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Urea foliar application and harvest time affect oleuropein concentration and
bioactive compounds in Mary and Shengeh olive leaves
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Abstract

Olive leaves are recognized as a rich source of bioactive compounds, particularly oleuropein. The
concentration of these compounds is influenced by various factors, including nutritional management
and harvest timing. This study evaluated the effects of urea foliar application and harvest time on the
bioactive compound profiles of two olive cultivars, ‘Mary’ and ‘Shengeh’. In February 2021, olive
leaves were treated with 0.0% or 0.2% urea, and one month later, leaves were harvested either before
sunrise or at midday. The results indicated that urea application significantly increased levels of
chlorophyll a (Chl-a), chlorophyll b (Chl-b), total chlorophyll (T-Chl), carotenoids, and oleuropein.
However, it reduced total phenolic content (TPC) and antioxidant capacity. In the Mary cultivar, foliar
urea increased leaf nitrogen (N) content, while in Shengeh, N content decreased in midday-harvested
leaves following urea application. Leaves harvested before sunrise, particularly from the Mary cultivar,
exhibited the highest levels of N, Chl-a, Chl-b, T-Chl, carotenoids, antioxidant capacity, and oleuropein,
but had the lowest TPC. Overall, applying 0.2% urea and harvesting before sunrise appear to be the most
effective strategy for maximizing the accumulation of oleuropein and other bioactive compounds in
olive leaves.
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Abstract

The increase of reactive oxygen species (ROS) in the human body, through the induction of oxidative
stress, can lead to cellular damage and the development of chronic diseases. Medicinal plants, due to
their rich content of phenolic and flavonoid compounds, are important natural sources of antioxidants
that can help mitigate these detrimental effects. An effective strategy to counteract such damage is the
use of natural antioxidants, particularly those derived from various plants. In recent years, the
phenomenon of synergism in the combination of plant extracts and essential oils has attracted
researchers’ attention as an innovative approach to enhance antioxidant activity. The chemical
composition of plants can change depending on post-harvest processing conditions, including the
selection of relevant drying methods, which can also influence their synergistic effects. This study aims
to review previous research on the synergistic effects of combined plant extracts and essential oils in
boosting antioxidant capacity. The results indicate that combining extracts and essential oils with
different chemical profiles leads to a significant increase in antioxidant activity compared to their
individual use. This synergistic phenomenon allows for dose reduction and increased efficacy and has
broad applications in the pharmaceutical, food, and agricultural industries. The results of this review can
contribute to the advancement of natural product development by promoting formulations with
improved efficacy and enhanced biological activities.

Keywords
Free radicals, Multi-component plant products, Natural antioxidants, Synergistic effect.
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A comprehensive review on the application of computational fluid dynamics in
bioprocessing: advanced modeling, simulation, and optimization for food
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Abstract

Computational Fluid Dynamics (CFD) has become an indispensable tool in food bioprocessing,
offering detailed simulations of fluid flow, heat and mass transfer, and reaction kinetics in various food
production systems. This comprehensive review synthesizes advancements in CFD applications from
2006 to 2025, focusing on modeling techniques, optimization strategies, and practical implementations
in food industry bioprocesses such as fermentation for beverages, drying of dairy products, mixing in
emulsions, thermal sterilization of canned foods, refrigeration of perishable items, and enzymatic
reactions in juice production. Key topics include multiphase flow models, turbulence simulations, and
integration with food-specific kinetics to tackle challenges like non-uniform heating, foam formation,
and microbial distribution. The review discusses fundamental CFD principles, software tools like
ANSYS Fluent, COMSOL Multiphysics, and OpenFOAM, and validation methods using experimental
techniques such as Particle Image Velocimetry (PIV), Laser Doppler Anemometry (LDA), and high-
speed imaging. Expanded case studies, particularly in food-related domains, highlight improvements in
process design, energy efficiency, product quality, and safety compliance. Challenges such as handling
complex food rheologies (e.g., non-Newtonian behaviors in sauces or doughs) and computational
demands for real-time simulations are analyzed in depth, alongside emerging trends like machine
learning for predictive modeling and digital twins for process monitoring.

Keywords
Numerical Simulation, Finite Volume Method, Food Engineering, Multiphase Flow, Non-Newtonian Fluids,
Bioprocess Optimization
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Abstract

Soil humus, the most stable and complex fraction of soil organic matter, critically influences. soil
structure, nutrient cycling, and plant physiological responses. This study elucidates the physicochemical
mechanisms through which humic substances primarily humic and fulvic acids enhance soil quality,
alleviate salinity-induced stress, and stimulate plant growth. Central to this investigation is the
supramolecular model of humification, which conceptualizes humus as an organized assembly of low-
molecular-weight biomolecules originating from microbial and plant residues, stabilized by weak non-
covalent interactions. Empirical and theoretical analyses reveal that the hydrophobic domains of humic
substances play a vital role in stabilizing soil aggregates via the formation of organo-mineral complexes.
Moreover, humic substances significantly improve nutrient bioavailability by elevating cation exchange
capacity and effectively chelating essential micronutrients, including Fe?*, Zn?*, and Cu?". In saline soils,
these compounds mitigate sodium ion toxicity, reduce soil electrical conductivity and pH, and enhance
nutrient uptake efficiency alongside root morphological development. At the cellular level, humic
substances modulate root plasma membrane H*-ATPase activity, regulate gene expression related to
stress responses, and enhance redox homeostasis through the activation of antioxidant enzymes.
Collectively, humus operates as a multifunctional bioactive matrix at the nexus of soil chemistry, plant
physiology, and microbial ecology. Its dynamic structural properties and biochemical activities
underscore its indispensable role in promoting sustainable agriculture, especially under abiotic stress
and soil degradation scenarios.
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Numerical and experimental modeling of the dynamic behavior of orange fruit
using finite element modal analysis
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Abstract

This study is performed to identify natural frequencies and vibration modes of the Thomson orange
fruit in small and large groups using finite element modal analysis and by ANSYS software. Dynamic
behavior of the orange fruit was simulated using the pendulum impact test. Next, the obtained impact
was applied to the orange fruit by force gauge and three-axis accelerometer sensors in both polar and
equatorial directions. The three-dimensional geometric model of the orange fruit was drawn in the
ANSYS software. In addition, the physical and mechanical properties of the skin and flesh of the orange
fruit were determined using specific laboratory methods. After meshing and applying the boundary
conditions, the first 20 modes and corresponding natural frequencies were obtained. The results showed
that the natural frequencies of orange fruit are in the range of 0 to 254.13 Hz. Also, the maximum

difference between the simulation (modal analysis) and experimental results was 12.61%. The difference

between experimental frequencies and finite element modal analysis for large and small oranges groups
is highly significant. In this respect, the coefficient of determination (R?) obtained by comparing
experimental frequencies and modal analysis for large- and small-group oranges is 0.9453 and 0.9574,
respectively. The finite element and experimental method used in this study can be regarded as a cost-
effective and reliable technique to design and optimize post-harvest mechanisms and orange fruit
transport machines.
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Abstract

This study aims to optimize the operational parameters of a drum separator using Response Surface
Methodology (RSM). The independent variables included separation time (100-140 s), chute angle (0—
30°), mixing percentage (15-25%), and sample mass (10-25 g), while the dependent variable was
separation efficiency (Ew). Experiments were conducted using a Central Composite Design (CCD) with
40 experimental runs. The results demonstrated that a second-order model with R? = 0.964 exhibited
high predictive capability. The optimal conditions were identified as a separation time of 133 s, chute
angle of 22.2°, mixing percentage of 21.2%, and sample mass of 19.9 g, predicting a separation
efficiency of 92.3%. Experimental validation confirmed an efficiency of 91.8% + 1.2%. The findings
indicate that RSM is an effective tool for optimizing drum separator performance.

Keywords
Drum separator, Response Surface Methodology, Optimization, Separation efficiency, Central Composite
Design
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Abstract

The utilization of agricultural residues as renewable resources offers a promising pathway to
sustainable energy production and waste management. Rice straw, as one of the most abundant residues,
faces challenges for direct use due to low bulk density, high silica content, and difficulties in handling
and storage. Pelletizing is an effective approach to improve fuel quality and logistic properties. In this
study, the effects of temperature, pressure, and compression time on the physical and mechanical
properties of rice straw pellets were investigated using a Box—Behnken design within the framework of
Response Surface Methodology (RSM). Density, toughness, and fracture energy were selected as
response variables. Pellets were produced with a closed-die hydraulic press without any binders,
consisting of pure rice straw. Results indicated that temperature and pressure significantly improved
pellet density, while compression time strongly influenced toughness and fracture energy. Interaction
between temperature and pressure further enhanced pellet quality, demonstrating the synergistic role of
thermal softening and compaction forces. Beyond their potential as bioenergy carriers, binder-free rice
straw pellets also address logistic constraints and may support livestock feeding applications. The

findings highlight RSM as a reliable tool for optimizing pelletizing parameters and valorizing rice straw
in multiple scenarios.

Keywords
Biomass, Density, Pelletizing, Response Surface Methodology, Rice Straw, Toughness
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Structural design of a cone clutch for walking-type tractors using FEA, RSM and
ANN
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(am.soleimani94@gmail.com)

2. Department of Biosystems Engineering Faculty of Agriculture, Ferdowsi University of Mashhad
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Abstract

The majority of farms in developing countries are small plots of less than two hectares. -Maost
agricultural activities are done using walking-Type tractors (tillers) known as tillers. In our previous
study, we designed and fabricated a cone clutch for the rotary axle of tillers was performed. Since tillers
are guided by humans, a lightweight design is one of the most important factors for the comfort and
safety of the user. Therefore, in this paper, the structural design of the proposed cone clutch was carried
out based on Finite Element Analysis (FEA), Response Surface Methodology (RSM) and Atrtificial
Neural Network (ANN) to reduce the weight. This study has shown that a combination of RSM and
ANN techniques with FEA enables the structural design and low weight of the desired cone clutch on
the rotary axle of rotary tillers.

Keywords
Lightweight design, walking-Type tractor, Tiller, FEA, RSM
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Comparison and evolution of advanced DCNN models for identification of corn
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Abstract

Accurate and early detection and identification of corn (Zea mays L.) leaf diseases are critical for
improving crop Yyields and quality, minimizing economic losses, and opening sustainable and precision
agricultural practices. This study evaluates the performance of seven state-of-the-art convolutional
neural network (CNN) models, including DenseNet-121, EfficientNet-Lite0O, EfficientNetV2-BO0,
MobileNetV3-Small, ResNet-18, ResNetV2-50, and VGG-16, on a publicly available corn disease
dataset sourced from PlantVillage. The dataset comprises 7,316 images categorized into four classes:
Gray Leaf Spot, Common Rust, Northern Leaf Blight, and Healthy leaves. Models were fine-tuned using
transfer learning and trained on normalized image inputs with cosine decay learning rate scheduling.
Among the evaluated models, EfficientNet-LiteO and VGG-16 achieved the highest classification
performance, with macro F1-scores of 0.9859 and 0.9853, respectively, and categorical accuracies
exceeding 98.5%. Lightweight models such as MobileNetV3 and ResNet-18 also demonstrated
competitive results, making them suitable for mobile or edge-based deployments. These findings
confirm the potential of deep learning models for real-time, automated, and high-accuracy corn disease
classification, supporting their integration into precision and sustainable agriculture systems.

Keywords
Corn leaf; Disease detection, Deep learning, CNN, Efficient Net
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A Review of environmental effects on fatigue crack propagation in agricultural
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Abstract

Fatigue crack propagation (FCP) in structural components of agricultural machinery is strongly
influenced by environmental exposures combined with mechanical fatigue. This review examines how
soil moisture, irrigation water, fertilizers, pesticides, and fluctuating temperatures alter crack growth
behavior in common engineering materials. Key mechanisms include anodic dissolution, hydrogen
embrittlement, and the breakdown of protective oxide layers in aqueous and chemically aggressive
environments. Fatigue performance is discussed in relation to changes in the stress intensity factor range
(AK), which governs the cyclic loading that drives crack advancement. Experimental studies on
moderate-strength steels (o, ® 600 MPa) show that in 3.5% NaCl solution at pH 4, crack-growth rates
can increase from 1x1077 m/cycle in air to 4x10°° m/cycle, while low-temperature service at -20 °C can
reduce fatigue life by ~35% in welded zones. Chloride-rich conditions, low pH, and temperature
extremes accelerate damage by destabilizing passive films, promoting hydrogen uptake, and
accelerating FCP by up to two orders of magnitude. The review also considers mitigation strategies such
as protective coatings, corrosion-resistant alloys, and inhibitor treatments, with recommendations for
improving durability in chemically and mechanically aggressive field conditions.

Keywords
Agriculture machinery, corrosion, environment, fatigue, hydrogen embrittlement, soil moisture
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Analyses and optimization of a screw conveyor performance using response
surface methodology
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Abstract

This study employed Response Surface Methodology to optimize the performance of a screw
conveyor (2000 mm length, 78 mm diameter, 50 mm pitch) handling Hashemi local rice cultivar. The
developed quadratic models accurately predicted requirement power (R2=0.87, RMSE=12.34W) and
capacity (R2=0.82, RMSE=0.45 ton/h) across rotational speeds (600-1200 rpm) and inclination angles
(0-80°). The analysis revealed rotational speed had dominant positive effects on both requirement power
(0.125N coefficient) and capacity (0.003N coefficient), while inclination angle showed a U-shaped
relationship with requirement power (-1.24a. + 0.01202) and negative linear impact on capacity (-
0.0450). Multi-response optimization identified 38.2° inclination at 987 rpm as optimal conditions,
achieving 121.4W requirement power with 2.68 ton/h capacity - representing an 18% requirement power
reduction compared to horizontal operation while maintaining 89% of maximum throughput. These
models provide rice processing industries with practical tools to optimize screw conveyor operations for
the Alikazemi cultivar by precisely quantifying parameter interactions. Multi-objective optimization
balanced capacity maximization and power minimization within operational constraints (N:600-1200
rpm, a:0-80°). The optimal solution (950 rpm, 20°) achieved 3.8 ton/h capacity with 98.5 W power.

Keywords
Screw Conveyor, Optimization, Response Surface Methodology
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Classification of winter wheat and weeds by RGB images and deep learning
approach
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Abstract

Precision weed management is essential in modern agriculture, aiming to effectively control weeds
while minimizing crop damage. In this study, we developed a deep learning-based approach using color
images to differentiate winter wheat from four common broadleaf weed species: annual bugloss, bastard
cabbage, hoary cress, and flixweed—resulting in five classification categories. A dataset of 542 field
images was collected under natural conditions, resized to 299x299 pixels, and normalized to a [0,1]
range to standardize inputs. The Xception network, pre-trained on ImageNet, was employed as the base
model. Using transfer learning, the network was fine-tuned and improved with additional layers to
optimize performance for this specific task. The improved Xception model achieved a classification
accuracy of 97% on the test set, with a loss of 3.25 and F1-scores between 93% and 100%. These results
establish a robust framework for precision weed management, enabling reduced herbicide use, lowering
environmental impact, and promoting improved wheat yield and quality.

Keywords
Winter wheat, Broadleaf weed, Deep learning, Classification, RGB images.
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Design of a soft real-time web system for monitoring greenhouse climate using
arduino and ESP32
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Abstract

Greenhouse crops are highly sensitive to fluctuations in certain environmental parameters, and their
survival and productivity depend on maintaining optimal conditions. With the expansion of greenhouse
cultivation in Iran and around the world, the need for intelligent greenhouse climate monitoring systems
has become increasingly essential. The aim of this project is to design a smart system for monitoring
greenhouse climate using Internet of Things (1oT) technology. In this system, three key parameters (air
temperature, relative air humidity, and light intensity) are measured in real time and displayed on a web-
based user interface. The microcontroller connects to the internet via Wi-Fi and transmits the collected
data from DHT11 and GY-30 sensors to a web server using the HTTP protocol, allowing users to
monitor the parameters remotely through a web environment. The system utilizes a combination of
simple and cost-effective hardware such as the ESP32 board and software tools like the Arduino IDE
for data processing and communication. Leveraging HTTP and 10T capabilities, remote monitoring
becomes possible. Key features of the system include dynamic color changes of graphical gauges based
on parameter status, automatic data updates every minute, soft real-time display of the last update time,
and alert when critical conditions are detected. A comparison with related studies shows that this system,
while maintaining simplicity and low cost, delivers reliable performance and is suitable for a variety of
greenhouse applications.

Keywords
Arduino, ESP32, Greenhouse, 10T, Monitoring, Web Interface
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Impact and applications of sound waves in agriculture: from growth stimulation
to ultrasound-based non-destructive monitoring
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Abstract

Sustainable agricultural intensification requires innovations that can both enhance crop growth and
ensure rapid, non-destructive monitoring of plant and soil conditions. Sound-based technologies,
particularly ultrasound, have emerged as promising tools in this regard. This review systematically
examines two interconnected domains: (1) the impact of audible, ultrasonic, and infrasonic waves on
crop germination, growth, and yield; and (2) the agricultural applications of ultrasound in non-
destructive monitoring and detection. A systematic literature search was conducted across databases
including Scopus, Web of Science, Agricola, and IEEE Xplore, using keywords such as “ultrasound,”
“sound waves,” “crop growth,” and “non-destructive monitoring” for studies published between 2010
and 2025. Inclusion criteria comprised peer-reviewed experimental or review articles in English that
reported measurable agricultural outcomes, while studies confined to unrelated medical or industrial
applications were excluded. Findings indicate that audible sound waves (0.1-20 kHz) can stimulate
germination and enhance vegetative development, ultrasonic waves (>20 kHz) improve seed vigor and
accelerate ripening through mechanical and biochemical mechanisms, and infrasonic waves (<20 Hz)
show emerging potential in stress modulation. Meanwhile, ultrasound has proven effective in soil
property analysis, early disease diagnosis, pest detection, fruit ripeness assessment, and real-time stress
monitoring. Emerging integrations with Al and 10T platforms have amplified these capabilities, though
challenges remain in standardization, noise interference, and mechanistic understanding. This review
identifies current gaps and outlines future directions to optimize sound-based tools for precision
agriculture.

Keywords
Ultrasound, crop growth, nondestructive testing, precision agriculture, sustainability

*Corresponding author: Ayat Khazaeifar (sirayatkhazaei@gmail.com)

137

NICAME
2025




17" National & 2"9 International Congress on o
Mechanics of Biosystems Engineering
& Agricultural Mechanization T

-

Iranian Society of Agricultural

University of Guilan Machinery Engineering and

22-24 October 2025, University of Guilan, Rasht, Iran

Techno-economic evaluation of an ultrasonic desalination system: toward energy-
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Abstract

Water scarcity is an urgent global concern due to rapid population growth, industrial development,
and depletion of freshwater resources. Desalination technologies have emerged as a vital solution for
securing potable water. However, conventional systems like reverse osmosis (RO) and multi-stage flash
(MSF) face challenges from high energy requirements and operational complexity. Integrating
ultrasonic technology into desalination processes offers a promising way to overcome these limitations,
as ultrasonic waves enhance mass and heat transfer, improving evaporation and condensation efficiency
while lowering total energy demand. This study evaluated an ultrasonic desalination system designed
and fabricated at Tarbiat Modares University (TMU) from an economic perspective using the Total Cost
of Ownership (TCO) method, which includes fixed capital, operating, and production costs. Under
optimized conditions, the system achieved a freshwater output of 4.81 L/day (1758.34 L/year) with a
specific energy consumption of 2.25 kWh/L. The annual cost of ownership was estimated at 59.16 USD,
with ultrasonic transducers accounting for only 16% of total energy consumption, while the majority
was attributed to heating elements. The system required no chemical additives, reducing both cost and
environmental concerns. The results showed that the operating and energy costs of the ultrasonic system
were considerably lower than those of RO and MSF technologies. Although current limitations related
to non-standard piezoelectric transducers restricted water production, improvements in component
quality and scaling to industrial capacity could significantly enhance output. Overall, ultrasonic
desalination represents a cost-effective and sustainable alternative for future water treatment.

Keywords
Desalination, Techno-economic assessment, Total cost of ownership, Ultrasound.
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Abstract

This study investigates the feasibility of using electrical capacitance tomography (ECT) to detect
internal decay in tree trunks. ECT is a non-destructive imaging technique that reconstructs the electrical
permittivity distribution by measuring the capacitance between electrodes. In this study, an ECT system
with an 8-electrode sensor was designed and calibrated using sycamore (Platanus) wood samples under
different moisture and structural conditions. To evaluate the sensor performance, both simulation and
laboratory stages were performed under dry, moderate, and wet conditions. Image reconstruction was
performed using linear projection (LBP) and Tikhonov regularization algorithms. The results showed
that ECT is able to effectively detect internal cavities in wood samples, and the Tikhonov algorithm
provides better resolution and accuracy. The findings showed that moisture content of the sample and
sensor calibration, the distance of the sample from the center and the sensor wall, as well as the ratio of
the sample dimensions to the sensor size, play a decisive role in improving the reconstruction quality;
In contrast, the angle of the sample placement had no significant effect. This study confirms that ECT
can be used as an effective toolfor non-destructive assessment of tree trunk health and early detection
of decay in urban forestry and the wood industry.

Keywords
Capacitance tomography, Decay detection, Image reconstruction, Moisture content, Permittivity, Wood health
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Abstract

Land Surface Temperature (LST) is one of the key indicators in agriculture, and its accurate
estimation can play a significant role in water and soil resource management, crop planning, and
reducing thermal risks. In the present study, in order to map the land surface temperature in Sowme’eh
Sara County, Landsat 8 satellite images (TIRS and OLI sensors) and the Single-Channel (SC) algorithm
were used for producing final maps of LST. The temperature data were calibrated using meteorological
station information, and near-surface air temperature were produced. The results showed that on October
28, the LST ranged from 17 to 31 °C, and on November 29, it varied between 5 and 17 °C. Moreover,
analysis of land use map indicated that the highest temperature values corresponded to urban areas,
while the lowest values were observed in forested and mountainous regions. According to the findings,
most agricultural lands in the region had favorable temperature conditions for autumn cropping in
October, with only the late November period posing some limitations due to the risk of temperature
decline. This study demonstrated that the integration of remote sensing data with meteorological
information serves as an efficient tool for monitoring land thermal conditions and planning autumn
cropping.
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Numerical modeling of a nano-PCM integrated PV-T system for improved
thermal management and uniformity
Mohadeseh Ahmadi?®, Akbar Arabhosseini*, Hadi Samimi-Akhijahani®

1. Department of Agrotechnology, College of Abouraihan, University of Tehran, Tehran, Iran (mohadesehahmadil@ut.ac.ir)
2. Department of Agrotechnology, College of Abouraihan, University of Tehran, Tehran, Iran (ahosseini@ut.ac.ir)

3. Department of Biosystem Engineering, Faculty of Agriculture, University of Kurdistan, Kurdistan, Iran
(h.samimi@uok.ac.ir)

Abstract

Given the existing challenges in temperature regulation of photovoltaic (PV) systems and the need
to enhance the thermal efficiency of solar collectors, the use of nano-enhanced phase change materials
(Nano-PCM) has emerged as an effective approach to improve thermal management. In this study, a
hybrid solar collector was designed with copper tubes containing Nano-PCM (paraffin infused with 3%
zirconium oxide nanoparticles) were placed beneath the photovoltaic panel. This design aimed to absorb
excessive panel temperature, enhance thermal distribution uniformity, and store thermal energy for later
use during the discharge phase. To evaluate the thermal performance of the system, numerical
simulations were carried out using ANSYS Fluent, analyzing both the charging and discharging phases.
Results indicated that during the charging phase, the PCM effectively absorbed excess heat, with tube
temperatures around 290-293 K and the peak collector temperature reaching 372-389 K, preventing
localized overheating. In the discharging phase, the gradual release of stored heat maintained tube
temperatures at 310-325 K, the central collector surface at 340-345 K, and the PV panel temperature
around 300-304K, ensuring a more stable system temperature. These findings highlight the
effectiveness of the proposed geometry and configuration in enhancing the collector’s thermal
performance and demonstrate its potential for integration into advanced solar energy systems.

Keywords
Charging and discharging, Photovoltaic panel, Thermal energy storage material, Nano-PCM, Dynamic heat

transfer analysis.
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Modeling and prediction of biogas production in the south Tehran wastewater
treatment plant using machine learning

Somayeh Alizadeh Attar?, Seyedeh Mahtab Hashemi', Mohammad Amin Fatemimehr?, Khashayar
Zare?, Ahmad Hosseinnejad®”

1. Department of Environmental Engineering, University of Tehran, Tehran, Iran

2. Department of Agricultural Machinery Engineering, Faculty of Agricultural, College of Agriculture and Natural
Resources, University of Tehran, Karaj, Iran

Abstract

This study investigates the application of machine learning techniques to predict biogas and methane
production from the anaerobic digestion process at the South Tehran Wastewater Treatment Plant, which
serves approximately 450,000 residents. The main objective is to develop and evaluate predictive
models that can optimize energy recovery and contribute to climate change mitigation. Data collected
during 2023-2025, including influent and effluent flow rates and polymer consumption, were analyzed
using correlation methods to identify key parameters affecting biogas output. Various machine learning
models such as Random Forest, Support Vector Regression, Gradient Boosting, and
ExtraTreesRegressor were developed and optimized through grid search and cross-validation. The
ExtraTreesRegressor model achieved the highest accuracy with an Rz of 0.8422 and a mean absolute
percentage error of 11.8%, demonstrating robust predictive capability. By applying a methane content
factor of 0.65 to predicted biogas volumes, methane production estimates were obtained. shapley
Additive explanations analysis highlighted polymer consumption as the most influential factor, followed
by influent flow rate. The findings confirm that machine learning models can reliably predict biogas
production, supporting optimized operation of anaerobic digesters. This approach offers significant
potential to improve energy recovery from wastewater treatment processes, reduce reliance on fossil
fuels, and mitigate greenhouse gas emissions, contributing to sustainable energy management and
climate change mitigation.

Keywords
Machine leaning, Wastewater treatment plant, Wastewater gas consumption, CH4 consumption, Anaerobic
digestion, Biogas prediction
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Microbial protein from wastewater as a sustainable waste management strategy
in Iran: a prospective life cycle assessment study
Nahid Taherzadeh-Shalmei, Mohammad Sharifi?", Asadollah Akram?

1. Department of Agricultural Machinery Engineering, Faculty of Agriculture, College of Agriculture and Natural Resources,
University of Tehran (Taherzadeh@ut.ac.ir)

2. Department of Agricultural Machinery Engineering, Faculty of Agriculture, College of Agriculture and-Natural Resources,
University of Tehran (m.sharifi@ut.ac.ir)

3. Department of Agricultural Machinery Engineering, Faculty of Agriculture, College of Agriculture and Natural Resources,
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Abstract

The increasing global demand for sustainable protein sources and the urgent need to reduce
environmental emissions from wastewater treatment highlight the necessity of developing innovative,
resource-efficient solutions. Wastewater treatment plants in Iran face dual challenges: mitigating
environmental emissions, particularly nitrous oxide (N20) from biological nitrogen removal, and
addressing the growing demand for alternative protein sources in a resource-constrained context. To
explore potential solutions, this study assesses a novel platform that integrates microbial protein (MP)
production with wastewater treatment through a hybrid biological-inorganic (HBI) process. A
prospective consequential life cycle assessment (pCLCA) was conducted under three shared
socioeconomic pathways (SSPs) for 2040 and 2050 to capture the influence of future energy supply. In
this platform, hydrogen-oxidizing bacteria (HOB) utilize nitrogen, hydrogen (H:), and carbon dioxide
(CO2) to generate protein-rich biomass, with CO: supplied via direct air capture (DAC) to enhance
circularity. Results show that, while conventional wastewater treatment in Iran is dominated by N>O
emissions, the environmental profile of the proposed system is strongly dependent on electricity
consumption, particularly for electrolysis in the HBI unit. Under SSP1 and SSP2, representing pathways
with greater reliance on renewable electricity, the platform reduces global warming potential (GWP) by
20-30% compared to the baseline in 2040. By 2050, the baseline remains stable, but the GWP of the
proposed system rises due to higher energy needs. These findings highlight the potential of wastewater-
based protein production as a strategic option for Iranian wastewater infrastructure, provided that the
transition to low-carbon electricity is accelerated.

Keywords
Prospective .Consequential Life Cycle Assessment, Microbial Protein, Wastewater treatment, Shared
Socioeconomic Pathways.
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Integrated approach for biogas generation and environmental risk mitigation
from sugarcane vinasse in Iran’s ethanol industry
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1. Renewable Energy Research Institute (RERI), Tarbiat Modares University, Tehran, Iran (Haniyeh_samadi@modares.ac.ir)
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3. Microbial Biotechnology Department, Agricultural Biotechnology Research Institute of Iran (ABRII), Agricultural
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Abstract

Sugarcane vinasse, a high-strength industrial wastewater generated during bioethanol production,
presents persistent environmental and technical challenges due to its high organic content, low pH, and
elevated biochemical oxygen demand. Despite decades of management and treatment strategies, vinasse
disposal remains a critical issue, particularly in sugarcane-producing regions such as Khuzestan, lran.
Its high organic load, however, offers a valuable opportunity for renewable energy recovery through
anaerobic digestion, enabling the simultaneous production of methane and hydrogen. This study
evaluates the biogas production potential from vinasse in Iran and investigates its associated economic
and environmental impacts. Based on national sugarcane vinasse production rates, the anaerobic
digestion process could yield approximately 77 million m3 of biogas annually, comprising 61 million
m3 of methane and 27 million m3 of hydrogen. The resulting electricity production, calculated at 91 kWh
per cubic meter of methane, corresponds to a plant capacity of 44.8 MW. Economic analysis
demonstrates that a sugarcane vinasse biogas power plant could generate annual profits of 15.7-23.5
million USD, considering domestic electricity tariffs and Persian Gulf FOB costs. Furthermore, the
environmental savings from preventing soil contamination in sugarcane fields due to vinasse disposal
were estimated at 21.6 million USD annually. These findings underscore vinasse anaerobic digestion as
a strategic and sustainable approach, offering both renewable energy generation and substantial
mitigation of environmental risks, providing a viable solution for circular economy integration in Iran’s
ethanol industry.

Keywords
Anaerobic digestion, Biogas, Economic Feasibility, Environment, Sugarcane Vinasse
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Ammonia and hydrogen as carbon-free fuels for internal combustion engines: a
comprehensive review on combustion, emissions, and performance
Asiye doosti, Marziyeh Hoseinpour?”

1. PHD graduate, Department of biosystem engineering, Shahrekord university
2. Assistant professor, Department of biosystem engineering, Ferdowsi university of Mashhad

Abstract

The transition to carbon-free energy sources is critical for combating climate change. This review
explores the potential of hydrogen (Hz) and ammonia (NHs) as promising zero-carbon fuels for internal
combustion engines (ICEs). It examines their production methods, highlighting the shift from carbon-
intensive "grey" processes to renewable-based "green” production. The study contrasts the fundamental
properties of H> and NHs: hydrogen offers high reactivity and wide flammability but poses storage
challenges, while ammonia features higher energy density and easier handling but suffers from low
flame speed and high ignition resistance. The core analysis focuses on combustion characteristics,
engine performance, and emissions. Hydrogen enables efficient lean-burn combustion in spark-ignition
engines but risks NOx emissions and abnormal combustion. Its use in compression-ignition engines
requires dual-fuel operation. For ammonia, strategies like hydrogen enrichment, dual-fuel operation,
and advanced injection are essential to enhance combustion efficiency and stability. Although both fuels
eliminate CO: emissions, controlling nitrogen oxides (NOx) and nitrous oxide (N20) remains a
challenge. The review concludes that hydrogen and ammonia represent viable pathways for
decarbonizing ICEs, with their synergistic use—using ammonia as a hydrogen carrier and enriching it
with hydrogen—offering a particularly promising solution for a sustainable future.

Keywords
Carbon-free fuels, Hydrogen, Ammonia, Emissions, Performance, Dual-fuel combustion.
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Design and construction of a desalination system using the reverse osmosis
method

Behnam Sepehr'”

1. Dpartment of Biosystem Engineering, Faculty of Agriculture, Lorestan University, (sepehr.b@Iu.ac.ir)

Abstract

In this study, a compact reverse osmosis (RO) desalination system was designed and-constructed,
capable of producing 120 L/h of potable water with a salt rejection efficiency of 98.7% at 15-18 bar
operating pressure and energy consumption of 3.5 kWh/m3. The novelty of this system lies in its modular
low-cost structure suitable for emergency and off-grid conditions. Challenges such as energy
consumption and brine management were identified. A desalination device is an efficient water
purification system that can be easily transported and deployed in such conditions. In this context, water
desalination technologies, particularly those designed for small-scale use in remote and underserved
regions, have gained increasing importance. This paper presents the design and construction of a small-
scale conventional desalination system based on reverse osmosis (RO). The proposed system comprises
components such as a high-pressure pump, a pre-filtration unit, an RO membrane, and a storage tank,
all assembled to ensure high efficiency and low energy consumption. The performance analysis of the
system showed that it achieved a salt rejection efficiency of over 87%, and the quality of the treated
water met drinking water standards. The system is capable of converting highly saline water with high
electrical conductivity into potable water at a relatively low initial and maintenance cost. Its modular
and straightforward design also facilitates easy construction and repair by non-specialized users. The
results of this study indicate that seawater can be utilized for drinking purposes during critical situations
such as famine, drought, war, floods, earthquakes, and other emergencies.
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Foresight-driven strategic and data-based analysis of sustainable quince
cultivation development: case study of Kowsar county, Ardabil province
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1. M.Sc. in‘Agricultural Mechanization Engineering, Department of Biosystems Engineering, Faculty of Agriculture,
University of Tabriz, Iran, (m.gholipour99@ms.tabrizu.ac.ir)

2. Assistant Professor, Department of Biosystems Engineering, Faculty of Agriculture, University of Tabriz, Iran,
(a.taheri@tabrizu.ac.ir)

Abstract

This study provides a foresight-driven, strategic, and data-based analysis of sustainable quince
cultivation development in Kowsar County, Ardabil Province. It aims to identify internal strengths,
weaknesses, external opportunities, and threats (SWOT) related to quince production and to prioritize
key strategies for sustainable development using the Quantitative Strategic Planning Matrix (QSPM).
Data were collected through questionnaires, expert interviews, agricultural documentation, and
statistical records, with a sample of 180 respondents selected via Cochran’s formula from a population
of 320 quince growers. The distinctive flavor and high quality of the “Haj Agha Kishi” cultivar, fertile
soils, favorable climate, and proximity to markets are key strengths identified. Main challenges include
traditional farming practices, low mechanization, and varietal limitations. Opportunities include low-
risk investment, water resources from the Givi Dam, farmland expansion, and emerging markets, while
threats arise from weak pricing, limited farmer support, bureaucracy, and insufficient private sector
activity. The SWOT analysis indicates a balance between internal capabilities and external threats,
suggesting the need for competitive Strength-Threat (ST) strategies. The QSPM analysis prioritized ten
key strategies, with national branding, optimal water management, and strengthening cooperatives as
top priorities. Based on these strategies, the study recommends targeted policy interventions to enable
sustainable, smart, and market-oriented development for quince cultivation in the region. Notably, this
research is among the first to integrate foresight methodologies with the Quantitative Strategic Planning
Matrix (QSPM) for sustainable quince cultivation, providing a data-driven roadmap for strategic
decision-making under uncertainty.
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Scheduling of agricultural mechanization projects with limited resources: a case
study of the moghan plain using PERT networks
Kimia Shirini!, Adel Taheri Hajivand?

1. Ph.D. in Computer Engineering, Department of Computer Engineering, Faculty of Electrical and Computer Engineering,
University of Tabriz, Tabriz, Iran

2. Assistant Professor, Department of Biosystems Engineering, Faculty of Agriculture, University of Tabriz, Tabriz, Iran

Abstract

In-recent years, agricultural mechanization projects have become increasingly vital due to their
significant impact on preventing the decline in the quantity and quality of agricultural products. Timely
execution of agricultural operations is essential to reduce the economic costs associated with delays, a
concern that becomes even more critical under limited resource scenarios. Efficient management of
agricultural mechanization projects involves careful planning, scheduling, and resource allocation,
similar to industrial projects. Scheduling projects with limited resources presents a major challenge,
often classified as an Nondeterministic Polynomial-time Hard problem, for which exact solution
methods tend to struggle. Instead, heuristic and metaheuristic approaches offer promising alternatives
by providing near-optimal results. This study focuses on the optimization of agricultural mechanization
projects using advanced algorithms to address scheduling and resource allocation problems.

Keywords
Agricultural Mechanization, Metaheuristic Algorithms, Optimization, Resource-Constrained Project
Scheduling
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Life cycle assessment of olive oil production for a greener agri-food industry
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2. Full Professor of Agricultural Mechanization Engineering, Department of Agricultural Machinery Engineering,
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(m.sharifi@ut.ac.ir)

Abstract

This study presents a systematic review of Life Cycle Assessment (LCA) research on olive oil
production conducted between 2014 and 2024. This review evaluates the methodological approaches
used in various studies on the olive oil industry, with a focus on functional units, system boundaries,
impact assessment methods, and LCA software. Based on 30 peer-reviewed publications selected
through a PRISMA-guided process, the analysis highlights significant variability across studies. This
variability arises from differences in differences in geographic focus, methodological choices, and
production technologies. SimaPro was identified as the most commonly used modeling tool, while
ILCD, ReCiPe, and CML frameworks were the most frequently applied for impact assessment. The
findings indicate that the agricultural phase, particularly due to chemical fertilizer use and energy
consumption, has the greatest contribution to environmental impacts. However, recent studies also
emphasize improvements in the oil extraction phase, driven by technological advancements. Key gaps
in the literature include limited geographical representation beyond Europe, underexplored social
dimensions, and insufficient integration of circular economy principles. The review underscores the
importance of adopting a comprehensive, multi-dimensional approach that includes environmental,
economic, and social aspects to support sustainable decision-making in the olive oil industry.
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Analysis and review of sustainable management approaches for Hour-al-azim
wetland with emphasis on ecological and socio-political dimensions
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Abstract

The Hour al-Azim Wetland, as one of the largest wetlands in Iran and the Mesopotamian region,
possesses significant environmental, economic, and social values. This wetland is crucial for moderating
the local climate, reducing dust storms, sequestering carbon, preserving biodiversity, and supporting
local communities' livelihoods. However, the development of oil fields, dam construction, agricultural
and industrial pollutants, and recurrent fires have caused severe degradation of this ecosystem. The
consequences of this crisis have manifested as environmental, health, and social problems on national
and transnational scales. This article examines the current status of Hour al-Azim and its threats,
emphasizing the wetland’s importance under the Ramsar Convention and global successful examples of
wetland restoration. The results indicate that the conservation and restoration of Hour al-Azim require
a comprehensive, interdisciplinary approach centered on restoring natural water flows, controlling oil-
related activities, preventing fires, utilizing modern monitoring technologies, and actively involving
local communities. Protecting this wetland is not only essential for preserving Khuzestan’s biodiversity
and environment but also represents a strategic measure for sustainable development, enhancing public
health, and fulfilling Iran’s international commitments.
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Estimation of the environmental impact costs of apple juice production in
Mashhad: a life cycle assessment-based study
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1. Ph.D., Department of Biosystems Engineering, Ferdowsi University of Mashhad, Mashhad, Iran
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Abstract

This study aimed to estimate the environmental impact costs of apple juice production in Mashhad,
Khorasan Razavi Province, using a life cycle assessment (LCA)-based approach combined with
monetary valuation. The cradle-to-gate environmental impacts of apple juice production were quantified
using SimaPro software, covering both apple cultivation and juice processing stages. Environmental
impact costs were estimated in three categories: carbon-related social costs, air pollution damages, and
preventive environmental costs for mitigating impacts such as climate change, human health risks, and
ecosystem degradation. Results revealed that the total environmental impact costs per 160 g juice pack
were 5.28x1073 USD for carbon-related social costs, 7.36x10 USD for air pollution damages, and
3.25x1072 USD for preventive environmental costs, highlighting the hidden ecological and societal
burdens of production. In general, fossil fuel consumption (particularly natural gas), along with inputs
such as apple cultivation and sugar, accounted for the largest share of associated costs. Overall, this
study demonstrates that monetizing LCA-based impacts provides a clear understanding of the economic
consequences of environmental burdens in apple juice production. These findings can inform sustainable
production strategies, guide industry interventions, and support policy measures aimed at reducing
carbon emissions, improving human health, and protecting ecosystems.
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Abstract

Generative Artificial Intelligence (GenAl) is emerging as a transformative force across various
domains, including agriculture. With capabilities such as synthetic data generation, disease and-pest
detection, yield prediction, and intelligent decision support, GenAl offers innovative solutions' to
longstanding challenges in the agricultural sector. This review explores the main applications of GenAl
in agriculture, focusing on technologies like Large Language Models (LLMs), Generative Adversarial
Networks (GANSs), and digital twins. The integration of GenAl with complementary technologies such
as loT and GIS opens new avenues for smart and sustainable farming. While the potential is significant,
ethical concerns, data quality, model interpretability, and the digital divide remain major obstacles to
widespread adoption. Addressing these challenges requires interdisciplinary collaboration. Overall,
GenAl holds the promise to revolutionize agricultural practices and ensure food security in the face of
global challenges.
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Abstract

The cryptic larval activity of Rhynchophorus ferrugineus (Red Palm Weevil, RPW) within date palm
trunks necessitates reliable, non-invasive detection methods. This study characterizes the time-domain
acoustic dynamics of RPW infestation using recordings from infested palms, analyzed through ten
features capturing amplitude, impulsiveness, signal quality, and waveform shape. Statistical analysis
revealed: (1) Increased feature stability with longer window durations, though with a decline in signal-
to-noise ratio (e.g., standard deviation decreased by 36%, SNR dropped from —8.2 dB to —13.5 dB from
0.25s to 1.0s); (2) Shape Factor values near 1.0 and high kurtosis (up to 22.3) indicated infrequent
impulsive events; (3) Strong negative correlations (p = —1.0) linked amplitude and impulsiveness
metrics; and (4) High redundancy (p> 0.99) was observed among Crest, Clearance, and Impulse Factors.
These findings provide a foundational profile of RPW bioacoustic activity and highlight the critical
impact of window duration on feature reliability, offering guidance for the development of efficient
embedded detection systems.

Keywords
Acoustic signal processing, Pest surveillance, Red palm weevil, Rhynchophorus ferrugineus, Time-domain
features, Waveform analysis
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Abstract

The escalating global health crisis driven by excessive sugar consumption demands urgent shifts
toward low-sugar food systems. As it has been closely linked to rising rates of obesity, diabetes,
cardiovascular diseases, and cognitive impairments. Concurrently, traditional sugar production
contributes significantly to climate change, 9,847 kg CO:eq/ha., highlighting the dual imperative for
healthier and sustainable alternatives. This review critically evaluates artificial sweeteners .aspartame,
sucralose, and natural substitute’s monk fruit, date sugars, stevia. Through a techno-functional lens,
revealing paradoxical outcomes: while synthetic options reduce calories, emerging evidence ties them
to metabolic dysregulation and thermal degradation. In contrast, natural sweeteners offer promising
alternatives: sweet fruits extract such as monk fruit extract not only enhances yogurt texture but also
boosts its antioxidant capacity; date sugars are associated with lower glycemic responses while
providing essential nutrients; stevia is recognized for its zero-calorie glycosides, with a strong safety
profile. However, industrial adoption remains hindered by flavor masking challenges and energy-
intensive extraction processes. This analysis provides actionable pathways for reformulating low-sugar
goods and products while prioritizing metabolic safety and environmental sustainability.
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Abstract

Amid increasing complexity and uncertainty in agricultural environments, the demand for intelligent
systems capable of real-time decision-making has grown significantly. Among emerging technologies,
Reinforcement Learning (RL)—a branch of artificial intelligence—offers a unique capability to learn
optimal policies through interaction with the environment, playing a pivotal role in empowering
agricultural robotic systems. This paper presents a comprehensive review of RL applications in
agricultural robotics, based on peer-reviewed studies indexed in IEEE, Springer, ScienceDirect, and
Consensus. The identified applications are categorized into five domains: autonomous navigation, crop
harvesting, resource and energy management, adaptive robotic arm control, and disease detection.
Findings indicate that advanced RL algorithms such as DDPG, Proximal Policy Optimization (PPO),
and Actor-Critic consistently outperform foundational approaches like Q-Learning, especially in
dynamic, real-world environments. However, major implementation barriers persist, including data
inefficiency, slow convergence, overreliance on simulation environments, and poor transferability of
learned policies to heterogeneous field conditions. Emerging trends—such as multi-agent learning,
transfer learning, and integration with Internet of Things (IoT), Simultaneous Localization and Mapping
(SLAM), and Edge Al—are paving the way toward scalable solutions. The future landscape also
presents promising opportunities in hybrid RL models combining deep learning, evolutionary
computation, and real-time sensing, enabling robust and scalable farm automation.
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Abstract

Food security is a complex and multifaceted concept that varies significantly across regions due to
differing socio-economic and environmental conditions. Despite extensive research, there is no
consensus in the scientific community regarding a standardized method for measuring food security and
insecurity. Existing assessment tools often focus on subjective experiences and are limited in scope,
typically evaluating only one dimension of food insecurity, such as access. This study highlights the
need for developing comprehensive and context-specific scales that better capture the multidimensional
nature of food security. A systematic review of global literature from 1999 to 2023 reveals a growing
interest in the development of food security indices, especially after 2018. The review also shows that
many studies remain isolated with limited thematic interaction, underscoring the importance of
integrating indigenous and regionally adapted indicators. Additionally, a wide range of scales used
worldwide and within Iran are summarized, each with distinct objectives, dimensions, and temporal
scopes. This paper calls for the advancement of innovative measurement approaches that incorporate
availability, access, utilization, and stability dimensions to provide a holistic understanding of food
security. The findings serve as a foundation for researchers and policymakers aiming to design more
effective tools to assess and address food insecurity, tailored to the specific needs of diverse populations.
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Food security, Food insecurity, Global indices, National scales, Measurement tools
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