13(14), 2833.

Wspanialy, P., & Moussa, M. (2016). Early powdery mildew detection system for application in greenhouse
automation. Computers and Electronics in Agriculture, 127, 487-494.

Wspanialy, P., & Moussa, M. (2020). A detection and severity estimation system for generic diseases of tomato
greenhouse plants. Computers and Electronics in Agriculture, 178, 105701.

Xia, J., Zhang, W., Zhang, W., Yang, Y., Hu, G., Ge, D., Liu, H., & Cao, H. (2021). A cloud computing-based
approach using the visible near-infrared spectrum to classify greenhouse tomato plants under water stress.
Computers and Electronics in Agriculture, 181, 105966.

Xie, Y., Plett, D., Evans, M., Garrard, T., Butt, M., Clarke, K., & Liu, H. (2024). Hyperspectral imaging detects
biological stress of wheat for early diagnosis of crown rot disease. Computers and Electronics in Agriculture,
217, 108571.

Xu, Y., Chen, Q., Kong, S., Xing, L., Wang, Q., Cong, X., & Zhou, Y. (2022). Real-time object detection method
of melon leaf diseases under complex background in greenhouse. Journal of Real-Time Image Processing,
19, 985-995.

Zhang, X., Bu, J., Zhou, X., & Wang, X. (2023). Automatic pest identification system in the greenhouse based on
deep learning and machine vision. Frontiers in Plant Science, 14, 1255719.

WYy


https://journal-irshs.ir/article-1-758-en.html

[ Downloaded from journal-irshs.ir on 2026-11-12 ]

Iranian Journal of Horticultural Science and Technology 27 (1):87-112 (2025)
Research article

A Structured Review of Plant Health Monitoring and Preventive
Management in Greenhouses: From Machine Vision and Early Warning to

Intelligent Control

Zahra Ghavamipour'", Alireza Babaei!, Mostafa Shamsi?

1. Faculty of Horticulture, Department of Agriculture, Tarbiat Modares University, Tehran, Iran
2. Faculty of Computer Science, Department of Mathematics and Computer Science, Amirkabir
University, Tehran, Iran
*Corresponding author, Email: (Zahra.Ghavami@modares.ac.ir)

While state-of-the-art computer vision and multi-sensor technologies now offer
presymptomatic detection of biotic and abiotic stresses in controlled environment agriculture,
a critical strategic gap remains: the translation of this high-fidelity health data into automated,
preventive control actions. Plant health monitoring systems largely remain stuck at the "current
status diagnosis" layer, while intelligent climate and irrigation controllers operate in parallel,
predominantly based on environmental setpoints (temperature, humidity, CO-) and largely blind
to direct plant health signals. This structured review, employing a PRISMA-lite methodology,
a simplified adaptation of the PRISMA reporting framework, analyzed 44 core studies from 523
initial Scopus records to quantitatively dissect this disconnect. Our findings starkly illustrate
the chasm: while 66% of studies feature health monitoring and 36% involve a control
component, a mere 11% (only 5 studies) have explicitly linked a plant health output—such as
a Crop Water Stress Index or pest pressure level—to a closed-loop automated control decision.
The primary bottleneck is identified not in sensing or control architecture per se, but in the
missing middle: the lack of predictive models capable of converting diagnostic imagery into a
quantitative, time-bound "risk score" (e.g., probability of wilting within 24 hours) that can serve
as a state variable for a model predictive controller. We propose a unified, health-aware
framework where the outer control loop follows a "continuous monitoring — quantitative risk
forecasting — early warning — preventive actuation" continuum, effectively placing the plant,
rather than the environment, at the center of the decision-making paradigm. This review
concludes that the future of truly intelligent greenhouses lies in this fundamental architectural
shift from environment-centric to plant-centric control, unlocking profound, simultaneous
reductions in water, pesticide, and energy consumption—a critical pathway to economic and
environmental sustainability for water-scarce, arid climates like Iran.

Keywords: Plant health, water stress, presymptomatic diagnosis, intelligent greenhouse
management, preventive control, water use optimization, protected cultivation.
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