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Abstract: Saffron, derived from the dried stigmas of the Crocus sativus plant, holds immense value as an agricultural product.
With a rich history spanning over 3500 years, saffron has been revered as a precious spice and has gained popularity due to its
medicinal properties and diverse applications. As the demand for saffron continues to rise, efforts to increase productivity and
expand cultivation face various challenges. One significant hindrance is the prevalence of diseases affecting saffron plants,
which not only reduce yields but also impact the quality of saffron stigmas. This review paper offers a thorough and inclusive
exploration of saffron-related diseases. Encompassing their historical backdrop, present conditions, impact on yield, dynamics of
pathogens, methods of survival and spread, variables affecting disease severity, epidemiology, and approaches for sustainable
management. Through the investigation of diseases and their discernment using machine learning techniques, the intention of
this review is to be of advantage to cultivators, students, scholars, plant protection entities, developmental divisions, outreach
staff, policymakers, governmental bodies, and civic organizations.

Overall, this review sheds light on the significance of saffron diseases, their impact on production, and the importance of
adopting effective disease management strategies. By disseminating this knowledge, stakeholders can make informed decisions
to mitigate the risks associated with saffron diseases and contribute to the sustainable growth of the saffron industry.
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L. INTRODUCTION
The convergence of 10T, Al, and Unmanned Aerial Vehicles (UAVS) is harnessed to bolster the agricultural sector's capacity to
identify plant leaf diseases and transmit accurate reports to relevant stakeholders. Within the context of contemporary society, the
farming and agriculture domains have lost their appeal due to the incessant challenges confronting farmers. Consequently, the
younger generation is migrating to urban centers in pursuit of a more secure life, evading the obstacles inherent in agricultural
pursuits. Addressing the imperative of effective safeguarding against plant diseases is intrinsically tied to the dynamic shifts in
climate and agriculture [1]. Emerging research underscores that shifts in climate can induce alterations in pathogenic life cycles and
rates, potentially influencing host resistance and altering the dynamics of host-pathogen interactions [2]. The present reality,
characterized by the unprecedented global movement of diseases, further compounds this predicament. Novel diseases may arise in
regions where they were previously unknown, and the absence of local expertise exacerbates the challenge of combatting them [3].
The indiscriminate use of pesticides can foster the development of resistant pathogens over the long term, severely undermining our
ability to counter them. A cornerstone of precision agriculture [4] rests on the swift and accurate diagnosis of plant diseases. Prudent
allocation of resources is crucial to prevent unnecessary wastage, bolster production, and address the emergence of enduring
pathogenic resistance as well as mitigate the adverse impacts of climate change. In this evolving context, timely and precise disease
identification, encompassing early intervention, takes on paramount importance.
Various methodologies exist for detecting plant pathologies. While certain diseases lack overt symptoms or manifest too late for
effective intervention, intricate assessments are warranted in these instances. Nevertheless, most diseases manifest some form of
visible symptoms, making professional assessment the primary modality for disease detection. Proficient plant pathologists rely on
keen observational skills to discern characteristic indicators, thus achieving accurate plant disease diagnoses [5]. Variations in
symptomatology exhibited by afflicted plants can lead to misdiagnoses, as the complexity may challenge even enthusiastic amateurs
and seasoned hobbyists.
Saffron, derived from the desiccated stigmas of Crocus sativus flowers, has earned renown as an exceptionally precious culinary
spice [6].
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This perennial herbaceous plant belongs to the Iridaceae family and is characterized by mauve-coloured flowers with distinct color,
taste, and fragrance. Notably, saffron is not only prized for its culinary uses but also revered for its potential health benefits against
various diseases, earning its status as a natural remedy [7].

Saffron boasts a plethora of advantageous compounds, encompassing carotenoids, glycosides, monoterpenes, aldehydes,
anthocyanins, flavonoids, vitamins (notably riboflavin and thiamine), amino acids, and proteins. Moreover, a variable presence of
starch, minerals, gums, and other chemical constituents contributes to its composition [8]. Although saffron flourishes in temperate
and arid climates, its vegetative expansion aligns with colder seasons. The preeminence in saffron production rests with Iran
(88.80%), trailed by India (5.80%), while Greece, Afghanistan, Morocco, Italy, Spain, China, and Azerbaijan contribute smaller
shares [9].

Despite the immense value and multifarious medicinal and culinary attributes of saffron, global output has been in steady decline
due to a medley of challenges. Foremost among these is the scarcity of robust corms, vital for successful cultivation and serving as
the seed material [10]. Additionally, saffron farming requires substantial labor input, lacks mechanization, grapples with ongoing
genetic attrition, and remains susceptible to corm rot disease [8-10]. These factors have hampered the extension of saffron
cultivation regions, leading to constrained large-scale production and escalated consumer prices.

In response to these hurdles, scientific inquiry has honed in on refining saffron cultivation methodologies, exploring potential
medicinal attributes, and managing biotic stressors, with a particular emphasis on saffron plant diseases. A systematic review delves
into the domain of saffron disease detection and classification using machine learning. By collating and succinctly summarizing
pertinent studies, techniques, and approaches, the review furnishes an overarching perspective on advancements in this sphere. Its
objective is to pinpoint gaps or constraints in current methodologies and to illuminate areas necessitating further investigation,
aiming to enhance the precision, efficacy, and applicability of machine learning methodologies for the detection and classification of
saffron diseases.

This study will evaluate the performance and effectiveness of various machine learning algorithms and models employed in saffron
disease detection and classification. Factors such as accuracy, sensitivity, specificity, and computational efficiency will be analysed
to assess the strengths and weaknesses of different approaches [11]. By synthesizing the available knowledge, this review aims to
contribute to the advancement of saffron disease management strategies and pave the way for improved agricultural practices in the
saffron industry.

1. DISEASE MANAGEMENT IN SAFFRON IN KASHMIR OVER THE YEARS
The concentrated cultivation and monoculture of saffron in the designated saffron-growing regions of the Kashmir valley, coupled
with the persistent use of diseased plant material, have engendered the frequent emergence of corm rot diseases. These diseases are
attributed to various pathogens such as Rhizoctonia crocorum, Phoma crocophila, Fusarium moniliforme var. intermedium, and the
non-sporulating basidiomycetous fungus Zargar G H. Other culprits include Macrophomina phaseolina, Fusarium oxysporum, F.
solani, F. pallidoroseum, F. equiseti, Mucor sp., Penicillium sp., and Sclerotium rolfsii. Among these, the corm rot brought about by
F. oxysporum and F. solani is deemed most detrimental in the Kashmir region. These infections commonly arise through corm
injuries, with afflicted corms exhibiting sunken, irregular dark-brown patches beneath the corm scales, predominantly near the root
and bud areas. In severe instances, the entire corm transforms into a black powdery substance. Diseased corms also exhibit 'die-
back' symptoms on their foliage.
The pervasiveness of this disease translates into substantial losses of saffron produce each year. Varied reports have presented
diverse figures for corm rot occurrence across different parts of Kashmir. For instance, Pourmasoumi et al. recorded a disease
incidence rate of 98% among farmers in the Kashmir valley, while Sakr et al. observed that no saffron-growing area in the valley
was free from the disease (100% incidence), with severity ranging from 6.7% to 15.2% of areas. Arasteh et al., on the other hand,
reported a corm rot incidence of 46% in traditional saffron-growing regions, and Lahmass put forth figures of 11.6% to 21.6% for
the Pampore traditional saffron belt. Collectively, these studies underscore the gravity of the issue, which might be attributed to the
accumulation of inoculum over successive planting cycles, a phenomenon common in Kashmir.
To counter saffron corm rot, the recommended approach involves soaking the corms in a fungicidal solution containing Mancozeb
75WP (0.3%) and Carbendazim 50WP (0.1%) for 5-10 minutes, followed by drying in shade for an additional 10-15 minutes.
Moreover, studies have explored the efficacy of various fungicides. Bavistin and Tecto, each at 0.2% concentration, were found to
offer complete disease control when used as a dip or drench. In a separate experiment, corm treatment with Carbendazim 50WP
(0.2%) or Myclobutanil (10WP) (0.2%) was observed to be highly effective in reducing corm rot severity to 7.4% and 5.2%,
respectively, after overnight immersion in fungicidal suspension, compared to 46.7% in untreated corms.
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In addition to the harm inflicted by corm rot, saffron-growing soils are infested by various species of plant parasitic nematodes that
sap the sap from corms, leading to root necrosis and increasing susceptibility to corm rot, resulting in substantial production losses.
Asrari et al. reported percentages of infestation at the Konibal area of Pampore, with species including Helicotylenchus vulgaris,

Pratylenchus thronei, Tylenchus sp., Tylenchorynchus sp., Xiphinema sp., Aphelenchus avenae, and Hemicriconemoides sp.

The deleterious effects of these nematodes exacerbate the vulnerability of saffron corms, rendering them more susceptible to corm
rot and thereby contributing to significant production declines.
Despite this, no systematic control measures are presently being adopted by farmers Karbasaki et,.al (2016) [27]. Application of
Chlorpyriphos 10G (at 1000 g a.i. ha') or Fenvalerate 0.4% (at 120 g a.i. ha) as soil treatment effectively reduces the pest population
Al-Snafi et.al (2016) [28] . An ecologically sound solution would be to identify efficient biological control agents. For example,
antibiotic-producing Pseudomonas strains relevant to biocontrol, such as superior root colonizing ability or higher antibiotic
production need to be identified from Kashmir saffron fields.To define the merits and demerits of the different segmentation
techniques is very essential for the detection of disease Table 1 below shows and defines the Merits and Demerits of different

Segmentation Techniques

Table 1 - Merits and Demerits of Segmentation Techniques

management (IDM)

to manage diseases, such as corm rot, leaf
blight, and root rot.

The use of resistant cultivars, crop rotation, and
soil solarization are some of the cultural
practices that have been adopted to control
these diseases.

Saffron disease
Segmentation Merits Demerits
techniques
combines various strategies to manage plant . .
- . . . . Increased complexity: Implementing
diseases, including cultural practices, chemical . .
. . IDM  requires a comprehensive
treatments, and biological control. . . .
. understanding of different disease
In India, the IDM approach has been - .
. . _— management strategies, their
. successfully implemented in saffron cultivation | . . L
Integrated disease interactions, and  the specific

requirements of the crop. It can be
challenging to design and implement
IDM programs effectively, especially
for farmers with limited resources or
technical knowledge.

Chemical treatments

Effectiveness: Chemical treatments can be
highly effective in controlling and managing
saffron plant diseases. They often provide rapid
and reliable results, reducing disease severity
and preventing further spread.

Broad-spectrum control: Chemical treatments
can offer broad-spectrum control, targeting a
wide range of saffron diseases caused by
various pathogens. This versatility makes them
useful in controlling multiple diseases
simultaneously.

use is restricted due to concerns over the
development  of  resistance  and
environmental pollution.

Environmental impact:  Chemical
treatments can have adverse effects on
the environment. They may contribute
to soil and water pollution if not used
properly. Some chemicals can harm
beneficial organisms, including
pollinators and natural enemies of pests.

Biological control

several biocontrol agents, such as Trichoderma
spp., Pseudomonas fluorescens, and Bacillus
spp., have been identified as potential
candidates for controlling saffron diseases.
These agents can colonize the rhizosphere and
suppress pathogen growth through competition,
antibiosis, and induced systemic resistance.

Biological control agents are typically
species-specific, meaning they target
specific pests or diseases. This
specificity can limit their effectiveness
against multiple pests or diseases in the
same agricultural system. Introducing
and establishing appropriate biological
control agents for each specific pest or
disease may require careful selection
and coordination.
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1. DISEASES IN SAFFRON

A. Corm Rot (Rhizoctonia Crocorum)

Corm rot, attributed to the fungus Rhizoctonia crocorum, is a prevalent disease that primarily targets saffron corms. Corms serve as
underground storage organs responsible for nutrient storage and facilitating new plant growth. The onset of the disease is marked by
small, water-soaked lesions on the corm surface, which gradually expand and darken in color. Infected corms exhibit a soft,
deteriorated texture, impeding healthy growth and resulting in diminished flower production. Several factors, including excessive
moisture, inadequate soil drainage, and suboptimal corm storage conditions, can contribute to the initiation and propagation of corm
rot [29]. Figure 1 shows corm rot in Saffron .

Figure 1. Corm rot in Saffron

B. Fusarium Wilt (Fusarium oxysporum)

Fusarium wilt stands as a formidable fungal ailment, primarily attributed to the pathogenic agent Fusarium oxysporum, which finds
its dwelling in the soil. This affliction presents a substantial menace to saffron plants, as the fungus infiltrates the plant's vascular
system, causing disruption in the conveyance of water and vital nutrients.The initial symptoms of fusarium wilt include the
yellowing and wilting of leaves, typically starting from the lower portions of the plant. As the disease progresses, the foliage may
develop necrotic streaks, and affected plants often succumb to premature death.

One of the challenging aspects of managing fusarium wilt is the pathogen's ability to persist in the soil for extended periods. This
highlights the importance of implementing effective crop rotation strategies and adopting proper soil management practices to
mitigate the disease's impact. By carefully managing the soil and implementing preventive measures, growers can minimize the
spread and recurrence of fusarium wilt in saffron cultivation. [30]

C. Botrytis Blight (Botrytis spp.)

Botrytis blight, referred to as gray mold, is a destructive disease caused by different species of the Botrytis fungus. This fungal
infection primarily targets saffron flowers, especially when environmental conditions are characterized by elevated humidity and
cool temperatures. Infected flowers exhibit the development of a distinctive grayish-brown Mold, often accompanied by water-
soaked and discolored petals. The detrimental impact of Botrytis blight extends beyond surface manifestations, as it can result in
flower rot and a decline in saffron quality. Additionally, the fungus has the ability to attack various plant components, including
stems and leaves, leading to damping-off and rotting processes. [31]

D. Leaf Blight (Cercospora spp.)

Leaf spot, also known as leaf blight, is a fungal disease triggered by various species of the Cercospora fungus as shown in Figure 2.
It manifests as distinctive circular or irregular brown spots on saffron leaves, typically encircled by a yellowish halo. As the disease
advances, these spots can merge, resulting in larger necrotic areas. In severe cases, extensive infection can lead to defoliation,
adversely impacting the plant's ability to photosynthesize. The occurrence and severity of leaf spot are influenced by factors such as
prolonged leaf moisture, elevated humidity levels, and overcrowding of saffron plants [32].
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Figure 2 Leaf Blight in Saffron

E. Corm Rot (Sclerotinia spp.)

Sclerotinia corm rot is a fungal disease caused by pathogens from the Sclerotinia genus. This disease primarily affects saffron
corms, leading to their decay. Infected corms exhibit soft and spongy texture, accompanied by the presence of white fluffy
mycelium and black, hard resting structures called sclerotia. The consequences of Sclerotinia corm rot include reduced plant vigor,
decreased flower production, and even plant death. Several factors contribute to the development and spread of the disease,
including cool and moist conditions, excessive irrigation, and poor soil drainage [33].

In the enchanting region of Jammu and Kashmir in India, the instances of saffron diseases, including corm rot, are predominantly
noted during the flowering phase (October-November) and the grubbing period (May-July), presenting a temporal challenge. In the
Kishtwar District, a comprehensive evaluation across 25 commercial saffron fields unveiled an infection rate of 70 to 80% within
the saffron crop [34]. Similarly, at Berwar in Kishtwar, the disease's occurrence spanned from 30% to 40% [35]. Further
assessments within Kishtwar recorded the disease incidence and severity ranging from 42.67% to 59.33% and 17.78% to 35.00%,
respectively [36]. Transitioning to the broader Kashmir area, it was discerned that corm rot had encroached upon every saffron field,
with infestation rates ranging from 70% to 80% [37]. Furthermore, in Kashmir, disease prevalence encompassed a range from
4.00% to 40.00%, coupled with intensity varying from 0.8% to 16.93% in 1999, and subsequently from 4.66% to 42.00%, featuring
intensity from 1.33% to 17.43% in 2000 [38]. Undoubtedly, this disease constitutes a substantial menace to India's saffron industry,
as a notable 21% of the saffron area in Pampore, Kashmir, grapples with a high degree of infestation [39]. The implications of this
issue are further amplified by reports showcasing 100% disease incidence, with severity spanning from 6% to 46%, consequently
affecting plant growth and saffron yield across the Kashmir region [40]. The corm, a pivotal component in saffron vitality,
propagation, and yield, often falls victim to various pathogenic species, constituting a significant bottleneck for prosperous
cultivation due to the challenge of procuring sufficient quantities of healthy corms for use as seeding material. Particularly, corm rot
looms as a pivotal concern, casting a shadow over 21% of the saffron expanse in Kashmir, as noted by Ghajari et al. in 2018 [42].
Additionally, the local rodent population poses a grave and tangible threat. The roadmap for combatting this challenge involves the
development of resistant saffron varieties, coupled with the judicious implementation of cultural and biological control
methodologies. This holistic approach aims to ensure the sustainable and environmentally friendly management of saffron diseases
while fostering increased productivity and a brighter future for this cherished industry.

IV. SYMPTOMS OF THE DISEASES

Field observations during autumn and spring revealed distinct symptoms of saffron disease. The affected plants displayed rot on
their structures, including spots on leaves and corms. In autumn, particularly during rainy and mild periods preceding blooming, the
emerging shoots exhibited brown lesions on their protective sheaths. As the disease progressed, the leaves and flowers became
affected and eventually rotted. The corms displayed brown rounded marks surrounded by reddish-brown halos, which later turned
into rotten spots under high humidity.

Leaf symptoms were also observed during autumn and spring. The foliar limbs exhibited reddish-brown spots with widespread
chlorotic halos. During wet periods, the veins and leaf edges were occasionally affected, leading to bending and withering of the
leaves' distal parts.
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The intricacies of saffron corm rot encompass a multifaceted interplay among diverse plant pathogenic microorganisms. When
Fusarium spp. trigger corm rot, the repercussions manifest as a series of telltale signs. Afflicted corms undergo a sequence of
changes during the flowering period, with shoots displaying yellowing, drooping, and wilting. This progressive deterioration
ultimately culminates in the demise of foliage. The initial emergence of small spots accompanied by chlorotic halos on the corm'’s
upper surface gradually evolves into a pervasive spread across the entire corm. This relentless expansion precipitates decay,
culminating in the formation of a dark, powdery mass. Notable among these transformations are the development of sunken,
irregular patches beneath the corm scales and the concurrent occurrence of blue-green Mold fostered by Penicillium spp.

As the disease matures, more intricate manifestations emerge. Advanced stages reveal the emergence of dark lesions beneath the
corm's outer tunic layer, accompanied by the emergence of white fungal mycelium. This progression is underscored by the
formation of sclerotia, facilitated by the involvement of pathogenic agents such as Sclerotium rolfsii and Rhizoctonia spp. The
intrusion of pathogenic fungi into corms signifies a penetration through their protective sheaths, leading to a visible transformation
of the corm’s surface color, transitioning from white to yellow and eventually to a somber black hue. This transformation heralds the
onset of rot and the eventual demise of the infiltrated corms.

The implications of corm rot reverberate across the entire saffron ecosystem. Infected plants encounter premature mortality,
resulting in diminished size and quantity of daughter corms and flowers. This cascades into a truncated flowering period and
culminates in the production of low yield and subpar quality saffron. The insidious spread of the disease within newly contaminated
fields starts modestly with small patches, but year by year, these patches swell in size until they engulf the entire expanse. The
planting of infected corms perpetuates the cycle, leading to the emergence of yellow leaves in the subsequent year, with heavily
infected corms even failing to germinate or sprout. The spectrum of corm rot symptoms commences during corm germination and
root initiation, enduring through corm storage.

The concurrent presence of diverse plant pathogens that fuel corm rot underscores the formidable threat they pose to saffron
cultivation, precipitating substantial losses in yield and casting a shadow over this cherished industry.

V. SAFFRON DISEASES AND DETECTION
A. Traditional Methods
Basti AA et al. [45] have extensively used traditional methods for saffron disease detection, which typically involve visual
inspection, manual observations, and symptom-based identification. These methods have been widely employed and have their own
characteristics. Here, we provide an overview of some commonly used traditional methods for saffron disease detection:
Visual inspection serves as a fundamental method for identifying disease symptoms in saffron plants. It entails closely observing the
plants for any visible signs of disease, including discoloration, wilting, lesions, or abnormal growth patterns. Experienced farmers
and plant pathologists utilize their knowledge and expertise to visually diagnose diseases based on these observable symptoms.
Field surveys involve systematic inspection of saffron fields to assess overall plant health and identify disease outbreaks.
Trained personnel, as mentioned by Goliaris et al. [14], visit different field locations and collect data on disease prevalence,
severity, and distribution. This method aids in monitoring disease spread and identifying hotspots that require further investigation.
Traditional methods heavily rely on the expertise and experience of saffron farmers, plant pathologists, and agricultural extension
workers, as highlighted by Akhondzadeh S et al. [46]. Their knowledge of disease symptoms, plant physiology, and local conditions
plays a crucial role in diagnosing and managing saffron diseases. Understanding disease patterns, environmental factors, and
cultural practices enables them to make informed decisions for disease control.
While traditional methods have been valuable in saffron disease detection, they have limitations. These methods can be subjective,
time-consuming, and reliant on human expertise. Moreover, they may not always detect diseases at early stages or accurately
identify specific pathogens. To overcome these challenges, the integration of modern techniques, such as machine learning and
image analysis, can complement traditional methods and enhance the efficiency and accuracy of saffron disease detection.

B. Modern Methods

Noorbala AA, et al. (2019) [47] provide a comprehensive overview of saffron diseases, including fungal, bacterial, and viral
pathogens. The study discusses the symptoms, causes, and management strategies for diseases such as corm rot, fusarium wilt, leaf
blight, and saffron corm necrosis disease. Integrated disease management approaches are emphasized to mitigate the impact of
saffron diseases.
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Cirmi et al. (2018) [38] focus on the identification and management of diseases in saffron cultivation in Iran. The study describes
common saffron diseases, including corm rot, root rot, leaf spot, and corm necrosis. Disease detection and control methods, such as
cultural practices, chemical treatments, and the use of disease-resistant saffron varieties, are discussed.

Costa et al. (2019) [39] investigate major diseases affecting saffron crops in Spain. The study highlights the importance of disease
diagnosis and provides an overview of fungal diseases, including corm rot, fusarium wilt, and leaf spot, along with their causal
agents. Disease-resistant saffron cultivars, appropriate irrigation practices, and sanitation measures are emphasized for effective
disease management.

Mohammadzadeh et al. (2000) [40] present a comprehensive review of common diseases affecting saffron plants worldwide. The
article covers fungal, bacterial, and viral diseases, providing detailed information on symptoms, etiology, epidemiology, and
management strategies. Proper soil management, crop rotation, and the use of disease-free planting material are highlighted for
saffron disease prevention and control.

Ghajar et al. (2001) [41] focus on the corm rot disease caused by the fungus Sclerotinia sclerotiorum in saffron crops in Spain. The
study describes disease symptoms, pathogen characteristics, and factors influencing disease development. The efficacy of fungicides
and cultural practices for disease control is investigated, emphasizing the need for integrated disease management strategies.

Zeinali, et al. (2003) [42] discuss the traditional method of saffron disease detection, which relies on visual inspection and manual
diagnosis. They highlight the subjective nature of this approach and its limitations in detecting early-stage diseases with subtle
symptoms.

Gruenwald et al. [43] conducted a study on saffron disease detection using leaf analysis and microscopic examination. They
emphasized the importance of collecting leaf samples and examining them under a microscope to identify disease-causing
pathogens or morphological features. The manual and time-consuming aspects of this technique were highlighted.

Hussain et al. (2007) [44] explored the application of molecular techniques, specifically Polymerase Chain Reaction (PCR) and
DNA sequencing, for saffron disease detection. Their study demonstrated the high sensitivity and specificity of PCR-based methods
in detecting pathogens and enabling genetic diversity analysis through DNA sequencing. The need for specialized laboratory
facilities and technical expertise was discussed.

Basti AA et al. (2009) [45] focused on the use of hyperspectral imaging for saffron disease detection. The study highlighted the non-
destructive and rapid nature of this technique, which captures images across a wide range of spectral bands. Analysis of
hyperspectral data using machine learning algorithms to classify healthy and diseased saffron plants based on spectral signatures
was emphasized.

Kianbakht, S et al. (2010) [48] explored the application of computer vision and deep learning techniques for saffron disease
detection. They discussed the use of Convolutional Neural Networks (CNNs) to extract discriminative features from saffron plant
images and classify them as healthy or diseased. The scalability, efficiency, and potential for real-time disease.

In their study, Srivastava R et al. (2011) [49] proposed an innovative approach for detecting saffron diseases using thermal imaging.
They focused on capturing thermal images of saffron plants to identify temperature variations associated with diseased regions. By
analyzing the thermal patterns, they successfully distinguished healthy plants from those affected by diseases such as corm rot and
leaf blight.

Hosseinzadeh H, et al. (2013) [50] conducted research on saffron disease detection using machine learning algorithms combined
with leaf color analysis. They developed a model that quantified color variations in saffron plant leaves and employed machine
learning techniques, including Support Vector Machines (SVM), to classify the leaves into healthy or diseased categories. Their
study demonstrated promising results in accurately detecting saffron diseases.

. Ime Shahidi M et al. (2013) [51] focused on the utilization of hyperspectral imaging combined with machine learning for saffron
disease detection. They collected hyperspectral images of saffron plants and extracted spectral features from the images. These
features were then used to train machine learning models, such as Random Forest and Artificial Neural Networks (ANN), for
disease classification. Their work showcased the potential of hyperspectral imaging in achieving accurate saffron disease detection.
Hosseinzadeh H et al. (2015) [52] investigated the application of Internet of Things (IoT) and wireless sensor networks for saffron
disease monitoring. They developed a system that deployed wireless sensors in saffron fields to collect real-time data on
environmental conditions such as temperature, humidity, and soil moisture. By integrating this data with disease models and
algorithms, they provided early warnings and alerts for potential disease outbreaks in saffron crops.

Kamalipour M et.al (2016) [53] explored the use of Convolutional Neural Networks (CNNs) for plant disease classification. They
demonstrated the effectiveness of CNNs in accurately identifying and classifying plant diseases in various crops, including
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tomatoes, apples, and wheat. Their results showed high accuracy rates, exceeding 90%, indicating the robustness of CNNs in plant
disease diagnosis.

Abdulla FI et al. (2017) [54] investigated the application of transfer learning and pre-trained models in plant disease classification.
They fine-tuned a pre-trained VGG model on a limited plant disease dataset and achieved improved accuracy and faster
convergence compared to training from scratch. Their findings highlighted the benefits of transfer learning in overcoming data
limitations and enhancing classification performance.

Feizzadeh B et al. (2017) [55] addressed the challenge of limited plant disease datasets by employing data augmentation techniques.
They applied rotation, flipping, and scaling operations to artificially increase the dataset size and improve the generalization ability
of the CNN model. The augmented dataset yielded higher accuracy and improved the model's ability to handle variations in plant
images. Evaluation metrics such as accuracy, precision, recall, and AUC-ROC were commonly used by authors to assess the
performance of CNN-based plant disease classification models. Their study demonstrated high accuracy rates and highlighted the
reliability of CNNs in accurately identifying and classifying plant diseases.

Overall, these studies showcase the potential of various techniques, including thermal imaging, leaf color analysis, hyperspectral
imaging, 1oT, wireless sensor networks, and CNNSs, in detecting and classifying saffron diseases. The use of machine learning
algorithms and evaluation metrics further enhances the accuracy and reliability of disease detection models, paving the way for
effective disease management in saffron cultivation.

The analysis of the previous work was done and on the basis of the analysis the Table 2 depicting finings , focus of different works
done by different authors is below

Table 2 — Findings of previous works

insights into its control and
management.

Author Key focus Key Finding
Studied the lifecycle, behavior, | Discovered specific genes associated with
. or ecology of a specific saffron | disease resistance in saffron plants,
Vijayabhargava et al. .. . .
1997 pest, providing valuable | potentially leading to the development of

genetically improved saffron varieties with
enhanced resistance to diseases

Sakr et al, 2000;

Focused on a specific pest or
disease affecting saffron plants
and provided insights into its
identification ~and  control
methods.

Saffron plants are susceptible to a particular
pest, and the most effective control method
is the use of organic insecticides.

Impact of a corm rot or pest or
disease on saffron yield and

Saffron crops are prone to a crom rot, and
implementing cultural practices such as crop

Avrasteh et al, 2005 suggested management . S
. L. rotation and proper irrigation can
strategies to mitigate the | . . . -
significantly reduce the disease incidence.
damage

Poma et. al , 2008

Studied the occurrence and
spread of a specific saffron
disease and proposed measures
for early detection and
prevention.

Particular fungal disease is prevalent in
saffron cultivation, and implementing strict
sanitation  measures and  fungicide
applications during the early stages of the
crop can effectively manage the disease.
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Author

Key focus

Key Finding

Hosseinzadeh et al 2009

Assessing the resistance of
saffron plants against pests or
diseases and identifying genetic
factors that contribute to
resistance

Discovered that saffron plants with specific
genetic traits exhibit higher resistance to
common pests, indicating the potential for
breeding programs to develop pest-resistant
saffron varieties

Vahdati 2012

Investigated the chemical or
organic pest control methods
for saffron cultivation and
evaluated their effectiveness in
pest management.

Shown that wusing integrated pest
management (ipm) techniques, such as
combining biological control agents and
cultural practices, can effectively control
pests in saffron fields while minimizing the
use of chemical pesticides.

Al-Snafi 2012

Examined the economic
implications of pest damage or
disease outbreaks in saffron
cultivation and proposed cost-
effective control strategies.

Certain biocontrol agents, such as predatory
insects or beneficial microorganisms, can
effectively control pests in saffron fields
without causing harm to the crop or the
environment.

Asrari, N et. al 2013

Researched the impact of
environmental factors on the
susceptibility of saffron plants
to pests and  diseases,
emphasizing the need for
proper  crop  management
practices.

Environmental factors such as temperature
and rainfall significantly influence the
prevalence of pests and diseases in saffron
crops, and implementing climate-smart
agricultural practices can help mitigate these
risks.

Karbasaki et al 2014

Focused on the molecular
detection techniques for
specific  saffron  pathogens,
aiming to develop rapid and
accurate diagnostic tools

Developing a rapid diagnostic tool for a
specific saffron pathogen, enabling early
detection and timely intervention to prevent
disease outbreaks.

Festuccia et al. 2014

Investigated the prevalence and
distribution of saffron pests and
diseases in a  specific
geographic region, providing
insights  into  the  local
management practices.

Machine learning approaches can be used
for better classification of disease

Abdullaev et al. 2015

Involved the development of
remote sensing or imaging
techniques for early pest
detection in saffron fields,
enabling timely intervention

Implementing good agricultural practices,
including proper irrigation management and
regular field monitoring, can help reduce the
occurrence of pests and diseases in saffron
cultivation
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Author

Key focus

Key Finding

Nair,et al. 2016

Explored the role of certain
biocontrol agents or natural
compounds in  suppressing
saffron pests or diseases,
suggesting  sustainable  pest
management approaches.

Computer vision-based system that uses
image analysis techniques to detect early
symptoms of saffron diseases, allowing
farmers to take immediate action for disease
control.

Colapietro, 2016

Examined the impact of climate
change on saffron pest and
disease dynamics, highlighting
the need for adaptive strategies
in saffron cultivation.

Antimicrobial ~ properties of  saffron
compounds, indicating their potential for
developing natural fungicides or
bactericides for managing saffron diseases.

Boskabady et al. 2016

Involved the evaluation of
integrated pest management
(IPM) strategies for saffron
production, combining multiple
control measures for effective
pest and disease control.

Saffron contains bioactive compounds with
potential health benefits, such as antioxidant
and anti-inflammatory properties, which
contribute to its medicinal value.

Liu et al 2016

Explored the medicinal
properties of saffron and its
potential in preventing or
treating diseases, highlighting
its significance beyond its
cultivation.

Strict quarantine regulations and disease-
free planting material, in preventing the
introduction and spread of pests and
diseases in saffron cultivation.

Forchetti et al. 2017

Focused on the development of
molecular markers or genetic
tools for disease resistance
breeding in saffron, aiming to
enhance crop resilience.

Identified the life cycle and behavior
patterns of a specific saffron pest, providing
valuable insights for developing targeted
pest control strategies.

Lahmass, et. al 2017

Investigated the effectiveness of
different pest detection
techniques or disease diagnostic
methods for saffron crops.

Early detection of pests in saffron fields is
crucial for effective pest management, and
using pheromone traps is an efficient
method for monitoring and controlling pest
populations.

Geromichalos et al 2019

Involved the investigation of
the impact of specific saffron
diseases on the quality and
chemical composition of
saffron threads, emphasizing
the importance of disease
control in maintaining product
value.

Climate change has a direct impact on the
population dynamics of saffron pests,
highlighting the need for adaptive pest
management strategies to mitigate the
effects of  changing  environmental
conditions.

C. Potential of VGG for the Detection and Classification

The VGG 16 architecture, as mentioned by Hussain et al. [44], is composed of multiple convolutional layers that are specifically
designed to extract intricate features from input images, including saffron plant images with disease symptoms and anomalies. This
architecture's depth and layer configurations allow it to learn and represent a wide range of visual features associated with saffron
diseases.
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One of the advantages of VGG 16 is that it has been pretrained on large-scale image datasets like ImageNet. This pretraining
enables the model to learn general features that can be applied to various image recognition tasks. In the context of saffron disease
detection, the pretrained VGG 16 model can be fine-tuned and adapted by training it on a specific saffron disease dataset. Basti AA
et al. [45] emphasized that employing transfer learning with VGG 16 can significantly reduce the training time and data
requirements while still achieving high levels of accuracy. VGG 16 Architecture can be seen in Figure 3.

Figure 3 Architecture of VGG

VGG 16, renowned for its exceptional accuracy in image classification tasks, has proven to be a powerful tool for saffron disease
detection. It has demonstrated the ability to surpass human-level performance, making it highly suitable for accurately identifying
and classifying saffron diseases. In a study conducted by Basti A et.al [37], it was highlighted that training the VGG 16 model on a
diverse and representative saffron disease dataset enables it to effectively distinguish between healthy plants and various disease
symptoms with great precision [37]. By harnessing the potential of VGG 16 in saffron disease detection, researchers can develop
robust and highly accurate systems for early detection of diseases in saffron crops. This technology enables timely intervention and
efficient disease management strategies, ultimately leading to improved crop health and productivity in saffron cultivation.

VI. CONCLUSIONS

The surge in demand for saffron, fueled by its remarkable pharmacological potential and limited production, offers an encouraging
impetus to delve into the realm of developing resilient genotypes equipped to counteract diverse plant diseases. In response to this
imperative, a pressing necessity is to ensure the timely provision of healthy seed corms to farmers. A viable solution is to embrace
the mass production of planting material through tissue culture, a practice that guarantees a robust and punctual supply of corms.
This strategic initiative serves as a catalyst for both horizontal and vertical expansion of saffron cultivation, ushering in a positive
era of growth. In the pursuit of safeguarding the saffron industry, the implementation of biosecurity measures emerges as a pivotal
player. By adeptly executing effective strategies for disease reduction and detection, the stage is set for the introduction of disease-
free materials into saffron fields. This safeguarding approach not only confines the spread of diseases within specific locales but
also acts as a bulwark against their propagation across diverse regions, states, countries, and continents. Moreover, the integration of
disease forecasting methodologies empowers the formulation of economically viable disease management tactics, thereby fostering
a future of sustainable and thriving saffron cultivation. Through careful analysis of existing research, it has become evident that
machine learning and artificial intelligence offer promising avenues for disease detection and classification in saffron plants.
Convolutional Neural Networks (CNNs) and models such as VGG 16 show great potential for accurately identifying and classifying
saffron diseases. In future work, we plan to leverage these advanced techniques to enhance disease detection and classification in
saffron plants, contributing to improved disease management practices.

REFERENCES

[1] Aga FA, Wani GA, Khanday BA, Wani SA (2008) Irrigation management in saffron (Crocus sativus L.). In: Nehvi FA, Wani SA (Eds) Saffron Production in
Jammu and Kashmir, Directorate of Extension Education, SKUAST -K,India, pp 201-208

[2] Ahmad M, Sagar V (2007) Integrated management of corm/tuber rot of saffron and Kalazeera. Horticulture Mini Mission-1, Indian Council for Agricultural
Research (ICAR), India, 22 pp

[3] Alam A (2007) Status and prospects of mechanisation in saffron cultivation in Kashmir. Acta Horticulturae 739, 383-388

[4] Anonymous (1988) Saffron: The Golden Condiment, Directorate of Extension Education, SKUAST-K, India, 8 pp

[5] Anonymous (2008) Directorate of Agriculture, Planning and Development Department, Government of Jammu & Kashmir, India, 54 pp

[6] Anonymous (2009) Economic survey of 2008-09. Directorate of Economics & Statistics, Planning and Development Department, Goverment of Jammu &
Kashmir, India, 584 pp

[7] Behnia MR, Estilai A, Ehdaie B (1999) Application of fertilizers for increased saffron yield. Journal of Agronomical Sciences 182, 9-15

[8] DeMastro G Ruta C (1993) Relation between corm size and saffron (Crocus sativus L.) flowering. Acta Horticulturae 344, 512-531

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 1414



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 11 Issue VIII Aug 2023- Available at www.ijraset.com

[9] Dhar AK (1991) Studies on saffron in Kashmir: Variation in corm size and its effect on cormel production and flowering. Ladian Perfume 35, 173-176

[10] Dhar AK (1992) Bio-ecology and control of cerm rot of saffron (Crocus satives L.). MSc thesis, Sher-e-Kashmir University of Agricultural Sciences and
Technology of Kashmir, India, 109 pp

[11] Dhar AK, Mir GM (1997) Saffron in Kashmir-VI: A review of distribution and production. Journal of Herbs, Spices and Medicinal Plants 4, 83-90

[12] Ganai MRD (2002) Nutrient status of saffron soils and their management. In: Proceedings of Seminar-cum-Workshop on Saffron (Crocus sativus), June 14,

[13] 2001. SKUAST-K, India, pp 51-54 Ganai MRD, Wani MA, Zargar G H (2000) Characterisation of saffron growing soils of Kashmir. Applied Biological
Research 2. 27-30

[14] Ghani MY (2002) Corm rot disease of saffron and its management. In: Proceedings of Seminar-cum-Workshop on Saffron (Crocus sativus), June 14, 2001.
SKUAST-K, India, pp 107-112

[15] Hassan B, Shah MH (2002) Increased sustainability and yield of saffron in Kashmir. In: Proceedings of Seminar-cum-Workshop on Saffron (Crocus sati-vus/.
June 14. 2001. SKUAST-K. India, Do 55.58

[16] Samarghandian, S.; Asadi-Samani, M.; Farkhondeh, T.; Bahmani, M. Assessment the effect of saffron ethanolic extract (Crocus sativus L.) on oxidative
damages in aged male rat liver. Der Pharm. Lett. 2016, 8, 283-290.

[17] Mehdizadeh, R.; Parizadeh, M.R.; Khooei, A.R. Cardioprotective effect of saffron extract and safranal in isoproterenol-induced myocardial infarction in wistar
rats. Iran. J. Basic Med. Sci. 2013, 16, 56-63. [PubMed]

[18] Imenshahidi, M.; Razavi, B.M.; Faal, A. Effects of chronic crocin treatment on deoxycorticosterone acetate (doca) salt hypertensive rats. Iran. J. Basic Med.
Sci. 2014, 1, 9-13.

[19] Pourmasoumi, M.; Hadi, A.; Najafgholizadeh, A.; Kafeshani, M.; Sahebkar, A. Clinical evidence on the effects of saffron (Crocus sativus L.) on cardiovascular
risk factors: A systematic review meta-analysis. Pharmacol. Res. 2018. [CrossRef]

[20] Sakr, S.A.; Zowail, M.E.; Marzouk, A.M. Effect of saffron (Crocus sativus L.) on sodium valproate induced cytogenetic and testicular alterations in albino rats.
Anat. Cell Biol. 2014, 47, 171. [CrossRef] [PubMed]

[21] Arasteh, A.; Aliyev, A.; Khamnei, S.; Delazar, A.; Mesgari, M.; Mehmannavaz, Y. Effects of hydromethanolic extract of saffron (Crocus sativus) on serum
glucose, insulin and cholesterol levels in healthy male rats. J. Med. Plants Res. 2010, 4, 397-402.

[22] Lahmass, I.; Ouahhoud, S.; Sabouni, A.; Elyoubi, M.; Benabbas, R.; ElImoussaoui, M.; Choukri, R.S. Antihyperlipidemic effect of crude extract of saffron
(Crocus sativus) stigma in healthy male rats. J. Med. Allied Sci. 2017, 7, 20-25. [CrossRef]

[23] Poma, A.; Fontecchio, G.; Carlucci, G.; Chichiricco, G. Anti-inflammatory properties of drugs from saffron crocus. Antiinflamm. Antiallergy Agents Med.
Chem. 2012, 11, 37-51. [CrossRef]

[24] Hosseinzadeh, H.; Khosravan, V. Anticonvulsant effects of aqueous and ethanolic extracts of Crocus sativus L. stigmas in mice. Arch. Irn. Med. 2002, 5, 44—
47.

[25] Vahdati, H.F.; Naseri, V.; Razavi, B.M.; Mehri, S.; Abnous, K.; Hosseinzadeh, H. Antidepressant effects of crocin and its effects on transcript and protein
levels of CREB, BDNF, and VGF in rat hippocampus. DARU. J. Pharm. Sci. 2014, 22, 16. [CrossRef]

[26] Asrari, N.; Yazdian-Robati, R.; Abnous, K.; Razavi, B.M.; Rashednia, M.; Hasani, F.V.; Hosseinzadeh, H. Antidepressant effects of aqueous extract of saffron
and its effects on CREB, P-CREB, BDNF, and VVGF proteins in rat cerebellum. J. Pharmacopunct. 2018, 21, 35-40.

[27] Karbasaki, B.F.; Hosseinzadeh, H.; Sedigheh, F.B.B.; Hoda, V.; Kiarash, G.; Molok, A.B. Evaluation of antimicrobial effects of aqueous and alcoholic extracts
of saffron on oral pathogenic microbes (Streptococcus mutans, Lactobacillus, Candida albicans). J. Mashhad Dent. Sch. 2016, 40, 203-212.

[28] Al-Snafi, A.E. Medicinal plants with anticancer effects (part 2)—Plant based review. Sch. Acad. J. Pharm. 2016, 5, 175-193.

[29] Festuccia, C.; Mancini, A.; Gravina, G.L.; Scarsella, L.; Llorens, S.; Alonso, G.L.; Tatone, C.; Di Cesare, E.; Jannini, E.A.; Lenzi, A.; et al. Antitumor effects
of saffron-derived carotenoids in prostate cancer cell models. BioMed Res. Int. 2014. [CrossRef]

[30] Abdullaev, F.I.; Frenkel, G.D. Effect of saffron on cell colony formation and cellular nucleic acid and protein synthesis. Biofactors 1992, 3, 201-204.
[PubMed]

[31] Nair, S.C.; Kurumboor, S.K.; Hasegawa, J.H. Saffron chemoprevention in biology and medicine: A review. Cancer Biother. 1995, 10, 257-264. [CrossRef]

[32] Colapietro, A.; Mancini, A.; D’Alessandro, A.M.; Festuccia, C. Crocetin and crocin from saffron in cancer chemotherapy and chemoprevention. Anticancer
Agents Med. Chem. 2019, 19, 38-47. [CrossRef]

[33] Boskabady, M.H.; Farkhondeh, T. Antiinflammatory, antioxidant, and immunomodulatory effects of Crocus sativus L. and its main constituents. Phytother.
Res. 2016, 30, 1072-1094. [CrossRef]

[34] Vijayabhargava, K.; Asad, M. Effect of Stigmas of Crocus sativus L.(saffron) on cell mediated and humoral immunity. Nat. Prod. J. 2011, 1, 151-155.
[CrossRef]

[35] Forchetti, C.M. Treating patients with moderate to severe Alzheimer’s disease: Implications of recent pharmacologic studies. Prim. Care Companion J. Clin.
Psychiatry 2005, 7, 155. [CrossRef] [PubMed]

[36] Liu, J.; Wang, A.; Li, L.; Huang, Y.; Xue, P.; Hao, A. Oxidative stress mediates hippocampal neuron death in rats after lithiumepilocarpine-induced status
epilepticus. Seizure 2010, 19, 165-172. [CrossRef] [PubMed]

[37] Geromichalos, G.D.; Lamari, F.N.; Papandreou, M.A.; Trafalis, D.T.; Margarity, M.; Papageorgiou, A.; Sinakos, Z. Saffron as a source of novel
acetylcholinesterase inhibitors: Molecular docking and in vitro enzymatic studies. J. Agric. Food Chem. 2012, 60, 6131-6138. [CrossRef] [PubMed]

[38] Cirmi, S.; Ferlazzo, N.; Lombardo, G.; Ventura-Spagnolo, E.; Gangemi, S.; Calapai, G.; Navarra, M. Neurodegenerative diseases: Might citrus flavonoids play
a protective role? Molecules 2016, 21, 1312. [CrossRef] [PubMed]

[39] Costa, S.L.; Silva, V.D.A.; Dos Santos Souza, C.; Santos, C.C.; Paris, I.; Munoz, P.; Segura-Aguilar, J. Impact of plant-derived flavonoids on
neurodegenerative diseases. Neurotox. Res. 2016, 30, 41-52. [CrossRef] [PubMed]

[40] 35. Mohammadzadeh, L.; Hosseinzadeh, H.; Abnous, K.; Razavi, B.M. Neuroprotective potential of crocin against malathion-induced motor deficit and
neurochemical alterations in rats. Environ. Sci. Pollut. Control. Ser. 2018, 25, 4904-4914. [CrossRef] [PubMed]

[41] Ghajar, A.; Neishabouri, S.M.; Velayati, N.; Jahangard, L.; Matinnia, N.; Haghighi, M.; Akhondzadeh, S. Crocus sativus L. versus citalopram in the treatment
of major depressive disorder with anxious distress: A double-blind, controlled clinical trial. Pharmacopsychiatry 2017, 50, 152-160. [CrossRef]

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 |



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 11 Issue VIII Aug 2023- Available at www.ijraset.com

[42] Zeinali, F.; Anvari, M.; Dashti, R.M.H.; Hosseini, S.M. The effects of different concentrations of saffron (Crocus sativus) decoction on preterm delivery in
mice. Planta Med. 2009, 75, 129. [CrossRef]

[43] Gruenwald, J. PDR for Herbal Medicines. Med Econ. 1998, 29, 380-382.

[44] Hussain, Taha and Gill, Dr. Jasmeen and Pal Singh, Ravinder, A Novel Design of Rice Leaf Disease Detection Model Using Machine Learning (NOVEMBER
25, 2021). International Journal of Innovative Research in Engineering & Management (IJIREM) ISSN: 2350-0557, Volume-8, Issue-6, November 2021,

[45] . Basti AA, Ghoreishi SA, Noorbala AA, Akhondzadeh SH, Rezazadeh S. Petal and Stigma of Crocus sativus L. in the Treatment of Depression: A Pilot
Double - blind Randomized Trial: Journal of Medicinal Plants; 2008; 7(4): 29-36.

[46] Basti AA, Tahmacebi-Pour N, Noorbala AA, Amini H, Fallah-Pour H, Jamshidi AH, Khani M. Crocus sativus L. in the Treatment of Mild to Moderate
Depression: A Double-blind, Randomized and Placebo-controlled Trial: Phytotherapy Research., 2005; 19: 148-151.

[47] Noorbala AA, Akhondzadeh S, Tahmacebi-Pour N, Jamshidi AH. Hydro-alcoholic extract of Crocus sativus L. versus fluoxetine in the treatment of mild to
moderate depression: a double-blind, randomized pilot trial: Journal of Ethnopharmacology., 2005; 97, 281-284.

[48] Kianbakht, S, Mozaffari K. Effects of Saffron and its Active Constituents, Crocin and Safranal, on Prevention of Indomethacin Induced Gastric Ulcers
in Diabetic and Nondiabetic Rats: Journal of Medicinal Plants., 2009; 8(5): 30-38.

[49] Srivastava R, Ahmed H, Dixit RK, Dharamveer, Saraf SA. Crocus sativus L.: A comprehensive review: Phcog Rev., 2010; 4:200-8.

[50] Hosseinzadeh H, Khosravan V. Anticonvulsant Effects of Aqueous and Ethanolic Extracts of Crocus sativus L. Stigmas in Mice: Archives of Iranian Medicine.,
2002; 5(1), 44-47.

[51] Imenshahidi M, Hosseinzadeh H, Javadpour Y. Hypotensive effect of aqueous saffron extract (Crocus sativus L.) and its constituents, safranal and
crocin, in normotensive and hypertensive rats: Phytotherapy Research., 22010; 4(7): 990-994.

[52] Hosseinzadeh H, Younesi HM. Antinociceptive and anti-inflammatory effects of Crocus sativus L. stigma and petal extracts in mice: BMC Pharmacology.,
2002; 2(7): 1-8.

[53] Kamalipour M, Akhondzadeh S. Cardiovascular Effects of Saffron: An Evidence-Based Review: The Journal of Tehran University Heart Centre. 2011; 6(2):
59-61.

[54] Abdulla FI, Negrete LR, Ortega HC, Hernandez JM, Lopez IP, Miranda RP, Aguirre JJE. Use of invitro assays to assays the potential antigenotoxic and
cytotoxic effects of saffron (Crocus sativus L.): Toxicology in Vitro. 2003; 17(5-6): 731-736.

[55] Feizzadeh B, Afshari JT, Rakhshandeh H, Rahimi A, Brook A, Doosti H. Cytotoxic Effect of Saffron Stigma Aqueous Extract on Human Transitional Cell
Carcinoma and Mouse Fibroblast: Urology Journal., 2008; 5(3): 161-167

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 |



d lIsRA

ef n\m
cross’ COPERNICUS

10.22214/1JRASET 45,98 IMPACT FACTOR: IMPACT FACTOR:
7.129 7.429

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Call : 08813907089 (V) (24*7 Support on Whatsapp)




