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ABSTRACT

Salicylic acid (SA), a phytohormone, is a well-known signal molecule modulating plant
immunity and plays a role in controlling plant development. Salicylic acid is a crucial plant
hormone needed to develop a plant's tolerance to various diseases. SA is considered to be
derived from two possible pathways; the ICS and PAL pathway, both starting from chorismite.
Pre-harvest spraying, post-harvest fumigation, post-harvest dipping, and post-harvest coating
are just a few ways SA and its derivatives preserve fruit. SA has been proven to be a naturally
occurring plant hormone generally accepted as safe (GRAS) for use on fruit. SA and its
derivatives have been shown to improve storage quality by reducing ethylene production and
respiration rate, inhibiting fruit softening and color change, maintaining sugars, organic acids,
and aroma, preventing chilling injury, fostering pathogen resistance, and activating the

antioxidant system.

In the present study, 28 endophytic fungi were procured on PDA plates from various plants like
C. zeylanicum, C. roseus and S. oleracea. These cultures were subjected to production in potato
dextrose broth for the production of salicylic acid by them. After preliminary analysis, two
endophytic fungi #PALAMI19 and #22CRSBRT procured from P. acerifolium and C. roseus
showed maximum SA production and were further analysed. It was found that #PALAM19 and
#22CRSBRT showed maximum production at 0.5mg/ml cinnamic acid at 26°C. #PALAM19
and #22CRSBRT were also tested for their antifungal activity against procured pathogenic fungi
and it shows maximum zone of inhibition against Botrytis cinera. Procured #PALAMI19
displayed the most potent antifungal activity between the two cultures as it shows clearance

against all the procured pathogenic fungi but #22CRSBRT shows zone of clearance only against
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Aspergillus niger. Further studies on morphological and molecular identification of the potential

endophytic fungi improvement in the production process need to be done.
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Introduction

Plants endure various difficulties, from insect attacks to climatic pressures like floods,
temperature changes, drought, and microbial attacks. Multiple stress factors threaten
agricultural output, frequently linked to global warming, even as demand for food products rises
(Zhao et al. 2017). Abiotic and biotic stress defined as external situations that negatively affect
a plant's growth, development, or production. Plants respond to stress in various ways, altering
their gene expression, cellular metabolism, growth rates, crop yields, etc. Plant stress usually
reflects sudden environmental changes (Verma et al. 2013). A detailed study is being done on
the significant abiotic stresses that impact plants and crops in the field. They include drought,
salinity, heat, cold, chilling, freezing, nutrient, high light intensity, ozone (O3), and anaerobic
stresses (Gull et al. 2019). Living things, particularly viruses, bacteria, fungi, nematodes,
insects, arachnids, and weeds, induce biotic stress in plants. Biotic stress can become major

because of pre- and postharvest losses (Umar et al. 2021).

Plants can withstand biotic stressors even if they lack an adaptive immune system by adapting
to specific sophisticated techniques. The genetic code stored in plants regulates the defense
mechanisms that respond to various challenges. Various modifications to gene expression,
agricultural yields, growth rates, and cellular metabolism are ways plants react to stress.
Sometimes stresses to the plants injure them such that plants show various metabolic
dysfunctions. The effect is transient if the stress is minor or short-term, and the plants can
recover. But extreme stress can kill agricultural plants by stopping flowering, seed production
and inducing senescence (larley et al. 2022). Plant defense against these stresses is mediated

through multiple signaling pathways that produce many defensive proteins and non-protein
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compounds. The defense mechanisms involve physical changes such as cell wall lignification,
papilla formation, or the induction of various pathogenesis-related proteins (PRs) (Kaur et al.

2022).

Activation of defense-related genes extends systemically, conferring broad-spectrum resistance
to viral, bacterial, and fungal pathogens in distant, uninfected plant parts. Plant phytohormones
such as salicylic acid (SA), jasmonic acid, abscisic acid, and ethylene are essential components
of different signaling pathways involved in plants. A few plant hormones have been explored
to enhance the quality of fruits and vegetables after harvest (Zhang et al. 2020). Salicylic acid
(SA), acetylsalicylate (ASA), and methyl salicylate (MeSA) are three plant hormones that have
demonstrated potential effectiveness in preserving fruit quality and extending shelf life by
postponing fruit ripening and softening, reducing decay, and preserving fruit flavour (Baswal
et al. 2020; Hazarika and Marak. 2021). In plants of agronomic significance, various synthetic
compounds imitate SA's capacity to activate resistance to both biotic and abiotic stressors. In
the site of the pathogen invasion, specific pathogen recognition mechanisms, controlled by
resistance gene products that interact with matching avirulence gene products from the
pathogen, typically result in a hypersensitive reaction, keeping the pathogen isolated from the
rest of the plant (Saur et al. 2021). The ability of a plant to perceive pathogen infection and
mount an effective response is frequently regulated by a gene-for-gene interaction (direct or
indirect) between the products of the plant resistance gene and its cognate pathogen avirulence
(Avr) gene (Lukan et al. 2022). To improve plant performance and reduce the loss of
productivity, this can be implemented through various approaches, one of which is the

application of secondary metabolites (Koza et al. 2018). Salicylic acid, chemically known as 2-
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hydroxybenzoic acid (Fig. 1), is one of many secondary metabolites (phenolic chemicals)

produced by plants with an aromatic ring with a hydroxyl group or its functional derivative.

Fig. 1: Chemical structure of salicylic acid
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To improve plant performance and reduce the loss of productivity, this can be implemented
through various approaches, one of which is the application of secondary metabolites (Koza et
al. 2018). Salicylic acid, chemically known as 2-hydroxybenzoic acid (Fig. 1), is one of many
secondary metabolites (phenolic chemicals) produced by plants with an aromatic ring with a
hydroxyl group or its functional derivative. Salicylic acid is the best-known “antistress
compound” used by human beings. SA can also be produced directly from phenylalanine and,
depending on the plant species, from free benzoic acid, benzoyl glucose, or o-coumaric acid.
The therapeutic property of the phenolic compound salicylic acid and its derivatives,
collectively known as salicylates, has been known since the early 4th century B.C. when
Hippocrates prescribed willow bark, which is rich in salicylates, for pain relief during childbirth
(Lefevere et al. 2020). On detecting pathogens such as viruses, fungi, and bacteria plants
accumulate SA and activate immune responses. While plants fully fight pathogens, the

accumulated SA actively suppresses growth and developmental processes, interrupting biomass
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increase (Van et al. 2020). Salicylic acid is a crucial plant hormone to develop a plant's disease
tolerance. SA mediates the phenylpropanoid pathway and plays an important role against
pathogens and some insect pests and abiotic stresses. At the same time, the latter is mostly
meant to defend against insect pests and some pathogens (Guedes et al. 2023). SA first emerged
as an endogenous signal capable of inducing plant defense responses both at the site of infection
and in the systemic tissue of the plant. Since then, genetic and biochemical methods have been
used to characterize and deconstruct SA-mediated signalling networks. The phenolic compound
activates plant defense, especially systemic acquired resistance (SAR) (Vlot et al. 2009).
Recently, many studies have reported that SA could be used as a commercial application for
maintaining postharvest quality to prolong the shelf-life of fruits, vegeTables, and ornamental
products. Both pre-and postharvest SA applications in extending shelf-life and maintaining the
quality of postharvest products have been investigated and developed for commercial use
(Perumal et al. 2021). SA plays a part in numerous physiological processes, including seed
germination, flowering, and fruit ripening, and it can protect plants from environmental stresses
such as low temperature, salinity, and water stress (Hadjipieri et al. 2021). SA has a significant
potential for reducing ethylene production and preventing fungal rot in harvested fruits. Fruit
and vegetables have abundant nutrient substances and delicious flavors (Zhang et al. 2020).
However, inaccurate preservation techniques and hindered storage circumstances can lead to
fruit senescence and disease infection, leading to a loss in quality and a decline in the economy

(Zhang and Jiang, 2020).

Several studies have shown that plants can synthesize salicylic acid. SA is derived from two
PAL and ICS pathways starting from chorismite. The chemical analysis of food products has

proven that salicylates are also found in food, and their main sources are vegetables, fruits,
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herbs, and spices (Akbari et al. 2022). About 20 years ago, White and coworkers found that
tobacco leaves treated with SA or acetylsalicylic acid (aspirin) had increased protein
accumulation and TMV resistance (Antoniw et al. 1980). Using modern analytical technics, it
was found that salicylates are distributed in many important agricultural plant species. The main
method by which many bacteria and fungi synthesize SA is through chorismic acid, a crucial
intermediary in shikimic acid pathways. The SA production and excretion rate can be high in
plants (Sambyal. 2021). Microorganisms associated with crop plants are also capable of
synthesizing and exerting SA. In particular, SA has been proven to be a naturally occurring
plant hormone that is generally accepted as safe (GRAS) for use on fruit (Fan et al. 2021; Kumar
et al. 2021), which can replace chemical synthetic preservatives to lessen their adverse effects

(Hanif et al. 2020).

The present study is based on the screened of endophytic fungi isolated from various plants,
were done for the production of salicylic acid. Potent endophytic fungi were analysed at
different temperatures, and substrate concentrations i.e., cinnamic acid which initiates PAL
pathway for SA synthesis. The antifungal activity of procured potent fungal isolates is also

determined.
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Review of Literature

2.1.0verview

The average global crop loss caused by pests and pathogens ranges from 11 to 30 percent
(Savary et al. 2019). It is predicted that there will be about 10 billion people on the planet by
2050 (UN-DESA Population Division 2017), and even now, it is estimated that 821 million
people lack access to wholesome food (FAO 2018). An estimated 10—-15% of the world's major
cash crops are lost to plant diseases each year, and 70-80% of these illnesses are caused by
pathogenic fungi, resulting in direct economic losses of hundreds of billions of dollars (Santra
et al. 2023). As per the agricultural reports, plant pathogens, and pests reduce the global annual
crop yield by an estimated 30 to 50%, and this loss must be combatted to ensure food security

for an ever-increasing human population (Jat et al. 2016).

Due to decreased yield and quality of food, fiber, and biofuel crops, plant diseases have been a
severe problem to agriculture since the beginning (Viskovi¢ et al. 2023). Worldwide, more than
19,000 fungi are known to infect crop plants with illnesses. They may survive on living and
dead plant tissues while dormant until the conditions are right for their multiplication
(Lazarovits et al. 2020). As fungal diseases constitute a significant threat to crop production,
applying fungicides to control fungal infestations is often considered indispensable to securing
global food supply (Fones et al. 2020). Plant diseases include anthracnose, leaf spot, rust, wilt,
blight, coiled, scab, gall, canker, damping-off, root rot, mildew, and dieback that are carried on

by pathogenic fungi (Igbal et al. 2018).
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On chestnut trees, Cryphonectria parasitica outbreaks have caused nearly 100% defoliation.
Phytophthora cinnamomic, which causes root rot or dieback in many crops, was the cause of
another more recent blight (Neto et al. 2018). Fungicides can be used multiple times during the
growing or even over several seasons because most fungi cause plant illnesses and are
challenging to treat. Using fungicides frequently might encourage the formation and transfer of
toxic chemicals in ecosystems, endangering the environment, particularly soil. Fungicides exert
a negative effect on soil-dwelling microorganisms and biochemical processes in soil (Baémaga
et al. 2019). Several reports also suggest that phytopathogens are mutating and acquiring
resistance due to the widespread and negligent use of pesticides and antifungals (Geiger et al.
2017). Currently, most techniques used to protect plants from diseases primarily include
antibiotics and pesticides (Nazarov et al. 2020). A 2020 study found that 44% of an estimated
860 million farmers worldwide are affected by pesticide poisoning yearly. With regard to non-
fatal UAPP, Southern Asia has the highest estimated number of cases, followed by South-
Eastern Asia and East Africa (Boedeker et al. 2020). Even though these shotgun approaches
offer immediate protection, they eventually cause resistance and the bioaccumulation of
dangerous substances in agricultural systems. These adverse effects highlight the significance
of using environmentally friendly crop management techniques to combat diseases (Rigano et
al. 2018). Utilizing beneficial endophytes as biological control agents for crop protection is one

under-researched but potential alternative strategy that is gaining popularity (Cocq et al. 2017).

2.2. Endophyte as biological control agent

In recent times, a world population index by 2050 has recently been projected, focusing on

using natural ways to tackle the food demand, food insecurity, and impending food scarcity
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(Sahu et al. 2021). Farmers have used agrochemicals to increase food production since ancient
times, but they are not sustainable since they pose risks to the ecology (Teklu et al. 2022).
According to this assumption, reducing these eco-threats and investigating potential endophytic
microbes will aid in achieving an ecosystem that is stable and will enable the cultivation of

pathogen-free plants for increased crop output (Akanmu et al. 2021).

Endophytes are microorganisms that usually have no effect on their host or produce any signs
and symptoms of the disease while spending all or a portion of their life cycle inside the plant
(Vermiglio et al. 2021). They have been studied for their potential use as biocontrol agents,
which means they can protect plants from pests and diseases. Endophytes have drawn attention
for their roles as biological pest controllers and promoters of the plant's response to biotic and
abiotic challenges. Due to their capacity to secrete secondary metabolites, act as biocontrol
agents, antimicrobial agents, antitumor agents, and immunosuppressants, as well as secrete
antiviral compounds and develop natural antioxidants, antidiabetic agents, antibiotics, and
insecticidal products, endophytes are becoming more and more relevant in biotechnology and
industry (Gouda et al. 2016; Yadav. 2018). Endophytic microbes support plant growth through
several processes and offer defense against pathogens and pests. Endophytes generate and
secrete secondary metabolites, including volatile substances that can inhibit pathogen growth
and reduce plant disease's adverse effects (Busby et al. 2016). The by-products of
environmental interactions during plant growth and development are known as secondary
metabolites (SMs). Alkaloids, flavonoids, terpenoids, peptides, phenols, sterols, and other small

molecular organic substances are the primary components of SMs (Xie et al. 2018).
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Organic substances known as secondary metabolites are not directly connected to an organism's
regular growth, development, or reproduction (Jan et al. 2021). They are synthesized by plants,
fungi, and bacteria and play essential roles in plant survival and in creating ecological
connections between other species. Besides controlling plant development and biological
defence, SMs also play a role in how plants react to abiotic challenges such as drought, low

temperatures, salinity, and metals (Jin et al. 2017).

An in-depth understanding of the general biology of the tripartite interaction between
endophyte, host plant, and the pathogen is required as of the underlying physiological processes
involved to optimize the selection and utilization of endophytes (Lefevere et al. 2020). For
BCAs, thus for endophytes, the four different types of control principles are commonly
accepted: Competition for resources and space, antibiosis-mediated direct suppression,
mycoparasitism, and plant-induced resistance brought on by activation of its defensive
mechanisms (Heydari et al. 2010). Consequently, endophytic fungi are being researched more

and more due to their potential to benefit plant health (Cheng et al. 2020).

According to studies, endophytes primarily have two effects on plants. On the one hand,
endophytes cause the host to produce systemic resistance (ISR). ISR differs from
conventionally system-acquired resistance (SAR) in that its phenotype is comparable to
pathogen-induced SAR, which can result in broad-spectrum pathogen resistance in plants.
Systemic acquired and induced systemic resistance are distinct processes, but both are active
plant defense reactions to phytopathogen infection. IS is similar to hypersensitive response,
while SAR is similar to the inherent immunity of the plant system. The terms were first coined

in 1961 by Ross during his research on interactions between tobacco and its mosaic virus (TV).
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Non-pathogenic plant growth-promoting rhizobacteria (PGPR) are responsible for ISR
induction. The infection of a pathogen triggers SAR (Bentham et al. 2020). Despite being two
distinct processes, systemic and systemic acquired resistance were induced to signify active
plant defense reactions to phytopathogen invasion. Like the SAR, a plant can develop a defense
against an invader, such as a pathogen or parasite, if an infection occurs. In contrast to SAR
which is triggered by the accumulation of salicylic acid, ISR instead relies on signal

transduction pathways activated by jasmonate and ethylene (Yu et al. 2022).

2.3. Salicylic acid as a Secondary metabolite

2.3.1 History

Beta hydroxy phenolic acid, the secondary metabolite SA, is frequently generated by
prokaryotes and plants. SA has long been more well-known for its uses in medicine than for its
role in plants. One of the causes was the discovery of SA as a chemical messenger in plants,
where they were found to regulate biological processes at relatively low concentrations. The
sixth primary plant hormone (phytohormone), SA, was thus recognized in the early 1990s
(Raskin. 1992). When (White. 1979) observed that acetylsalicylic acid (aspirin) increased
resistance to tobacco mosaic virus (TMV), boosting PR protein accumulation and reducing
lesion numbers, he first recognized salicylic acid as an endogenous signal in the resistance
response in tobacco. Malamy et al. (1990) then noted that after TMV inoculation, the
endogenous salicylic acid levels in resistant cultivars increased in infected and uninfected
leaves but not in susceptible cultivars. In addition, SA at low concentrations facilitates
"priming," a process that speeds up and intensifies the activation of callose deposition and gene

expression in response to pathogen or microbial elicitors and aids in the induction of defense
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mechanisms (Kohler et al. 2002).

2.3.2. Role of salicylic acid in plant defense

Salicylic acid, a plant hormone, plays an essential role in the induction of plant defense against
various biotic and abiotic stresses through morphological, physiological, and biochemical
mechanisms (Wahab et al. 2022). Salicylic acid is not required to induce systemic resistance
(ISR), a property of plant growth-promoting microorganisms (PGPR). In contrast, SA or SA-
like substances are necessary to induce SAR. More than 30 groups of di- and monocotyledonous
plants have been found to produce SAR Plant protection using pesticides offers resistance
against a particular pathogen or a group of pathogens. In contrast, the multistep process
involved in a SAR response generated by a pathogen or another method makes it difficult for
pathogens to build resistance (Faize et al. 2018). Stress situations, therapy with pathogen
elicitors, and diverse pathogen infections can all cause SA formation. SA is a plant hormone
involved in defense essential for resistance to various microbial diseases, including bacteria,
fungi, viruses, and oomycetes. Plants can develop disease resistance by applying SA and its
synthetic equivalents exogenously (Zehra et al. 2021). Additionally, SA is crucial for
controlling thermogenesis, abiotic stress tolerance, plant growth, and maintaining plant disease
resistance (Koo et al. 2020).

2.3.3. Synthesis of salicylic acid

According to Pérez-Llorca et al. (2019), the shikimate pathway produces SA. By chorismate
synthase, shikimate is transformed into chorismate in the first step. Chorismate is further
converted into isochorismate for SA biosynthesis. Two distinct processes, isochorismate
synthase- and phenylalanine ammonia-lyase-dependent pathways, are used to biosynthesize SA

from chorismate (Dempsey et al. 2017). The main pathway, ICS, synthesizes more than 90%
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of SA. The ICS enzyme converts chorismate to its isomer, isochorismate, in the first stage of
the ICS pathway, and this process is shown to occur often in both bacteria and plants.
Additionally, plants synthesize a small portion (10%) of SA via the PAL pathway, which occurs
exclusively in the cytosol. The PAL enzyme is responsible for converting phenylalanine to
trans-cinnamic acid (t-CA), and plants have numerous copies of the gene that codes for this
enzyme (Guo et al. 2020). Later, ortho-coumaric acid and benzaldehyde, two potential
intermediates, convert t-CA to SA.

2.3.4. SAin plant resistance to biotic stresses

A variety of biotic stress conditions can affect plants. Plants have evolved complex sensing
mechanisms to detect biotic invasion and prevent the harm it causes to growth, yield, and
survival (Lamers et al. 2020). Various pests, parasites, and diseases cause plant infections and
biotic stress. According to Sobiczewski et al. (2017), fungal parasites can either be necrotrophic
(destroy host cells by toxin release) or biotrophic (feed on living host cells). SAR creates
systemic resistance throughout the entire plant against a variety of diseases. Through intraplant
communication, a local encounter in SAR stimulates resistance to the other plant organs
(RiedImeier et al. 2017). Various studies (Table 3.1) have reported that SA could be used as a
commercial application for maintaining postharvest quality to prolong the shelf-life of fruits,
vegeTables, and ornamental products to increase shelf life and preserve the quality of
postharvest product pre-and postharvest SA treatments have been researched and developed for
commercial usage. The methods utilized for pre-harvest treatment include spraying and adding
to the growth medium. Spraying and adding to the growth medium are the approaches used for
pre-harvest treatment. The foliar spray of SA (10-6 and 10-4 M) could improve the postharvest

quality of pepper fruit by increasing fruit weight, the level of biologically active compounds,
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and regulating sugar content (Oliveira et al. 2023). Niazmand et al. (2020) reported that SA pre-

harvest treatment three weeks before harvest improved the quality and reduced fungal infection

of 'Mashhad' sweet cherry fruit.

Table 2.1: Enhanced biotic stress upon exogenous SA application in different plants (Koo

et al. 2020)
Host plant Pathogen (infection Sa conc. and Effect References
style) treatment
method
Tomato Fusarium oxysporum 0.2mM 55%reduction in | Jendoubi et
(Lycopersicon (hemibiotrophic) disease al. (2017)
esculentum) incidence
Botrytis cinerea 62% reduction | Liand Zou
2 mM in disease (2017)
severity
Pepper Ralstonia 0.5 mM Induced seedling | Chandrasek
(Capsicum solanacearum growth har et al.
annuum,) (hemibiotrophic) inhibition is (2017)

recovered.
Notably, 0.5 mM
SA increased
seedling growth

by almost 150%.
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of Spore
production of F.
oxysporum was
also significantly
decreased in a
SA dose-
dependent

manner

Rice (Oryza Oebalus pugnax 16 mM 35% reduction Stella et al.
sativa) (piercing and sucking in number of (2019)
insect) bugs found in
plots; retarded
nymph
development to
adult insect
Potato Fusarium oxysporum 15 mM Hyphal cell Liet al.
(Solanum death causes (2022)
tuberosum) deficient growth

2.3.5. SA in plant resistance to abiotic stresses

Abiotic stresses cover various stresses, and it is crucial to understand their importance and

relevance to agricultural output. The application of anthropogenic activities, which has led to

abiotic stresses such as high metal content in the soil, nutrient depletion, salinity, and changes
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to the physicochemical structure of the soil, is one of the leading causes of the degradation of

our agricultural systems (Hasanuzzaman et al. 2020). Abiotic stresses affect plant biochemistry

and physiology, and this effect transcends all developmental phases, from seed germination to

maturity, with direct effects on growth, development, and yield. Abiotic stress can severely

impact rice yield component, with losses occasionally reaching 70% of predicted output

(Nadarajah et al. 2021). The studies listed below (Table 3.2) show how SA can protect the crop

from abiotic stresses.

Table 2.2: Enhanced abiotic stress upon exogenous SA application in different plants (Koo

et al. 2020)
Host plant Stress SA conc. and Effects References
treatment method
Wheat Freezing 0.01,0.1-, and 1- Inhibited freezing stress- | Wang et al. (2018)
(Triticum mM SA sprayed on | induced PS Il quantum
aestivum) wheat leaves at the | yield reduction and cell
four-leaf stage three death. SA enhanced
times, with an production of ABA and
interval of 12 h H202
Alfalfa Freezing Pretreatment with SA induce MPK3 to Miao et al. (2020)
(Medicago 200 uM and 0 uM regulate WRKY22 to
sativa) SA, which were participate in freezing
exposed to freezing stress to induced gene
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stress (-10°C) for 0,

0.5, 1, and 2h

expression related to SA

signaling pathway

and their
combinations were

applied to leaves

ability and reduce lipid
peroxidation and the
production of ROS to
promote rice growth under
the high temperature stress

conditions

Olive (Olea | Drought SA treatment (p < SA improves SOD and Gonzélez et al.
europaea) 0.05) APX activities and leaf (2022)
gas exchange
Rice (Oryza High SA (SA1-SA2: 0.5 | SA improve the osmotic | Yang et al. (2022)
sativa) temperature | and 1.5 mmol L—1), | adjustment, antioxidant

2.3.6. Other applications of Salicylic acid

The numerous pathogenic risks plants have to deal with, particularly after post-harvesting,

ultimately lower output and leave plants unfit economically. Many synthetic agents, including

fungicides and insecticides, combat this post-harvest pathogenic threat. However, these

substances are bad for the environment and hazardous to human health. Hence several

researchers have switched them out for environmentally friendlier SA (Gupta et al. 2023).
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According to Islam et al. (2022), treating stored pomegranate fruit with SA decreased ascorbic
acid loss, suppressed PAL activity, and decreased chilling injury and electrolyte leakage. SA (2
mM) increased infection resistance and decreased ethylene production associated with fruit

degradation.

The relationship of concentration (0.8 mol L™ to 5.0 mmol L) and time (2 min to 6 h.) assesses
the treatment impact of SA on fruit, which varies depending on the fruit's kind. Compared to
directly edible fruits without peeling, such as peach, grape, cherry, and so on, fruits with
inedible peel, including bananas, chestnuts, and pineapple, may tolerate higher concentrations
and longer treatment times. Coating involves drenching fruit in a solution of SA and coating
substance, much as dipping (Ehteshami et al. 2020). Studies by various researchers (Table 3.4)
show that specific conc. of SA protects the crop from different harmful effects. Though SA also

helps crops to fight pathogenic fungi.

Table 2.3: Various other applications of salicylic acid

Concentration and | Storage temperature Storage effect References
treatment time and time
Postharvest dipped in + 2°C for 8 days Enhanced antioxidant Xu et al. (2019)
0.8 mM for 6 h 20 capacity. Maintained soluble

sugar and soluble solids.
Decreased weight loss and

decay percentage of banana
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Postharvest dipped in

4 mM for 10 min

0°C for 30 days

Enhanced antioxidant
capacity and total phenolics.
Alleviated CI incidence and

decay percentage. Maintained
soluble solid, titraTable acid
contents, firmness and color

of apricot

Batool et al.

(2021)

Postharvest dipped in

Ambient temperatures

Maintained soluble solid and

Hazarika and

0.5,1,1.5and 2 mM for 16 days sugar contents. Reduced Marak (2021)
for 5 min browning and decay
percentage of grape
Postharvest dipped in | 25 £ 1°C for 15 days Maintained the integrity of Kumar et al.
0.75 mM for 20 min cell wall composition and (2021)

firmness of tomato

Postharvest dipped in

4 mM

5+ 1°C for 90 days

Enhanced antioxidant

capacity of mandarin

Haider et al.

(2021)

Preharvest sprayed 0.5
mmol L — 1 four times

at21d

8°C for 35 days

Enhanced antioxidant
capacity and total phenolics.
Decreased weight and

firmness loss of lemon

Serna-Escolano

et al. (2021)

Either pre-harvest or

post-harvest 1.5 mM

2440.5°C for 28 days

The most firmness

(52.10£0.11)

Minh et al.

(2022)
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The common dipping of salicylic acid technique is used to treat post-harvest fruits and
vegeTables, such as that of dates (Atia et al. 2018), sweet cherry (Giménez et al 2017), blood
orange (Habibi et al. 2020), orange fruit (Amiri et al. 2021) and brinjal (Bahadur et al. 2022)
and various other. Kavya et al. (2022) suggested that the use of pre-harvest treatment followed
by postharvest treatment was the most effective strategy for preventing fungal decay and to
maintain the overall quality of Selva strawberry fruits. In a similar vein Erogul et al. (2020)
reported that SA pre-harvest spray (2 mM) and/or postharvest dip (0.5 mM SA) could maintain
the fruit quality and enhance the resistance to internal browning. A technique used on trees at
critical times before fruit harvest is preharvest spraying (Valverde et al., 2015). It’s worth noting
that the salicylate solution for spraying is always combined with 0.5% of Tween 20, which leads
to the better dissolution of salicylates in water and better absorption by plants (Fan et al. 2022).
It should be emphasised that although increasing endogenous SA accumulation improves plant
immunity, it typically inhibits growth (Butselaar et al. 2020). However, under some
circumstances, SA controls plant immunity and development separately using various receptors

or pathways.
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Objectives of the study

3.1.Preliminary analysis of procured fungal endophytes for the production of salicylic acid

3.2.Analysing the effect of substrate concentration, temperature for the optimisation of salicylic
acid production

3.3.Genomic DNA isolation of selected endophytic fungus
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Material and Methods

4.1. Preparation of Potato Dextrose Agar plates

39.0 grams of Potato Dextrose Agar (Hi-Media) was suspended in 11t of distilled water in a
flask. The solution was heated up so that each particle dissolved completely. The pH of the
media was set at 5.6. The flask was sealed by a cotton plug autoclaved at 121°C, 15 psi, for 15
minutes. Before pouring, the media was cooled to 45° to 50°C. Cooled PDA media was poured
into the sterilized plates. In order to drain the moisture, plates were turned upside down after
being allowed to cool at ambient temperature. Moisture was removed from the plates, and the

plates were kept at 26+2°C overnight for quality check.

4.2. Culture revival from repository

28 endophytic fungi were procured from existing repository of Dr. Sanjai Saxena, DBT, TIET
Patiala. Mycelia was transferred from stored vials to a fresh potato dextrose agar media plate
to obtain the culture of fungal endophytes. The plate was incubated for 7-14 days at 25°C. The
loop full of the culture was aseptically inoculated onto PDA slants containing 10% glycerol for

long-term preservation

4.3. Identification of retrieved fungal isolates

4.3.1. Culture morphology

To identify the endophytic fungi culture morphology of the samples was done. procured fungi
were characterized on the basis of various aspects like front and back color, form, elevation,

and margin, and then the diameter of the fungal growth was measured. The culture was grown
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in different media plates namely Sabouraud Dextrose agar for 7 days at 26 + 2 °C for growth

optimization.

4.3.2. Microscopic morphology

The glass slide was cleaned with alcohol and air dried. A drop of water was put onto glass slide,
upon which the mycelial mass was placed and teased properly with the help of sterile. The slide
was covered with 18 x 10 mm coverslip avoiding the formation of air bubbles and mounted
with DPX. The microscopic features were observed at 10X, 40X and 100X using Nikon
binocular microscope. Morphological features such as colony spores, color, and appearance

were critically observed and noted

4.4. Revival of pathogenic fungi from repository

Different pathogenic culture collected from ITCC Alternaria alternata (ITCC- 6129 and
6343), Aspergillus  niger (ITCC-6354), Botrytis  cinera  (ITCC-6011), Botryodiplodia
theobromae (ITCC-5597), Colletotrichum gloeosporioides (ITCC-3801 and 6152), Fusarium
lateritium (ITCC-4533) and Fusarium moniliforme (ITCC-6240 and 6435) were procured
from existing repository of Dr. Sanjai Saxena, DBT, TIET Patiala (Table 4.1). These pathogens
were revived on the PDA plate and were kept at 26°C. Further, the activity of salicylic acid was

tested against these pathogens.

Table 4.1: ITCC cultures, code, name and source used to determine the antifungal activity

S.no. Itce code Culture Source
1. 6343 Alternania alternata Tomato, Arti Yadav, Jaipur,
2. 6129 Alternania alternata Kinnow, R.B. Gaur, Sriganganagar
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3. 6354 Aspergillus niger Apple, Alemayehu Gateachew, IARI
4. 6011 Botrytis cinera Strawberry, PN Chowdry, New Delhi
5. 5597 B. theobromae Citrus, SK Ahmad, Tirupati

6. 3801 C. gloeosporioides Orange, JN Kapoor, New Delhi

7. 6152 C. gloeosporioides Orange, M.S. Josh, Rahuri

8. 4533 Fusarium lateritium Kinnow, R.B. Gaur, Jammu

0. 6240 Fusarium moniliforme Onion and Garlic, KE Lanearde, Pune

Spores of 7-day-old revived ITCC pathogens were collected by pouring 5ml of 0.8% saline
water on the plates and then collecting the spores in the sterilized centrifuge tube under aseptic
condition. Spores were collected, centrifuged for 10 minutes at 10,000 rpm, the supernatant
was removed, and saline water was added to the spore pallet. Using a hemocytometer, density
of each spore suspension was adjusted to 1x10° spores/ml (Choi et al. 1999). Various dilutions
(1-5 mg/ml) of salicylic acid (Loba) were prepared in acetone and used as a stock to determine

their effect on the growth of various pathogens.
4.5. Analysis effect of pure salicylic acid on the growth of pathogenic fungi

100 pl of spore suspense on was spread onto the PDA plate. Then the 6 bores of Smm each
were punched aseptically on the same PDA plate with the help of a borer and 60ul of each
dilution of salicylic acid was added into each bore and control was prepared by adding 60ul of
acetone into it. The plates were correctly wrapped and were kept in an incubator at 28°C for 7

days, and the zone of inhibition was measured (Luangtongkum, 2007).
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4.6. Quantitative analysis of SA by endophytic fungi

4.6.1. Standard of salicylic acid

Ferric chloride reagent is prepared by adding 1 gm of FeClz to 100 ml of 1% HCI by dissolving
100 mg of salicylic acid in a few ml of methanol and bringing the volume up to (1mg/ml) with
distilled water in a volumetric flask, a stock solution of salicylic acid (1 mg/ml) was made up.
10 ml of this stock solution was diluted with 100 ml of distilled water to get 100 png/ml salicylic
acid solution. Respective samples (1ml, 2ml, 3ml, 4ml, S5ml, 6ml) were taken in each test tube
reagent, and distilled water was added to make a total volume of 10 ml to make different conc.
(10-60pg/ml) and then the absorbance of the prepared sample was taken in a UV-Visible

spectrophotometer at a wavelength of 525 nm against a blank sample (Venkataswamy, 2018).

4.6.2. Estimation the SA production using culture filtrate

Potato Dextrose Broth production bottles were prepared by mixing 24 gm of PDB (Hi-Media)
and 1mg/ml of cinnamic acid in 1000 ml of distilled water. 30 ml of this solution was added to
each production bottle and were autoclaved at 15 lbs pressure (121°C). Smm plugs of procured
fungi were inoculated under the laminar airflow and were incubated in an orbital shaker at
120rpm at 27°C for 9 days. The fungal biomass was separated using Whatmann No. 4 filter
paper. Wet and dried weight of the mycelia is noted and Mycelia-free liquid was frozen at 4°C
till further use (Prasanna et al. 2022). By measuring the absorbance or optical density at 525
nm, the ELISA test can quantify the amount of the target substance present in the sample to
check the presence of salicylic acid in procured cultures the ELISA (Enzyme-Linked
Immunosorbent Assay) test was performed and absorbance was noted at 525 nm
(Venkataswamy, 2018).
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4.7. Optimization of substrate concentrations

Maximum SA producing fungal endophytes were used to determine the effect of substrate
concentration on the production of SA. Cinnamic acid act as a substrate in salicylic acid
production by inducing PAL pathways; so different concentrations ranging from 0.1 mg/ml to
Img/ml of cinnamic acid were added to the production flasks containing growth medium and
incubated at 25°C for 7 days. After completion of incubation, culture filtrates were used to

determine the amount of SA production.

4.8. Optimization of temperature for SA production

Temperature is an important factor that has a vital effect on the yield of the SA production. The
selected cultures were subjected to the production of culture filtrate at various temperatures
25°C, 36°C, 50°C and 55°C in PDB media supplemented with selected concentration of

cinnamic acid to find out the optimum temperature at which maximum SA can observed.

4.9. Antifungal activity of potent endophytic fungi against Pathogens

To check the antifungal activity of procured endophytic fungi Smm plug of endophytic fungi
and pathogens was placed on the edge of the PDA plate. Control plates were prepared by adding
a Smm plug of each pathogen. All the plates were kept in an incubator at 25°C for 7 days. The
diameter of each pathogen culture was measured, and reduction was noted (Erhonyota et al.

2023).
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4.10. Identification of potent endophytic fungi

4.10.1. Plate morphology

The potent endophytic fungi were cultured on different growth medium such as potato dextrose
agar (PDA), SDA, RBA, PLA, CMA and water agar (WA) medium. The petri plates were

incubated for 7-8 days at 26+ 2° C (Chow and Ting., 2015).

4.10.2. Genomic DNA isolation of potent endophytic fungi

The fungal genomic DNA was isolated from 5-7 days old culture grown on PDA plate using
CTAB Genomic DNA isolation method. 6-7 mycelial plugs of 5 mm diameter were scooped
out. The mycelia plugs were crushed in mortar-pestle using liquid nitrogen (N2). 1ml cell lysis
(CTAB) solution and 600ul of nuclei lysis solution was added and crushed again in mortar-
pestle. The solution was transferred to the fresh eppendorf and incubated at 65°C for 15 min
with intermittent mixing. After incubation the eppendorfs were kept at room temperature (RT)
for 5 min. The eppendorfs were then centrifuged at 12,000 rpm for 3 min to remove the cell
debris. Then Sul of RNAse was added and incubated at 37°C for 5 min followed by addition
of 200ul of protein precipitation solution. The eppendorfs were centrifuged at 12,000 rpm for
3 min to remove contaminating proteins. The aqueous phase containing DNA was transferred
to 600-700ul of chilled iso-propanol in the eppendorfs and centrifuged at 12,000 rpm for 3 min.
The DNA pellet was rinsed with 70% ethanol followed by centrifugation at 13,000 rpm for 1
min. Then pellet was air dried and dissolved in 50ul of DNA dehydration buffer (Tris EDTA
buffer (pH 8)). The qualitative estimation of the DNA isolated was done by agarose gel

electrophoresis (Surzycki et al. 2020)
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Results and discussion

5.1. Procurement of endophytic fungi
In the present work, 28 endophytic fungi procured from leaves and stems of Cinnamomum
zeylanicum, Catharanthus roseus, Spinacia oleracea, and Pterospermum Acerifolium (L.)
(Table 5.1) were procured from existing repository of Dr. Sanjai Saxena, DBT, TIET Patiala.
They were regularly maintained at 28 °C by cultivating on PDA plates (fig 5.1). For long-term
storage, all the procured fungi were kept on PDA-glycerol slants. Over the long period of co-
evolution, a symbiotic relationship between the endophyte and its host plant evolved. Some
endophytic fungi can produce salicylic acid independently, while others can stimulate the host
plant to produce SA. Since the production of SA by endophytes can strengthen the plant's
defenses against pathogens, the current study focuses on selecting the best salicylic acid
concentration for testing against particular phytopathogenic fungi and their activity in various

environmental conditions.

Fig 5.1: Endophytic fungi procured from Cinnamomum zeylanicum, Catharanthus roseus,

Spinacia oleracea, and Pterospermum Acerifolium (L)
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Table 5.1: List of endophytic fungi procured from C. zeylanicum, C. roseus, Spinacia

oleracea, P. acerifolium and T. aestivum.

Culture code Plant name Plant part Location
23CZSTITG C. zeylanicum Stem Guwabhati, Assam
2106CZSTITG C. zeylanicum Stem Guwabhati, Assam
53CZSTITBRT C. zeylanicum Stem BRT Wildlife Sanctuary,
Karnataka
2164CZSTITG C. zeylanicum Stem Guwahat Assam
41CZTITBRT C. zeylanicum Stem BRT Wildlife Sanctuary,
Karnataka
34CZSTITBRT C. zeylanicum Stem BRT Wildlife Sanctuary,
Karnataka
2107CZSTITBRT C. zeylanicum Stem BRT Wildlife Sanctuary,
Karnataka
2107CZSTITG C. zeylanicum Stem Guwahat, Assam
SCZBAWLS C. zeylanicum Stem Kerela
31CZBRT C. zeylanicum Stem BRT Wildlife Sanctuary,
Karnataka
29CRSTNEY C. roseus Stem Neyyar, Kerela
22CRSBRT C. roseus Stem BRT Wildlife Sanctuary,
Karnataka
6CRSTBRT C. roseus Stem Neyyar, Kerela
2SOLIPTL S. oleracea Leaves Moti Bir, Patiala
5SOL2PTL S. oleracea Leaves Moti Bir, Patiala
H4SOSPTL S. oleracea Stem Urban estate, Patiala
H2SOSPTL S. oleracea Stem Urban estate, Patiala
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3SOLPTL S. oleracea Leave Patiala
4SOSPTL S. oleracea Stem Moti Bir, Patiala
7SOLPTL S. oleracea Leave Moti Bir, Patiala
PALPTLI12 P acerifolium Leaves Patiala
PALAMI19 P acerifolium Leaves Amritsar
PALAS20 P acerifolium Leaves Amritsar
PALAS21 P acerifolium Leaves Amritsar
105TICSTITPLM T cordifolia Leaves Palampur
7TALRP T aestivum Leave Ropar
12TALRP T aestivum Leave Ropar
9TALRP T aestivum Leave Ropar
STALRP T aestivum Leave Ropar

5.2.Preservation of endophytic fungi
The endophytes were aseptically kept in the PDA slants and vials (Fig.5.2) including 10%
glycerol for storing them for a long time as it is not feasible to save cultures in plates for a long-

term duration. And were stored at 4°C till further required.

Fig 5.2: PDA slants of endophytic fungi preserved for long-term storage
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5.3.Production of procured endophytic fungi

Each procured fungi were incubated in a PDB with a 1 mg/ml dose of cinnamic acid as salicylic
acid. Its derivatives are one of the plant hormones produced by the plant naturally and belong
to the group of phenolic, the starting ingredient to form is the cinnamic acid, so a compound
that helps in the production of salicylic acid by activating the PAL pathway is added to the broth
and kept on an orbital shaker at 120 rpm and 27 °C for 9 days. Following incubation, the mycelia
fully develop (fig. 5.3 a), and the broth is filtered (fig. 5.3 b). The fungal mycelia are separated
from the broth using Whatmann No. 4 filter paper. Filtrates were stored at 4°C for further

testing.

Fig 5.3: (a) Production of mycelia in broth (b) Broth is filtered using Whatmann No. 4

filter paper.
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5.4.Standard curve of salicylic acid

Different dilutions of 1pug/ml, 2pg/ml, 3pg/ml, 4pg/ml, and Spg /ml of standard salicylic acid

(Loba chemi) with distilled water were prepared and tested via ELISA test (Table 5.2). An

47



increase in color intensity (Fig 5.4) indicates salicylic acid content at different concentrations.
Absorbance at 525 nm was noted and the standard curve (fig 5.5) appeared to be a straight line

as an increase in the concentration of salicylic acid.

Fig 5.4: Change in colour intensity as the concentration of salicylic acid increases

Table 5.2 Measurement of absorbance for prepared samples

Volume of stock Volume of Distilled water to Concentration of Absorbance
solution (ml) reagent (ml) make 10 ml salicylic acid (ng/ml) At 525 nm
0 (blank) 1 9 0 0.0048
1 1 8 10 0.1063
2 1 7 20 0.2256
3 1 6 30 0.3477
4 1 5 40 0.4863
5 1 4 50 0.5880
6 1 3 60 0.7130
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Fig 5.5: Standard curve of salicylic acid
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The same procedure was used to evaluate the presence of salicylic acid in all the stored filtrates
(fig 5.6), and outcomes suggest that #22CRSBRT and #PALAMI19 have the highest salicylic
acid content, i.e., 101.70 mg/ml and 102.06 mg/ml respectively (Table 5.3). Therefore, only

these two samples were used in the follow-up study

Fig 5.6: ELISA plate showing concentration of salicylic acid
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Table 5.3: Concentration of salicylic acid produced by procured endophytic fungi

S.no. Culture code Al A2 A3 Average Conc.
1 PDB+R 0.233 0.27 0.241 0.25 21.31
2 DW+R 0.052 0.056 0.046 0.05 4.64
3 PAL/PTL/12 0.28 0.214 0.168 0.22 18.81
4 12TALRP 0.161 0.17 0.146 0.16 13.81
5 2107CTITGO 0.464 0.484 0.63 0.53 44.64
6 HSOL9,2 0.472 0.411 0.499 0.46 38.81
7 105TICTPLM 0.909 0.928 0.94 0.93 77.97
8 PTA/AS/21a 0.334 0.363 0.289 0.33 27.97
9 4TICSITICM 0484 0.489 0.447 0.47 39.64
10 7TALRP 1.291 1.287 0.997 1.19 99.64
11 5SOL2 0.238 0.223 0.138 0.20 17.11
12 22CRSBRT 1.242 1.200 1.202 1.21 101.70
13 9TALRP 0.394 0.414 0.27 0.36 30.42
14 2107CSTITGN 0.451 0.302 0.557 0.44 36.86
15 PAL/AS/20a 0.668 0.629 0.409 0.57 47.86
16 34CSTBRT 0.305 0.299 0.239 0.28 23.89
17 23CZSTITG 1.28 1.331 0.873 1.16 97.25
18 53CZSTIBRT 1.094 1.063 0.724 0.96 80.50
19 SOL7,9 0.204 0.198 0.184 0.20 16.75
20 5CZBAWLS 0.431 0.478 0.308 0.41 34.28
21 10571STPLM 1.25 1.119 1.047 1.14 95.36
22 5SOL2 0.301 0.317 0.307 0.31 26.17
23 2106CSTITG 0.453 0.434 0.573 0.49 41.03
24 PALAM19 1.245 1.285 1.127 1.22 102.06
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25 STALRP 0.256 0.306 0.194 0.25 21.48
26 41CZTITBRT 0.17 0.157 0.806 0.38 31.95
27 2SOL4 0.124 0.481 0.198 0.27 22.78
28 31CBAG 0.428 0.601 0.445 0.49 41.42
29 3SOL 0.459 0.499 0.533 0.50 41.89
30 2HSOL 0.034 0.033 0.031 0.03 3.20

To determine the minimum concentration at which the maximum salicylic acid can be

produced, those endophytic fungi that have the highest amounts of salicylic acid, according to

previous tests, were fermented the same way as previously in section 5.3 at different

concentrations (Table 5.4). The results reveal that the highest salicylic acid produced in both

samples is at a concentration of 0.5 mg/ml.

Table 5.4: Amount of salicylic acid produced in #PALAM19 and #22CRSBRT at different

concentrations
Conc. Of cinnamic acid Conc. Of salicylic acid produced in Conc. Of salicylic acid produced in
(mg/ml) #PALAM19 (mg/ml) #22CRSBRT (mg/ml)
0.1 30.97 23.99
0.2 57.26 39.07
0.3 62.83 50.66
0.4 79.97 69.01
0.5 103.86 99.36

5.5.0ptimum temperature

The endophytic fungi #PALAM19 and #22CRSBRT were assayed at 4 different temperatures
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26°C,39°C, 50°C and 55°C following the same procedure as above for culture filtrates given

in section 5.3. Based on the observations (fig 5.7), maximum salicylic acid production existed

at 26°C

Fig 5.7: Production of SA at different temperatures
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5.6. Morphotaxonomy of selected endophytic fungi

Morphotaxonomy of the endophytic fungi #PALAMI19 and #22CRSBRT was done (Table 5.8
and 5.9) and it revealed that #PALAMI19 produced white, slow-growing, readily cultivated
flufty, white aerial mycelium on PDA, RBA, and SDA media after 7 days of incubation. On
RBA, growth was not regular, but white mycelia were grown. No growth was there on WA,
PLA, and CMA (fig 5.8). At the same time, endophytic fungi #22CRSBRT was produced green,
fast-growing, and densely packed on PDA and SDA. RBA Media shows the scattered growth
of different colonies. Scattered growth was visible on PLA and CMA, and no colony was seen

on WA after 7 days of incubation at 27°C (fig 5.9).
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Table 5.5: Colony morphology of #PALAM19 on different media after 10 days at 28°C

Medium Colony Color Margin Odour
Front Back

PDA White White Regular and flat No odour
SDA White White Regular and flat No odour
RBA White White Regular and flat No odour
PLA No growth - -

CMA No growth - -
WA No growth - -

Fig 5.8: #PALAM19 culture grown on different media plate a) PDA b) SDA ¢) RBA d)

PLA ¢) CMA and f) WA




Table 5.6: Colony morphology of #22CRSBRT on different medias after 10 days, 28°C

Medium Colony color Margin Odour
Front back
PDA Green White Entire No odour
SDA Green White Irregular No odour
RBA Green White Irregular No odour
PLA Green White Irregular No odour
CMA Green Green Irregular No odour
WA No growth - -

Fig 5.9: #22CRSBRT culture grown on different media plate a) PDA b) SDA c) RBA d)

PLA ¢) CMA and f) WA
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5.7.Genomic DNA Isolation:

The genomic DNA of #PALAMI19 and #22CRSBRT were isolated (fig. 5.10) and the size
of genomic DNA was found to be 10 kb approximately. The concentration of the genomic DNA
isolated viz. #PALAM19 and #22CRSBRT was 32ng/ul and absorbance at 260nm/280nm was taken

which was 1.67 to determine the quantity and purity of the DNA isolated. Further PCR amplification

can also be carried out.

Fig 5.10: a) Genomic DNA isolation of #PALAM19 and #22CRSBRT
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5.8.0ptimum concentration of salicylic acid

The results of the present study are in line with research carried out by different researchers.
The zone of inhibitions was measured by the agar well diffusion method to find out the

antifungal activity of the salicylic acid (loba chemi) against procured pathogens.

Table 5.7: Zone of inhibition of pathogens at various concentrations of SA

Sr.no.

Pathogen

Concentration of sa (mg/ml)

1

2

3

4

5

And
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Zone of inhibition (in cm)
1 3801 (Collectotrichum gloeosporiodes) 0 04 | 04| 04 0.4 0.7
2 6152 (Collectotrichum gloeosporiodes) 0 0.1 ] 0.1 ] 0.2 0.3 0.5
3 4533 (Fusarium lateritium) 0 021 03] 04 0.5 0.6
4 6129 (Alternaria alternata) 0 0 0 0.1 0.1 0.1
5 6343 (Alternaria alternata) 0 0 0.1 | 0.1 0.1 0.1
6 6011 (Botrytis cinera) 0 0 0.1 | 0.1 0.1 0.1
7 6240 (Fusarium moniliforme) 0 0 0.1 ] 0.3 0.3 0.5
8 6435 (Fusarium moniliforme) 0 0 0.1 | 0.2 0.4 0.9
9 6354 (Aspergillus niger) 0 02 1] 03] 05 0.6 0.6

The results demonstrated an inhibitory effect at different conc. i.e., Img/ml, 2mg/ml, 3mg/ml,
4mg/ml, and 5mg/ml concentration of SA against different procured pathogens (Table 5.7). A
significant zone of inhibition is visible at a concentration of 5 mg/ml (fig 5.11). 5Smg/ml conc.
of Salicylic acid shows a maximum zone of clearance, i.e., 0.9 cm against Fusarium

moniliforme.

56



Fig 5.11: Antifungal activity of different delusions of salicylic acid

Procured endophytic fungus #PALAM19 and #22CRSBRT were evaluated for antifungal effect
against procured ITCC pathogens. As seen from (fig 5.12), our samples exhibit decreased
growth in response to all pathogens obtained. So we further tested antifungal activity by agar

well diffusion method for more precise examination.

Fig 5.12: #PALAM19 and #22CRSBRT shows positive antifungal activity
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As #PALAM19 shows the best antifungal activity and produces the highest amount of salicylic
acid, so agar well diffusion test was carried out to check the antifungal activity and appropriate

zone of inhibitions against procured ITCC pathogens as mentioned in Table 2.1 (fig 5.13).

Salicylic acid produced by #PALAMI19 at 26°C was tested against procured pathogens. And the
results illustrated that against most of the pathogens, #PALAM19 shows 0.9cm to 1.2 cm of the

zone of inhibition but mostly 1cm, which is better than chemically obtained salicylic acid.

Fig 5.13: #PALAM19 showing zone of inhibition against various pathogen
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Discussion

Salicylic acid (SA) has been widely studied for its potential applications in post-harvest
treatments to enhance the quality and shelf life of various fruits and vegetables. Several studies
have shown that treating fruits and vegetables with salicylic acid can delay senescence, the
natural aging process leading to deterioration and loss of quality. SA treatment has been found
to maintain firmness, reduce weight loss, and delay the onset of rotting and decay, thereby
extending the shelf life of produce. Salicylic acid has been shown to inhibit the growth of
various fungal pathogens. The inhibitory effect of SA on fungal growth is attributed to its ability
to disrupt fungal cell membranes, interfere with vital metabolic pathways, and induce
programmed cell death in fungi. Various studies have demonstrated that salicylic acid has
efficacy in controlling post-harvest fungal pathogens, which are responsible for the decay and

spoilage of harvested fruits and vegetables (Simone et al. 2020).

Martin in 2019 studied the effect of SA on the growth of the Ophiostoma novo on Ulmus minor.
1X 10° spore suspension was absorbed on the plate and concentrations of SA in the wells
(control wells), 0.2, 1, 10, 50, 100, and 500 ug/ml were poured and plates were incubated at
20 °C. Rangel in 2020 prepared fungal spores of P. cinnamomic (1 x 10 spores/mL) in a liquid
culture from fungal cultures grown on PDA plates. The spore-containing suspensions were
incubated at 24 °C and were checked for zone of inhibition against different concentrations
ranging from 0.1 to 0.5 mg/ml of salicylic acid. In this current study the antifungal activity of
salicylic acid against Collectotrichum gloeosporiodes, Fusarium lateritium, Alternaria
alternata, Botrytis cinera, Fusarium moniliforme and Aspergillus niger was studied. We
collected 1X10° spores suspension of all the pathogens and tested their antifungal activity by

agar well diffusion method at different concentration of SA i.e., 0.1mg/ml to 0.5 mg/ml.
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Huang (2007) illustrated that fruit treated with high SA concentrations (1.0 and 2.0 mmol L)
have higher resistance towards the pathogens which cause loss of orange (Citrus sinenisis L.
Osbeck). Gacnik (2021) found that 2 mM solution of SA stimulate the activity of the
phenylalanine ammonia lyase (PAL) which led to an increase in certain proven anti fungicidal
phenolics. Applications of 4 mM SA conserved strawberry from ascorbic acid (AsA) loss
compared to control at the end of the storage period as noted by Darvish in 2021. Our results
are also in line of these studies as SA present in our procured endophytic fungi #PALAM19

stimulates antifungal effects at 0.5 mg/ml concentration.

The involvement of SA in the priming of plant defense by Trichoderma strains against Botrytis
cinerea was described in Arabidopsis and Solanum lycopersicum. Kou and colleagues showed
that Epichloé endophytes are capable of inducing SA-dependent defence responses in the host
plants to provide significant resistance against the pathogen Blumeria graminis. Previously as
noted by Chitra et al (2008), the effect of salicylic acid in inducing resistance in groundnut
plants against Alternaria alternata was investigated. Simone in 2020 noted that Fungi such as
Botrytis cinerea, Alternaria spp, Penicillium spp, and Rhizopus spp. are sensitive to SA
treatment. The role of salicylic acid (SA) was investigated in basal defense and induced
resistance to powdery mildew (Oidium neolycopersici) and grey mould (Botrytis cinerea) in

tomato (Lycopersicon esculentum) by Achuo in 2019.

Under glasshouse circumstances, foliar application of SA at a dosage of 1 mM dramatically
decreased the leaf blight disease intensity and enhanced pod output. In 2021 Gomaa noted that
a 2.5 mM concentration of salicylic acid shows inhibitory results against Aspergillus niger on
wheat plants. Our study describes the potential role of SA produced by procured fungi

#PALAMI19 in defense against Collectotrichum gloeosporiodes, Fusarium lateritium,
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Alternaria alternata, Botrytis cinera, Fusarium moniliforme, and Aspergillus niger. SA
extracted from #PALAM19 shows 1cm of zone of clearance at 0.5mg/ml concentration against
above-mentioned pathogens. We compared the activity of chemically obtained salicylic acid
(Loba chemi) and salicylic acid produced by procured endophytic fungi. Results illustrated that
Smg/ml of chemically obtained SA acid shows effective antifungal properties against pathogens
like Collectotrichum gloeosporiodes, Fusarium lateritium, Alternaria alternata, Botrytis

cinera, Fusarium moniliforme and Aspergillus niger.
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CONCLUSION

. Atotal of 28 endophytic fungi procured from stems and leaves of C. zeylanicum, C. roseus,
Spinacia oleracea, P. acerifolium and T. aestivum. The fungi #PALAM19 and #22CRBRT
exhibited best result on the two factors i.e., maximum salicylic acid production at 0.5%

concentration of cinnamic acid and antifungal activity.

. Further these cultures were tested for production of SA at different temperatures and their

zone of inhibition against pathogenic fungi. #PALAM19 shows the best results.
Then the results were compared to the chemically obtained SA and it revealed that naturally produced

SA is better than industrial salicylic acid.

63



CHAPTER-7

REFERENCES

64



REFERENCESS

Akanmu, A. O., Babalola, O. O., Venturi, V., Ayilara, M. S., Adeleke, B. S., Amoo, A. E., . .. Glick,
B. R. (2021). Plant disease management: Leveraging on the plant-microbe-soil interface in the
biorational use of organic amendments. Frontiers in Plant Science, 12, 700507.
doi:10.3389/fpls.2021.700507

Akbari, B., Baghaei-Yazdi, N., Bahmaie, M., & Mahdavi Abhari, F. (2022). The role of plant-
derived natural antioxidants in reduction of oxidative stress. BioFactors, 48(3), 611-633.
doi:10.1002/biof.1831

Amiri, S., Nicknam, Z., Radi, M., Sayadi, M., Bagheri, F., Karimi Khorrami, N., & Abedi, E. (2021).
Postharvest quality of orange fruit as influenced by salicylic acid, acetic acid, and
carboxymethyl cellulose coating. Journal of Food Measurement and Characterization, 15(5),
3912-3930. doi:10.1007/s11694-021-00966-y

Antoniw, J. F., & White, R. F. (1980). The effects of aspirin and polyacrylic acid on soluble leaf
proteins and resistance to virus infection in five cultivars of tobacco. Journal of
Phytopathology, 98(4), 331-341. doi:10.1111/j.1439-0434.1980.tb03748.x

Atia, A., Abdelkarim, D., Younis, M., & Alhamdan, A. (2018). Effects of calcium chloride and
salicylic acid postharvest treatments on the quality of Khalal Barhi dates at different ripening
levels during cold storage. Journal of Food Measurement and Characterization, 12(2), 1156—
1166. doi:10.1007/s11694-018-9729-0

Ba¢maga, M., Wyszkowska, J., & Kucharski, J. (2019). The biochemical activity of soil

contaminated with fungicides. Journal of Environmental Science and Health. Part. B,

65


https://doi.org/10.3389/fpls.2021.700507
https://doi.org/10.1002/biof.1831
https://doi.org/10.1007/s11694-021-00966-y
https://doi.org/10.1111/j.1439-0434.1980.tb03748.x
https://doi.org/10.1007/s11694-018-9729-0

Pesticides, Food Contaminants, and Agricultural Wastes, 54(4), 252-262.
doi:10.1080/03601234.2018.1553908

Bahadur, V., Topno, S. E., & Kumari, P. (2022). Effect of plant growth regulators on plant growth,
yield and fruit quality of brinjal. International Journal of Environment and Climate Change,
12(1), 2736-2743.

Baswal, A. K., Dhaliwal, H. S., Singh, Z., Mahajan, B. V. C., & Gill, K. S. (2020). Postharvest
application of methyl jasmonate, 1-methylcyclopropene and salicylic acid extends the cold
storage life and maintain the quality of’Kinnow’mandarin. Postharvest Biology and
Technology, 161, 111064. doi:10.1016/j.postharvbio.2019.111064

Batool, M., Bashir, O., Amin, T., Wani, S. M., Masoodi, F. A., Jan, N., ... & Gul, A. (2022). Effect
of oxalic acid and salicylic acid treatments on the post-harvest life of temperate grown apricot
varieties (Prunus armeniaca) during controlled atmosphere storage. Food Science and
Technology International, 28(7), 557-569. doi:10.1177/10820132211032074

Bentham, A. R., De la Concepcion, J. C., Mukhi, N., Zdrzatek, R., Draeger, M., Gorenkin, D., . ..
Banfield, M. J. (2020). A molecular roadmap to the plant immune system. Journal of Biological
Chemistry, 295(44), 14916-14935. doi:10.1074/jbc.REVV120.010852

Boedeker, W., Watts, M., Clausing, P., & Marquez, E. (2020). The global distribution of acute
unintentional pesticide poisoning: Estimations based on a systematic review. BMC Public
Health, 20(1), 1875. doi:10.1186/s12889-020-09939-0

Busby, P. E., Peay, K. G., & Newcombe, G. (2016). Common foliar fungi of Populus trichocarpa
modify Melampsora rust disease severity. New Phytologist, 209(4), 1681-1692.

doi:10.1111/nph.13742

66


https://doi.org/10.1080/03601234.2018.1553908
https://doi.org/10.1016/j.postharvbio.2019.111064
https://doi.org/10.1177/10820132211032074
https://doi.org/10.1074/jbc.rev120.010852
https://doi.org/10.1186/s12889-020-09939-0
https://doi.org/10.1111/nph.13742

Chandrasekhar, B., Umesha, S., & Naveen Kumar, H. N. (2017). Proteomic analysis of salicylic acid
enhanced disease resistance in bacterial wilt affected chilli (Capsicum annuum) crop.
Physiological and Molecular Plant Pathology, 98, 85-96. doi:10.1016/j.pmpp.2017.04.002,
Google Scholar [Ref list]

Chen, J., Zhang, J., Kong, M., Freeman, A., Chen, H., & Liu, F. (2021). More stories to tell:
NONEXPRESSOR OF pathogenesis-RELATED GENESL, a salicylic acid receptor. Plant,
Cell and Environment, 44(6), 1716-1727. doi:10.1111/pce.14003

Cheng, C., L1, D., Q1, Q., Sun, X., Anue, M. R, David, B. M., ... Lai, Z. (2020). The root endophytic
fungus Serendipita indica improves resistance of banana to Fusarium oxysporum f. sp. cubense
tropical Race 4. European Journal of Plant Pathology, 156(1), 87—-100. doi:10.1007/s10658-
019-01863-3

Chitra, K., Ragupathi, N., Dhanalakshmi, K., Mareeshwari, P., Indra, N., Kamalakannan, A., ... &
Rabindran, R. (2008). Salicylic acid induced systemic resistant on peanut against Alternaria
alternata. Archives  of  Phytopathology and  Plant  Protection, 41(1), 50-56.
doi:10.1080/03235400600655263

Choi, Y. W., Hyde, K. D., & Ho, W. H. (1999). Single spore isolation of fungi. Fungal Diversity.

De Simone, N., Pace, B., Grieco, F., Chimienti, M., Tyibilika, V., Santoro, V., . .. Russo, P. (2020).
Botrytis cinerea and Table grapes: A review of the main physical, chemical, and bio-based
control treatments in post-harvest. Foods, 9(9), 1138. doi:10.3390/fo0ds9091138

Dempsey, D. M. A. C., & Klessig, D. F. (2017). How does the multifaceted plant hormone salicylic
acid combat disease in plants and are similar mechanisms utilized in humans? BMC Biology,

15(1), 1-11.

67


https://doi.org/10.1016/j.pmpp.2017.04.002
https://doi.org/10.1111/pce.14003
https://doi.org/10.1007/s10658-019-01863-3
https://doi.org/10.1007/s10658-019-01863-3
https://doi.org/10.1080/03235400600655263
https://doi.org/10.3390/foods9091138

Dy, R. L., Rigano, L. A., & Fineran, P. C. (2018). Phage-based biocontrol strategies and their
application in agriculture and aquaculture. Biochemical Society Transactions, 46(6), 1605—
1613. doi:10.1042/BST20180178

Ehteshami, S., Abdollahi, F., Ramezanian, A., & Mirzaalian Dastjerdi, A. (2020). Maintenance of
quality and bioactive compounds in pomegranate fruit (Punica granatum L.) by combined
application of organic acids and chitosan edible coating. Journal of Food Biochemistry, 44(9),
e13393. doi:10.1111/jfbc.13393

Erhonyota, C., Edo, G. I., & Onoharigho, F. O. (2023). Comparison of poison plate and agar well
diffusion method determining the antifungal activity of protein fractions. Acta Ecologica
Sinica, 43(4), 684-689. doi:10.1016/j.chnaes.2022.08.006

Erogul, D., & Ozsoydan, I. (2020). Effect of preharvest salicylic acid treatments on the quality and
shelf life. Folia Horticulturae, 32(2), 221-227. doi:10.2478/fhort-2020-0020

Faize, L., & Faize, M. (2018). Functional analogues of salicylic acid and their use in crop protection.
Agronomy, 8(1), 5. doi:10.3390/agronomy8010005

Fan, S., Wu, H., Gong, H., & Guo, J. (2022). The salicylic acid mediates selenium-induced tolerance
to drought stress in tomato plants. Scientia Horticulturae, 300, 111092.
doi:10.1016/j.scienta.2022.111092

Fones, H. N., Bebber, D. P., Chaloner, T. M., Kay, W. T., Steinberg, G., & Gurr, S. J. (2020). Threats
to global food security from emerging fungal and oomycete crop pathogens. Nature Food, 1(6),
332-342. doi:10.1038/s43016-020-0075-0

Giménez, M. J., Serrano, M., Valverde, J. M., Martinez-Romero, D., Castillo, S., Valero, D., &

Guillén, F. (2017). Preharvest salicylic acid and acetylsalicylic acid treatments preserve quality

68


https://doi.org/10.1042/bst20180178
https://doi.org/10.1111/jfbc.13393
https://doi.org/10.1016/j.chnaes.2022.08.006
https://doi.org/10.2478/fhort-2020-0020
https://doi.org/10.3390/agronomy8010005
https://doi.org/10.1016/j.scienta.2022.111092
https://doi.org/10.1038/s43016-020-0075-0

and enhance antioxidant systems during postharvest storage of sweet cherry cultivars. Journal
of the Science of Food and Agriculture, 97(4), 1220-1228. doi:10.1002/jsfa.7853

Gomaa, F. H. (2021). Detection of maize seed-borne fungi and induce resistance against both of
Aspergillus niger and Fusarium verticillioides. Archives of Phytopathology and Plant
Protection, 54(19-20), 2051-2066. doi:10.1080/03235408.2021.1969627

Gonzalez-Fernandez, 1., Iglesias-Otero, M. A., Esteki, M., Moldes, O. A., Mejuto, J. C., & Simal-
Gandara, J. (2019). A critical review on the use of artificial neural networks in olive oil
production, characterization and authentication. Critical Reviews in Food Science and
Nutrition, 59(12), 1913-1926. doi:10.1080/10408398.2018.1433628

Gouda, S., Das, G., Sen, S. K., Shin, H. S., & Patra, J. K. (2016). Endophytes: A treasure house of
bioactive compounds of medicinal importance. Frontiers in Microbiology, 7, 1538.
doi:10.3389/fmich.2016.01538

Guedes, R. N. C., Biondi, A., Agathokleous, E., & Nunes-Nesi, A. (2023). (Systemic) Insecticides
in Plants: Phytotoxicity, bioactivation, or hormesis?. Agriculture Communications, 1(1),
100002. doi:10.1016/j.agrcom.2023.100002

Gull, A, Lone, A. A., & Wani, N. U. I. (2019). Biotic and abiotic stresses in plants. Abiotic and
Biotic Stress in Plants, 1-19.

Guo, H., Lackus, N. D., Kéllner, T. G., Li, R., Bing, J., Wang, Y., ... & Xu, S. (2020). Evolution of
a novel and adaptive floral scent in wild tobacco. Molecular Biology and Evolution, 37(4),
1090-1099. doi:10.1093/molbev/msz292

Gupta, S., & Saxena, S. (2023). Endophytes: Saviour of apples from post-harvest fungal pathogens.

Biological Control, 182, 105234. doi:10.1016/j.biocontrol.2023.105234

69


https://doi.org/10.1002/jsfa.7853
https://doi.org/10.1080/03235408.2021.1969627
https://doi.org/10.1080/10408398.2018.1433628
https://doi.org/10.3389/fmicb.2016.01538
https://doi.org/10.1016/j.agrcom.2023.100002
https://doi.org/10.1093/molbev/msz292
https://doi.org/10.1016/j.biocontrol.2023.105234

Habibi, F., Garcia-Pastor, M. E., Puente-Moreno, J., Garrido-Aufion, F., Serrano, M., & Valero,
D. (2022). Anthocyanin in blood oranges: A review on postharvest approaches for its
enhancement and preservation. Critical Reviews in Food Science and Nutrition, 1-13.
doi:10.1080/10408398.2022.2098250

Hadjipieri, M., Georgiadou, E. C., Drogoudi, P., Fotopoulos, V., & Manganaris, G. A. (2021). The
efficacy of acetylsalicylic acid, spermidine and calcium preharvest foliar spray applications on
yield efficiency, incidence of physiological disorders and shelf-life performance of loquat fruit.
Scientia Horticulturae, 289, 110439. doi:10.1016/j.scienta.2021.110439

Haider, S. T. A., Ahmad, S., Anjum, M. A,, Naz, S., Liagat, M., & Saddiq, B. (2021). Effects of
different postharvest techniques on quality management and shelf life of’ Kinnow’mandarin
fruit. Journal of Food Measurement and Characterization, 15(3), 2549-2561.
doi:10.1007/s11694-021-00820-1

Hanif, M. A., lbrahim, N., & Abdul Jalil, A. (2020). Sulfur dioxide removal: An overview of
regenerative flue gas desulfurization and factors affecting desulfurization capacity and sorbent
regeneration. Environmental Science and Pollution Research International, 27(22), 27515-
27540. doi:10.1007/s11356-020-09191-4

Hasanuzzaman, M., Bhuyan, M. H. M. B., Zulfiqar, F., Raza, A., Mohsin, S. M., Mahmud, J. A., ...
Fotopoulos, V. (2020). Reactive oxygen species and antioxidant defense in plants under abiotic
stress: Revisiting the crucial role of a universal defense regulator. Antioxidants, 9(8), 681.
doi:10.3390/antiox9080681

Hazarika, T. K., & Marak, T. (2022). Salicylic acid and oxalic acid in enhancing the quality and
extending the shelf life of grape cv. Thompson seedless. Food Science and Technology

International, 28(6), 463—475. doi:10.1177/10820132211020612

70


https://doi.org/10.1080/10408398.2022.2098250
https://doi.org/10.1016/j.scienta.2021.110439
https://doi.org/10.1007/s11694-021-00820-1
https://doi.org/10.1007/s11356-020-09191-4
https://doi.org/10.3390/antiox9080681
https://doi.org/10.1177/10820132211020612

Heydari, A., & Pessarakli, M. (2010). A review on biological control of fungal plant pathogens using
microbial  antagonists.  Journal  of  Biological  Sciences, 10(4), 273-290.
doi:10.3923/jbs.2010.273.290

larley da Silva, T., Gomes Dias, M., Saraiva Grossi, J. A., Souto Ribeiro, W., de Moraes, P. J.,
Ferreira de Araujo, F., & Barbosa, J. G. (2022). Application of phytohormones as attenuators
of salt stress in Tropaeolum majus L. (Tropaeolaceae). Acta Botanica Croatica, 81(1), 0-0.

Igbal, Z., Khan, M. A., Sharif, M., Shah, J. H., Ur Rehman, M. H., & Javed, K. (2018). An automated
detection and classification of citrus plant diseases using image processing techniques: A
review. Computers and Electronics in Agriculture, 153, 12-32.
doi:10.1016/j.compag.2018.07.032

Islam, M., Ali, S., Nawaz, A., Naz, S., Ejaz, S., Shah, A. A., & Razzaq, K. (2022). Postharvest 24-
epibrassinolide treatment alleviates pomegranate fruit chilling injury by regulating proline
metabolism and antioxidant activities. Postharvest Biology and Technology, 188, 111906.
doi:10.1016/j.postharvbio.2022.111906

Jan, R., Asaf, S., Numan, M., Lubna, , & Kim, K. M. (2021). Plant secondary metabolite biosynthesis
and transcriptional regulation in response to biotic and abiotic stress conditions. Agronomy,
11(5), 968. doi:10.3390/agronomy11050968

Jat, M. L., Dagar, J. C., Sapkota, T. B., Yadvinder-Singh, B., Govaerts, B., Ridaura, S. L., ... &
Stirling, C. (2016). Climate change and agriculture: Adaptation strategies and mitigation
opportunities for food security in South Asia and Latin America. Advances in Agronomy, 137,

127-235. doi:10.1016/bs.agron.2015.12.005

71


https://doi.org/10.3923/jbs.2010.273.290
https://doi.org/10.1016/j.compag.2018.07.032
https://doi.org/10.1016/j.postharvbio.2022.111906
https://doi.org/10.3390/agronomy11050968
https://doi.org/10.1016/bs.agron.2015.12.005

Jendoubi, W., Harbaoui, K., & Hamada, W. (2017). Salicylic acid-induced resistance against
Fusarium oxysporum f. s. pradicis lycopercisi. In hydroponic grown tomato plants. Journal of
New Sciences, 21.

Jin, Z., Gao, L., Zhang, L., Liu, T., Yu, F., Zhang, Z., ... Wang, B. (2017). Antimicrobial activity
of saponins produced by two novel endophytic fungi from Panax notoginseng. Natural Product
Research, 31(22), 2700-2703. doi:10.1080/14786419.2017.1292265

Kaur, S., Samota, M. K., Choudhary, M., Choudhary, M., Pandey, A. K., Sharma, A., & Thakur, J.
(2022). How do plants defend themselves against pathogens-Biochemical mechanisms and
genetic interventions. Physiology and Molecular Biology of Plants, 28(2), 485-504.
doi:10.1007/s12298-022-01146-y

Kavya, K., Awati, M. G., Manjunath, G., Venkatesh, M., Ranjitha, J., & Jhalegar, M. J. (2023). Role
of preharvest application of elicitors and bio-formulations on physical, physiological quality
and disease index of papaya (Carica papaya L.) var. red lady fruits during storage.

Kohler, A., Schwindling, S., & Conrath, U. (2002). Benzothiadiazole-induced priming for
potentiated responses to pathogen infection, wounding, and infiltration of water into leaves
require the NPR1/NIM1 gene in Arabidopsis. Plant Physiology, 128(3), 1046-1056.
doi:10.1104/pp.010744

Koo, Y. M., Heo, A. Y., & Choi, H. W. (2020). Salicylic acid as a safe plant protector and growth
regulator. Plant Pathology Journal, 36(1), 1-10. doi:10.5423/PPJ.RW.12.2019.0295

Koza, N. A., Adedayo, A. A., Babalola, O. O., & Kappo, A. P. (2022). Microorganisms in plant
growth and development: Roles in abiotic stress tolerance and secondary metabolites

secretion. Microorganisms, 10(8), 1528. doi:10.3390/microorganisms10081528

72


https://doi.org/10.1080/14786419.2017.1292265
https://doi.org/10.1007/s12298-022-01146-y
https://doi.org/10.1104/pp.010744
https://doi.org/10.5423/ppj.rw.12.2019.0295
https://doi.org/10.3390/microorganisms10081528

Kumar, N., Tokas, J., Raghavendra, M., & Singal, H. R. (2021). Impact of exogenous salicylic acid
treatment on the cell wall metabolism and ripening process in postharvest tomato fruit stored at
ambient temperature. International Journal of Food Science and Technology, 56(6), 2961—
2972. doi:10.1111/ijfs.14936

Lamers, J., Van Der Meer, T., & Testerink, C. (2020). How plants sense and respond to stressful
environments. Plant Physiology, 182(4), 1624-1635. doi:10.1104/pp.19.01464

Lazarovits, G., Turnbull, A., & Johnston-Monje, D. (2020). Plant health management: Biological
control of plant pathogens. In N. K. Van Alfen (Ed.), Encyclopedia of agriculture and food
systems (pp. 388-399). New York, NY: Academic Press.

Le Cocq, K., Gurr, S. J.,, Hirsch, P. R., & Mauchline, T. H. (2017). Exploitation of endophytes for
sustainable agricultural intensification. Molecular Plant Pathology, 18(3), 469-473.
doi:10.1111/mpp.12483

Lefevere, H., Bauters, L., & Gheysen, G. (2020). Salicylic acid biosynthesis in plants. Frontiers in
Plant Science, 11, 338. doi:10.3389/fpls.2020.00338

Li, L., & Zou, Y. (2017). Induction of disease resistance by salicylic acid and calcium ion against
Botrytis cinerea in tomato (Lycopersicon esculentum). Emirates Journal of Food and
Agriculture, 29(1), 78-82. doi:10.9755/ejfa.2016-10-1515

Li, L., Zhu, T., Song, Y., Feng, L., Kear, P. J., Riseh, R. S., ... & Ren, M. (2022). Salicylic acid
fights against Fusarium wilt by inhibiting target of rapamycin signaling pathway in Fusarium
oxysporum. Journal of Advanced Research, 39, 1-13. doi:10.1016/j.jare.2021.10.014

Luangtongkum, T., Morishita, T. Y., EI-Tayeb, A. B., Ison, A. J., & Zhang, Q. (2007). Comparison

of antimicrobial susceptibility testing of Campylobacter spp. by the agar dilution and the agar

73


https://doi.org/10.1111/ijfs.14936
https://doi.org/10.1104/pp.19.01464
https://doi.org/10.1111/mpp.12483
https://doi.org/10.3389/fpls.2020.00338
https://doi.org/10.9755/ejfa.2016-10-1515
https://doi.org/10.1016/j.jare.2021.10.014

disk diffusion methods. Journal of Clinical Microbiology, 45(2), 590-594.
doi:10.1128/JCM.00986-06

Lukan, T., & Coll, A., A. (2022). (2022). Intertwined roles of reactive oxygen species and salicylic
acid signaling are crucial for the plant response to biotic stress. International Journal of
Molecular Sciences, 23(10), 5568. doi:10.3390/ijms23105568

Malamy, J., Carr, J. P., Klessig, D. F., & Raskin, I. (1990). Salicylic acid: A likely endogenous signal
in the resistance response of tobacco to viral infection. Science, 250(4983), 1002—-1004.
doi:10.1126/science.250.4983.1002

Miao, Y. Y., Shi, S. L., Zhang, J. G., & Mohamad, O. A. (2018). Migration, colonization and
seedling growth of rhizobia with matrine treatment in alfalfa (Medicago sativa L.). Acta
Agriculturae Scandinavica, Section B — Soil and Plant Science, 68(1), 26-38.
doi:10.1080/09064710.2017.1353131, Section B.

Minh, N. P. (2022). Quality attributes of cantaloupe (Cucumis melo L.) fruit under pre-harvest and
post-harvest treatment with methyl jasmonate and salicylic acid. Plant Science Today, 9(1), 52—
61. doi:10.14719/pst.1456

Nadarajah, K., Abdul Hamid, N. W., & Abdul Rahman, N. S. N. (2021). SA-mediated regulation
and control of abiotic stress tolerance in rice. International Journal of Molecular Sciences,
22(11), 5591. doi:10.3390/ijms22115591

Nazarov, P. A., Baleev, D. N., Ivanova, M. I., Sokolova, L. M., & Karakozova, M. V. (2020).
Infectious plant diseases: Etiology, current status, problems and prospects in plant protection.

Acta Naturae, 12(3), 46-59. doi:10.32607/actanaturae.11026

74


https://doi.org/10.1128/jcm.00986-06
https://doi.org/10.3390/ijms23105568
https://doi.org/10.1126/science.250.4983.1002
https://doi.org/10.1080/09064710.2017.1353131
https://doi.org/10.14719/pst.1456
https://doi.org/10.3390/ijms22115591
https://doi.org/10.32607/actanaturae.11026

Neto, A. C., Maraschin, M., & Di Piero, R. M. (2018). Antifungal activity of salicylic acid against
Penicillium expansum and its possible mechanisms of action. International Journal of Food
Microbiology, 215, 64—70. doi:10.1016/j.ijfoodmicro.2015.08.018

Niazmand, R., & Yeganehzad, S. (2020). Capability of oxygen-scavenger sachets and modified
atmosphere packaging to extend fresh barberry shelf life. Chemical and Biological
Technologies in Agriculture, 7, 1-14.

Oliveira, V. K. N,, Silva, A. A.R. D., Lima, G. S. D., Soares, L. A. D. A., Gheyi, H. R., de Lacerda,
C. F., & Antunes de Lima, V. L. (2023). Foliar application of salicylic acid mitigates saline
stress on physiology, production, and post-harvest quality of hydroponic Japanese cucumber.
Agriculture, 13(2), 395. doi:10.3390/agriculture13020395

Pérez-Llorca, M., Mufioz, P., Miller, M., & Munne-Bosch, S. (2019). Biosynthesis, metabolism and
function of auxin, salicylic acid and melatonin in climacteric and non-climacteric fruits.
Frontiers in Plant Science, 10, 136. doi:10.3389/fpls.2019.00136

Perumal, A. B., Nambiar, R. B., Sellamuthu, P. S., & Emmanuel, R. S. (2021). Use of modified
atmosphere packaging combined with essential oils for prolonging postharvest shelf life of
mango. LWT, 148, 111662. doi:10.1016/j.Iwt.2021.111662

Raskin, 1. (1992). Salicylate, a new plant hormone. Plant Physiology, 99(3), 799-803.
doi:10.1104/pp.99.3.799

Riedlmeier, M., Ghirardo, A., Wenig, M., Knappe, C., Koch, K., Georgii, E., ... & Vlot, A. C.
(2017). Monoterpenes support systemic acquired resistance within and between plants. Plant
Cell, 29(6), 1440-1459. doi:10.1105/tpc.16.00898

Sahu, P. K., & Mishra, S. (2021). Effect of hybridization on endophytes: The endo-microbiome

dynamics. Symbiosis, 84(3), 369-377. doi:10.1007/s13199-021-00760-w

75


https://doi.org/10.1016/j.ijfoodmicro.2015.08.018
https://doi.org/10.3390/agriculture13020395
https://doi.org/10.3389/fpls.2019.00136
https://doi.org/10.1016/j.lwt.2021.111662
https://doi.org/10.1104/pp.99.3.799
https://doi.org/10.1105/tpc.16.00898
https://doi.org/10.1007/s13199-021-00760-w

Sambyal, K., & Singh, R. V. (2021). Production of salicylic acid; a potent pharmaceutically active
agent and its future prospects. Critical Reviews in Biotechnology, 41(3), 394-405.
doi:10.1080/07388551.2020.1869687

Santra, H. K., & Banerjee, D. (2023). Antifungal activity of volatile and non-volatile metabolites of
endophytes of Chloranthus elatior Sw. Frontiers in Plant Science, 14, 1156323.
doi:10.3389/fpls.2023.1156323

Saur, I. M. L., & Hiickelhoven, R. (2021). Recognition and defence of plant-infecting fungal
pathogens. Journal of Plant Physiology, 256, 153324. doi:10.1016/j.jplph.2020.153324

Schulz, B., Wanke, U., Draeger, S., & Aust, H.-J. (1993). Endophytes from herbaceous plants and
shrubs: Effectiveness of surface sterilization methods. Mycological Research, 97(12), 1447—
1450. doi:10.1016/S0953-7562(09)80215-3

Serna-Escolano, V., Martinez-Romero, D., Giménez, M. J., Serrano, M., Garcia-Martinez, S.,
Valero, D., ... & Zapata, P. J. (2021). Enhancing antioxidant systems by preharvest treatments
with methyl jasmonate and salicylic acid leads to maintain lemon quality during cold storage.
Food Chemistry, 338, 128044. doi:10.1016/j.foodchem.2020.128044

Sobiczewski, P., Iakimova, E. T., Mikicinski, A., Wégrzynowicz-Lesiak, E., & Dyki, B. (2017).
Necrotrophic behaviour of Erwinia amylovora in apple and tobacco leaf tissue. Plant
Pathology, 66(5), 842-855. doi:10.1111/ppa.12631

Stella de Freitas, T. F., Stout, M. J., & Sant’Ana, J. (2019). Effects of exogenous methyl jasmonate
and salicylic acid on rice resistance to Oebalus pugnax. Pest Management Science, 75(3), 744—
752. doi:10.1002/ps.5174

Surzycki, S., & Surzycki, S. (2000). General aspects of DNA isolation and purification. Basic

techniques in molecular biology, 1-32.

76


https://doi.org/10.1080/07388551.2020.1869687
https://doi.org/10.3389/fpls.2023.1156323
https://doi.org/10.1016/j.jplph.2020.153324
https://doi.org/10.1016/s0953-7562(09)80215-3
https://doi.org/10.1016/j.foodchem.2020.128044
https://doi.org/10.1111/ppa.12631
https://doi.org/10.1002/ps.5174

Teklu, B. M., Haileslassie, A., & Mekuria, W. (2022). Pesticides as water pollutants and level of
risks to environment and people: An example from Central Rift Valley of Ethiopia.
Environment, Development and Sustainability, 24(4), 5275-5294. doi:10.1007/s10668-021-
01658-9

Umar, O. B., Ranti, L. A., Abdulbaki, A. S., Bola, A. L., Abdulhamid, A. K., Biola, M. R., & Victor,
K. O. (2021). Stresses in plants: Biotic and abiotic. Current trends in wheat research.

Valverde, J. M., Giménez, M. J., Guillén, F., Valero, D., Martinez-Romero, D., & Serrano, M.
(2015). Methyl salicylate treatments of sweet cherry trees increase antioxidant systems in fruit
at harvest and during storage. Postharvest Biology and Technology, 109, 106-113.
doi:10.1016/j.postharvbio.2015.06.011

Van Butselaar, T., & Van den Ackerveken, G. (2020). Salicylic acid steers the growth—immunity
tradeoff. Trends in Plant Science, 25(6), 566-576. doi:10.1016/j.tplants.2020.02.002

Venkataswamy, M. (2018). Calibration curve of salicylic acid by colorimetry.

Verma, S., Nizam, S., & Verma, P. K. (2013). Biotic and abiotic stress signalling in plants. Stress
Signaling in Plants, 1, 25-49.

Vermiglio, C., Noto, G., Rodriguez Bolivar, M. P., & Zarone, V. (2022). Disaster management and
emerging technologies: A  performance-based perspective. Meditari ~ Accountancy
Research, 30(4), 1093-1117. doi:10.1108/MEDAR-02-2021-1206

Viskovi¢, J., Zheljazkov, V. D., Sikora, V., Noller, J., Latkovi¢, D., Ocamb, C. M., & Koren, A.
(2023). Industrial hemp (Cannabis sativa L.) agronomy and utilization: A review. Agronomy,
13(3), 931. doi:10.3390/agronomy13030931

Vlot, A. C., Klessig, D. F., & Park, S. W. (2008). Systemic acquired resistance: The elusive signal

(). Current Opinion in Plant Biology, 11(4), 436—442. doi:10.1016/j.pbi.2008.05.003

77


https://doi.org/10.1007/s10668-021-01658-9
https://doi.org/10.1007/s10668-021-01658-9
https://doi.org/10.1016/j.postharvbio.2015.06.011
https://doi.org/10.1016/j.tplants.2020.02.002
https://doi.org/10.1108/MEDAR-02-2021-1206
https://doi.org/10.3390/agronomy13030931
https://doi.org/10.1016/j.pbi.2008.05.003

Wahab, A., Abdi, G., Saleem, M. H., Ali, B., Ullah, S., Shah, W., ... & Marc, R. A. (2022). Plants’
physio-biochemical and phyto-hormonal responses to alleviate the adverse effects of drought
stress: A comprehensive review. Plants, 11(13), 1620. doi:10.3390/plants11131620

Wang, X., Miao, J., Kang, W., & Shi, S. (2023). Exogenous application of salicylic acid improves
freezing stress tolerance in alfalfa. Frontiers in Plant Science, 14, 1091077.
doi:10.3389/fpls.2023.1091077

White, R. F. (1979). Acetylsalicylic acid (aspirin) induces resistance to tobacco mosaic virus in
tobacco. Virology, 99(2), 410-412. doi:10.1016/0042-6822(79)90019-9

Wightwick, A. M., Reichman, S. M., Menzies, N. W., & Allinson, G. (2013). The effects of copper
hydroxide, captan and trifloxystrobin fungicides on soil phosphomonoesterase and urease
activity. Water, Air, and Soil Pollution, 224(12), 1703. doi:10.1007/s11270-013-1703-1

Xie, J., Wu, Y. Y., Zhang, T. Y., Zhang, M. Y., Peng, F., Lin, B., & Zhang, Y. X. (2018). New
antimicrobial compounds produced by endophytic Penicillium janthinellum isolated from
Panax notoginseng as potential inhibitors of FtsZ. Fitoterapia, 131, 35-43.
doi:10.1016/j.fitote.2018.10.006

Xu, F., Liu, Y., Xu, J., & Fu, L. (2019). Influence of 1-methylcyclopropene (1-MCP) combined with
salicylic acid (SA) treatment on the postharvest physiology and quality of bananas. Journal of
Food Processing and Preservation, 43(3), e13880. doi:10.1111/jfpp.13880

Yadav, A. N. (2018). Biodiversity and biotechnological applications of host-specific endophytic
fungi for sustainable agriculture and allied sectors. Acta Scientific Microbiology, 1, 44.

Yang, D. L., Yang, Y., & He, Z. (2013). Roles of plant hormones and their interplay in rice immunity.

Molecular Plant, 6(3), 675-685. doi:10.1093/mp/sst056

78


https://doi.org/10.3390/plants11131620
https://doi.org/10.3389/fpls.2023.1091077
https://doi.org/10.1016/0042-6822(79)90019-9
https://doi.org/10.1007/s11270-013-1703-1
https://doi.org/10.1016/j.fitote.2018.10.006
https://doi.org/10.1111/jfpp.13880
https://doi.org/10.1093/mp/sst056

Yang, J., Duan, L., He, H., Li, Y., Li, X,, Liu, D., ... & Huang, S. (2022). Application of exogenous
KH2PO4 and salicylic acid and optimization of the sowing date enhance rice yield under high-
temperature conditions. Journal of Plant Growth Regulation, 41(4), 1532-1546.
doi:10.1007/s00344-021-10399-y

Yu, Y., Gui, Y., Li, Z, Jiang, C., Guo, J., & Niu, D. (2022). Induced systemic resistance for
improving  plant  immunity by  beneficial microbes. Plants, 11(3), 386.
doi:10.3390/plants11030386

Zehra, A., Raytekar, N. A., Meena, M., & Swapnil, P. (2021). Efficiency of microbial bio-agents as
elicitors in plant defense mechanism under biotic stress: A review. Current Research in
Microbial Sciences, 2, 100054. doi:10.1016/j.crmicr.2021.100054

Zhang, W., Cao, J., Fan, X., & Jiang, W. (2020). Applications of nitric oxide and melatonin in
improving postharvest fruit quality and the separate and crosstalk biochemical mechanisms.
Trends in Food Science and Technology, 99, 531-541. doi:10.1016/j.tifs.2020.03.024

Zhao, C., Liu, B., Piao, S., Wang, X., Lobell, D. B., Huang, Y., ... & Asseng, S. (2017). Temperature
increase reduces global yields of major crops in four independent estimates. Proceedings of the
National Academy of Sciences of the United States of America, 114(35), 9326-9331.
doi:10.1073/pnas.1701762114

Zhao, X., Chen, S., Wang, S., Shan, W., Wang, X., Lin, Y., ... Yu, X. (2019). Defensive responses
of tea plants (Camellia sinensis) against tea green leafhopper attack: A multi-omics study.
Frontiers in Plant Science, 10, 1705. doi:10.3389/fpls.2019.01705

Zhou, Y., Ma, J.,, Xie, J., Deng, L., Yao, S., & Zeng, K. (2018). Transcriptomic and biochemical

analysis of highlighted induction of phenylpropanoid pathway metabolism of citrus fruit in

79


https://doi.org/10.1007/s00344-021-10399-y
https://doi.org/10.3390/plants11030386
https://doi.org/10.1016/j.crmicr.2021.100054
https://doi.org/10.1016/j.tifs.2020.03.024
https://doi.org/10.1073/pnas.1701762114
https://doi.org/10.3389/fpls.2019.01705

response to salicylic acid, pichia membranaefaciens and oligochitosan. Postharvest Biology and

Technology, 142, 81-92. doi:10.1016/j.postharvbio.2018.01.021

80


https://doi.org/10.1016/j.postharvbio.2018.01.021

	EVALUATION OF BIORATIONAL COMPOUNDS AND COMBINATIONS THEREOF AGAINST DECAY AND SPOILAGE MICROBES
	A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENT OF THE DEGREE OF
	MASTER OF TECHNOLOGY
	IN
	BIOTECHNOLOGY
	BY
	(Roll No. 602104008)
	ABSTRACT
	Introduction
	Review of Literature
	2.1. Overview
	Objectives of the study
	Material and Methods
	Results and discussion
	5.1.  Procurement of endophytic fungi
	CONCLUSION
	REFERENCESS

