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Abstract

One of the most economical and precious spices ever known is saffron. It has innumerable pharmaceutical applications, and
its cultivation is limited to certain topographic regions throughout the world. Although efforts are continuously being made
to increase productivity and increase the area under cultivation, there are multiple factors leading to its low production.
Corm size is one of the major factors affecting the quality and production of saffron. The more the corm size for a plantation,
the better the yield of the crop. This can pose a serious threat to saffron cultivators who are not able to get good quality corms
and sort quality corms from infected ones. Additional factors affecting saffron cultivation include attack by fungus leading to
corm rots and sclerotineal disease. In this paper, IoT (Internet of Things) has been used to provide an energy-efficient, ready-
to-use, reliable, and user-friendly solution for corm sorting and treatment before sowing to promote quality, better yield and
minimized wastage due to corm rots. After sorting the corms, they are treated with 0.2% of tiabendazole fungicide solution
and dried, before sowing and for long-term storage. Firstly, sorting and treatment system for the saffron corms processing
as per weight is proposed. First two-layer cleaning mechanism to remove foreign substances, then three-step treatment has
been applied to remove microorganisms. An automated conveyor system equipped with IoT devices was used for sorting
and treating saffron corms. Different energy efficient LPWA (Low Power Wide Area) and LTE (Long Term Evolution)
technologies used in the framework, for communication are NB-IoT (Narrow Band IoT) and LoRa (Long Range Radio).
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Introduction

Saffron or Red Gold known derived from stigma of Cro-
cus Sativa, is known for its very high price value referred
to as ‘Golden Zest’ in India. The lifecycle of the plant starts
with the planting stage in June, with the flowering in mid
- October and the leaves drying out in May. Saffron be-
ing a triploid perennial plant attains a maximum height

of 25 to 40 cm. The conditions required for growth in-
clude soil with a pH value of 5.5 to 8.5, 100 mm water at
the pre-flowering stage after every two weeks and always
making sure that the crop is weed free.

Saffron crop can be subjected to a vast variety of fun-
gal infections which include fungal infections like fusar-
ium, violet root rot and Rhizoctonia Crocorum (Nekoei
et al. 2021). The word ‘saffron’ finds its origin in Arabic,

Copyright Kour, et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-BY 4.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.


mailto:ygulzar@kfu.edu.sa

2 Kour, et al.: Saffron corm sorting and rot treatment strategy for productivity enhancement

and has come from word “Zafaran” which means yellow.
Saffron has great significance in different Indian rituals
and is known by many names like ‘Kesar, ‘Kum-Kum’ and
‘Koung’ in Kashmiri language. The estimated world pro-
duction is around 200 tons annually (Ganaie and Singh
2019).The leading saffron producers of the world include
Iran, Greece, Afghanistan, Italy and Turkey. Increase in saf-
fron export can have a great impact on economy of a coun-
try. Herat, considered as the best quality saffron producing
area has contributed to generating 2.6 billion U.S Dollars
by exporting saffron. Various factors deciding the quality
of this crop are based on the pigmentation of crocin, safra-
nal and picrocrocin. As per the presence of these pigments,
saffron is classified mainly into 3 categories, Grade 1, Grade
2 and Grade 3 in order of their quality (Rasooli et al. 2020).
In India the cultivation is mostly in regions of Jammu and
Kashmir. Saffron has a plethora of benefits ranging from
culinary to cosmetics and textile dyeing to medicinal (an-
ti-ulcer, anti-spasmodic, anti-cancer, anti-diabetic, depres-
sion and carminative properties) (Asiabani et al. 2020). It is
one of the main spices for preparation of Kashmiri ‘Kehwa’
Saffron has great significance in religious purposes. It is an
important part of rituals as it is considered very pure by the
Buddhist monks who have even adopted the saffron color
for wearing. It can be of great value in acting as a home
remedy for treating respiratory infections such as common
colds, coughs, fever and bronchitis. The by-products are
also widely used in cosmetics, perfumes and textile indus-
try (Giupponi et al. 2019).

The production of saffron is declining in many countries
of the world including India due to poor quality corms.
Nutrient deficient soil having low traces of Phosphorous is
also a reason for saffron decline. As per the research work
(Kour et al. 2022b), the two major reasons for decline in
yield and quality compromise are: non-availability of good
quality corms and association of corm with various plant
pathogenic microorganisms, bacteria, and soil-borne
fungi which initiate corm rot. The corms available in the
market are a combination of light and heavy weight. These
corms are difficult to be sorted before sowing.

There is great need for a reliable and user-friendly
solution which will help farmers with sorting of quali-
ty corms for sowing as corms having weight less than 8
gm will bear no flowers. The sorted corms also need to
be treated for pest control. The known microorganism
of corm rot like Fusarium oxysporum, Fusarium monl-
iform, Fusarium solani, Bacillus croci etc. The death of
foliage is characterized by yellowing, wilting and droop-
ing of the shoots at the time of flowering period. Infected
corms show small spots which have chlorotic holes later
turning into dark powdery mass and decay. Therefore, it
becomes necessary to treat saffron corms before preser-
vation and plantation to have a high yield of saffron, the
world’s costliest condiment (Gupta et al. 2020; Gulzar et
al. 2023; Unal et al. 2024).

A good daughter corm is considered to have a weight
above 8 grams. The corms having good weight and size
produce the best quality of saffron and the daughter corms
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(Cardone et al. 2019). It is clear that saffron corm is very
susceptible to soil-borne fungi, bacteria, and microorgan-
ism corms getting spoiled. Due to this factor, the supply
of daughter corms decreases and reduces the overall cul-
tivation area and hence the production. A mechanism for
sorting and treatment of corms with fungicidal, anti-bac-
terial, and other chemical solutions is required to preserve
the quality and yield (Bagherzade et al. 2017).

The model presented in this paper aims to address the
above limitations and drawbacks and provides a sustain-
able solution with a simple, easy to operate, cost-efficient,
less time-consuming, automated solution for sorting
healthy saffron corms and preparing them for storage. In
the last decade, the IoT has been one of the most ama-
teur technologies, which has changed the facade of human
life. With its rapid development, the paradigm of IoT is
changing the face of agriculture world, with increase in
qualitative crop yield. There is need for naive technolo-
gy like IoT to overcome the cultivation hurdles. Although
IoT provides smart solutions for different sectors but
there are challenges like energy consumption. In order to
address these issues, it is best to use NB-IoT, LTE, LoRa
and LPWA for data communication and control. As the
number of devices are also increasing every day, energy
dissipation at large needs to be taken care of. This issue
can be addressed by using low energy consuming devices
with minimum energy required for operation. LoRa and
NB-IoT offer energy-efficient access networks for com-
munication. NB-IoT is a communication technology for
M2M and device communication in IoT environment.
It has very low cost and uses less power. LTE based on
the Global System for Mobile Communication (GSM) /
EDGE is a standard for wireless communication for mo-
bile devices and data terminals. It leads to improvement
in the capacity and speed by altering radio interface and
core network improvements. LoRa includes a long-range,
low-power wireless communication platform essential to
the IoT (Khanna and Kaur 2019).

IoT is an impeccable solution for such agricultural is-
sues related to saffron cultivation. Numerous challenges
like adulteration, transportation and efficient utilization
of by products can also be improved by using IoT with
other technologies like block chain, supply chain etc.,
(Khanna and Kaur 2019). IoT also suffers from issues of
energy usage and efficiency, which can be overcome by
using solar energy for sustainability.

The approach is novel as it is the first designed system
for sorting of corms in saffron. Availability of good quality
corms is a challenge for farmers which can be achieved by
using this framework. This paper provides the following
contributions:

o A simple energy-efficient, automated three-layer
mechanism for sorting quality and fertile corms for
sowing.

o An automated novel, user-friendly and reliable
strategy for preparing corms for long term storage
without decaying.
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o An automated three step process for treatment of
corm rots and to kill soil-borne fungi, bacteria, and
microorganisms for production of good quality
daughter corms.

The structuring of the paper is as follows: Section 2 pre-
sents the literature survey related to various approaches
from present state of art, used for saffron corm sorting
and treatment. Section 3 discusses the problem statement
and the proposed solutions and the complete working of
designed system. Section 4 illustrates the detailed meth-
odology in designing the framework and three stage
mechanisms with hardware specifications. Section 5 is
related to the discussion and important equations related
to corm size and quality. Section 6 deals with the results
and outcome of important parameters affecting corm size.
Section 7 concludes the paper and discusses the future
scope of the developed corm sorting.

Literature survey

The cultivation of saffron presents numerous challenges
for farmers, which have been extensively examined in the
literature. Predictions indicate a significant growth tra-
jectory in the saffron market over the forthcoming years.
Researchers have identified key areas for investigation, en-
compassing various aspects related to saffron cultivation.
Additionally, existing solutions for saffron corm sorting
have been scrutinized, revealing existing shortcomings
and opportunities for enhancement.

Anabat et al. (2020) proposed an agro-ecological model
for saffron crop using GIS (Geographic Information Sys-
tem) spatial decision-making methods to study suitability
of saffron cultivation in various other Iranian regions. The
simulation used here is Monte Carlo simulation (MCS)
in association with GSA (Global Sensitivity Analysis).
The use of former stated models greatly improves preci-
sion by removing variance of data. Results obtained using
GSA method allows to obtain the priority of criteria and
identify the most important criteria and the variability of
outputs under uncertainty conditions for model inputs.

Shokati and Feizizadeh (2019) also studied differenti-
ation of saffron on the basis of geography by using Gas
ChromatographyMass Spectrometry/ Flame Ionization
Detector (GC-MS/FID) and chemometrics methods.
About 247 saffron samples were collected from different
countries like Iran, Italy, Greece, Spain. The differences
in these samples were studied using techniques like flame
ionization, spectrometry and gas chromatography with
percentages of correct classification and validation more
than 95 percent.

The study (Aktas et al. 2022) deals with the classifi-
cation of pistachios on the basis of open or closed using
deep learning. The dataset used is collected from indus-
tries using AlexNet and Inception V3. The accuracy of
the tests performed was 96.13% and 96.54%. The testing
and training of the model was done by comparing desktop

data and industrial data with AlexNet structures. When
the network structure trained with the desktop dataset is
fed test images from the industrial dataset, test accuracy
achieved is 61.75%. Conversely, test accuracy is comput-
ed as 99.84% when the desktop data set is input into an
Alexnet structure that has been trained using an indus-
trial data set. This indicates unequivocally how well the
industrial dataset functions in industrial classification ap-
plications and how poorly the desktop dataset works in
industrial applications.

The highest dry weight of stigmas, stigma length,
stamen was achieved by corms of D1 class and highest
number of flowers was achieved by D2 class production
(35.9 tons per hectare) was obtained when corms belonged
to D3 class. The quality traits obtained as per International
Standardization Organization (ISO 3632) for taste (116.2
A1% 1 cm 257 nm) and color (306.3 A1% 1 cm 440 nm)
were obtained for D2 class. Hence, corm dimensions
have great impact on yield and quality traits of saffron.
However, the paper indicates the need for more studies to
evaluate nutritional value. Exact methods to evaluate the
quality of saffron have also not been discussed (Cardone
etal. 2021). The major research challenges identified from
the literature faced by researchers is unavailability of good
quality corms.

Menia et al. (2018) studied the quality components
of saffron like crocin, picrocrocin, safranal determining
color, flavor and aroma strength. The main reasons re-
sponsible for decline were enlisted as: corm rotting, in-
adequate postharvest practices and adulteration. Such
issues can be taken care of by using adequate proportions
of fungicide and pesticide solutions. The authors suggest
educating the farmers about this and developing an appa-
ratus for proper corm selection and fungicidal treatment.

Gupta et al. (2021) also describes corm rot as one of the
major reasons for reduction in saffron production. Oth-
er than yield reduction, it also effects the daughter corms.
There is lack of efficient mechanism to deal with this issue
and curb it properly. Advanced methods like tissue culture
and molecular breeding for making resistant genotypes
against common diseases like Fusarium oxysporum has
also been discussed. Much emphasis has been laid on mak-
ing the good quality corms available to the farmer. There is
need for advanced cultural practices and standard proce-
dures at farmer’s disposal to put an end to such issues.

Ghanatian et al. (2019) have proposed a saftfron cul-
tivation method and effect of rots on corms. The meth-
od is characterized by different steps from plantation to
cultivation. The important factor in this paper is the sig-
nificance of good quality corms. An apparatus has been
designed which consists of a two conveyer belts, helping
to sort corms based on different sizes. The procedure also
involves treating of corms with carbendazim solution
(50%) and drying before sowing. This is done to protect
the corms from rots and fungus. The corm sorting is done
efficiently by using two conveyer belts and a recycled bin
however the system is not automated and is very clumsy.
The solution is not sustainable and demands high power
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supply to work. This disease causes decay of saffron plants
resulting in decline of yield. Corm rot is deadly as there
is no detection in initial stages, due to which such seeds
are sown and high labor is invested, resulting in wastage
of time and effort as the seeds get decomposed to a fine
powder over time (Mirghasempour et al. 2022b).

Materials and methods

The proposed solution provides an easy, energy-efficient
and reliable solution for sorting of healthy and fertile
corms on the basis of dimensions and weight. The power
supply used for the device is solar which makes it ener-
gy efficient. The proposed system comprises of a different
sorting mechanism explained in subsections below.

Working

A saffron processing system consists of a sorting mech-
anism, a vessel, a conveyor mechanism, a hopper, a load
sensor and plurality of chambers. A sorting mechanism
is configured with a plate comprising multiple holes cou-
pled with a moving mechanism to oscillate in a horizontal
plane to sort healthy saffron corms. The oscillations of the
plate along with the length of the frame is achieved with a
gear mechanism rotated by an electrical motor. The vessel
is used to gather sorted saffron corms. The corms in ves-
sel are sent for treatment with a plurality of water-soluble
chemicals by the conveyer mechanism. The system has
0.2% tiabendazole chemical used for the treatment of the
saffron corms against various diseases (Mirghasempour et
al. 2022a). A conveyor mechanism coupled with a drive
mechanism, a load sensor, and a hopper at the first end

Conveyor belt with load senosrs

is used to deliver saffron corms one by one on a conveyor
bed. The bed is equipped with a rotating door mechanism
that passes saffron corms through a plurality of Ultra Voilet
(UV) chambers having a lamp for treatment of the saffron
corms, a load sensor configured with the conveyor, and
two boom barriers each with an actuator unit to direct all
saffron corms in a particular path. UV chamber consists of
a power supply, shield from the operator, pulsed UV light,
computer interface, and light source. A load cell works by
converting mechanical force into measurable digital val-
ues that are processed by the microcontroller to classify
into any of the three categories w1, w2, or w3 and take the
required action. A plurality of containers is arranged at the
second end to collect sorted saffron corms. A control unit
comprising a processing unit, an ESP32 board, a switch-
ing unit, and an input-output unit is configured with the
conveyer mechanism to execute and monitor one or more
kinematic parameters of the conveyor. An external power
source is used to receive packets of data transmitted by the
sensors. The received packets are transmitted to a plurality
of sensors and actuators coupled with the system to per-
form one of the functions. The two cores Protocol CPU
(PRO_CPU) and Application CPU (APP_CPU).PRO_
CPU processor of ESP32 handles the Wi-Fi, Bluetooth,
and other internal peripherals while as the APP_CPU is
used for the application coding. The system as shown in
Fig. 1 provides an overview of the proposed system used,
with an easy and reliable solution to sort corms and treat
them for protection against rots and other diseases.

The communication between different IoT devices
utilizes low power and energy by using Low Power Wide
Area (LPWA) technologies.The software development
framework for ESP32 is Espressif Internet Development
Framework (ESP-IDF). ESP32 provides dual-mode wire-
less network connectivity which is communicatively

Smart Corm Basket with ESP32

board and LED Display

Basket collecting corms having
size <10cmem and weight
<l0gm

Basket collecting corms
having size 10-12 cm and
weight =10gm

Tiabendazole Solution

Quality Corms dipped in
fungicide solution for storage
and sowing

Basket collecting corms having
size 15-25 cm and weight >10gm

Drying Corms in shade before

storage

Figure 1. Saffron corm sorting and fungal treatment device.
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coupled with the system using low energy dissipating
protocols like LoRa, NB-IoT, a microprocessor, and an in-
put-output unit to receive and transmit command signals.
An external electrical source supplies electrical power
to the system. Then they are taken to the treatment ves-
sel in batches to treat with fungicides. The treated corms
are dried and then taken to the hopper, and released on
the conveyor system one by one with the help of a mo-
tion sensor and a door mechanism. The data is received
by the control unit comprising of a processing unit, ESP32
board, and the switching unit to control the operation of
the actuators and input-output device. The cloud server
unit is connected to the conveyor system through the ESP
32 board making use of energy-efficient technologies like
LoRa and NB-IoT. The data collected from the sensors is
analyzed to take action by the system. This data is also sent
to the cloud server for future prediction. Different data
threats from damage and sensor failure pose cyber securi-
ty issues to the evolving smart agriculture systems. Threats
to data acquisition technologies like malicious attacks, un-
authorized access, privacy issues, etc. are some of the ma-
jor challenges to be addressed. However, an amalgamation
of different technologies and measures like authentication
control protocols, robust intrusion detection, cryptogra-
phy, edge computing, and blockchain ledgers can be quite
useful in addressing these challenges. covered in the fu-
ture aspects of this study (Zahmati et al. 2018).The exter-
nal power source is connected to units through a pair of
electrical wires or solar grids for energy optimization. The
flowchart in Fig. 2 explains the flow diagram of the system
where in the first step, a batch of saffron corms irrespective

of their weight are sorted with the first sorting mechanism
and then taken to the vessel for their treatment with the
fungicidal (Seyyedi et al. 2018; Gheshm and Brown 2021).

First sorting mechanism

In order to sort corms, three groups are used for classifi-
cation. The first one is W1 where all corms have a weight
between 8 gms to 12 gms, the second is W2 having weight
between 12 gms to 16 gms, and the third is W3 for corm
weight greater than 16 gm. The first sorting mechanism
consists of a plate having multiple-sized holes to reject
small-sized saffron corms not healthy for sowing. The di-
ameter of the holes is kept between 2.0 cm to 2.25 cm so
that almost all corms having a weight of 8 gms and above
are not rejected as their diameter is generally 2.5 cm and
above (Rezvani-Moghaddam 2020). If the weight of the
corm is within W1, both arms will be up and the corm goes
on the same track, if the weight of the corm is within W2,
the first arm will not be lifted allowing the corm to change
the track and go to the middle track whereas the second
arm will be lifted to pass the corm further. If the weight of
the corm is in the W3 group, both arms will not be lifted
and the corm will be forced to move to the last track.

After drying the saffron corms, they are poured into
the hopper and then into a chamber where they are treat-
ed with warm air ensuring no moisture is left inside the
corms. The block diagram of the apparatus as shown in
Fig. 3 consists of the first sorting unit used to filter all
healthy corms weighing 8 gm and above.

1. Batch of mixed
saffron corms

2. First sorting
mechanism

3.Vessel for first
treatment

6.Load platform for
sorting of weights

5.Warm air chamber
for second

4. Hopper

7. Second sorting
mechanism boom
barrier

8. Uv chamber for
third treatment

9. Containers

Figure 2. Step-wise Saffron Corm Sorting and Fungal Treatment Mechanism.
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Vessel for
treatment

First sorting
mechanism

Containers for
final collection

Conveyor
system

Power
supply

Control unit

Processing
unit

Esp32

board Cloud

server

Switching
unit

Input output
unit

Figure 3. Block diagram of saffron corm sorting and fungal treatment apparatus.

Plate with multiple-sized holes

Figure 4. First sorting mechanism of designed apparatus.

The first stage of sorting from Fig. 1 is shown in a de-
tailed manner in Fig. 4. The platform is walled to avoid
the falling of saffron corms. One of the walls of the sorting
chamber is a movable door, opened for taking out sort-
ed corms. To start the operation, a batch of mixed saffron
corms is placed over the plate manually and the plate is
made to oscillate in a horizontal plane along with the
length of the frame, and the motion is achieved with a gear
mechanism powered by an electrical motor. By opening
the door, sorted corms are removed.

Emirates Journal of Food and Agriculture

Automatic shutter for corm disposal

Treatment of corms

After this, all sorted corms are put in vessel in batches
to first, wash them with clean water and then with dif-
ferent fungicide solutions. Various fungicide solutions in-
clude 0.2% water-based solution of tiabendazole, a 0.2%
water-based solution of Bavistian, and 0.2% water based
solution of captafol. All saffron corms are dipped in the
solution at least for a period of 15 minutes to 20 minutes
and then taken out from the vessel to dry in shade for a
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period of 20 to 30 minutes to drain out the solution. The
dried corms are manually brought to the hopper config-
ured with a door mechanism and a motion sensor at the
first end to deliver saffron corms one by one at a pre-de-
termined interval on one side of the conveyor bed opera-
tively coupled with a drive mechanism. The moving door
mechanism configured with the hopper is operable cou-
pled with the control unit through the motion sensor. The
moving conveyor bed passes saffron corms into the cham-
ber where warm air with a temperature of 25°+5° circu-
lates to remove leftover moisture from the saffron corms.

From the chamber, the saffron corm is passed on the
load sensing platform to weigh and record all saffron
corms one by one and to transmit weight information
in packets of data to the control unit. As soon as a corm
reaches the load platform, the conveyor bed stops for a
pre-determined period upon receiving the signal from the
position sensor to record the weight of the corm. At that
moment, weight information is transmitted to the control
unit, the control unit transmits the command signal to the
motion sensor to move the conveyor bed. The detailed
process of dipping quality corms in fungicidal solution is
already shown in Fig. 1.

From the chamber, the saffron corm is passed on the
load sensing platform to weigh and record all saffron
corms one by one and to transmit weight information
in packets of data to the control unit. As soon as a corm
reaches the load platform, the conveyor bed stops for a
pre-determined period upon receiving the signal from the
position sensor to record the weight of the corm. At that
moment, weight information is transmitted to the control
unit, the control unit transmits the command signal to the
motion sensor to move the conveyor bed.

Second stage of sorting

It comprises actuator units and a pair of arms and is
placed obliquely over the conveyor bed that receives sig-
nals from the control unit to lift the arms. Their functions
are like an operation of a boom barrier. This is to deflect
saffron corms to be sorted in a particular path as per their
weight groups. After the second stage of sorting, all corms
are passed through a UV chamber for treatment. This pro-
cess is used as the third stage for the treatment of saffron
corms to eliminate the probability of contamination of
corms during the journey from fungicidal treatment to
the UV chamber. After passing through the UV chamber,
all saffron corms are made to slide into respective con-
tainers arranged at the second end of the conveyor system
from where they are collected manually for their preser-
vation. A hopper is configured with the conveyor system,
to manually collect saffron corms after the first treatment
and drying, to supply them one by one on the moving
conveyor bed. The timing that corresponds to the distance
between the corms on the moving conveyor bed is con-
trolled by the control unit through a motion sensor cou-
pled with a door mechanism configured with the hopper.

The released saffron corms then pass through a chamber
where warm air with a temperature of 25°+5° has circu-
lating movement to remove leftover moisture from the
corms. The corm then moves to a load-sensing platform
configured with a load sensor and a position sensor. The
load cell used is an S-beam load cell, having a wide capaci-
ty range and high accuracy of up to £0.02%. The operating
voltage for the load cell and ultrasonic position sensor is
5V-12V.The position sensor used is an ultrasonic position
sensor with an accuracy of +0.144 inches. The position
sensor transmits the corm location on the load platform to
the control unit and upon receiving the signal, the control
unit transmits a command to the conveyor motor to stop
till weight is recorded by the load sensor. Once the weight
is recorded, a signal is transmitted from the control unit
to the conveyor motor to start. At the same time packets
of signals are transmitted to the first actuator unit and to
the second actuator unit to lift or not lift respective arms.
The corms are sorted out into the respective weight group
and the following different tracks are passed through the
UV chamber for UV treatment, and the corms slide to the
respective container configured as per the weight group.
From the chamber, they move further to a load platform
where the load information is transmitted to the control
unit. Based on the information, the decision on lifting is
made of the respective arms where the track of the corm is
decided as per their weight. The weight-wise sorted corms
are passed through the UV chamber for treatment. Final-
ly, they slide down to their respective containers for their
preservation. The bed is configured with multiple equidis-
tant spaces, protruded lining along its length covering full
width. To maintain the movement of the corms in the par-
ticular track on the conveyor bed unless forced to change
the track. The third sorting mechanism from Fig. 1 can be
shown, in detail as shown in Fig. 5.

The proposed solution has been tested on dataset re-
lated to yield, flowering, water productivity, emergence
percentage given in Table 1, using Aqua Crop model and
farm cultivation values obtained for consecutive years.
The model predicts better results with high corm weight
greater than or equal to 12 gm.

Performance metrics

The proposed model has been validated using dataset of
three years from cultivation filed. The dataset was ana-
lysed using Aqua Crop simulator which predicts the val-
ues of growth, yield and other parameters given in Table 1,
for different values of corm size. In order to increase the
production and quality of saffron, saffron corm size and
absence of corm rots are the most crucial factors. When
the dataset for values of climate and soil conditions were
used as input in Aqua Crop model, after running simu-
lations, the relation between yield and corm size keep-
ing other values same was obtained as shown in graph in
Fig. 6. The relation between saffron corm and yield can
be shown by plotting a graph between corm sizes and

Emirates Journal of Food and Agriculture
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Warm Air

Hopper chamber

Conveyor
belt Load
/_ Cell

Conveyor belt

Arm/— Arm

Boom Barrier

./

yARSE

\

\

Moving Door L
with

Motion sensor
sensor

]

1\
k Position Actuator

units

\
L

Baskets for collecting
sorted corms

Figure 5. Second sorting stage and UV treatment in designed apparatus in designed apparatus.

yield, which increases with increase in saffron corm size
(Jami-alahmadia et al. 2010; Ayoub et al. 2022, 2023; Kour
et al. 2022a; Singh et al. 2023) as shown in Fig. 6.

0

8

/o/@'

&

Yield (Kgha-1)

<8GM 8 GM 12 GM

Corm Size(gm)

16 GM

Figure 6. Relation between yield and corm size.

It was observed that with increased corm size, different
parameters related to growth like number of flowers per
unit area, emergence percentage, weight of flowers, yield
and dry weight of saffron improved considerably. Reduc-
tion in flowering time and improvement in flowering days
was also observed (Ghanbari et al. 2019).Corm rot and
sclerotiorum disease also has a significant effect on yield
and hence needs to be treated in time. Based on different
researches and studies, it was observed that out of all the
fungicides available, tiabendazole fungicide solution has
a significant effect on corm rot reduction and decrease in
loss due to fungal diseases. Tiabendazole fungicide solu-
tion curbs fungal growth by disturbing the energy produc-
tion, blocking cell division, DNA and cell wall synthesis.

Emirates Journal of Food and Agriculture

As per reports, there is 88% corm rot and fungal decay re-
duction by using tiabendazole solution. In order to make
the application of fungicidal solution to be more effective,
it is used in combination with different bio agents to make
it sustainable, energy efficient and environment friendly.
Application of tiabendazole solution over mother corms
and daughter corms was studied over different years, and
as per the results from Aqua Crop model, it was reported
that maximum suppression of disease-causing pathogens
occurred in the first year as shown in Fig. 7, reportedly at
89%. The disease reduction percentage after the first year,
kept on decreasing as shown below.

Disease Reduction Percentage

100% - 89%
75%
80% - 62% = Ist Year
60% 50%
? = 2ndYear
40% -
20; 3rd Year
-
0% = 4th Year
0 T T T
1st Year 2ndYear 3rd Year 4th Year

Figure 7. Disease reduction percentage over years by ap-
plying tiabendazole solution.

The reduction and treatment of fungus by using tiaben-
dazole in corms is also linked to reducing the number of
days taken to sprout and the emergence of flowering as
compared to other solutions applied. There is also a need
for making use of energy-efficient device components to
save energy and offer sustainability. The system designed
is user-friendly and reliable as compared to other systems
designed, as it offers a ready-to-use solution for sorting saf-
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Table 1. Traits of saffron under different corm size.
Corm  No. of flowers per Emergence Biomass (mg/m?) Actual Yield Time Period (First Duration of
Weight unit area Percentage (%) 8 (Stigmas) (mg/m?)  Flowering in days) Flowering (days)
<8 gm 8.07 80.8 195 11.09 52 8
8 gm 10.02 91 240 14.02 48 9
12 gm 12.5 122 286 16.45 42 10
16 gm 42.66 149 370 46.33 35 16

fron corms. The system is automatic in nature due to the use
of sensors and microcontrollers, operated by using switch-
es, which can even be used by a layman not having much
technical expertise. The system saves time, as compared to
manual process which is inaccurate and time consuming.

Hence, as observed corm size and treatment with
the best fungicidal solution is very crucial to optimized
growth of the saffron plant. The yield and time taken for
sprouting and flowering are directly impacted by the use
of the right corms and proper drying and treatment with
fungicidal solutions. There is also a need for making use
of energy-efficient device components to save energy and
offer sustainability. The system designed is user-friendly
and reliable as compared to other systems designed, as it
offers a ready-to-use solution for sorting saffron corms.
The system is automatic in nature due to the use of sensors
and microcontrollers, operated by using switches, which
can even be used by a layman not having much techni-
cal expertise (Jami-alahmadia et al. 2010; Unal and Aktas
2023; Unal 2024).The system saves time, as compared to
manual process which is inaccurate and time consuming.

The values were analysed for different sizes of corms
as shown in Table 1, and it was observed that the corms
weighing 8 gm and more were ideal for sowing. Table 1
presents the values of quality parameters for four different
categories of corm sizes.

The tiabendazole and other fungicidal solutions also
effect the days taken for emergence of flowers The results
indicate that tiabendazole solution is most effective in im-
proving growth parameters including time taken to start
flowering. Hence, as observed corm size and treatment
with the best fungicidal solution is very crucial to opti-
mized growth of the saffron plant. As per the results from
Aqua Crop model, the yield and time taken for sprouting
and flowering are directly impacted by the use of the right
corms and proper drying and treatment with fungicidal
solutions as shown in Fig. 8.

80
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40

20 I
0

dazol T. harzi

flowers

Number of days
taken to sprout

CarbendazimTrichoderma hamatum Tiab

Figure 8. Effect of fungicides on the flowering period.

Corm density and porosity are important parameters
for determining the quality of a good corm. These attrib-
utes can be determined by different equations with the
help of a water filled cylindrical container. After weigh-
ing the corms, they are dropped into the container, and

determining the weight of water displaced by the corms.
The values of corms can be calculated by using Archime-
des and Bernoulli’s principle as given in eq. 1:

mu
v, = (1)
Pu
Where vu is the volume of water displaced by saffron
corms in (gcm), mu is the mass of water displaced and
p, is the density of water measured in (cm™). By using eq.
2, corm density can be directly calculated by the mass and
volume values of the corms measured, given by eq. 2.

me

Pc= —— (2)
v

u

Where p_ is the corm density in (gcm™), m_ is the corm
mass in grams. The bulk or volumetric density measured
as the weight of corms in a container can be used to de-
termine porosity which measures the aeration quality of
corms, by using the relations given in eq. 3 as:

e=Pe P 100 (3)
Pc

Where ¢ is the value for porosity in (%), p,. is the corm
density in (gcm™) and p_ is the bulk density given in (gcm™).

Other properties of the corm like sphericity were meas-
ured by using arithmetic and mean diameter given by eq. 4.

P (4)

a

Where D, is the geometric mean diameter, given by eq. 5.
D, = (Ibh)*** (5)

Where [, b and h are the values for length, breadth and
height respectively.

Conclusion and future scope

The presented work relates to the field of precision agri-
culture and energy optimization in IoT. As per the litera-
ture, one of the most effective factors controlling saffron
yield and quality is corm. The important parameters re-
lated to saffron corms which are of utmost importance
include corm size and corm weight; treatment of corms
before storage and sowing. It was observed that only the
corms having a size greater than 8 gm were ideal for sow-
ing and production of daughter corms.

The proposed system provides an easy, cost-effective,
reliable two-stage sorting and a three-stage treatment sys-

Emirates Journal of Food and Agriculture
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tem for the saffron corms processing and for preservation
according to their weight. The healthy and fertile saffron
corms are sorted from a group of mixed corms using
three-layer mechanism out of which two-layer cleaning
mechanism to remove dust, soil lumps, and weed and a
three-step treatment to kill soil-borne fungi, bacteria, and
microorganisms. It uses an automated conveyor system
for final sorting and treating saffron corms. The system
also addresses energy issues of IoT devices by making use
of energy-eflicient standards like LPWA.

The proposed method is expected to save time, man-
power, and money to make the system more sustainable.
Smart corm sorting apparatus is a reliable solution for
grouping corms on the basis of dimensions and weight
and treatment with tiabendazole and other solutions auto-
matically to make them ideal for future storage and drying
them at the ideal temperature before sowing. The device
is compact, economical, and easy to be used by farmers.
The efficacy of proposed model has been verified by using
Aqua Crop model and comparing values of yield, disease
reduction percentage, biomass, emergence percentage
and others. The results obtained indicate better yield and
productivity with increase in corm size and weight. The
yield and the biomass values obtained with a corm size
of 16 gm is 46 mg/m?and 370 mg/m? respectively which
is almost 52% greater than the values obtained with corm
size less than 8 gms.

The future scope of the apparatus involves the use of
renewable sources of energy for sustainability and cost op-
timization. The use and effect of optimal weighing corms

References

Aktas H, Kizildeniz T, Unal Z (2022) Classification of pistachios with
deep learning and assessing the effect of various datasets on accuracy.
Journal of Food Measurement and Characterization 16(3): 1983—
1996. https://doi.org/10.1007/s11694-022-01313-5

Anabat MM, Riahi H, Sheidai M, Koohdar F (2020). Population genetic
study and barcoding in Iran saffron (Crocus sativus L.). Industrial
Crops and Products 143: 111915. https://doi.org/10.1016/j.ind-
crop.2019.111915

Asiabani N, Rafiee H, Aminizadeh M, Mehrparvar H (2020) Determin-
ing the structure of saffron target markets and analyzing its impact
on Iranian exports. Saffron Agronomy and Technology 8(3): 421-
426. https://doi.org/10.22048/JSAT.2020.217710.1379

Ayoub S, Gulzar, Reegu Y, Turaev S (2022) Generating image captions
using Bahdanau attention mechanism and transfer learning. Symme-
try 14(12): 2681. https://doi.org/10.3390/sym14122681

Ayoub S, Gulzar Y, Rustamov J, Jabbari A, Reegu FA, Turaev S (2023) Ad-
versarial approaches to tackle imbalanced data in machine learning.
Sustainability 15(9): 7097. https://doi.org/10.3390/su15097097

Bagherzade G, Tavakoli MM, Namaei MH (2017) Green synthesis of
silver nanoparticles using aqueous extract of saffron (Crocus sativus
L.) wastages and its antibacterial activity against six bacteria. Asian
Pacific Journal of Tropical Biomedicine 7(3): 227-233. https://doi.
org/10.1016/j.apjtb.2016.12.014

Emirates Journal of Food and Agriculture

for sowing in the next season and the impact of daughter
corms obtained in the previous year by the apparatus will
be the future scope of this paper. The future scope of this
study will be a detailed statistical analysis of data related
to saffron corms using a large sample and protection of
sensor data against cyber security attacks. The effect of ro-
dents and treatment to save the corms from being eaten
up will also be covered in the future scope of this study.

Funding

King Faisal University: Deanship of Scientific Research,
Vice Presidency for Graduate Studies and Scientific Re-
search, King Faisal University, Saudi Arabia, under Pro-
ject GRANTG6,141.

Competing interests

The authors declare no conflict of interest.

Availability of data and
materials

All data generated or analyzed during this study are in-
cluded in this published article. Any data required can be
made available on request.

Cardone L, Candido V, Castronuovo D, Perniola M, Cicco N (2021)
Comparing annual and biennial crop cycle on the growth, yield and
quality of saffron using three corm dimensions. Scientia Horticultur-
ae 288: 110393. https://doi.org/10.1016/j.scienta.2021.110393

Cardone L, Castronuovo D, Perniola M, Cicco N, Candido V (2019)
Evaluation of corm origin and climatic conditions on saffron (Crocus
sativus L.) yield and quality. Journal of the Science of Food and Agri-
culture 99(13): 5858-5869. https://doi.org/10.1002/jsfa.9860

Ganaie D, Singh Y (2019) Saffron in Jammu & Kashmir. Interna-
tional Journal of Research in Geography 5(2): 1-12. https://doi.
org/10.20431/2454-8685.0502001

Ghanatian M, Taghvaei S, Haghpanah SA (2019) Design of a mechanism
for sorting and filling of pipette tips into racks. IEEE 5% Conference
on Knowledge Based Engineering and Innovation KBEI 2019: 389—
394. https://doi.org/10.1109/KBEI.2019.8735053

Ghanbari J, Khajoei-Nejad G, van Ruth SM (2019) Effect of saffron (Cro-
cus sativus L.) corm provenance on its agro-morphological traits and
bioactive compounds. Scientia Horticulturae 256: 108605. https://
doi.org/10.1016/j.scienta.2019.108605

Gheshm R, Brown RN (2021) Growing saffron Crocus in the Northeast-
ern United States: Effects of Winter Protection and Planting Density.
HortTechnology 31(4) 524-531. https://doi.org/10.21273/HORT-
TECH04836-21


https://doi.org/10.1007/s11694-022-01313-5
https://doi.org/10.1016/j.indcrop.2019.111915
https://doi.org/10.1016/j.indcrop.2019.111915
https://doi.org/10.22048/JSAT.2020.217710.1379
https://doi.org/10.3390/sym14122681
https://doi.org/10.3390/su15097097
https://doi.org/10.1016/j.apjtb.2016.12.014
https://doi.org/10.1016/j.apjtb.2016.12.014
https://doi.org/10.1016/j.scienta.2021.110393
https://doi.org/10.1002/jsfa.9860
https://doi.org/10.20431/2454-8685.0502001
https://doi.org/10.20431/2454-8685.0502001
https://doi.org/10.1109/KBEI.2019.8735053
https://doi.org/10.1016/j.scienta.2019.108605
https://doi.org/10.1016/j.scienta.2019.108605
https://doi.org/10.21273/HORTTECH04836-21
https://doi.org/10.21273/HORTTECH04836-21

m Emir. J. Food Agric - Volume 36 - 2024

il

Giupponi L, Ceciliani G, Leon V, Panseri S, Pavlovic R, Lingua G, Giorgi
A (2019) Quality traits of saffron produced in Italy: geographical area
effect and good practices. Journal of Applied Botany And Food Qual-
ity 92: 336-342. https://doi.org/10.5073/JABFQ.2019.092.045

Gulzar Y, Alwan AA, Abdullah RM, Abualkishik AZ, Oumrani M
(2023) OCA: Ordered Clustering-Based Algorithm for E-Commerce
Recommendation System. Sustainability 15(4): 2947. https://doi.
org/10.3390/su15042947

Gupta V, Kumar K, Fatima K, RazdanVK, Sharma BC, MahajanV, Hus-
sain R (2020) Role of biocontrol agents in management of corm rot
of saffron caused by Fusarium oxysporum. Agronomy 10(9): 1398.
https://doi.org/10.3390/agronomy10091398

Gupta V, Sharma, A, Rai PK, Gupta SK, Singh B, Sharma K, Sharma R
(2021) Corm rot of saffron: Epidemiology and management. Agron-
omy 11(2): 339. https://doi.org/10.3390/agronomy11020339

Jami-alahmadia M, Akbarpoorc A, Behdanib MA (2010) Analysis of ag-
ronomic effective factors on yield of saffron-based agro-ecosystems
in Southern Khorassan. Acta Horticulturae 850: 123-130. https://
doi.org/10.17660/ActaHortic.2010.850.19

Khanna A, Kaur S (2019) Evolution of Internet of Things (IoT) and
its significant impact in the field of Precision Agriculture. Com-
puters and Electronics in Agriculture 157: 218-231. https://doi.
org/10.1016/j.compag.2018.12.039

Kour K, Gupta D, Gupta K, Dhiman G, Juneja S, Viriyasitavat W, Islam
MA (2022a) Smart-hydroponic-based framework for saffron cultiva-
tion: A precision smart agriculture perspective. Sustainability 14(3):
1120. https://doi.org/10.3390/su14031120

Kour K, Gupta D, Gupta K, Juneja S, Kaur M, Alharbi AH, Lee HN
(2022b) Controlling agronomic variables of saffron crop using IoT
for sustainable agriculture. Sustainability 14(9): 5607. https://doi.
org/10.3390/su14095607

Menia M, Sadaf Igbal I, Zahida IR, Tahir IS, Kanth IR, Aashq Hussian
I, Hussian A (2018) Production technology of saffron for enhanc-
ing productivity. Journal of Pharmacognosy and Phytochemistry
7(1): 1033-1039. [Retrieved from] https://www.phytojournal.com/
archives/2018.v7.i1.2634/production-technology-of-saffron-for-en-
hancing-productivity

Mirghasempour Sayed A, Studholme DJ, Chen W, Cui D, Mao B (2022a)
Identification and characterization of Fusarium nirenbergiae associ-
ated with saffron corm rot disease. Plant Disease 106(2): 486-495.
https://doi.org/10.1094/PDIS-04-21-0871-RE

Mirghasempour Seyed A, Studholme DJ, Chen W, Zhu, W, Mao B

(2022b) Molecular and pathogenic characterization of Fusarium

species associated with corm rot disease in saffron from China. Jour-
nal of Fungi 8(5): 515. https://doi.org/10.3390/jof8050515

Nekoei N, Bedani MA, Khashei S (2021) Evaluation of adaptive neu-
ro-Fuzzy inference system models in estimating saffron yield using
meteorological data. Journal of Agricultural Science and Technol-
ogy 23(1): 221-234. http://jast.modares.ac.ir/article-23-14716-en.
html

Rasooli M, Bhushan B, Res NK (2020) Applicability of wireless sensor
networks & IoT in saffron & wheat crops: A smart agriculture per-
spective. International Journal of Scientific & Technology Research
9(2): 2456-2461.

Rezvani-Moghaddam P (2020) Ecophysiology of saffron. Saffron: Sci-
ence, Technology and Health 119-137. https://doi.org/10.1016/
B978-0-12-818638-1.00008-3

Seyyed SM, Ebrahimian E, Rezaei-Chiyaneh E (2018) Saffron daughter
corms formation, nitrogen and phosphorous uptake in response to
low planting density, sampling rounds, vermicompost and mineral
fertilizers. Communications in Soil Science and Plant Analysis 49(5):
585-603. https://doi.org/10.1080/00103624.2018.1432634

Shokati B, Feizizadeh B (2019) Sensitivity and uncertainty analysis of
agro-ecological modeling for saffron plant cultivation using GIS spa-
tial decision-making methods. Journal of Environmental Planning
and Management 62(3): 517-533. https://doi.org/10.1080/09640568
.2018.1427561

Singh PK, Singh D, Sharma P, Gongalves PJS, Hsiung PA, Dutta M,
Nauman A (2023) Monitoring root and shoot characteristics for the
sustainable growth of barley using an IoT-enabled hydroponic sys-
tem and aquacrop simulator. Sustainability 15(5): 4396. https://doi.
org/10.3390/su15054396

Unal Z (2024) Image preprocessing techniques applied on NIR images
for fruit bruise detection. BIO Web of Conferences 85: 01028. https://
doi.org/10.1051/bioconf/20248501028

Unal Z, Aktas H (2023) Classification of hazelnut kernels with deep
learning. Postharvest Biology and Technology 197: 112225. https://
doi.org/10.1016/j.postharvbio.2022.112225

Unal Z, Kizildeniz T, Ozden M, Aktas H, Karagéz O (2024) Detection
of bruises on red apples using deep learning models. Scientia Hor-
ticulturae 329: 113021. https://doi.org/10.1016/j.scienta.2024.113021

Zahmati R, Shekari HA, Fotokian MH (2018) Growth and development
of saffron (Crocus sativus L.) in response to temperature pre-treat-
ment and environmental conditions. Journal of BioScience and Bio-
technology 7(1): 47-50. https://editorial.uni-plovdiv.bg/index.php/
JBB/article/view/172

Emirates Journal of Food and Agriculture


https://doi.org/10.5073/JABFQ.2019.092.045
https://doi.org/10.3390/su15042947
https://doi.org/10.3390/su15042947
https://doi.org/10.3390/agronomy10091398
https://doi.org/10.3390/agronomy11020339
https://doi.org/10.17660/ActaHortic.2010.850.19
https://doi.org/10.17660/ActaHortic.2010.850.19
https://doi.org/10.1016/j.compag.2018.12.039
https://doi.org/10.1016/j.compag.2018.12.039
https://doi.org/10.3390/su14031120
https://doi.org/10.3390/su14095607
https://doi.org/10.3390/su14095607
https://www.phytojournal.com/archives/2018.v7.i1.2634/production-technology-of-saffron-for-enhancing-productivity
https://www.phytojournal.com/archives/2018.v7.i1.2634/production-technology-of-saffron-for-enhancing-productivity
https://www.phytojournal.com/archives/2018.v7.i1.2634/production-technology-of-saffron-for-enhancing-productivity
https://doi.org/10.1094/PDIS-04-21-0871-RE
https://doi.org/10.3390/jof8050515
http://jast.modares.ac.ir/article-23-14716-en.html
http://jast.modares.ac.ir/article-23-14716-en.html
https://doi.org/10.1016/B978-0-12-818638-1.00008-3
https://doi.org/10.1016/B978-0-12-818638-1.00008-3
https://doi.org/10.1080/00103624.2018.1432634
https://doi.org/10.1080/09640568.2018.1427561
https://doi.org/10.1080/09640568.2018.1427561
https://doi.org/10.3390/su15054396
https://doi.org/10.3390/su15054396
https://doi.org/10.1051/bioconf/20248501028
https://doi.org/10.1051/bioconf/20248501028
https://doi.org/10.1016/j.postharvbio.2022.112225
https://doi.org/10.1016/j.postharvbio.2022.112225
https://doi.org/10.1016/j.scienta.2024.113021
https://editorial.uni-plovdiv.bg/index.php/JBB/article/view/172
https://editorial.uni-plovdiv.bg/index.php/JBB/article/view/172

	Saffron corm sorting and rot treatment strategy for productivity enhancement for precision agriculture
	Abstract
	Introduction
	Literature survey
	Materials and methods
	Working
	First sorting mechanism
	Treatment of corms
	Second stage of sorting
	Performance metrics
	Conclusion and future scope
	Funding
	Competing interests
	Availability of data and materials
	References

