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Introduction

Penicillium Digitatum (PD) and Penicillium italicum diseases pose significant economic challenges to citrus
fruit production across the globe. The primary aim of this research is to investigate the synergistic effects of low
concentrations of H,O, solution combined with transient spark discharge plasma on the inactivation of PD.
Additionally, assess the chemical and physical properties. Ultimately, this approach can be presented as an eco-
friendly solution for rinsing citrus fruits on an industrial scale.

Materials and Methods

The Penicillium digitatum (PD) isolate (ATCC 24692) was obtained from the Tehran Molecular Mycology
Laboratory and cultured on Sabouraud Dextrose Agar medium at pH 5.6 and 27°C for 7 days. The initial
concentration of spores in the solution was determined using a UV absorption spectrophotometer, set to 0.1 at a
wavelength of 420 nm, and the concentration of spores was approximately equivalent to 10® spores per milliliter
(Palou et al., 2002). In this study, the plasma reactor had a point-to-plane geometry. The high-voltage needle
electrode was placed above a Petri dish filled with a microbial solution combined with H>O,, while the grounded
electrode was immersed in the solution. The distance between the tip of the needle electrode and the surface of
the solution was 15 mm. Solutions of 0.05%, 0.1% and 0.5%v/v H,0- (35% soluble in water) were added to the
microbial solution before plasma treatment. The final volume of the solution was 5 ml and exposure times were
2.5, 5, 10, and 15 minutes. The reactor was fed with an air flow of 2 I/min. A transient spark discharge was
generated, characterized by a discharge voltage of approximately 18 kV, short durations of less than 100 ns, and
high current pulses exceeding 1A, with a repetition frequency ranging from 0.5 to 10 kHz. After treatment,
H202, NO;~, and NO3™ as the main long-lived species in plasma-activated solution are measured. Also, physical
factors such as electrical conductivity and pH were measured. Data Analysis performed using SAS 9.4 software.

Results and Discussion

With increasing plasma treatment time and H,O, concentration, the log reduction increased across all
treatments. The combination of 0.1 and 0.5% H.0O- solution with plasma resulted in complete inactivation of P.

©2024 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).

d https://doi.org/10.22067/jam.2023.82325.1165



mailto:hassan.sadrnia@um.ac.ir
https://doi.org/10.22067/jam.2023.82325.1165
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/jam.2023.82325.1165
https://orcid.org/0000-0001-5799-7081
https://orcid.org/0000-0002-7657-8621
https://orcid.org/0000-0003-3293-0715
https://orcid.org/4991-8039-0001-0000
https://jame.um.ac.ir/

VPo¥ (ylimo oF oylouds OF alor (g3)9liS slomiilo 4 s YOF

digitatum within just 15 minutes. In plasma-treated solutions, regarding chemical properties, the concentrations
of H202, NO;7, and NOs™ increased linearly with the treatment time. Furthermore, the electrical conductivity
increased linearly, with a notable acceleration in the treated 0.5% H,O, solution, reaching 373uS cm™.
Additionally, pH value dropped from an initial value of 6.95, using distilled water as a control, to a low of 2.14
for plasma treated with 0.5% H,0, after 15 min of exposure.

Conclusion

The combined treatment was more effective than the isolated use of hydrogen peroxide solution. H,O;
enhances the effectiveness of plsma sterilization without requiring additional power input. Consequently, the
synergistic application of atmospheric pressure plasma and H,O, proved to be a promising method for the
inactivation of PD. The findings indicate that reactive oxygen species (ROS) significantly contribute to the
inactivation of PD cells, as well as the concentration of H,O,. Finally, the combination of H,O- solution at 0.1
and 0.5% with cold plasma presents an environmentally friendly method for sanitizing citrus fruits.
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Introduction

Pomegranate has gained global popularity due to its high vitamin content and antioxidant properties,
attracting fans worldwide. The processing of pomegranate into various products, including pomegranate juice,
has become a thriving industry. However, this processing requires significant energy and chemicals—most of
which are derived from fossil fuels. The combustion of these fuels releases harmful gases, contributing to global
warming, environmental damage, and health risks. The costs tied to these environmental burdens are often
overlooked, neglecting the principles of environmental sustainability. Therefore, it is vital to assess the monetary
value of the environmental impacts throughout the entire life cycle of pomegranate juice production. This
research aims to investigate the costs imposed on society, including the social costs of carbon emissions, damage
costs from air pollution, and costs associated with environmental prevention measures related to processing
pomegranate juice. Feel free to ask for further changes or adjustments.

Materials and Methods

This study focuses on assessing the environmental impact and associated costs generated during the
processing of pomegranate juice in Mashhad, Iran, from 2022 to 2023. The research examines the case study of
Saman Bazar Razavi Co. to conduct an environmental impact cost assessment. The study begins by evaluating
the environmental impacts associated with the pomegranate juice production process using a life cycle
assessment (LCA) approach. The costs related to these impacts are then estimated by multiplying the impact
amounts with predetermined monetary coefficients. The study adopts a system boundary that extends from the
arrival of the fruit at the factory to the departure of the packaged juice, defining a 160g pack of pomegranate
juice as the functional unit (FU). SimaPro software, version 9, is utilized for analyzing the environmental
impacts. The evaluation of environmental impact costs encompasses three categories: social costs of carbon
emissions, damage costs from air pollution, and costs for environmental prevention measures. Carbon dioxide
emissions are considered to assess social costs, while five other gases—nitrogen oxides, particulate matter, sulfur
dioxide, volatile organic compounds, and ammonia vapor—are included in investigating air pollution damage
costs. Furthermore, the calculation of environmental prevention costs takes into account seven impact categories:
global warming, photochemical oxidation, respiratory inorganic effects, human toxicity, ecotoxicity,
eutrophication, and acidification.

©2024 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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Results and Discussion

Here’s the edited text with corrections marked: The investigation reveals that the production of pomegranate
juice emits approximately 0.12 kg CO, eq of carbon, with a social cost of $0.0062 per functional unit. The
primary contributors to carbon emissions are natural gas and electricity. Furthermore, the evaluation of air-
polluting gases indicates a total cost of $0.021 for air pollution damage. Among the five considered gases,
ammonia vapor, sulfur dioxide, and nitrogen oxides incur the highest damage costs. The assessment of
environmental prevention costs demonstrates a total calculated cost of $0.026, with the impact categories of
global warming and acidification making the most substantial contributions of 59% and 28%, respectively. This
finding suggests that the majority of costs for preventing damage in pomegranate juice production should be
focused on mitigating the effects of global warming. The consumption of natural gas and electricity during the
pomegranate juice production process is the main source of carbon dioxide emissions and global warming.
Additionally, in terms of acidification, the contributions of pomegranate, electricity, apple, natural gas, and sugar
are noteworthy. Based on these findings, it is evident that the resources used in pomegranate juice processing,
derived from fossil fuels, have the most significant impact on environmental damage. Therefore, one practical
method to prevent the creation of these pollutants is the utilization of alternative bioproducts produced from
biomass. Considering the substantial amount of pomegranate waste generated after juice processing,which is
often not utilized; these wastes can be effectively employed to produce bioenergy, such as biogas. This approach
not only prevents waste disposal but also offers economic and environmental benefits.

Conclusion

This article provides an overview of the environmental impacts and associated costs of pomegranate juice
production in Mashhad. Using the life cycle assessment approach, the study calculates the environmental
impacts per functional unit (a 160g juice pack) and estimates the corresponding costs. The results indicate that
the social cost of carbon emissions, the total damage costs of air pollution, and the total environmental
prevention costs per functional unit are $0.0062, $0.021, and $0.026, respectively. These costs should be
allocated to mitigating the environmental damage caused by pomegranate juice production in the region.
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Table 1- Input inventory and product used in this study (Functional unit (FU): A pomegranate juice pack of 160 g)
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Juice production in the factory Pomegranate production in the orchard
Items Unit  Quantity Items Unit  Quantity
Ls35)9 (Al 5399 (!
A) Inputs A) Inputs
(e 0508 g 411 Sl 39 hr 3.64E-04
Apple concentrate Human labor
A g 0.4 o | 111E-05
Cherry concentrate Gasoline
2 g 6268 2 | 7.31E-05
Pomegranate Diesel
Coiss S g 0.14 S G KWh  2.04E-04
Bentonite Electricity
dn 5B g 0.05 oS e g  1.63E-04
Perlite Herbicide
A4 g 9.55 oy g 5.42E-04
Sugar Insecticide
Citric Acid Monohydrate Fungicides
gl MI 002 | odsr S g 274E-02
Liquid gas Nitrogen fertilizer
$3209) g  375E-06 b 395 g 256E-02
Oil Phosphorus fertilizer
Sl 028 g 0.005 by 355 g  2.10E-02
Carbon dioxide Potassium fertilizer
AeS 9 s Slg 298
0.05 0.76
Sodium hydroxide g Manure g
s KWh 003 okl m®  7.33E-05
Electricity Irrigation water
b 35 Ml 119 o o
Natural gas B. Product
<! kg 104 u g 6268
Water Pomegranate
| g 0005 bl (o
Enzyme C. Emissions
ogpecc] <51, g 5 lo &y ol o]
Juice pack Emissions to air
o g 5 S Ong s g 7.61E-04
Packaging carton Dinitrogen monoxide
sl g 035 Skigel g  7.02E-03
Straw Ammonia
wfe)‘y' g 012 D “““SI g  1.60E-04
Adhesive tape Nitrogen oxides
el 53 hr 0.09 Seeg g 48BE-05
Human labor Glyphosate
Jyae (o o g  1.63E-04
B. Product Deltamethrin
Wlogect g 160 s g  1.30E-04
Pomegranate juice Benomyl
)l (o SeSlied op)S g 016

C. Emissions

Carbon dioxide




Yvo

ST OT (6330 anlllas togmoc] udgi Jammmociows § slodoly GOLaiBl u )y o5l )50 g L o

# b 5 g 5 ol lil
Emissions from natural gas burning
b S5 b g ) il Ll
Emissions from liquid gas burning

yi@&l)ml
Emissions to water
el g  5.66E-02
Nitrate
Olawd
6.64E-04
Phosphate g
pds g  7.43E-08
Cadmium
o g  6.52E-06
Coppe
S g 3.74E-05
Zinc
o 8.18E-07
Lead g
P9 3.80E-05
Chromium g
o9 g  1.14E-09
Mercury

255 o )18 kil 3,90 Ul ogeel agg )3 (008 5 5 5 0o g pab) S ) Car (2938 Syt JUT 5 s 08luS” caalllas 390 Sy o *
*In the studied company, apple and cherry concentrate are used as an additive to improve the quality (taste, color, etc.) in the
preparation of pomegranate juice.

381 g plages Sl58le 5 5 39250 el (Sl 1 2)l50 ) & A8 oo Uacysdle (sl 03litl 3,50 gl SIS 5 b S8 (555 gm 31 U il Jolid itans il **

ol 00

** Direct emissions include emissions from burning of natural gas and liquid gas used for machinery, which are obtained from the
database available in SimaPro software.
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Table 2- Average global cost of damage caused by air pollution (Defra, 2019)
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Gases

(05 &l J¥2) Az ol

Cost ($ ton?)

039 sBas]
Nitrogen oxide
Glao lyd
Particulate matter
AeS1e63 3,5 5
Sulfur dioxide
Jp Jelsys
Volatile organic compounds
Slogel b
Ammonia vapor

6830

6911

6661

112

116610
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Table 3- Calculation method of each category in SimaPro software and their equivalent environmental prevention costs”

. s
bl 03, o 105 sl amolima 5 "l
End-point Mid-‘!oint)::ate) or Unii Calcﬁlationmeihod (;¥3)
category P gory Cost ($)
Climate R RS kg COz2eq IPCC 2013 GWP 100a V1.03 0.128
Global warming
change
lhosdgd o] J.Si5
(el 39340) kg NO eq CML-1A baseline V3.04 / World 2000 9.99
Photochemical oxidation
el sl . ES kg PM2.5 eq IMPACT 2002+ V/2.13 / IMPACT 2002+ 385
Human health es‘pulorator).lhlzlorganlcs
O o e CTUh USEtox Recommended + Interim V1.01 4129.4
Human toxicity, cancer
oyt ~old S CTUh USEtox Recommended + Interim V1.02 28050
Human toxicity, non-cancer
ff ) w) - CTUe USEtox Recommended + Interim V1.02 374
**Ecotoxicity
PR ) (dld.?lg,).) dL.ol) u?““’&“"}:? K .
: POse CML-IA baseline VV3.04 / World 2000 5.17
Ecosystem Eutrophication griaeq
O (S kg SO2 eq CML-IA baseline \V3.04 / World 2000 9.63
Acidification

ol 05 51| WWW.ECOCOSESVAlUE.COM 3 (Y+YY) ois a3 )3 Jas 15 Jausacions j 4l S i i so 4 bgsye culeMbl *
* Information on estimated environmental prevention costs (2022) is provided at www.ecocostsvalue.com.
3 oy DIOBXV ™ g5 Jolas 5o 05 asnacans§ s i 03) &ly8 Sty A3h oo drmlone g ™
™ In order to calculate the environmental prevention costs of the Ecoto;dcity category, the equivalent cost is multiplied in the factor of
5.54x10°.
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0.00% = Apple concentrate
0.00% Pomegranate

= Sugar
= Packaging carton
= Juice pack
Citric acid
Cherry concentrate
® Liquid gas
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® Carbon dioxide, liquid
= Fuel oil
Water
= Sodium hydroxide
Adhesive tape
m Direct emissions
= Perlite
= Bentonite
= Enzyme
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Fig.4. Contribution of the impact of each input to carbon emission (FU: A pomegranate juice pack of 160 g)
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Table 4- The amount of air polluting gases and the cost of air pollution damage (FU: A pomegranate juice pack of 160

Air polluting gases Amount (mg)  Damage cost ($)
251 Gjad 244.69 1.67E-03
Nitrogen oxide
ke 59.92 4.14E-04
Particulate matter
LSl 3,555
Sulfur dioxide 338.53 2.25E-03
Rl 314.43 3.52E-05
Volatile organic compounds
Sigel o 146.84 0.017
Ammonia vapor
g (Sogl ©)lud S 4 5m 0.021

Total cost of air pollution damage




VP ¥ Glamoy F o)los NF als (55,9l b piilo &y pid YA

Nitrogen
oxide
8%

Ammonia
vapor
80%

Particulate Sulfur
matter dioxide
2% 10%

Volatile
organic
compounds

0%

(o5 V8o bl ogmecd 8L S en Shos anly) lgn 4y ylud cladisja ;5 i85l aluS o 151 waew —0 JSWS
Fig.5. Contribution of the effect of each gas to the cost of air damage (FU: A pomegranate juice pack of 160 g)
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Fig.6. Contribution of each of the inputs in the emission to air polluting gases (FU: A pomegranate juice pack of 160 g)
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Table 5- Values of impact categories and environmental prevention costs (FU: A pomegranate juice pack of 160 g)
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Fig.7. Contribution of each of the impact categories to the environmental prevention costs of pomegranate juice
production and the factors affecting the global warming (FU: A pomegranate juice pack of 160 g)
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Table 6- Environmental prevention costs of end-point categories (FU: A pomegranate juice pack of 160 g)
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Fig.8. Contribution of each impact category to the environmental prevention cost for human health (A), and the
environmental prevention cost for the ecosystem (B), (FU: A pomegranate juice pack of 160 g)
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Introduction

To successfully provide and distribute agricultural services throughout the supply chain and enhance
efficiency in this sector, selecting the right locations for service centers is a crucial and complex challenge. One
of the ways to develop rice mechanization infrastructure is to establish rice seedling banks. A rice seedling bank
is a specialized facility dedicated to the large-scale industrial production of rice seedlings, utilizing seedling trays
to optimiz space, resources, and labor. The primary aim of this research is to identify the most suitable location
for establishing a rice seed bank by employing multiple-criteria decision-making (MCDM) methods.

Materials and Methods

The present research was conducted in Fuman County, Guilan Province, Iran. The main objective of
identifying a location for the seedling bank in the studied area is to minimize transportation costs for the seedling
trays while selecting a site with the greatest potential for successfully establishing the seedling bank. To achieve
this, we analyzed the location criteria for the seedling bank at the district level during the early stages of the
research. The selection criteria for identifying a suitable district include several factors, such as the number of
farmers, land leveling, area under cultivation, the number of agricultural machines, the level of mechanized
transplanting and harvesting, and the number of seed banks in each district. Subsequently, the best village in the
district, chosen in the prior step, was evaluated using several key criteria: total cultivated area, number of
farmers, cultivated area per farmer, and total distance from other villages within the district. Shannon's entropy
method was employed to estimate the weight and rank for the location criteria in both stages. The districts were
ranked using the Fuzzy VIKOR method, while the TOPSIS method was used to prioritize villages within the
selected district.

Results and Discussion

According to the results of the Fuzzy VIKOR method, among the five studied districts in Fuman County,
Lulaman rural district stands out as the best location for establishing a seedling bank. Furthermore, based on the
results obtained from the TOPSIS method, Khoshknudhan-e Bala village is identified as the most favorable site
for establishing a seedling bank within the Lulaman district, among the fifteen alternatives considered. The
VIKOR model excels in ranking alternatives due to its ability to generate ideal positive and negative maps,
making it particularly well-suited for location and spatial analysis. By utilizing this model, we can assess not
only the locations themselves but also evaluate how each alternative measures up against both positive and
negative ideals. In contrast, other models lack this capability, as they merely identify the optimal location
without providing a comprehensive understanding of each alternative's standing.

©2024 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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Conclusion

The purpose of this research is to provide a suitable algorithm for locating a seedling bank in Fuman County.
Given the numerous influencing factors and available options, the integration of the VIKOR MCDM model with
fuzzy numbers to identify the most suitable district, followed by the TOPSIS MCDM model to determine the
best village, yielded promising results. The findings indicate that several factors play a crucial role in identifying
the optimal location for the seedling bank. However, integrating all these elements through traditional
methods—such as manual map analysis—proves impractical due to the sheer volume of data involved.
Furthermore, neglecting these factors in site selection leads to substantial waste of material resources, energy,
and environmental resources. Overall, the results of the Fuzzy VIKOR analysis revealed that Khoshknudhan-e
Bala village in the Lulaman district is the best option for establishing a seedling bank in Fuman County.

Keywords: Fuzzy VIKOR, Geographical Information System, Rice Seedling Bank Location, Shannon
Entropy, TOPSIS
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Fig.1. Geographical location of the studied area
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Examining criteria that have the ability to collect data
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Table 1- Linguistic variables for ranking the locations of seedling bank
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Linguistic variables
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No.  Fuzzy triangle number
1 (0,1,2)
2 (1,2,3)
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7 (8,9,10)
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Fig.4. Membership functions for ranking the locations of seedling bank
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Table 2- Description and weight of the criteria for ranking the districts

S 09 Shre Canle e bz 0 ylowd
Critera weight  Criteria type Criteria Criteria No.
0.145 +1 R c1
Land leveling area
0.141 +1 En S pighe c2
Avrea under rice cultivation
0.139 +1 Grble 31 ggezs c3
Total No. of machinery
0.140 +1 | egelelighe ca
Mechanized and traditional transplanting area
0.138 +1 e cudlsy, cs
Mechanized harvesting area
0.150 1 L Sl s C6
No. of seedling banks
0.145 +1 eyt Slas c7
No. of users

laliog, (saiad) sl jlxe )39 9 25 =V Jgua
Table 3- Description and weight of criteria for ranking the villages

b 039 o Cuarlo sbxe suxe n)l.w.s
Critera weight  Criteria type Criteria Criteria No.
0.104 1 | Gen@n oS pighe c1

Cultivated area of rice in each village
0.140 +1 e Cc2
No. of users
0.447 +1 )b)’."ﬂr_! 2 Gl cus p; gw c3
Cultivated area per user
0.309 1 Oliwdd (slalivgy plo jl dlold ggee ca

Total distance from all villages in the district

Table 4- Calculating the ranking of villages for the establishment of seedling bank using the Fuzzy-VIKOR method

Qi (wlw! pad, Ri wlwl o ag, Ri Si wlw! g ag, si Olwad Ly 35
Rank based on Qi Rank based on Ri Rank based on Si District Alternatives
5 0.143 5 0.122 4 0.346 S5z oy Al
Sardar Jangal
2 0.040 3 0.101 2 0278 b s A2
Gasht and Gurab Pas

4 0.133 5 0.122 3 0.328 o9 A3

Roud Pish
ol

1 0.030 3 0.101 1 0.261 A4
Lulaman

3 0.117 1 0.092 5 0.458 ot A5

Alian
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Fig.5. Average cultivated area per farmer in the villages of Lulaman district (1st rank)
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Fig.6. The area under rice cultivation in the villages of Lulaman district (1st rank)
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Fig.7. The location of the selected village for the establishment of seedling bank
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Table 5- Ranking results based on the candidate points of Lulman district using the TOPSIS method

3500 (o 4% ad, TOPSIS g, s adls
Candidate locations Rank Indicators of TOPSIS method

Di* Dr Cl
Khoshknudhan-e Bala Yi :la>gsiis 1 0.025 0.149 0.857
Kaldeh Paeen ol osls 2 0.060 0.144 0.705
Khoshknudhan-e Pain ol \lasgsiis 3 0.058 0.128 0.686
Shalkeh Banan bL aSLs 4 0.088 0.135 0.607
Maverdian :,Lssle 5 0.077 0.109 0.586
Nasrolah Abad sul 4l s 6 0.089 0.123 0.582
Ghasabali Sara |y Jlxlas 7 0.083 0.107 0.563
Shanbeh Bazar ;L 4. 8 0.085 0.107 0.559
Baghbanan iL<l 9 0.104 0.115 0.526
Autorsara |y, 10 0.094 0.098 0.509
Pamsar L.l 11 0.092 0.083 0.474
Lulaman .l 12 0.130 0.097 0.428
Sepiran Kasmaei  lowsS ;ly 4w 13 0.128 0.082 0.390
Eshkalan sl 14 0.116 0.072 0.383
Shirtar . 15 0.116 0.066 0.362
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Introduction

Innovative technologies, such as smart sprayers, are pivotal catalysts for modernizing the agricultural sector
and play an indispensable role in providing food for human consumption. Without the utilization of these
technologies and the implementation of proper input management, it is predicted that environmental impacts will
worsen in the future. Attaining sustainable production while implementing programs to ensure food security,
presents a considerable challenge for researchers and policymakers worldwide. In this research, the performance
of a fixed-rate orchard sprayer was evaluated. Employing various equipment, the sprayer was then upgraded to a
variable-rate sprayer, and its performance was reevaluated and compared to the fixed-rate model.

Material and Methods

This research comprehensively evaluated a fixed-rate orchard sprayer and subsequently upgraded it to a
variable-rate sprayer for further assessment. The primary components of the developed variable-rate sprayer
consist of an ON-OFF solenoid valve, a digital camera for imaging purposes, an ultrasonic sensor, a flow meter,
and a control circuit. Necessary modifications were implemented on a fixed-rate turbine sprayer. The
development of the variable-rate sprayer was divided into two distinct phases. The initial phase involved
determining the canopy volume and acquiring the necessary information pertaining to the spraying target,
specifically the tree. The subsequent phase focused on decision-making and control of the spraying rate, thereby
facilitating variable-rate application. Upon laboratory examination of the samples, spectroscopic results were
obtained, and the total concentration of the pesticide solution was calculated across different sections of a one-
hectare orange orchard. An investigation into the sedimentation of the pesticide solution was conducted across
different treatments in two spraying modes, namely variable-rate and fixed-rate, at three distinct speeds: low (1.6
km h'), medium (3.2 km h?), and high (4.8 km h') resulting in six treatments.

Results and Discussion

©2024 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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The comparative analysis of average pesticide deposition on trees revealed a significant difference between
the two spraying modes: variable-rate and fixed-rate. All indicators demonstrate that the type of sprayer and the
spraying speed significantly influence changes in pesticide deposition across different treatments. However, the
interaction effect of the type of sprayer and the speed of spraying did not significantly impact the amount of
pesticide deposition on the trees or the total consumption of pesticide per hectare. The results indicated that
neither the type of sprayer, nor the speed of spraying, nor their interaction had a significant effect on the spraying
quality index. Furthermore, the numerical median diameter and volume median diameter were not significantly
different across the treatments.

The maximum pesticide consumption savings in the variable-rate spraying mode was 46%, achieved at a
speed of 1.6 km ht. The maximum efficiency was 70% in the variable-rate spraying mode, occurring at a speed
of 3.2 km ht. The lowest amount of pesticide deposition on the canopy of trees was observed in the variable-rate
spraying method at the speed of 4.8 km h't (1303 L ha), and the highest amount of deposition occurred in the
fixed-rate spraying at the speed of 1.6 km h1 (2121 L ha). The highest amount of pesticide release in the air was
also calculated in the fixed-rate spraying mode with a speed of km h' (241 L ha') and the lowest value was
calculated in the variable-rate spraying mode with a speed of 3.2 km h™.

Conclusion

Emerging technologies, such as smart sprayers, play a crucial role in enhancing the productivity of the
agricultural sector. If these technologies are not utilized, the challenges related to the sustainability of production
will likely increase in the future. One of the critical operations in agricultural production is the spraying phase. In
this research, a fixed-rate sprayer was upgraded to a variable-rate sprayer. Both sprayers were evaluated, and the
results of this evaluation were used to compare the two spraying systems. The findings revealed that, due to real-
time control of pesticide application based on canopy volume detection in the variable-rate sprayer, pesticide
consumption was reduced by 46% at an optimal speed of 1.6 km h, achieving 70% efficiency. In all studied
treatments, both the type of sprayer and the speed of spraying significantly affected changes in pesticide
deposition. However, the interaction between the type of sprayer and the speed of spraying did not significantly
impact the amount of pesticide deposition on trees or total pesticide consumption per hectare. There was no
significant difference in the coverage percentage of pesticide deposition on targets across different treatments,
with the best spraying quality observed in variable-rate spraying at a speed of 4.8 km h™’. By utilizing a variable-
rate sprayer, costs associated with chemical pesticide consumption and spraying can be reduced, while also
minimizing toxic emissions that contribute to environmental pollution. Future research should focus on
developing a variable-rate system based on independent nozzles, allowing for real-time control of each nozzle's
spraying.

Keywords: Energy, Environment, Sprayer, Variable rate technology
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Table 1- Indicators utilized in the conducted research
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Table 2- Treatments investigated in the present research
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1- Statistical Package for the Social Sciences (SPSS)
2- Flow meter
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Table 3- Characteristics of the desired sprayer for development and testing
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3- YF-S201C Water flow sensor (flowmeter)
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1- Ultrasonic distance measuring module. model: HY-
SRF05. Static current: less than 2 mA. Detection
distance: 3m-4m. High precision: up to 0.3 cm. Voltage:
DC5V. made in China

2- Electric solenoid valve 12v 24V 220V. Operation
mode: NC (normally closed). Inlet and outlet: hose
barbs for 1/2" (outer diameter) hose. Medium
temperature: 0-100°C. Usage: water and low viscosity
fluids. Valve body material: brass. made in China.
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Fig.1. Installation of a stepper motor on a poppet valve for electric variable rate valve conversion
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Fig.3. Electronic meter installed for the pesticide solution exit from the sprayer
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Fig.2. ON-OFF solenoid valve
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1- Pulse Width Modulation (PWM)
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Fig.4. A: The electronic board installed on the sprayer, B: Digital camera calibration, C: Tree imaging, and D: Canopy
volume estimation
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Fig.5. A: Evaluation of the software program for canopy recognition and canopy volume calculation, B: Installation of
the ON-OFF solenoid valve and the variable rate solenoid valve, C: Testing the variable rate sprayer in the workshop,
and D: Testing the variable rate sprayer on the field
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Fig.6. An overview of the variable rate spraying system: 1. Camera, 2. Computer (data processing), 3. ON-OFF valve,
4. Electronic board, 5. Variable rate valve, 6. Sprayer, 7. Ultrasonic sensor, 8. Drift points, 9. Spraying direction, and
10. Wind direction
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3- Tree Leaf Surface

4- Leaf weight

5- Canopy volume

6- Leaf Surface Density

SLEl 5 52,50 e (g olai) 9 (Sips s
b plonl Jo853 (liw a2l Al Caxiao g CudS LS po
2 g yie G5 5 b 5 bl Sl 93 ) b tolej] (gaen
¥IN g ¥IV NE) (35 5 bawwgio (o S) gliio (59 min e puo dus
e lagasli o ol )5 aw L g (celo p yioghs
2l g oy Gy a5l Gy A (S o)l (bl
Lol (o8hpw Sllos (8 e g 5Li8 wile (03 Sos (slayialyl
O lad gy g Lod 0l cus yu aisle e (sl ol )l i
5ol pltinay 13,8 b g Sl Laislafl ol
9 (o> oS TAM 618) zulod 5 guiwdl 3l Lo g 3b s yus
Precision Hair ) " gxiwcugh 0w jl cugby (5550318l (slp
L =Y oles asaly 31y coygb, a5 (o)l 98 Hygromete
wddd o Hlis do Voo U jam o3h o 9 01,5 ol a0 +50
595 9 olislyn Lo el (g puSojlasl (¥ JSi) and ool
) Celw y yioghS Joleo /8 0L ey a8 D LS Sl
4> Fe/0lgn (slos 5 +/¥Y (oo Cagbo) (2p6 (555 2L g
g5 ol

olale 3T 4) 90 QLS 3 S 3 qelowa (paali (g,

1- Wind speedometer model DT-618 made by CEM
company. Made in China

2- Measuring range: 0%-— 100% relative humidity.
Temperature range: - 35°C to + 65°C. Reading
accuracy: +5%. Diameter: 100mm. made in Germany
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Fig.7. Anemometer, thermometer, and hygrometer used for measuring the meteorological parameters
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Fig.8. Leaf area calculated using image processing
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2- Spray Quality Index (SQI)
3- Volume Median Diameter (VMD)
4- Number Median Diameter (NMD)
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Fig.9. Biochrom Libra S22 UV-Vis optical spectrometer
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Table 4- ANOVA test results of pesticide solution deposition on trees in different spraying modes

oy CJLA . df (ooll as )y Sy 5l F P-value
Source of variation Mean square
Speed (sg i s 185547.556 7.418 .008"™
Type of sprayer _sbew g5 1175555.556  46.995 .001™
oy <y Bl £ 31920889 1276 3141
Speed * Type of sprayer
Error s 25014.611
Coefficient of Variation (CV) l s o 0.20

Moy NS (Canl Hd gme 1o )d B o )0 8 sl Yo izo doyd ) prdaw )
ns: Not significant, *Significant at the probability level of 5%, **Significant at the probability level of 1%
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Table 5- The results of pesticide solution deposition on trees in different spraying modes

olys
Title
oally 6 s IS (o g5y Camnid e
Deposition on one Whatman filter paper (L)
&5).) gga S)g C]a.w )‘Afho
Leaf surface of one tree (cm?)
A Sy 9y Cemdi J5 ke
Total deposition on one tree (liters per tree)
S Sy sy ol
Number of trees in one hectare
S Ky b3y Cannidd ke
Deposition on one hectare of trees (liters per hectare)

Vs Yiled Yold ol s ey
T1 T2 T3 T4 TS5 T6

0.00039 0.00036 0.00033 0.00054 0.00051 0.00042
960395 960395 960395 960395 960395 960395

7.48 6.79 6.39 10.39 9.72 8.07

204 204 204 204 204 204

1527¢  1387% 1303P 2121® 1983% 1646°

;?)_3 S "": a.b.w 2w ul)L:.‘a [uS) Aoy e .\n] Cawddy

S9mt yeite dmop3 VW g ) e iy (9LS (Hgpm (S
(Soheilifard et al., 2020)
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Table 6- ANOVA test results of pesticide solution deposition on the ground per hectare in different spraying

modes
Oyt é’l"" df al3 as s Sl (uSibe F P-value
Source of variation Mean square
Speed (g pin s o 2 15438.389 5.070 .025™
Type of sprayer il g5 1 5730240.889 1881.887 .001™
Sy oy o £95 2 9641.722 3.166 079"
Speed * Type of sprayer
Error s 12 3044.944
Coefficient of Variation (CV) <l co o 0.52

Doy NS Cansl Hd gime do)d B s 53 2 ol Y1 Gzo doyd ) prdans )>
ns: Not significant, *Significant at the probability level of 5%, **Significant at the probability level of 1%
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Fig.10. Pesticide solution deposition on the ground per hectare in different spraying modes

Table 7- ANOVA test results for airborne pesticide release per hectare in different spraying modes

Oyt gle. df eoljlan,s S0 0N F P-value
Source of variation Mean square

Speed (ggpin s oo 2 4818.389 37.224 .001**
Type of sprayer il g5 1 45702.722 353.068 .001**
Sorday Gy H B £ 2 1812.056 13.999 .001%*

Speed * Type of sprayer

Error s 12 129.444
Coefficient of Variation (CV) wl,wss <o po 0.34

B ooy NS Cansl Hd gime do)d B s 53 2 ol Y1 Gzo 20> ) prdans )>
ns: Not significant, *Significant at the probability level of 5%, **Significant at the probability level of 1%
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Fig.11. Airborne pesticide release per hectare in different spraying modes
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Table 8- ANOVA test results for the total pesticide consumption in different spraying modes

Ol e Of ooljl an,s S0 oSl P-value
Source of variation Mean square

Speed (g9 i sy 2 274440.056 7.230 .009™

Type of sprayer _sbew g¢ 1 13629420500  359.046 .001™

Sopieg Sy B £5 2 56405.167 1.486 265ns

Speed * Type of sprayer
Error s 12 37960.111
Coefficient of Variation (CV) s co o 0.32

Bgire jue NS cuwl HId e o> B o )d # sl Hld dmo duoyd ) aw j>
ns: Not significant, *Significant at the probability level of 5%, **Significant at the probability level of 1%

5= (Cunningham & Harden, 1998) :p)la 4 placKisss
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Table 9- The total amount of consumption and percentage of saving of pesticide per hectare in
different modes of spraying

olys Yoled Yol Yol £l 04l Tl
Title T1 T2 T3 T4 T5 T6
lgn )3 ,Lisl g (yej 8 )d (59 Comndi JS g
Sum of total deposition on trees, ground, and air 2185 2107 1952 4014 3777 3509
emissions (L ha)
Sl E 5 G G pan ialS

Reduction in consumption compared to fixed rate 1829 1670 1557

(liters)

e pe 2o 46 44 44

Savings percentage
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Table 10- ANOVA test results of spraying efficiency percentage in different modes
Oy é’l'“’ df gal31 as ©laye oSl F P-value
Source of variation Mean square
Speed (cg i s puo 2 .002 5.890 017
Type of sprayer sbew g9 1 .138 403.735 .001™
ol S e €5 2 001 4.200 041
Speed * Type of sprayer
Error s 12 .000
Coefficient of Variation (CV) s co s 0.16
Dgre jue NS cuwl HId o o> B pdaw )d # Cuwl Hd dmo duoyd Y pdaw j> i
ns: Not significant, *Significant at the probability level of 5%, **Significant at the probability level of 1%
Sl il slacdl ) LShpe L lude =YY Joua
Table 11- Spraying efficiency in different spraying modes
olys Yold Yol Yol €l 0l Tl
Title T1 T2 T3 T4 T5 T6
(03 S50 2 o Spe 2 e 70 66 67 53 52 47

The efficiency of the use of Pesticide per hectare (percentage)
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ol Y a9 ol 2bj,l b (Behzadipour et al., 2017)
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odlizul Of 4y wlaos o3l I bbew Sluoguad pwess ¢ly = (Soheilifard et al., 2020) ;Lo 55,3 Lp—w .8l
Dibey el g5 I3 5 oolitl b obloms 48 ol ol ol 0 bl bl CaaS 2 (6ylstne S U £g5 4 50,8 byl5S
VE L ape yiagilo p 0)ad WY 5 ad (ol (g0 FY/TY b 9 JLBg (bgye sladil ) Jhil cutS ja3ld
2l opl g ogde sl o )0 1) e Byme jd (93db o Juoyd il 13l as 008 lo e ol el Cunday VEY o5
JIU 1 it 998 I by o by (e 45 0D Lt P55 (e diles jlad Bl (g9 b Sy g LS (3L
Sgl gl Sus e (23L (55l (izpen g (g ye b S (B YL (Lol Sl gl (gl ixe
S ()39 29 o 4l 3 (B Sl Cundly b Moistize 55 e Sg iy oy g JJb £ Sl g 5l e
b oL el (il 4328 gel @l VY g 29

ol odly L 1) Jides doyd g o dile Yol ( goue dilo 2,8 —img o (Tewari et al., 2018) ) Ken 5 (5)lss
55 0 & ol SN Jibgy s asls 4 o i bt sl Sgulydgl Sas y ite 295 LSl (ol wloles K,
Bl (gl e I cilise (sl )lass DS ey (g g 995 JiU g 92 b Ly gl > (oblew

Ciliee slacdls 3 (ilpe CurS lly 435 G9e)l @l VY Jgaa
Table 12- ANOVA test results of spraying quality in different modes

Oyt é’l'“’ df gal31 as ©laye ol F P-value
Source of variation Mean square
Speed (¢gpi sy 2 35.962 1.723 .220m
Type of sprayer sl g5 1 1.773 .085 76"
oy S8 M €5 2 4168 200 8227
Speed * Type of sprayer
Error s 12 20.869
Coefficient of Variation (CV) l s oo 103.1

Bgixe 38 NS Cawl HId gimo o )3 B s )d # ol Hld gimo o3 Y o )> i
ns: Not significant, *Significant at the probability level of 5%, **Significant at the probability level of 1%
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o o
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Introduction

Improving field operations through precise spot planting rates depends on the accurate functioning of seed
flow sensors within the working rows. Despite the availability of these sensors in the market, achieving
measurement precision remains a challenge in their optimal design. Seed flow sensors can be categorized into
two primary types: optical and non-optical. Among these, optical sensors—particularly infrared sensors—are
gaining popularity among researchers due to their distinct advantages, including simple circuit design, cost-
effectiveness, and a strong correlation with seed flow. However, the accuracy of these sensors tends to diminish
over time due to dust accumulation from planting operations and the effects of sunlight. In response to these
challenges, researchers are actively exploring various solutions, employing diverse approaches such as the
development of different algorithms and the utilization of alternative hardware configurations. Each research
initiative aims to address specific challenges associated with these sensors, with the overarching goal of
facilitating effective commercialization, optimizing resource use, and minimizing waste.

Materials and Methods

Two distinct algorithms, utilizing analog-to-digital converter and interrupt-based methodologies, were
meticulously developed and thoroughly evaluated to determine the more effective method for monitoring.
Correspondingly, unique circuits were engineered for each algorithm.

To enhance the sensitivity of the sensor while simplifying the circuit's complexity and dimensions, the Im324
Op-Amp was used in the interrupt-based sensor circuit. Adjusting sensitivity was made feasible through a multi-
turn potentiometer, enabling precise adjustment of the external interrupt within the microcontroller. On the other
hand, the analog-to-digital converter-based circuit, without relying on the LM324 chip, provided a more
straightforward and quieter configuration.

The intricate nature of construction mandated the design of circuits using Altium Designer 17 software,
which was then printed onto circuit boards. Both developed circuits featured the deployment of the
STM32F103C8T6 microcontroller, renowned for its robust capabilities and cost efficiency.

In the interrupt-based algorithm's development, the microcontroller's external interrupt was used, selecting its
sensitivity to detect both rising and falling edges. This strategic configuration ensured comprehensive scanning
of all receivers by the analog-to-digital converter upon any interruption in the infrared sensors. Given the
singular passage of seeds in precision seeding, each pass was counted as a single seed.

At the start of the planting operation and upon reaching the end of each planting row, the microcontroller
employed a micro-switch to sample the output of the infrared sensor, which were then used to execute further
calculations based on those samples. Throughout the planting process, the microcontroller continuously

©2024 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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performed sensor scanning and promptly converted the sensor outputs into binary values based on defined
thresholds. Then, it counted the seeds based on the predetermined counting thresholds for the number of passes.

The efficacy of these developed algorithms and sensors underwent rigorous testing encompassing hybrid
corn seeds, popcorn, soybean, and mung bean. The evaluation was conducted on an 11-meter-long conveyor belt
platform, tested at three different speeds: 4, 7, and 10 km h%, through five distinct iterations. This comprehensive
evaluation ensured the robustness and reliability of the algorithms across diverse seed types and varying
operational conditions.

Results and Discussion

Test results indicate that interrupt-based sensors demonstrate impressive seed counting capabilities; however,
they may encounter issues such as susceptibility to dust and the need for manual recalibrations. Moreover, these
sensors exhibited acceptable performance across various crops, including corn and soybeans. Nonetheless,
variations in seed characteristics could affect counting accuracy. Additionally, simultaneous seed passage
through the sensor under certain conditions posed challenges, diminishing the sensor's precision. On the other
hand, sensors employing analog-to-digital algorithms showed promising performance. They offer enhanced
adjustability compared to their interrupt-based counterparts, showcasing adaptability to diverse conditions. In
summary, each sensor type has its strengths and weaknesses. Sensors that utilize analog-to-digital converter
algorithms may offer superior performance in varied scenarios due to their advanced features and adaptable
configurations.

Conclusion

This study developed and tested two seed counting algorithms: one based on interruption and the other
utilizing an analog-to-digital converter. Both algorithms effectively counted seeds larger in diameter than the
distance between adjacent LEDs with remarkable accuracy. However, due to their reliance on infrared optical
components, both were susceptible to dust generated during planting operations. The algorithm utilizing the
analog-to-digital converter demonstrated a notable advantage. Its ability to adjust the threshold either at the start
of planting or at the end of each crop row provided a distinct edge over the interruption-based algorithm.
Consequently, the analog-to-digital converter-based algorithm was selected as the superior choice for this
research.
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Table 2- Physical characteristics of seeds used for development and evaluation of flow monitoring sensor

Ses aily,lz o Cag)S o pd owiid ;hab
Seed Mass of 1,000 seeds (g)  Sphericity factor Geometric diameter (mm)
e 338.87 0.79 7.77
Hybrid corn
oFh < 183.71 0.72 6.27
Popcorn
by 170.19 0.86 6.30
Soybeans
Ao 67.29 0.81 4.26

Mung beans
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Table 2- Accuracy of interrupt-based algorithm for test seeds on conveyor belt

Precision — ¢d»

M EP S V1,55 Y S Y5 £ 1,5 0,8 - Sile
Seed type Speed (km.h'%) I I I S IS ol
Repeat 1 Repeat 2 Repeat 3 Repeat 4 Repeat 5 Mean

LSob o 4 0.99 0.98 1 0.99 0.99 0.99
OPER e 7 1 0.99 0.99 0.98 1 0.992
Popcorn 10 0.99 1 0.99 0.99 0.97 0.988
S o 4 0.99 0.98 1 0.99 0.99 0.99
W 7 0.99 1 0.99 0.99 0.97 0.988
Hybrid corn 10 0.99 0.99 0.97 0.98 1 0.986
L 4 0.96 0.98 0.99 0.97 0.98 0.976

o 7 0.99 0.95 0.96 0.96 0.99 0.97
Mung beans 10 0.95 0.97 0.95 0.98 0.94 0.958
. 4 1 0.98 0.99 0.98 1 0.99

25 7 0.99 1 0.99 0.99 0.97 0.988
Soybeans 10 0.99 0.98 0.97 0.99 0.98 0.982
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Fig.11. Interrupt sensor output in case of blockage
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Table 3- Test results of the analog to digital converter based algorithm
Precision - cd»

2 EP S

Seed type Speed (km.ht) VIS e Yol £, 0,1 ol
Repeat 1 Repeat 2 Repeat 3 Repeat 4 Repeat 5 Mean
LSl ) 4 1 0.99 0.99 1 0.98 0.992
Ur RS 7 0.98 0.96 0.99 0.95 1 0.976
Popcorn 10 0.94 0.97 0.95 0.93 0.96 0.95
L e 4 0.96 1 1 0.99 0.99 0.988
o e 7 0.98 0.97 0.96 0.98 1 0.978
Hybrid corn 10 0.96 0.95 0.99 0.94 0.93 0.954
e 4 0.99 0.99 0.98 0.97 0.98 0.982
o 7 0.97 0.98 0.97 0.96 0.98 0.972
Mung beans 10 0.94 0.95 0.93 0.94 0.96 0.944
L 4 0.99 1 0.99 1 0.99 0.994
29 7 0.99 0.98 0.98 0.97 0.99 0.982
Soybeans 10 0.97 0.97 0.99 0.99 0.98 0.98
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Table 4- Defined threshold for seed counting in analog-to-digital converter based algorithm

e PSS oSohEy e e
Pass Hybrid corn Popcorn Soybean Mung beans
e 15 9 10 4
Single pass
B9 y9e 18 13 15 7
Double pass
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Introduction

Detection of tree leaf diseases plays a crucial role in the horticultural field. These diseases can originate from
viruses, bacteria, fungi, and other pathogens. If proper attention is not given, these diseases can drastically affect
trees, reducing both the quality and quantity of yields. Due to the importance of quince in Iran's export market,
its diseases can cause significant economic losses to the country. Therefore, if leaf diseases can be automatically
identified, appropriate actions can be taken in advance to mitigate these losses. Traditionally, the identification
and detection of tree diseases rely on experts' naked-eye observations. However, the physical condition of the
expert such as eyesight, fatigue, and work pressure can affect their decision-making capability. Today, deep
convolutional neural networks (DCNNSs), a novel approach to image classification, have become the most crucial
detection method. DCNNs improve detection or classification accuracy by developing machine-learning models
with many hidden layers to extract optimal features. This approach has significantly enhanced the classification
and identification of diseases affecting plants and trees. This study employs a novel CNN algorithm alongside
two pre-trained models to effectively identify and classify various types of quince diseases.

Materials and Methods

Images of healthy and diseased leaves were acquired from several databases. The majority of these images
were sourced from the Agricultural Research Center of Isfahan Province in Iran, supplemented by contributions
from researchers who had previously studied in this field. Other supporting datasets were obtained from internet
sources. This study incorporated a total of 1,600 images, which included 390 images of fire blight, 384 images of
leaf blight, 406 images of powdery mildew, and 420 images of healthy leaves. Of all the images obtained, 70%,
20%, and 10% were randomly selected for the network's training, validation, and testing, respectively. Image
flipping, rotation, and zooming were applied to augment the training dataset. In this research, a proposed
convolutional neural network (CNN) combined with image processing was developed to classify quince leaf
diseases into four distinct classes. Three CNN models, including Inception-ResNet-v2, ResNet-101, and our
proposed CNN model, were investigated, and their performances were compared using essential indices
including precision, sensitivity, F1-score, and accuracy. To optimize the models’ performance, the impact of
dropout with a 50% probability and the number of neurons in the hidden layers were examined. Our proposed
CNN model consists of an architecture with four convolutional layers, with 224 x 224 RGB images as input to
the first layer, which has 16 filters, followed by additional convolutional layers with 32, 64, and 128 filters
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respectively. Activation functions of ReLU combined with max-pooling were used at each convolutional layer,
and Softmax activation was applied in the last layer of the neural network to convert the output into a probability
distribution.

Results and Discussion

Three confusion matrices based on the test dataset were constructed for all the CNN models to compare and
evaluate the performance of the classifiers. The indices obtained from the confusion matrices indicated that
Inception-ResNet-v2 and ResNet-101 achieved accuracies of 79% and 72%, respectively. While all models
exhibited promising efficiency in classifying leaf diseases, the proposed shallow CNN model stood out with an
impressive accuracy of 91%, marking it as the most effective solution. The comprehensive results indicate that
the optimized CNN model, featuring four convolutional layers, one hidden layer with 64 neurons, and a dropout
rate of 0.5, outperformed the transfer learning models.

Conclusion

The findings of this study demonstrate that our developed proposed CNN model provides a high-performance
solution for the rapid identification of quince leaf diseases. It excels in real-time detection and monitoring,
achieving remarkable accuracy. Notably, it can identify fire blight and powdery mildew with a precision
exceeding 95%.

Keywords: Confusion matrix, Convolutional neural network, Fire blight, Leaf blight, Powdery mildew
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4- Support vector machine
5- Hu’s moments
6- Deep Convolutional neural network
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1- Fire Blight
2- Leaf Blight
3- Powdery Mildew
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Fig.1. Sample images of Quince leaf diseases (a) Powdery Mildew, (b) Fire Blight, (c) Leaf Blight, and (d) Healthy
Leaf
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Fig.2. Augmentation of (a) original image using (b) horizontal and vertical flips, (c) zoom in, and (d) 45-degree rotation
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Table 1- Number of train, validation, and test data sets for training of CNN networks
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1- Transfer Learning
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3- Vanishing gradient
4- Skip connections

5- Residual connections
6- Flatten

7- Dropout

8- Step_decay
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1- Google colaboratory
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Fig.3. Overall structure and processing of pre-trained networks for classification of Quince leaf diseases
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Fig.5. Confusion matrix of (a) ResNet-101, (b) Inception-ResNet-v2, and (c) Proposed networks for test data set
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Table 2- Effect of dropout value and the number of hidden neurons on the validation accuracy of CNN (Ir=Step_decay
and batch size= 64)

CNN Neurons

32
64

ResNet-101 64
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Inception-ResNet-v2 64
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Proposed Model 64
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Dropout  Accuracy (%)
- 0.75
- 0.75

0.5 0.73
- 0.72
0.5 0.80
- 0.80
0.5 0.82
0.5 0.77
0.5 0.92
- 0.91
0.5 0.94
0.5 0.89
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Table 3- Comparing indices parameters of proposed network with pre-trained ResNet-101 and Inception-ResNet-v2
networks using test dataset

CNN Class Precision Recall Fl-score Accuracy

Fire blight 0.71 0.56 0.63
Leaf blight 0.67 0.74 0.71

ResNet-101 Healthy 071 085 077 0.72
Powdery M 0.79 0.71 0.75
Fire blight 0.78 0.74 0.76
. Leaf blight 0.79 0.79 0.79

Inception-ResNet-v2 Healthy 073 088 0.80 0.79
Powdery M 0.86 0.74 0.79
Fire blight 0.95 0.92 0.94
Leaf blight 0.87 0.87 0.87

Proposed Model Healthy 084 0.95 0.89 0.91
Powdery M 0.97 0.88 0.93
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Introduction

This study investigated the development and evaluation of an automatic feeder control system for sugarcane
planters. The primary objective was to address limitations in existing machines and enhance their performance
by introducing precise control of cane feeding.

Materials and Methods

The automatic feeder control system was equipped with three types of sensors, including a Load Cell Sensor
that directly measures the weight of sugarcane on the feeder table. This feature provides a real-time assessment
of cane availability. The Hydraulic Oil Pressure Sensor monitored the pressure within the hydraulic system that
drives the feeder mechanism. Variations in pressure served as an indirect measure of the force applied to the
cane during the feeding process. The Ultrasonic Distance Sensor employed ultrasonic waves to estimate the
distance between the sensor and the sugarcane pile. Nevertheless, some limitations concerning accuracy and
response time were identified. A microcontroller served as the central processing unit, receiving sensor data and
generating control signals to regulate the feeder mechanism. This allowed for automation and eliminated the
need for a manual operator. The performance of the automatic feeder control system was evaluated against a
manual control method operated by a human.

Results and Discussion

The evaluation focused on three key aspects: cane spillage, planting quality, and control stability. Cane
Spillage: the amount of sugarcane inadvertently dropped during the planting process. Automatic control methods
using a load cell and hydraulic oil pressure sensor reduced spillage similarly to manual control, averaging
approximately 8.8 t ha™. The ultrasonic sensor resulted in significantly lower spillage, achieving 7.4 t ha.
However, its limited accuracy and responsiveness led to undesirable gaps between the planted canes. Planting
Quality: The implementation of automatic control techniques utilizing load cells and hydraulic oil pressure
sensors successfully ensured uniform spacing between planted canes, achieving results comparable to traditional
manual methods. Due to its shortcomings, the ultrasonic sensor created gaps between the planted canes,
undermining the overall quality of the planting process. Control Stability: The method utilizing hydraulic oil
pressure sensors exhibited limitations in maintaining consistent control under varying operational conditions.

©2024 The author(s). This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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This stemmed from temperature-dependent changes in oil viscosity, which affected the pressure readings and
ultimately the control signal. Based on the evaluation results, the load cell control method emerged as the most
favorable option for automatic feeder control. It delivered performance that matches manual control in terms of
cane spillage reduction and planting quality, all while eliminating the need for an operator. The hydraulic oil
pressure sensor method, although effective in some aspects, presented challenges due to oil viscosity variations.
The ultrasonic sensor showed promise for reducing spillage; however, it ultimately fell short due to its inability
to accurately and swiftly detect the availability of cane, resulting in gaps between planted canes. A separate
assessment was carried out to compare manual cultivation with an automatic control method based on weight
measurements using a load cell. This evaluation revealed significant differences (p < 0.01) in billet weight, the
number of billets utilized, and one-sided gaps between the two methods. However, no significant difference was
observed in terms of two-sided gaps.

Conclusion

This study successfully designed and implemented an automatic feeder control system for sugarcane planters.
The load cell control method emerged as the most effective solution, successfully eliminating the need for
operators while ensuring high standards of planting quality and efficiency. Additional research could explore
advancements in sensor technology and control algorithms to further enhance the performance of automatic
feeder control systems.
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Fig.5. Flow diagram of the automatic feeder control system for sugarcane billet planter
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Table 1- Analysis of Variance (Unbalanced ANOVA) for the Effect of Billets Pile Detection Methods on the
Performance of Sugarcane Billet Feeder System
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Source DF Adj MS F-Value
ot 3 18.4215 6.1405 3.87%*
Treatment
s
104 165.2083 1.5885

Error
5 107 183.6299

Total

#% means a significant effect within a 99% confidence interval
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Fig.8. Comparison of Billets usage (tone ha') for manual, weight, ultrasonic, and oil pressure sensor control

JrS Uy 5 Fig S b S8 slaby) o 525 asls
By mo o Siwd CdS )0 Jg Al odmliie (o)l dme gldy
sdle CiS 2o )3 A dgd> g S ()1 gz yobods del8 5
alon 3l oas )8 g5y o diplosl lagas Lo & Jbb cpl b oy
o &y 90 05 Ca o il (590 55 YL cod ol
JiS wlelw 3l eolaiuwl g deyio 13 05)8 (g9 in ol Ce puo
S (L8 i) o e il a3 4als e (S35
Jlw » b Caiis g ciS (60,8 Slalllas Co pie bawgs

..)94 )mf .)94 W) Pbu‘ yway

993 9 Sisteby pow Ginlejl pgd Silejl ol & 4255 L
Uinlesl cpl (b s Ll ol cats g cuiS dcgesrey ) 4o
sl ClS g wd CulS gy 9 ¢lje 1 S B dgus 5
23 BAS Al (g fRue b J S g (wd 38 090 53 L)
8 Job b St cdby pile bawgs baaold ceuiS” (b 9
bt diged jobodn ¥ Joda 50 gy 0l i e Slw YO LYY
sl 01 03,9l 4old (359 Bpan (sl 4,y by 48
A5 s inn gl dmys | Jo] gl > S gy
Sy Joai sl uibjls 4o w500 Sialejl dw (glys Lol
A )] 5 Ske dulie (gl lges )90y S gl Lz
b5 Ly S 5 S fages Silie dulio gl llas



FYY o ) ands olfows &390 4905 55095 J yiuS aibobw (sl 35 9 cdbw o > 15b (oS g oylwles

(059 2 e 295 (twod S8 b 93 13) IS dolB oydlo g s S (gl (KG hat) acld 559 B pme (uilly 426 =Y Jgd
Table 2- Analysis of Variance (ANOVA) for billets usage (kg ha*) for manual planting and planter (manual and
weight-based automatic control)
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Error
g 38 5096894
Total

#% means a significant effect within a 99% confidence interval
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Fig.9. Comparison of Billets usage (tone ha*) for manual planting and Billets Planter (with two types of control)
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Fig.10. Comparison of billets per hectare for manual planting and Billets Planter (with two types of control)
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Fig.11. Comparison of One-Sided Gap for manual planting and Billets Planter (with two types of control)
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