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Chapter 10

Microbial Endophytes as Biofertilisers: 
Sustainable and Promising  

Remedy for Ailing Soils
Kajal Chauhan1, Disha Chahal2 and Sulekha Chahal1*

1Department of Biotechnology,  
Kurukshetra University, Kurukshetra – 136 119, Haryana 

2School of Sciences, Department of Geography,  
Indira Gandhi National Open University, New Delhi – 110 068 

*e-mail: schahalbiotech@kuk.ac.in

ABSTRACT
In the last century, intensive and indiscriminate usages of chemical fertilizers to increase 

yield and productivity of agricultural crops have been a common practice. Though chemical 
fertilizers definetely boost up crop production, but their long term usage toxicated the soil, 
strengthened pesticides, polluted air and water, released greenhouse gases, and thereby 
generated negative impact on human health and environment. Biofertilizers are sustainable 
and promising alternative for chemical fertilizers, which have the potential for enhancing yield 
to meet the demands of the growing human population at the same time generate conditioning 
effect on ailing soil. Endophytes (microbes that reside inside the host plant) are the naturally 
occurring agriculturally important microorganisms, which have cost efficient biofertilizing 
potential and are also environment friendly. They provide host with the variety of beneficial 
attributes for example, secrete plant growth regulators and have nitrogen fixing and phosphate 
solubilising abilities and much more. This review also sees the sights of endophytic distribution 



Microbes for Humanity and its Applications198   |

prototypes regarding their geographical locations, colonising behaviour and potentials for 
providing beneficial attributes to the host. Furthermore, explores the latest advancements of 
endophytic research including applications and limitations of using endophytes as biofertilisers.

Keywords: Biofertilisers, Endophytes, Agriculture, Chemical fertilizers, Microorganisms

Abbreviations
PGPRs: Plant Growth Promoting Rhizobias; GFP: Green Flourescent Protein; 

BNF: Biological Nitrogen Fixation; GAs: Gibberellic Acids; JA: Jasmonic Acids; ABA: 
Abcissic Acid; ACCD: 1-Aminocyclopropane-1-Carboxylic Acid Deaminase

Introduction
Agriculture is the art as well as science of cultivating plants and domesticating 

animals and its establishment is considered, a major turning point in human 
evolution and civilization i.e. transition from a nomadic hunter-gatherer lifestyle 
dependent on foraging and hunting to settled life. Agricultural practices allow 
humans to have surplus food throughout the year and relocation and migration for 
searching food was no longer required. As a result, humans were able to establish 
communities, villages, towns and civilizations. This shift in survival mode provided a 
relatively safer existence and in general more leisure time for analytical and creative 
pursuits resulting in complex language development, and the accelerated evolution 
of art, religion, and science. However, developments of agriculture also amplify 
population. This expanding population places a heavy burden on agricultural 
system. To produce higher yields of crops, agricultural revolution were required. 
The green revolution thereby was intended to overcome food shortages in India 
by increasing the yields of agricultural produce with the help of better irrigation 
systems, pesticides, fertilizers, agricultural machinery, etc. And, although yields 
increased substantially due to green revolution but reciprocally, it also gifted many 
unpleasant after-effects. The increased use of chemical fertilisers paved way for 
their bio-accumulation and biomagnifications in soil and environment (Mishra et 
al., 2015; Bisen et al., 2015; Keswani et al., 2014). Their continuous and long term 
usage containment groundwater, decrease soil fertility, increased soil salinity and 
sodicity and leads to the biodiversity loss. The chemical fertiliser’s incorporation 
in to food chains reflected through fatal health and diseases state of flora and 
fauna of respective regions. Under such circumstances, the biofertilisers can be a 
desired alternative for chemical pesticides which can increase food production on 
one side and pose no harmful effect to the environment and human beings on the 
other side. The other advantages of biofertilisers are that they are low in cost, can 
be used in the form of spray therefore easy to apply, fix atmospheric nitrogen in 
the form usable for the host, can convert insoluble phosphate in the form suitable 
for the plant, produce phytohormones to stimulate plant growth hence provide 
nutrition to the soil and balance the fertility status of soil.
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Microbial Endophytes
Endophytes are the microorganisms which lives inside the vascular plants 

(Fadiji and Babalola, 2020a; Brader et al., 2017). Their intimate contact with 
the host is the attention seeker point which makes them suitable for acting as 
biofertilisers. Due to this intimacy, the endophytes are protected from the biotic 
and abiotic factors of the environment (Hallmann et al., 1997; Rajkumar et al., 
2009). This leads to their unrestricted growth in host plant. This is a competitive 
advantage of endophytes over the PGPRs. The re-introduction of endophytes does 
not cause any change in the indigenous bacterial populations of the host whereas 
PGPRs causes change or shift in the microbial populations (Conn et al., 2004). So, 
endophyte serves as a better option.

Endophytes are the microorganisms (bacteria and fungi) which colonise the 
host intracellularly and intercellularly asymptomatically (Wilson, 1995). Plant 
restricts the growth of endophytes but the endophytes acquire the capability to find 
a new way for their adaptation in the restricted conditions (Dudeja et al., 2012).

Distinct endophytes may be located in varying host plant parts, for example, 
roots, stem and leaves (Fürnkranz et al., 2012). In the course of association with 
the host plant, endophytes evolve novel ways to establish this association (Goyal 
et al., 2016). The most favourable place of location of endophytes is roots followed 
by stem and least in the leaves.

Geographical locations and season also affect the pattern of distribution of 
endophytes. Some reports suggested that a seasonal fluctuation do affect the 
growth and presence of the endophytes in host plants (Gao et al., 2005; Forchetti 
et al., 2010) therefore, different types of endophytic species are likely to inhabit 
plant in different seasons. Soil type and rainfall distribution are major factors which 
determines the diversity of endophytes in plants (Hardoim et al., 2012). The Bacillus, 
Pseudomonas and Azospirillum species which generally present in soil, usually found 
to be associated with plants as endophytes. In the study conducted by Duhan et al. 
(2020) on medicinal plant Tinospora cordifolia, the samples were collected during 
summer and winter seasons for one year of Kurukshetra region. The Kurukshetra 
district lies between 29o- 3401500 and 30o_1501500 North latitude and 76o to 
1000 and 77o_17.500 East longitude. This region has a sub-tropical continental 
climate. Environmental conditions of this location also affect the distribution of 
endophytes. The rainfall distribution annually is comparatively satisfactory i.e. 
290.5 mm. Saraswati, Markanda and Ghaggar are the central rivers of this region 
and the soil is commonly alluvial loam and clay. It is one of the affluent districts 
from an agricultural point of view. They have identified species from various genera 
such as Bacillus, Aneurinibacillus and Pseudomonas. Some different species were 
also reported from the similar plant of different geographical locations. The type of 
species screened can also be influenced by the culture medium used for isolation 
of bacterial endophytes from the plant tissue.
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Endophytes can furthermore be classified on the basis of the method they use 
while living inside the host as follows-obligate endophytes, facultative endophytes 
and passive endophytes. Facultative endophytes are the one most preferable in plant 
growth promoting activities. This group resides in the soil freely and can approach 
the host roots in slight opportunity. Obligate endophytes are those which are 
transferred through seeds. They do not reproduce outside the host tissue. Passive 
endophytes are the one which colonise the host due to the effect of some events 
like wounds in root hairs instead of original colonisation (Hardoim et al., 2015).

Endophytes colonise the host plant primarily through roots and can distribute 
systemically in the whole plant via vascular tissues. It is a site from where they 
launch into their proliferation. In an experiment, the distribution of endophytes was 
visualised by labelling the root and shoot tisuses with GFP – tagging methodology. 
As a result it was concluded that endophytes introduced in stem moved to the 
roots suggesting the uninterrupted distribution of endophytes in root microbiome 
(Johnston-Monje and Raizada, 2011).

Isolation and Identification of Endophytes
After a plant is selected, plant material can be collected and placed in sealed 

plastic bags to store at 4oC until isolation procedures begin. In the laboratory, plant 
materials are thoroughly surface sterilized to eliminate surface-contaminating 
microbes. Then, outer tissues are removed from the samples and the inner tissues 
are excised and placed on appropriate media. The endophytes are encouraged to 
sporulate on specific plant materials. After several days of incubation, hyphal tips of 
the fungi are removed and transferred to potato dextrose agar. Bacterial forms also 
emerge from the plant tissues and transferred on nutrient agar media. Eventually, 
when an endophyte is acquired in pure culture by subsequent subculturing, it 
can be identified via standard morphological and molecular biological techniques 
and methods. Further, isolated microbe can be tested for desired characteristics/
potential and on confirmation protocol for mass multiplication can be standardized. 
Consequently, further their formulation for using them as biofertizer can be 
finalized.

Applications of Endophytes as Biofertilisers
See Figure 10.1

Nitrogen Fixation
Artificial nitrogen fertilisers available in market are expensive in manufacturing 

and are also one of the main causes of soil and groundwater pollution with nitrate 
contamination (Spaink et al., 2012). Nitrogen can be fixed by the endophytes 
without formation of nodule like structure within the host plant (Ladha and 
Reddy, 2003). There are some endophytic bacteria that naturally have BNF genes 
in their genome which convert nitrogen into plant usable forms such as nitrate and 
ammonia (Bhattacharjee et al., 2008).
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Figure 10.1: Showing Various Applications of Endophytes in Various Fields.

Triplett (1996) conducted an experiment on Saccharum officinarum L. 
The plants were cultivated without using artificial nitrogen fertilisers but were 
inoculated by diazotrophic endophytes like Herbaspirillum seropedicae and 
Acetobacter diazotrophicus. As a result, host plants were able to complete its 
nitrogenous needs by using solely atmospheric nitrogen. Andrade et al. (2014) 
suggested that out of 20 isolates from banana roots (Musa L) which had the 
prospective of growing on nitrogen free media, there were 4 strains belonging to 
Bacillus spp (Firmicutes) showed the capability of fixing atmospheric nitrogen. 
This ability was checked by kjeldahl and acetylene reduction assay methods. 
And also, the same strains exhibited other plant growth promoting abilities like 
phosphorus solubilisation and IAA production. The nitrogen fixing bacteria namely, 
Herbaspirillum spp., Enterobacter cloacae, Burkholderia spp., Azospirillum spp., 
Klebsiella oxytoca, Pantoea sp and Klebsiella pneumonia were isolated from the 
roots, leaves and stems of sugarcane plant by Govindarajan et al., 2007,2008 and 
Mendes et al., 2007. A nitrogen-fixing bacterium, Klebsiella variicola was isolated 
from the ROC22 sugarcane cultivar roots which has the ability of fixing atmospheric 
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nitrogen in correlation with sugarcane plants under aseptic conditions, promoting 
plant uptake of N, K, and P and GT21 cultivar growth under greenhouse conditions 
(Wei et al., 2014).

Phosphorus Solubilisation
Plants use phosphate in monobasic and dibasic form from the soil, but most of 

the phosphate in the soil is in unusable form i.e., immobilised and insoluble form 
(Gouda et al., 2018). That is why, artificial or chemical phosphate fertilisers are used 
for compensation of phosphate deficiency in the host plant (Rodriguez and Fraga, 
1999). Endophytes can act as an alternative to these chemical fertilisers as they have 
an ability to secrete phosphorus solubilising enzymes like phytase, phosphatase, 
etc. thus helping in solubilising the insoluble phosphate (Singh et al., 2020).

For phosphate solubilisation, acetic, fumaric, malonic, tartaric, glycolic, 
citric, and gluconic acid (organic acids) are secreted by endophytes as a main 
mechanism (Heijden et al., 2008). Phosphate uptake was promoted in the cassava 
plant roots (Manihot esculenta Crantz) due to the salicylic acid and benzene acetic 
acids secretion by endophyte Pantoea dispersa for more effective phosphorus 
solubilisation (Chen et al., 2014).

Verma et al. (2015) recorded two species of Bacillus strain i.e., B. 
amyloliquefasciens and B. megaterium, which were capable of solubilising insoluble 
zinc and potassium salts. Kurek et al. (2013) isolated Pseudomonas letiola capable 
of mobilizing insolublephosphorus and enhancing the length of shoot and growth 
of the apple tree variety Ligol. The three endophytic Pseudomonas strains L111, 
L228, and L321 showed high phosphorus solubilising activity isolated from the 
leaves of Miscanthus giganteus (Oteino et al., 2015).

The faster growth and the better performance of the host plant named 
Phyllanthus amarus due to the better uptake of phosphorus, promotion of 
germination, and stimulation of the immune system was observed to be exhibited 
by the two phosphate-solubilizing and salt-tolerant bacteria (Bacillus sp. and 
Acinetobacter sp.) by enhancing the biosynthesis of antioxidative enzymes, phenolic 
compounds and the radical scavenging system (Joe et al., 2016).

Phytohormones Production
Endophytes have the potential to generate plant hormones for example - 

auxins, cytokinins, gibberellins, ethylene, etc. An endophyte namely, Burkholderia 
vietnamiensis was isolated from wild cotton wood (Populus trichocarpa) which 
was capable of secreting IAA leading to plant growth promotion. As a result, the 
inoculated plants were having more nitrogen content and dry weight biomass than 
the control ones (Xin et al., 2009).

Porostereum spadiceum AGH786 is an endophytic fungus which secreted 
phytohormones in host plant (soyabean seedling) when inoculated under NaCl 
stress. Gibberellic Acids, Jasmonic Acids, Abcissic acid and Isoflavones were secreted 
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by this fungal endophyte but GAs were more in secretion when compared with 
control (Hamayun et al., 2017).

Endophytic bacteria such as Micromonosporaspp . , Rhizobium spp., 
Microbacterium trichothecenolyticum, Brevibacillus choshinensis and Endobacter 
medicaginis have been studied for their presence in the root nodules of host plant 
(Igiehon and Babalola, 2018).

The endophytic fungi isolated from Asclepias sinaica and recognized as 
Alternaria alternata and Penicillium chrysogenum (Fouda et al., 2015). The results 
showed that the isolates were secreting ammonia and IAA leading to improved 
root elongation and growth. According to the studies by Abdallah et al. (2016) an 
endophyte Alcaligenes faecalis isolated from Withania somnifera was capable of 
producing IAA and enhance phosphate solubilisation. The main function of IAA is 
cell elongation and differentiation (Asgher et al., 2015). Common endophytic IAA 
producers belong to the bacterial genera Azospirillum,  Azotobacter, Alcaligenes, 
Herbaspirillum, Enterobacter, Pseudomonas, Klebsiella, Rhizobium, Burkholderia, 
Pantoea, Bacillus, Acetobacter and Rhodococcus (Rashid et al., 2012; Duca et al., 
2014; Apine and Jadhav, 2011; Costacurta and Vanderleyden, 1995).

Ethylene, a stress hormone is involved in various stress responses. Bacterial 
endophytes can possess 1-ACCD which formulates nitrogen sources α-ketobutyrate 
and ammonia from ACC which is an ethylene precursor (Sun et al., 2009). For 
example, Pseudomonas brassicacearum SVB6R1 secrete ACCD in sorghum plants 
thereby enhancing salt stress tolerance (Gamalero et al., 2020). Moreover, 
Paenibacillus polymyxa from the bulbs of Lilium lancifolium promotes the growth 
of two Lilium varieties through secretion of ACCD, among other effects (Khan et 
al., 2020).

An endophyte, Azospirillum lipoferum was introduced in maize plant treated 
with gibberellins inhibitor synthesis and subjected to stress (drought) conditions. 
After inoculation, the host plant was performing well as compared to the control one 
under stress conditions because of the bacterial gibberellins (Cohen et al., 2009).

Siderophore Production
The essential co-factor for number of enzymes accounting for the biochemical 

process of fixing nitrogen in nodules is iron but iron in the soil is accessible in 
the unusable form to the host plant. Soil iron is available in the insoluble ferric 
form of oxides, carbonates, phosphatase and hydroxides (Ma et al., 2016). During 
iron deficiency, endophytes can produce siderophores which can bind divalent 
metal ions like Ferrous ion, ferric ion, etc. (Saha et al., 2016). Sideropores help in 
prevention of uptake of undesirable metals like Zn, Cd, Cr, Pb, and Al, etc. through 
plant roots by scavenging these undesired metals present in rhizosphere thereby 
reducing toxicity for the host (Neubauer et al., 2000). In the condition of iron 
limitation, an experiment showed the growth promotion of common bean by 
siderophores secreted by two endophytic Bacillus spp. strain (Sabate et al., 2018). 
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The citrus endophyte methylobacterium mesophilicum released siderophores which 
when applied to Xylella fastidiosa, it promoted the chlorophyll content and growth 
of the plant (Lacava et al., 2008).

Stress Tolerance
Both biotic and abiotic stresses are responsible for 30-50 per cent agriculture 

loss all over the world (Kumar and Verma, 2018). The major abiotic stresses include 
salinity, temperature, drought, trace metals, flooding, etc. So we need to have 
environment– friendly method to overcome these problems. Endophytes serve a 
very good option so that host plant could be stronger and healthier having a good 
immune system. Endophytic bacteria help plants to overcome drought stress via the 
production of volatile compounds, abscissic acid, ACC-deaminase, and IAA (Ullah et 
al., 2019). Afridi et al. (2019) reported the improved growth and stress tolerance 
of two wheat varieties inoculated with ACC-producing bacterial endophytes.

Plants under stress produce exceeding amount of ethylene which is synthesised 
from ACC (Khan and Khan, 2014; Tiwari et al., 2018). ACC-deaminase produced 
by the endophyte can alleviate the impact of elevated ethylene concentrations on 
stressful plants through the hydrolysis of ACC into α-ketobutyrate and ammonia. 
The ammonia and energy released from this process could be used by host for 
growth (Glick, 2014; Ali et al., 2014).

Challenges and Limitations in the Use of Endophytes
Most endophytes can be isolated and screened by using customary microbiology 

techniques but some are hard to culture. So, un-culturable endophytes offer major 
challenge during structure and diversity measurement and identification process 
of endophytic community. Berg et al. (2014) suggested the use of fluorescence 
confocal microscopy and in situ hybridation techniques to explore endophytes. 
The other modern biotechnological tools such as a polymerase chain reaction, 
DNA fingerprinting and cloning techniques can be helpful to detect uncultivable 
species. The use of 16S and 18 S rRNA gene sequencing is a reliable and convenient 
way to survey bacterial and fungal diversity and to resolve the phylogenetic 
relationships among genera or species staring from lower levels (Nair and 
Padmavathy, 2014). The ITS sequences and large subunit analysis were exploited 
as tools to identify non-sporulating fungi and to confirm the identified fungi from 
Basidiomycetes. Furthermore, the bioinformatics tools such as genomic, proteomics 
and metagenomics can help in identification and to predict the functions of 
culturable and nonculturable microbial endophytes present in the parent samples 
(Brader et al., 2017). So, the collective usage of conventional culture-dependent 
methodology along with modern culture-independent advances can help to discover 
abundant endophytic species which are difficult to notice using cultivable routine 
methodology.

Moreover, there is need of elaborate studies to screen competent endophytes 
that have extensive application as biofertilizers and biopesticides for specific 
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agricultural crops. This is because numerous challenges are faced when isolated 
endophytes are applied to field crops. The most noticeable limitation is the poor 
plant –microbial endophytic interaction due to reduced rhizospheric competence in 
the presence of prevalent preexisting microbes (Schulz et al., 2002). The endophytic 
flora also gets influenced by change in the season, climate, rainfall and soil physical, 
chemical and biological properties.

Apart from evaluating the potential of endophytes as biofertilizers other 
parameters such as marketing, optimum formulation, production methods and 
mode of application are some other restrictive factors for using these microbes 
for farming practices. One more fear is that endophytes may act as opportunistic 
pathogens and their subsequent application can cause mild to severe diseases in 
plants, animals or humans which may also create epidemic and pandemic scenario. 
So, judicious formulation, application- mode and methodology should first be 
completely workout before their commercial release for application as biofertilizers 
to agricultural crops.

Conclusion and Future Outlook
In the present scenario, there is an emergent need for new agrochemicals 

that are highly effective, less expensive, possess low toxicity, and have minor 
environmental impact. Endophytes pose all these attributes i.e. plant growth 
promoting prospective for maintaining vibrant plant physiology, restoring nutrition 
availability, eco-friendly nature and sustainable way to enhance yield of crop 
plants. Considering the significance of endophytes, more studies should be done 
to explore the way the endophytes react with the plant host in order to ascertain 
the best mode to make them effective for continuous crop production. Besides, 
most endophytes were screened through culture-dependent methods; there is 
still a need to investigate culture-independent techniques such as genomics and 
metagenomics, in order to explore more novel functions and species. Also, the 
mechanisms of action and interactions between endophytes and host plant and with 
other microbes in the tissue of plants are not fully understood. Factors influencing 
patterns of distribution are not fully understood as endophytic species differ 
from one plant to the other. Perhaps, elaborate research using metagenomics and 
bioinformatics tools could help us to have insight in to the mechanisms involved 
in plant–microbe interactions, evolutionary relationship and establish genomic 
determinants of endophyte lifestyle and diversity.
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The history of fermented food is with the origin of the microorganisms. The human race 
utilizes fermented plant products as an important source of food. Plants and plant products are 
subjected to microorganisms as soon as grown. If they are harvested and consumed immediately 
(e.g., fresh fruits and berries), there has been little, if any, or no fermentation. However, when 

process. Fermentation of the plant products is acceptable as long as the products are attractive 

may result an unacceptable aroma and taste and lead to fermented food as spoiled. So, the 

of the plant products not only protects them from getting spoiled but also adds nutritive 
value to the products prepared from them. In this regard the current chapter highlights the 
microbiology of various plant-based fermented foods that are consumed in various parts of 
the world along with highlighting a few fermented foods consumed in different parts of the 
world. A brief insight to the biochemistry behind the action of various microorganisms has 
also been discussed to learn more about the action of the fermenting microbes.
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CHAPTER 7

RNAi based approaches for
abiotic and biotic stresses
tolerance of crops
Neha Patwaa,b, Om Prakash Guptaa, Vanita Pandeya

and Anita Yadavb
aICAR-Indian Institute of Wheat and Barley Research, Karnal, Haryana, India; bDepartment of
Biotechnology, Kurukshetra University, Kurukshetra, Haryana, India

1. Introduction

Plants provide all of humanity’s essential necessities, including food, fodder,
and shelter, as well as additional products derived from plants such as
timber, gum, resin, fiber, oil, colors, pharmaceutically related secondary
metabolites, medications, and fossil fuels, directly or indirectly. Abiotic,
biotic stressors and climatic factors affect the growth, development, yield,
and plant products in the face of the worldwide shortage of arable land,
water resources, and climate change (Mohr et al., 2020). Currently, the
world population size is approx. 7.9 billion by January 2021 and it is ex-
pected to rise by 9.7 billion by 2050 according to UN Reports. As the
world’s population grows, so does the need for plants, resulting in future
food security, malnutrition, and famine (Godfray et al., 2010). A combi-
nation of new contemporary breeding, molecular genetics, recombinant
DNA, and biotechnology approaches based on genomics and proteomics
will be required to improve crop production (Rabuma et al., 2022; Gupta
et al., 2022a). By using these novel techniques new crop varieties showing
resistance to various diseases and stress-tolerant lines are produced for higher
yield (Tester & Langridge, 2010). The development and growth of the
plant, pathogen defense, and environmental challenges are all regulated by
RNAi (Gupta et al., 2014a,b). This is a sequence-specific mechanism that
interferes with or suppresses the function of a gene. The small RNA is
produced inside the nucleus, and maturation takes place in the cytoplasm of
the plant cell by activating the RNAi machinery. It reduces the expression
of target genes by blocking the process of protein synthesis. Fire and Mello
discovered RNAi in nematodes in 1998 and Nobel Prize was awarded in
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2006. The first miRNA was discovered in Caenorhabditis elegans in 1993
(Lee et al., 1993). Subsequently, other miRNAs have been discovered in
plants, human beings, fruit flies, and other species, etc. RNAi is a technique
that is more particular and precise in its activity, and it is being evaluated as a
potential tool for functional genomics research. It helps in the development
of food varieties without compromising other agronomic qualities in the
last 15 years. This is more accurate, stable, and efficient as compared to
previously used antisense RNA technology. It has also been used as an
innovative way of gaining a better knowledge of the fundamentals of plant
defense and metabolism (Khalid et al., 2017). Protection of crop against
biotic and abiotic factors, increase in the shelf life of fruits and vegetables,
improvement of nutritional content, change in plant architecture for better
adaptation to environmental conditions, overexpression or removal of
secondary metabolites, generation of male sterile lines, and production of
seedless fruits are just a several of the desirable traits that have been
improved in crops by using RNAi. RNAi has been used successfully in the
last two decades to delineate the functional roles of numerous key genes in
various plant species. These genes play a role in fiber development, somatic
embryogenesis, allergen/toxin elimination, and tolerance to various types
of stresses among food crop varieties (Jagtap et al., 2011). Increased agri-
cultural productivity has long been a major goal in the quest to feed the
world’s ever-increasing population. Crop diseases provide a significant
obstacle to accomplishing these objectives. Among various plant diseases,
viral pathogens cause a serious hazard to crops, resulting in a large loss of
agricultural productivity (Sharma et al., 2021). The use of small (sRNA)
based silencing technology helps in the generation of disease-resistant
agricultural varieties by targeting pathogenic genetic controls using the
host-induced pathogenic gene silencing mechanism. However, there are
public issues and uncertainties about this technology’s usage in modern
agriculture, biosafety requirements, and the environmental impact of
genetically altered crops, specifically when genes originated from creatures
other than plants are employed (Herdt, 2006). The production of trans-
genic plants and food crops has prompted concerns about potential risks to
humans and the environment. The main concern involves transgene
migration to other types and wild relatives, which could result in monster
crops, a loss of genetic diversity, and ecological disruption. As a result,
before releasing transgenic crops for general use, they must undergo
extensive testing to identify the hazards and ensure their safety. Transgenic
crop development consequently necessitates additional time, money, and
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skill. As a result, new crop improvement strategies and safe methods must
be developed, which may be more acceptable to the general public. sRNA-
based silencing mechanism has been caught the interest of scientists who
were working in various fields of molecular biology working all over the
world. The various researches on RNAi help in the understanding of gene
regulation of genes their function and analysis, as well as opening up new
avenues for the development of fascinating technology with enormous
potential for use in genetic analysis, plant protection, and a variety of other
areas related to crop improvement. In the following section, we look at the
advances made in the field of RNAi using small RNA (sRNA) for crop
development in various types of varieties. In 2002, the miRNA Registry
which was later renamed miRBase was established. It contains a compre-
hensive and detailed database of identified miRNAs, their nomenclature,
precursor and mature sequences, and corresponding literature (Griffiths-
Jones et al., 2006). Approximately 48,885 mature miRNAs from 271
species (Kozomara et al., 2019) has been submitted in the current release
(v22.1), Arabidopsis thaliana (428 mature miRNAs), Medicago truncatula (756
mature miRNAs), Brachypodium distachyon (525),Oryza sativa (738), Triticum
aestivum (125), Zea mays (325) and Solanum lycopersicum (147) (�Se�ci�c &
Kogel, 2021) (Fig. 7.1).

Figure 7.1 Schematic representation of the possible role of RNAi in crop development.
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2. Mechanism and biogenesis of sRNA

Different forms of sRNAs are produced via RNAi-related pathways in
plants i. e, siRNAs, miRNAs, ta-siRNA, and pha (phased)-siRNAs
(Treiber et al., 2019). In this chapter, we studied the general mechanism of
small RNA (sRNA) pathways. The different forms of dsRNAs derived
from plant endogenous RNA-dependent DNA polymerase, dsRNAs of
natural sense and antisense transcripts, and single-stranded RNAs that form
hairpin-loop secondary structures are all used to create siRNAs and miR-
NAs. Dicer-like (DCL) proteins identify and cleave these dsRNA mole-
cules, resulting in siRNAs. The plants have a core set of four types of DCL
proteins (DCL1e4) that produce various forms of siRNAs. DCL4 produces
21-nt siRNA that play an important role in trans-acting siRNAs
(ta-siRNAs), which are used to modulate gene expression. DCL2 produces
22-nt siRNAs and has been shown to work in tandem with DCL4 in
antiviral defense; in the absence of DCL4, DCL2 can produce a large
number of viral secondary siRNAs (Martínez et al., 2015). DCL3 produces
24-nt siRNAs that are linked to the silencing of transposons and repetitive
elements and have been linked to DNA virus defense (Allen et al., 2005).
After the conversion of dsRNA into siRNA duplex by DCLs each duplex is
loaded with RISC complex and AGO protein. Furthermore, one of the
duplex molecule’s strands is chosen to serve as a guide strand. By Watson-
Crick base pairing, the guide strand targets and identifies certain cognate
RNAs, resulting in RISC cleavage/slicing of the RNA target (Joga et al.,
2016). Plants, like DCLs, have numerous AGOs encoded. AGO2 is one of
the AGOs that has been linked to antiviral, antibacterial, and anti-stress
defenses via siRNA. AGO proteins generally have three types of
conserved domains PAZ, MID and PIWI domains (Swarts et al., 2014).
The PAZ domain is present near the ND and binds the 30 end of short
RNA (the guide RNA). The MID and PIWI domains are found in the
C-terminal domain. A binding pocket exists at the intersection of these two
domains, which anchors the guide RNA’s 5 ends. The PIWI domain of the
siRNA-target duplex-loaded AGO protein has an RNase-H-like activity
and a conserved catalytic site, that cleaves the target RNA. Intronic and
independently transcribed pri-miRNAs both are co-transcriptionally pro-
cessed by Drosha in human cells (Kim & Kim, 2007). Plant MIR genes are
similar to protein-coding genes in that their promoters contain the TATA-
box motif and other transcription factor binding motifs. The transcription
ofMIR genes requires general and specific transcription regulators (Megraw
et al., 2006). Primary miRNAs (pri-miRNAs) in plants have distinct
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secondary structures and are first converted into precursor miRNAs (pre-
miRNAs). The pre-miRNA are processed by various protein complexes
called Transcription Coupled Export 2 (TREX2), DICER-LIKE 1 (DCL),
SERRATE (SE) and double-stranded RNA binding protein called
HYPONASTIC-LEAVES1 (HYL1). TREX-2 complex plays an impor-
tant role in the biogenesis of miRNA including transcription, processing of
pre-miRNA, and export of miRNA RISC complex to the cytoplasm by
nuclear pore complex. TREX-2 had two core subunits THP1 and SAC3A
which interacts and colocalize with RNA polymerase II to promote the
transcription of MIR genes in the nucleoplasm (Zhang et al., 2020). After
processing of pri-miRNA HEAT SHOCK PROTEIN 90 (HSP90) helps
in loading of miRNA into AGO1 (Iki et al., 2010). ENHANCED
MIRNA ACTIVITY1 (EMA1) and TRANSPORTIN1 (TRN1) proteins
interacts with AGO1 and inhibited or promoted the loading of miRNAs
into AGO1. A nuclear export signal in AGO1 allows AGO1emiRNA
complexes exported them to the cytoplasm. Certain molecular processes are
restricted to either the nucleus or the cytoplasm by the nuclear envelope.
Nuclear pore complexes (NPCs) carry mRNAs and small RNAs from the
nucleus to the cytoplasm, where they function (Beck & Hurt, 2017). The
miRNA is further transported to the cytoplasm by EXORTIN5 (Bologna
et al., 2018; Zhang et al., 2020). miRNA duplexes are then loaded into
AGO in the RISC complex, and one of the strands in 50 to 30 direction is
chosen as the guide strand. The guide strand binds with targeted 30 to 50

RNAs and translationally repressed or degraded the targeted gene (Cui
et al., 2017; Stepien et al., 2017; Yu et al., 2017) (Fig. 7.2).

3. Role of small RNA in abiotic stress tolerance
3.1 Heavy metal tolerance

Accumulation of non-essential metals such as cadmium, mercury, arsenic at
excessive levels can be dangerous for plant growth and development and
these metals affect the health of human beings through the food chain
(Gielen et al., 2012; Gupta et al., 2014b; Dhiman et al., 2021). Over-
expression of miR395 in B. napus results in a reduction of the level of
oxidative stress caused by heavy metals and provides tolerance to Cd stress
(Zhang et al., 2013a,b). It was studied that miRNAs have a role in Al3þ

toxicity and tolerance. They discovered that 18 miRNAs responded after
4 h of Al3þ treatment and that 4 miRNAs from 4 families responded after
4 h and 24 min of Al3þ therapy (Chen et al., 2012). The treatment of Al3þ
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Figure 7.2 Mechanism and biogenesis of small RNA: miRNA are derived from
endogenously ln-RNA and act as a regulator of gene expression. The primary microRNA
or (pri-miRNA) are first processed into precursor microRNA or (pre-miRNA) or mature
miRNA. TRANSCRIPTION COUPLED EXPORT 2 (TREX2) protein associated with DICER-
LIKE1 (DCL-1), SERRATE (SE), and (HYPONASTIC LEAVES1 HYL-1) helps in the process-
ing of pri-miRNA. TREX2 also helps in the export of the miRISC complex to the cytoplasm
with the help of EXPORTIN5 (EXPO5). The miRNA duplex is loaded into the RISC complex
having argonaute (Arg) protein in the cytoplasm and the guide strand in a 50 to 30 di-
rection is selected to silence the target gene in a 30 to 50 direction and the other strand
acts as a passenger strand.
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Table 7.1 List of micro RNA associated with crop development.

Plant miRNA/siRNA Target gene Function References

Apple (Malus
domestica)

miR169a, miR160e,
miR167b,g,
miR168a,b

ARF transcription
factors

Fire blight resistance Kaja et al. (2015)

Barley (Hordeum
vulgare)

miR164 ARF transcription
factor

Lateral root and leaf
development

Deng et al. (2015)

Cassava (Manihot
esculenta)

miR156, miR157,
miR159, miR160

Transcription factors Development, stress
response

Patanun et al. (2013)

Cassava (Manihot
esculenta)

miR395, miR172,
miR319, miR396

Transcription factors,
growth factors

Starch biosynthesis,
metabolism

Chen et al. (2015)

Coffee (Coffea arabica) miR171 GRAS family
transcription factors

Development
metabolism

Chaves et al. (2015)

Coffee (Coffea arabica) miR390 TAS3 Development, cellular
signaling pathways

Chaves et al. (2015)

Potato (Solanum
tuberosum)

miR160 Auxin response factor Growth and
development

Din et al. (2014)

Potato (Solanum
tuberosum)

miR172 Auxin response factor Starch accumulation Din et al. (2014)

Potato (Solanum
tuberosum)

miR473 Serine/threonine
kinase

Metabolism Din et al. (2014)

Potato (Solanum
tuberosum)

miR475 Thioredoxin Metabolism Din et al. (2014)

Rice (Oryza sativa) miR397 OsLAC Grain size shape and
quality

Zhang et al. (2013a,b)
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Table 7.1 List of micro RNA associated with crop development.dcont'd

Plant miRNA/siRNA Target gene Function References

Sugarcane (Saccharum) miR159 MYB protein Development Zanca et al. (2010)
Soybean (Glycine max) miR156, miR160 Squamosa binding

protein
Seed development Song et al. (2011)

Soybean (Glycine max) miR164, miR166 ARF transcription
factors

Seed development Song et al. (2011)

Soybean (Glycine max) miR172, miR396 Growth factors Seed development Song et al. (2011)
Wheat (Triticum
aestivum)

miR397/437 L-ascorbate oxidase In development
process

Han et al. (2013)
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for 24 h is responsible for the downregulation of late responsive miRNAs,
miR390. Only miR390 has been identified as a regulator of the auxin
response factor, which is involved in lateral root growth (Marin et al.,
2010).

3.2 Drought stress

Drought-responsive miRNAs were studied in the legume M. truncatula. In
response to drought stress, upregulation of 22 members of four miRNA
families (miR399, miR 2089, miR2111, and miR2118) was observed, and
downregulation of 10 members of six miRNA families (miR164, miR169,
miR171, miR396, miR398 and miR1510) were observed. Drought-
responsive miRNAs’ known and projected targets were discovered to be
engaged in a variety of cellular activities in plants, they play important role
in development, transcription, protein degradation, detoxification, nutri-
tional status, and cross adaptability (Wang et al., 2011; Gupta et al., 2014c).
In potato plants (Solanum tuberosum), miR171 family members (miR171a,
miR171b, and miR171c) have been discovered which show a response to
drought stress (Hwang et al., 2011). Trindade et al. (2010) have reported
that in water-stressed M. truncatula plants, numerous conserved miRNAs
have differential expression levels with miR169 being down-regulated in
roots and miR398a/b and miR408 being highly up-regulated in both
shoots and roots. By using RNAi farnesyl transferase genes FTA or FTB has
been suppressed which is responsible for lower stomatal conductance and
thus transpiration, and results in greater crop yield (Wang et al., 2009).

3.3 Heat and cold stress

The unique plant thermotolerance mechanism has been discovered, which
is important for reproductive organ protection. It was discovered that
miR398 leads to downregulation of target genes, the CSD (copper/zinc
superoxide dismutase) genes CSD1 and CSD2, and CCS (encodes copper
chaperone for both CSD1 and CSD2. The CSD1, CSD2, and CCS
mutants are responsible for a higher accumulation of heat stress transcription
factors and heat shock protein which causes less flower damage in plants and
they show more resistance in comparison to control plants (Guan et al.,
2013). Cold stress declines the growth and development of plants. Cold
stress promotes the evolutionarily conserved miR319 in sugarcane and rice.
Overexpression of miR319 decreases the expression of TEOSINTE
BRANCHED1, CYCLOIDEA, (PCNABF) Proliferating cell nuclear
antigen-binding factor genes, and improves cold tolerance in both species,
implying that miR319 provides tolerance against cold stress. By targeting
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the auxin receptor gene TIR1/AFB, cold-inducible miR393 also favorably
controls cold tolerance in switchgrass. Cold tolerance is improved by
overexpression of miR393 or mutation of TIR1/AFB, which is enhanced
expression of cold-responsive genes (Liu et al., 2017). In wheat (T. aestivum
L.), 12 miRNAs were identified that were responsive to heat stress (Xin
et al., 2010). In the Rice plant, the two miRNAs, miR393 and miR169,
have been discovered which were up-regulated in response to dehydration
stress (Zhao et al., 2007). It was studied that in Arabidopsis miR159 was
involved in the hormonal signaling and dehydration process (Achard et al.,
2004). As a result, miR156 and miR172 expression patterns are revealed to
be inversely associated. In rice plants, it was observed that Histone deacetylase
genes have different expression patterns and developmental activities as
compared to closely related Arabidopsis homologs and that the majority of
them are drought and salt tolerant (Hu et al., 2009).

3.4 Phosphate deficiency

Abiotic stressors like phosphate deficiency have also been shown to up-
regulate miR399 and miR2111 (Bari et al., 2006; Pant et al., 2009). In
all living species, inorganic phosphorus (Pi) is required for macromolecule
production, energy transfer, enzyme activity, and signal transduction.
Furthermore, agricultural outputs are frequently hampered by Pi levels.
MiR399 was the first miRNA discovered to be upregulated in Pi starvation
response in Arabidopsis (Fujii et al., 2005). Under Pi-depleted conditions,
the putative ubiquitin-conjugating enzyme PHO2 attaches polyubiquitin
to the Pi transporter PHOSPHATE TRANSPORTER 1 (PHT1) and
directs PHT1 for destruction (Huang et al., 2013), allowing for optimal Pi
absorption. In Arabidopsis and rice, low-Pi stress causes miR399 to
downregulate PHO2. PHO2 is downregulated by miR399, which raises
PHT1 levels and hence promotes Pi acquisition and translocation (Bari
et al., 2006; Fujii et al., 2005; Hu et al., 2011). PvPHR1 positively
regulated the genes involved in phosphorus transport, mobilization, and
homeostasis. miRNA399 (PvmiR399) from Phaseolus vulgaris is a key
component of the PvPHR1 signaling pathway in common bean (Valdés-
López et al., 2008). MiR395 and miR399 are up-regulated in Arabidopsis
plants when they are deprived of sulfur and phosphate (Jones-Rhoades &
Bartel, 2004).

3.5 Salinity stress

The RNAi approach has been effectively used to promote salt tolerance in
plants, similarly to other drought and temperature stress (Dutta et al., 2020).
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Similarly, RNA interfering lines of the gene OsVTC-1 revealed that it is
involved in salt tolerance (Qin et al., 2017). OsVTC-1 is a GMPase gene
that catalyzes the conversion of D-mannose-1-P to GDP-D-mannose and is
involved in cellular and developmental events such as cell division, senes-
cence, root expansion, and blooming (Zhang et al., 2013a,b). OsVTC-1 in
the production of ascorbic acid works as a scavenger and eliminates reactive
oxygen species (ROSs). Under salt stress, OsVTC-1-RNAi lines demon-
strated decreased tolerance and a higher amount of reactive oxygen species
(ROSs). Furthermore, decreased grain output in OsVTC-1-RNAi lines
revealed that OsVTC-1 genes are involved in supplying resistance in both
the vegetative and reproductive phases (Qin et al., 2017). In Arabidopsis
AtbZIP24 gene which belongs to the bZIP TFs family, was discovered to
be a negative regulator of salt stress tolerance, with the AtbZIP24-RNAi
line showing increased resistance to salt stress (Yang et al., 2009). One
more main gene peroxisomal biogenesis factor 11 (OsPEX11), was
discovered in rice using RNAi technology, and it was observed that
OsPEX11 is involved in Naþ/Kþ homeostasis and salt tolerance.
OsPEX11-RNAi lines were more sensitive to salt stress, with lower levels
of lipid peroxidation, a lower Naþ/Kþ ratio, and poorer antioxidant
enzyme activity such as SODs, PODs, and CATs (Table 7.2).

4. Role of small RNA during biotic stress

miRNAs, 21e23 nucleotides long, and siRNAs, 21e24 nucleotides long
are two important families of small RNA produced from double-stranded
RNA (dsRNA) or single-stranded RNA precursor. sRNA was gained
widespread recognition as a key signaling molecule for its important role in
the development and growth of plants and abiotic and biotic stress responses
via post-translational gene silencing (PTGS) since the discovery that
dsRNA can cause gene silencing in C. elegans (Pattanayak et al., 2013).
Plants must struggle with a variety of diseases, including bacteria, fungus,
viruses, and parasites, to survive and reproduce in a harsh environment (Ali
et al., 2020). Pattern-triggered immunity refers to the pathogen-associated
molecular pattern-induced basal resistance response in plants (PTIs). The
resistance protein (R protein) and intracellular nucleotide-binding/leucine-
rich-repeat (NLR) receptors in plants can detect pathogen effectors and
generate a robust resistance response known as effector-triggered immunity.
Pathogens release tiny cysteine-rich proteins containing signal peptides
during host colonization to modify host defense responses, thereby estab-
lishing host colonization (Muhammad et al., 2019).
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Table 7.2 List of miRNA associated with abiotic stress tolerance in plants.

Plant miRNA/siRNA Target gene Function References

Arabidopsis miR169 NFYA5 Drought tolerance Li et al. (2008)
Arabidopsis miR398 CSD1, CSD2, CCS Heat stress tolerance Guan et al. (2013)
Barley (Hordeum
vulgare)

miR156d Squamosa binding
protein

Development, drought
stress

Curaba et al. (2012)

Cassava (Manihot
esculenta)

miR164 NAC transcription
factors

Drought tolerance Patanun et al. (2013)

Coffee (Coffea arabica) miR393 Transport inhibitor
like protein, DNA
binding protein, GPR
1 like protein

Chitin cold, salt stress,
and water deprivation

Akter et al. (2014)

Rice (Oryza sativa) miR5517 Target genes that are
involved specifically in
flower or embryonic
development

Crucial role in the
regulatory network of
drought response

Cheah et al. (2017)

Rice(Oryza sativa) miR319 PCF5/PCF8 Cold tolerance Yang et al. (2013)
Soybean and
Arabidopsis

miR169 GmNFYA3 Drought tolerance Ni et al. (2013)

Sugarcane (Saccharum) miR164 NAC transcription
factors

Drought stress
response

Ferreira et al. (2012)

Sugarcane (Saccharum) miR169 HAP12-CCAAT-box
transcription factors

Salt stress tolerance Carnavale Bottino
et al. (2013)

Sugarcane (Saccharum) miR398 Serine/threonine kinase-
like

Salt stress tolerance/
metabolism

Carnavale Bottino
et al. (2013)

Wheat (Triticum
aestivum)

miR395 ATP-sulfurylase genes Abiotic stress Akdogan et al. (2016)

Wheat (Triticum
aestivum)

miR393 TRANSPORT
INHIBITOR
RESPONSE 1
(TIR1)

Regulate auxin
signaling and would
thus reduce plant
growth under drought
stress

Giusti et al. (2017)
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4.1 Parasitic weeds

The parasitic weeds the crop fields in many areas around the world, resulting
in significant agricultural yield losses. There are various traditional techniques
for controlling parasitic weeds, but they all have drawbacks, hence a
biotechnological instrument to manage parasitic weeds is needed. RNAi
technology has recently been used to generate weed-resistant plant kinds,
according to some researchers. Transgenic tomato plants with the M6PR
dsRNA-expression cassettewere developed by (Aly et al. 2009). In transgenic
tomato plants decrease in the concentration of mannitol and endogenous
M6PR mRNA in the tubercles and underground shoots of Orobanche
egyoetiace and an increase in the amount of deadOrobanche aegyptiaca tubercles
were observed. hpRNA-mediated RNAi resistance to Striga asiatica L. was
used to generate a parasitic weed-resistant maize cultivar (Aly et al., 2009).

4.2 Insect and nematode resistance

Crop losses and insecticides cost billions of dollars due to insect pests.
Insecticide resistance remains a constant danger to farmers, fueling a never-
ending hunt for alternate pest-control measures (Ferry et al., 2006; Banerjee
et al., 2017). These worms act as a vector for transmitting virus diseases
thereby responsible for the decline in yield concentration (Ali et al., 2015).
Uncontrollable phytoparasitic nematodes cause annual crop losses of
roughly US$125 billion. Plants’ resistance against nematodes has been
produced by the expression of dsRNA in a host plant against housekeeping
or parasitism genes in the root-knot nematode (Gheysen & Vanholme,
2007). Plant-parasitic cyst nematodes cause syncytium (plant root organ)
differentiation as a source of nourishment. The syncytium is generated by
the re-differentiation and fusing of a large number of root cells. miR396 is
involved in phase transition in Arabidopsis (Hewezi et al. 2012). The
beginning of the syncytial formation phase is marked by strong down-
regulation of miR396 in cells that give rise to the syncytium, and the
beginning of the maintenance phase is marked by upregulation of miR396
in the mature syncytium when no new cells are absorbed into the syncy-
tium. MiR396 and its growth-regulating factor (GRF) target genes induced
a reduction in syncytium size and a halt in worm development. This
identified miR396 as a major regulator in root cell reprogramming, indi-
cating that it could be a useful molecular target for parasitic animals looking
to manipulate plant cells into a new developmental route. Targeting of
parasitism-related genes in place of nematode housekeeping genes showed
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tolerance against multiple nematode species (Huang et al., 2006). Opper-
man et al., 2008 sequenced the genome of Meloidogyne hapla and discovers
the new HD-RNAi targets. Host-induced RNAi has been used to target
nematode parasitism genes 3B05, 4G06, 8H07, AND 10A06 of the sugar
beet cyst worm (Heterodera schachtii), in the A. thaliana host. No resistance
was seen, and the number of mature nematode females was reduced by
23e64% in different RNAi lines (Sindhu et al., 2009). RNAi constructs
were used to target four distinct genes against Heterodera glycines (essential
soybean cyst nematode) and C. elegans to see if they were effective in
reducing Meloidogyne incognita galls in roots of the soybean plant. It was
observed that by targeting genes codes for Tyrosine phosphatase (TP) and
Mitochondrial stress 70 protein precursor (MSP), two of them constructs
capable of minimizing gall formation by 92 and 94.7% (Ibrahim et al.,
2011). Plant-nematode interactions are also thought to be mediated by
miRNAs. In Arabidopsis, miR161, miR164, miR167a, miR172c,
miR396c, miR396a,b, and miR398a were down-regulated in response to
infection by the nematode H. schachtii (Khraiwesh et al., 2012). According
to a comparative investigation of soybean miRNA profiling, 101 miRNAs
from 40 families were sensitive to infection by the soybean cyst nematode
(SCN; H. glycines), the most damaging disease in soybean. It was also shown
that 20 miRNAs were expressed differently in SCN-resistant and suscep-
tible soybean cultivars (Li et al., 2012). Different miRNAs and sRNAs are
produced by nematode which is involved in the development of feeding
sites and parasitism (Hewezi et al., 2008). Overexpression of these
nematode-induced candidate miRNAs, as well as degradation of their
targets, reveals new insights into plant-nematode parasitism, as well as
nematode resistance in agricultural plants. Resistance against nematodes has
also been accomplished by producing a miRNA, which combines with
known miRNA genes of the seed region of a plant-parasitic nematode’s
essential gene (parasitism or housekeeping).

4.3 Virus resistance

Resistance derived from pathogens is the most effective strategy for
combating virus infections in plants among the several options. The PDR
idea has aided in the development of virus-resistant plants (Simón-Mateo &
García, 2011). Another technique targets numerous areas of a viral gene in
tomato plants, resulting in broad-spectrum resistance to topoviruses. This
technique is based on using a miRNA construct that is capable of expressing
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numerous artificial miRNAs (amiRNAs) that target different sections of a
viral gene (Bucher et al., 2006). The influence of RNAi which targets the
coat protein (CP) gene of the virus, is particularly successful in the devel-
opment of virus resistance in plants. Some viral coat proteins target RNAi-
modified virus-resistant plants, such as BNYVV-resistant tobacco (Andika
et al., 2005), and PVY-resistant potato (Missiou et al., 2004), PRSV-W-
resistant Cucumis melo L. var. cantalupensis cv. Sun Lady (Krubphachaya
et al., 2007). According to (Pradeep et al., 2012), introducing inverted
repetitions of the Tobacco Streak Virus (TSVs) CP gene may be an
effective and dependable technique for establishing TSV resistance in
commercially significant crops. Rice Stripe Virus CP gene and disease-
specific protein gene sequences were used to produce an RNAi construct
(Zhou et al., 2012). Suyunuo and Guangling xiangjing, two sensitive japonica
cultivars, were altered using an RNAi construct to develop resistance to
Rice Stripe Disease. After self-fertilization, the homozygous progeny of rice
plants expressing RNAi constructs in the T5 and T7 generations were
shown to be highly resistant to viral infection, with no morphological or
developmental abnormalities. The African cassava mosaic virus (ACMVs)
was silenced by RNAi, which results in a 99% decline in Rep transcripts
and a 66% reduction in viral DNA (Vanitharani et al. 2003). The siRNA
method can only silence ACMV strains that are closely related. RNAi-
mediated resistance was first observed in cassava (M.esculenta) against Cas-
sava Brown Streak Disease (CBSD) (Patil et al., 2011). CBSD was regarded
as the most serious threat to cassava farming in East Africa (Pooggin et al.,
2003). demonstrated that the DNA of a reproducing virus can also be a
target of RNAi using the black gram (Vigna mungo) as a study system. They
were able to recover V. mungo from MYMIVs (Mungbean Yellow Mosaic
India Virus) infection by using an RNAi technique to silence the gene
associated with the bidirectional promoter. RNAi technique has been used
to create geminivirus-resistant BGMV-resistant common bean (Bonfim
et al., 2007). Many other transgenic plants such as Tomato Yellow Leaf
Curl Virus (TYLC)-resistant tomato (Fuentes et al., 2016), Rice Tungro
Bacilliform Virus (RTBV)-resistant rice (Tyagi et al., 2008), and Citrus
Tristeza Virus (CTV)-resistant Mexican lime (López-García et al., 2010),
have improved defense through RNAi-mediated gene silencing. According
to (Schwind et al., 2009), employing the hpRNA construct in
S. lycopersicum (tomato) against Potato Spindle Tuber Viroid (PSTVd) re-
sults in PSTVd-resistant tomato plant varieties.
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4.4 Bacterial pathogens

Bacterial pathogens are among the most serious problems in tomato, soy-
bean, and banana and various type of crop production. Bacterial diseases
spread quickly and are difficult to manage; therefore, the only method to
avoid bacterial infections is to prevent them. The use of RNAi to improve
bacterial resistance in the experimental plant A. thaliana has yielded
promising results. In Arabidopsis (Dunoyer et al., 2006), studied the
silencing of bacterial genes (iaaM and ipt) reduced the crown gall tumors
(Agrobacterium tumefaciens) to nearly zero, implying that crown gall disease
resistance engineered in various trees and ornamental plants. Four apple
miRNAs (miR169a, miR160e, miR167beg, and miR168a,b) have
recently been discovered to be implicated in the resistance to fire blight, a
contagious bacterial disease caused by Erwinia amylovora, by targeting stress
response proteins (Kaja et al., 2015) (Table 7.1).

4.5 Fungal resistance

RNAi has been proved to be an effective technique for generating disease
resistance in a variety of agricultural plants. RNAi-mediated silencing of the
aricegene OsSSI2 resulted in increased resistance to the blast fungus Magna-
porthe grisea and the bacteriumXanthomonas oryzae that causes leaf blight (Jiang
et al., 2009). Furthermore, the inhibition of two genes, OsFAD7 and
OsFAD8, which are -3 fatty acid desaturase genes, resulted in increased dis-
ease resistance againstM. grisea in rice (Yara et al., 2007). Due to the decline in
the concentration of lignin, RNAi-mediated targeting of genes involved in
lignin formation improved soybean resistance to the phytopathogen Scle-
rotinia sclerotiorum (Peltier et al., 2009). 24 miRNAs were recently discovered
to be involved in the response to the fungusBlumeria graminis f. sp. tritici (Bgt)
attacking wheat, which causes the fatal illness powdery mildew (Xin et al.,
2010). Similarly, several miRNAs have been identified in wheat in response
to stem rust infection (Gupta et al., 2012). Furthermore, it was discovered that
overexpression of OsmiR397 and downregulation of the corresponding
OsLAC target gene increased grain size and promoted panicle branching,
increasing yield (Zhang et al., 2013a,b) In reaction to the blast fungus Mag-
naporthe oryzae, the rice miRNA osa-miR7695 negatively regulates a natural
resistance-associated macrophage protein6 (OsNramp6). Overexpression of
Osa-miR7696 resulted in improved resistance to rice blast infection (Campo
et al., 2013). (Jiao & Peng, 2018) studied that in wheat plant miR1023 tar-
geted the alpha/beta hydrolase gene in F. graminearum and suppressed the
invasion of the fungal pathogen (Table 7.3).
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5. Applications of RNAi technology in crop
development

A new combination of biotechnology techniques like genetic engineering,
genomics, proteomics, and plant physiology, will be required to solve all
malnutrition and food-related requirement of a large population (Mittler &
Blumwald, 2010). The promise of the RNAi technique in crop develop-
ment has been demonstrated by its contribution to achieving desirable traits
by modifying genetic expression.

5.1 Seedless fruit development

Phytohormones have been widely known for their role in regulating the
transition between blooming, fertilization, and fruiting. Parthenocarpy has
the potential to produce vegetables and fruits when pollination fails to
occur. Seedlessness has been found in recent research to improve the
texture and shelf life of fruits, such as watermelon and eggplant (Pandolfini,
2009). Seeds were found to be the source of fruit deterioration in water-
melon. Thus, substituting edible fruit tissue for seeds and seed cavities is
useful (Varoquaux et al., 2000) and can be beneficial to consumers, the
processing business, and breeding companies. It has been studied that ARF8
of A. thaliana and ARF7 of tomato both have high levels of expression in
non-pollinated flowers before being down-regulated after pollination (De
Jong et al., 2009). SlARF7 works as a modulator of both auxin and
gibberellin responses during tomato fruit set and development. After
pollination and fertilization, SlARF7 transcript levels are normally lowered
(Vriezen et al., 2008). SlARF7 repression may be released by an RNAi

Table 7.3 Role of small RNA in fungal resistance.

Plant Target gene Trait improved References

Potato SYR1 Phytophthora
infestans

Eschen-Lippold
et al. (2012)

Rice OsFAD7 And
OsFAD8

Magnaporthe
grisea

Yara et al.
(2007)

Rice OsSSI2 Magnaporthe
grisea
Xanthomonas
oryzae

Jiang et al.
(2009)
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method, resulting in partial activation of auxin and GA signaling pathways
enforced by SlARF7 independent of pollination and fertilization, and thus
in parthenocarpic fruit growth in tomato (S. lycopersicum). As a result, the
auxin signaling transduction pathway’s fertilization-dependent stage may be
avoided, which may be required to commence cell division activity and
boost GA production.

5.2 Enhancement of the shelf life of crop plants

Fruits and vegetables are higher vulnerable to spoilage as compared to
grains, and this spoilage results in inedible waste. Despite being one of the
world’s top producers of fruits and vegetables, India loses roughly 30% of its
overall production because of spoiling. As a result, an increase in the shelf
life of vegetables and fruits is required as another important agronomic
attribute that can reduce the degradation and rotting of vegetables and
fruits, hence reducing horticulture loss. The silencing of genes involved in
ethylene generation or ripening has enhanced the shelf life of tomatoes.
RNAi technology was utilized by Xiong et al. (2005) to extend the shelf
life of tomatoes. They used a unit of dsRNA to stop the ACC oxidase gene
from expressing in tomato. The rate of ethylene generation in transgenic
plants’ ripened fruits and leaves was shown to be greatly reduced, ensuring a
longer shelf life for tomatoes. (Meli et al., 2010), on the other hand,
identified two ripening-specific N-glycoprotein modifying enzymes,
mannosidase (Man) and -D-N-acetylhexosaminidase, in tomato and
repressed them.

5.3 Male sterility and fertility

The essential quality to assure purity in hybrid plants for hybrid seed
production are the establishment of male sterility. Plant scientists utilize a
variety of approaches based on conventional and genetic engineering to
abort pollens from various crop species. RNAi has been employed in ge-
netic engineering to create male-sterile plant species such as tobacco and
tomato (Nizampatnam & Kumar, 2011). Small RNA (osa-smR5864) has
been regulated the photoperiod and temperature-regulated male sterility in
rice (Zhu & Deng, 2012). In plants mitochondria and plastids MutS
HOMOLOG 1 (Msh1) is a nuclear gene product that keeps the genome
stable. When Msh1 is suppressed in response to abiotic stressors, it activates
a plastidial response that involves non-genetic inheritance and changes a
variety of plant metabolic pathways (Xu et al. 2012). RNAi technology has
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been used to alter Msh1 expression in tobacco and tomato, resulting in
mitochondrial DNA rearrangements consistent with naturally occurring
cytoplasmic male sterility (Sandhu et al., 2007). The use of these RNAi
lines for breeding may have a few downsides, such as the hybrid carrying
the construct in the F1 generation, resulting in severe impacts. In terms of
fertility, studies shows that mir151 affects the development of rice anthers.
Overexpression of miR159 in rice will result in malformed flower devel-
opment and no pollen in the stamens. In addition overexpression of wheat
miR159 in rice or tae-miR159 can also cause male sterility in rice (Wang
et al., 2012). Recent studies found that miR1227 and miR2275 may be
related to male sterility in wheat and targated the CAF1 (CCR4 AF1) and
SMARCA3L3 genes (Sun et al., 2018).

5.4 Biofortification

Over two-thirds of the population around the world consumes food that is
deficient in various key mineral elements (White & Broadley, 2009; Gupta
et al., 2022b; Ibba et al., 2022). The tomato plant has been biofortified with
dietary antioxidants and important elements such as Zn, Mg, Cu, Se, Ca,
Fe, I, S, P, and others by using RNAi technology (Niggeweg et al., 2004).
Molecular pharming or bio-pharming is the process of creating perspective
pharmacological substances by applying novel genetic engineering and
transgenic techniques such as agroinfiltration, virus infection, and magni-
fication. Various proteins and secondary metabolites have been produced
by using molecular pharming. Molecular pharming is used to create a va-
riety of medicines and nutraceuticals (Obembe et al., 2011). The use of
RNAi has reduced the sinapate esters to 76% in T3 generation transgenic
canola seeds. It suppresed the UDP-Glc:sinapateglucosyltransferase gene
activity. The flavor of canola seeds has been enhanced by the elimination of
sinapate esters (Hüsken et al., 2005). RNAi technology was used for the
development of GluB hairpin RNA which resulted in the LGC-1 (low
glutenin content 1) rice variety with reduced glutenin levels, thus providing
comfort to kidney patients who are not able to digest gluten (Kusaba et al.,
2003). The ingestion of alpha-linolenic acid (18:3) is harmful to both
humans and animals. The lowering of alpha-linolenic acid (18:3) improves
the flavor and stability of soybean oil while reducing the requirement for
hydrogenation (Flores et al., 2008). used the glycinin promoter to create
Hairpin RNA for seed-specific silencing of omega-3 fatty acid desaturase
(GmFAD3A, GmFAD3B, and GmFAD3C). Sucrose biosynthesis is divided
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into two phases, each of which is catalyzed by an enzyme: sucrose-
phosphate synthase (SPS), which is then hydrolyzed by another enzyme
sucrose phosphatase (SPP) to produce sucrose and Pi inorganic phosphate).
In a process known as “cold sweetening,” storing potato tubers at a lower
temperature (4�C) results in the accumulation of glucose and fructose. To
suppress SPP expression in transgenic potato tubers a CaMV 35S promoter-
driven hairpin RNAi construct has been synthesized having part of the
coding region of the tobacco NtSPP2 gene (Chen et al., 2008). Suc6P
accumulates in RNAi-silenced sucrose phosphatase (SPP) potato tubers
after cold storage at 4�C, according to the researchers. They discovered that
in SPP-silenced tubers, cold-induced expression of vacuolar invertase (VI)
was prevented, resulting in a lower sucrose-to-hexose conversion. VI
expression was found to be adversely linked with Suc6P levels. RNAi
technology was used for silencing the expression of specific -gliadins,
reporting a 55e80% reduction in -gliadins in the bread wheat cultivar
“Bobwhite” lines (BW208) and a 33e43% reduction in the “Bobwhite”
lines (BW 2003) (Gil-Humanes et al., 2008). Furthermore (Gil-Humanes
et al., 2012), found that RNAi-mediated downregulation of gamma-
gliadins in wheat lines resulted in a compensatory impact in the remain-
ing gluten proteins, with no statistically significant changes in overall gliadin
content but an increase in glutenin content. As a result, the total protein
content of most transgenic lines was modestly raised.

5.5 Allergen and toxin elimination

Food allergy is an overactive immune reaction in our bodies caused by
allergens found in foods like peanuts, apples, mangoes, etc. As a result,
allergen levels in our meals must be reduced or eliminated. Not only that
but there is a need to design plants that are devoid of hazardous chemicals,
as natural toxins can be found in a wide range of plants that are regularly
eaten as food. These hazardous compounds can be dangerous to human
health if consumed in large amounts or if they are not handled properly,
resulting in food poisoning. The removal of allergens and toxic compounds
can be accomplished through RNA interference, which can alter allergen
production by altering its metabolic pathway, thereby improving food
quality and reducing the risk of food allergy and toxicity. Mal d1, a
prominent apple allergen that belongs to the PR10 group of pathogenesis-
related proteins, was inhibited using RNAi (Gilissen et al. 2005) used
RNAi-based gene silencing to successfully decrease Mal d1 expression. In

202 Plant Small RNA in Food Crops



crude peanut extract, a 25% drop in Arah2 content was observed by
employing RNAi which leads to down-regulation of its expression using its
hpRNA construct. (Dodo et al., 2008). Ara h2 is an allergenic protein
found in peanuts, out of a total of seven allergenic proteins (Jørgensen et al.,
2005). used RNAi to inhibit the biosynthesis of linamarin and lotaustralin
by suppressing the cytochrome P450 enzyme, resulting in transgenic cassava
(Manihot esculenta) plants with less than 1% cyanogenic glucosides in leaves
and 92% reduction in cyanogenic glucosides in tubers. Grass peas are
consumed by people in India, Bangladesh, and Ethiopia (Lathyrus sativus).
The neurotoxic beta-N-oxalyl-ami-noalanine-L-alanine (BOAA) found in
grass peas and chickling peas can cause lathyrism, a paralytic condition
(Spencer et al., 1986). BOAA provides immunity to plants in stress con-
ditions and by using RNAi technology level of BOAA is reduced to a
suitable concentration can make the crop safe to eat (Angaji et al., 2010).
Cotton seeds contain a higher amount of dietary protein, but their
poisonous terpenoid component, gossypol, makes them unfit for human
ingestion. Cotton stocks with decreased levels of delta-cadinene synthase, a
major enzyme in the gossypol biosynthesis pathway, have been created
using RNAi without influencing the enzyme’s production in other sections
of the plant, where gossypol is vital in avoiding pest damage. Transgenic
cotton seeds had a 99% lower gossypol level than wild cotton seeds. It has
been studied that silencing of delta-cadinene synthase gene by using RNAi
knockdown technology cotton plants has been developed that generated
cottonseed with ultra-low gossypol levels (ULGCS) (Sunilkumar et al.,
2006). They also discovered that the ULGCS phenotype induced by RNAi
exhibited multi-generational stability (Rathore et al., 2012).

5.6 Phenotype change and altered architecture

Flowers and ornamental plants have been enhanced since antiquity by
adjusting numerous qualities of size, shape, color, appearance, as well as plant
architecture. Changes in the architecture of crop plants, such as Dwarf Rice,
may also result in increased crop output. As a result, there is a need to improve
plant and flower phenotype. Plant architecture is responsible for different
patterns of plant growth such as plant height and canopy, leaf size and number,
branches, number of flowers, fruit size and shape, root size, and structure. The
plant architecture can be modified by using RNAi techniques. It helps in the
enhancementof the yield of ornamental, fruit, and cropplants (Dai et al., 2018).
The Arabidopsis flowering locus T (FT) and terminal flower I (TFL1) genes, as
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well as orthologs from other species, are well known for balancing and
distributing indeterminate and determinate growth.These genes can be altered
to improve plant/flowermorphology or increase agricultural output (McGarry
& Ayre, 2012). The use of RNAi in plants to change their morphology as
needed has shown its potential (such as height, inflorescence, branching, and
size). The cauliflower mosaic virus 35S promoter has been used for over-
expression of the unique maize miRNA gene dubbed Corngrass1 (Cg1),
which belongs to the miR156 family. When compared to wild-type stem
lignin, transgenics had significantly larger axillary meristem expansion, shorter
internode length, and up to a 30%drop in stem lignin concentration (Rubinelli
et al., 2013). McGarry and Ayre (2012) recently revealed that the HSPp:FT1/
FT2-RNAi lines produced inflorescences as well, implying that FT1 signaling
is adequate for reproductive onset.VariousmiRNAshave been discovered that
are involved in the development and ripening of tomato fruits (Molesini et al.,
2012).miR156 is a smallRNA that silenced the gene involved in fruit ripening
called colorless never ripe. The color of transgenic tomato plants over-
expressing sly-miR156 was slightly lighter than wild-type controls, but they
could eventually ripen (Zhang et al., 2011). Further, it has been observed that
the miR156 overexpression in tomato leads to smaller fruit size, increased leaf
numbers, and reduced height and size of leaf implying that reduction in
miR156 expression helps in increased yield of the crop (Zhang et al., 2011).
Transgenic studies are needed to confirm this. Recent researches show that
miR172 regulates fruit ripening and negatively regulates ethylene generation.
AP2a is also favorably regulated by CNR, and play important role in fruit
development and ripening (Karlova et al., 2013).

6. Conclusion and future prospective

With continued population growth and consumption, global food demand
is expected to rise. The challenge for agriculture will be rising as agricultural
output is sustainably in the future time. By using genetic engineering and
metabolic engineering novel techniques high yielding crops will be
designed, so that the world can produce more food and assure that it is used
more efficiently. According to a WHO report, 2020 malnutrition is a major
problem all over the world especially in developing countries and acc to
WHO reports India is among countries that miss world nutrition targets set
for the year 2025 (WHO, 2020). Chronic food deficits have an effect on
approximately 811 million population worldwide as well as 20 % of the
population in developing countries. It is necessary to develop high-quality
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biofortified food crop varieties, fruits, and vegetables by enriching them
with nutritionally vital components such as essential minerals, antioxidants,
vitamins, fatty acids, and amino acids to assure a healthy diet for a healthy
world. Biotic and abiotic stress tolerance is one of the most significant
agronomical qualities that agricultural plants should have. The improved or
engineered varieties are helpful against food insecurities that arise around
the world. RNAi technology plays a major role in crop development to
address food security, hunger, and famine issues. Small non-coding RNA
research, on the other hand, is opening the way for agricultural advance-
ment and, as a result, enhancing the overall people’s lives. Many unique
crops have been produced by using sRNA and microRNA technology
including highly biofortified nutrient-rich crops. The genetically modified
Arctic apples are on the verge of becoming approved in the United States.
The apples were created by gene silencing inhibition of the PPO (poly-
phenol oxidase) gene, which resulted in apple cultivars that do not brown
when sliced. By silencing PPO receptors using RNAi mechanism chloro-
genic acid will not be able to convert into a quinone product. Using
different advanced molecular biotechnological approaches the function of
miRNA can be manipulated for better crop improvement and yield
resistance. The ability of biomolecules like glucose, lignin, and fat to create
bioactive compounds. Metabolic engineering can also be used to make it
easier to synthesize and mass-produce commercially valuable plant products
like medicines, pigments, perfumes, volatile oils, and flavors. sRNA can be
used in a novel way to reduce enzyme activity, which will alter biochemical
reactions and lead to the synthesis of desired chemicals rather than un-
wanted/toxic molecules. RNAi can reduce photorespiration and thereby
increase C3 plant output. Reduction of the flowering period, delayed
ripening and senescence, breaking dormancy, production of stress resistance
plants, overcoming self-sterility, and other traits could be induced with this
knockdown approach. Artificial restriction enzymes have recently been
developed that may successfully able to alterations in genes. These are viable
alternatives to gene silencing and have a promising future. Zinc finger
nucleases (ZFNs), transcription activator-like effector nucleases (TALENs),
and LAGLIDADG homing endonucleases (LHEs), sometimes known as
“meganucleases,” are three types of nucleases that help in crop develop-
ment along with desired characters or traits. ZFNs and TALENs allow
programmed subtle genetic changes by causing breaks in the double strands
of DNA (Curtin et al., 2018). TALEs (programmable DNA binding
domain) and FokI (cleavage domain) have been fused to create TALENs
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and further by using this stress resistance novel varieties with improved
characters and traits can be developed by applying gene editing in the
double-stranded DNA (Yasumoto et al., 2020).
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ENDOPHYTIC-BACTERIA OF HALOPHYTIC GRASSES: A MUTUALISTIC 

ECOLOGICAL ASSOCIATION OF PLANT AND MICROBES 
 

Kajal Chauhan, Bindu Battan and Sulekha Chahal 

Department of Biotechnology, Kurukshetra University, Kurukshetra-136119, Haryana, India 
 

ABSTRACT 

Soil salinity is a significant abiotic factor that limits the growth of glycophyte agricultural 
plants. Therefore, a low-cost, reliable, environmentally friendly and sustainable approach for 

dealing with salt affected soils is required. It is well known that halotolerant endophytes 

related to halophytes have a substantial impact on plant growth and salinity stress resistance. 
Therefore, the current study was carried out with the objective of isolating halotolerant 

endophytic bacteria from halophytic grasses. These isolates may then help in enhancing the 

yield of important cereal crops of the grass family, such as rice, wheat, barley, and oats in 

saline soil based agricultural practises. A total of 56 pure bacterial isolates were obtained for 
the current investigation from various explants of three halophytic grasses namely Sporobolus 

marginatus, Urochondra setulosa and Leptochloa fusca. Comparing the number of isolates, 

Sporobolus marginatus appears to be richer than Leptochloa fusca and Urochondra setulosa. It 
appears that root and node explants are more preferred explants. Analysis of morphological 

characteristics including form, colour, motility test, gram staining and endospore staining were 

used to characterise the isolates. The biochemical tests were carried out to determine the 

various exoenzyme activities of the isolated bacterial endophytes as per the Bergey's manual of 
systematic bacteriology. These tests included catalase, gelatinase, amylase, methyl red (MP), 

voges-proskauer (VP), citrate utilisation, and H2S production. 

Keywords: Halophytes, Endophytic bacteria, Salinity, Sustainable agriculture 
 

INTRODUCTION 

Different parts of the world's agricultural production are severely constrained by salinity. Saline 

soils develop in parched and semi-arid regions where precipitation is insufficient to satisfy the 
plants' water needs and remove mineral salts from the soil. Although soluble salts can frequently 

be found in small amounts in almost all arable lands, certain geogenic   and anthropogenic 

factors have a significant impact on the salinity issue, which can lead to a partial or complete 
loss of soil productivity (Sharma and Singh, 2015). 

Around the world, 900 million hectares (M ha) of land are affected by salt to varying degrees,  

which accounts for about 20% of all agricultural land (Sharma and Singh, 2015). The Amu- 

Darya River Basins of Central Asia's, the Indo-Gangetic Basin of India, the Indus Basin of 

Pakistan, the Yellow River Basin of China, the Euphrates Basin of Syria and Iraq, the Murray- 

Darling Basin of Australia, and the San Joaquin Valley of the United States are some well- 
known places where salinization has received extensive press (Qadir et al., 2014). 

According to Sharma and Singh (2015) and the FAO (2007), 6.73 M hectares of land in India 

are already damaged by salinity or sodicity, and this number is expected to rise (Verma et al., 

2023; Sheoran et al., 2023). Rajasthan, coastal Gujarat, the southern-western districts of 
Haryana, and the Indo-Gangetic plains make up the majority of the impacted regions. In 

Haryana, farmers of Rohtak, Jhajjar, Sirsa, Jind, Bhiwani, Sonepat, Fatehabad, Karnal, and 

Mewat districts refer themselves as the "poor cousins" of those in other districts where the 

quality of the soil and water is better because salinity is directly related to their economic 
vulnerability. 

The twin threats of water logging and salinity have grown to frightening proportions in recent 

decades, especially in irrigated places, in addition to the negative effects that increased salt 
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levels have had on settled agriculture. Water intake is hindered by high salinity, which lowers 
the growth medium's osmotic and water potential. This can interfere with natural soil physic- 

chemistry and uptake pathways, which in turn can influence how well nutrients are absorbed 

(Morton et al., 2019; Kumar et al., 2021, 2022). 

The presence of too much salt in the soil and water results in a number of morphological and 
physiological problems in plants, which ultimately inhibit plant growth. Such negative impacts 

include osmotic stress, which reduces water intake, and ionic imbalances, which degrade cell 

function, depending on parameters including agro-climatic conditions, plant species, crop 
growth stage, and salinity magnitude (Sharma and Singh, 2015; Singh et al., 2010). 

These restrictions render saline-sodic lands either unsuitable or just partially appropriate for the 

majority of cultivable crops, suggesting the need to increase crop salt tolerance or devise 

bioremediation approaches for utilising salt-affected soils. The salt-affected soils remain barren 
in the absence of suitable salt-tolerant cultivars or the availability of sustainable bio-remedial 

treatment, with serious ramifications for the generation of biomass energy and national food 

security. 

Halophytes are plants that can thrive and reproduce naturally in settings with salt concentrations 

higher than 200 mM of NaCl (20 dS/m). About 1% of the world's flora is made up of these 

species. Under conditions of similar salt concentrations, halophytes produce more biomass and 
yields economically than non-halophytes. Halophytes can therefore be used as model systems to 

research various mechanisms. 

Furthermore, a staggering variety of microorganisms inhabit all plants, including halophytes. 
These microbial species that are found in plants make up the plant microbiome, which can have 

cell densities much higher than the number of plant cells. These accompanying bacteria have a 

significant impact on plant growth and adaptation, especially under stressful circumstances. 

Numerous studies have shown that the plant microbiome can have a significant impact on many 
different aspects of plant growth and development, including seed germination, seedling vigour, 

nutrition, disease, and productivity. When regarded in this light, plants can be thought of as 

super-organisms that partially rely on their microbiome for some traits and functions. The 
halophyte microbiome must be adapted to the salinity of the soil in order to support plant 

growth when there are high levels of salt and dramatic pH fluctuations. 

A plant's endophytes are endosymbiont microorganisms that dwell inside the plant for at least a 
portion of the plant's life cycle without obviously causing disease. Endophytes are widespread 

and have been seen in nearly all plant species that have been researched to date. There have 

been reports of significant differences in the numbers of both native and foreign endophytes. 

These variances are explained by the kind of tissue, age, and habitat of the plant. 

Endophytes often have more advantageous impacts than many rhizobacteria and are less likely 

to experience a drastic change in the soil environment due to the insulation provided by plants. 

Endophytes establish a mutualistic relationship with the host plant and promote plant health and 
productivity by acting as biocontrol and biofertilizers (Reinhold-Hurek & Hurek, 2011). 

Endophytic microorganisms have the potential to serve as biofertilizers since they have the 

ability to provide plant growth regulators such auxins, cytokinins, and gibberellins. In addition,  
endophytes help with nitrogen fixation, phosphate solubilisation and the suppression of stress- 

related ethylene synthesis in vegetation by producing 1-aminocyclopropane-1-carboxylate 

deaminase (Rodrguez-Llorente et al., 2019; Rosenblueth and Romero, 2006; Hardoim et al., 

2008). Furthermore, endophytes engage in biocontrol activities by generating pathogen- 
antagonizing substances (such as hydrogen cyanide (HCN), siderophores, antibiotics, and 

insecticidal compounds) or competing with pathogenic organisms for colonisation and nutrients 
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(Rosenblueth and Romero, 2006). These activities protect flora against pathogens by inducing 
plant defence mechanisms. 

Halophytes can adapt to harsh environments with the aid of endophytic bacteria. In order to 

increase their growth and tolerance to saltwater environments, halophytes develop symbiotic 
interactions with a variety of endophytic bacteria. According to Molina-Montenegro et al. 

(2018), plants of lettuce and tomato that had been endophyte-inoculated fared better in terms of 

survival and yield under salt stress conditions. This is likely because they were more efficient at 

using water and maximising photosynthesis. In other words, endophytic bacteria of halophytes 
have the ability to restore salt-polluted soils, enhance plant growth, and hence increase 

production in a sustainable way. 

The negative effects of chemical-based agriculture are already being felt around the world in the 
form of air, water, and land pollution, which in turn leads to cancer, allergies, and a host of 

other ailments. Punjab and Haryana in India are two of the best instances of the destruction that 

is occurring under the guise of the "green revolution." Crops have lost over 75% of their genetic 
variety as a result of ongoing usage of high yielding, genetically uniform cultivars (Buchanan- 

Wollaston et al., 2017). Thus, a farming system that aims to raise crops in a way that keeps the 

soil alive and in good health, strives for sustainability and biological diversity while banning 

synthetic pesticides, antibiotics, synthetic fertilisers, and growth hormones is necessary today. 
Therefore, screening of endophytes from halophytes for salt tolerance and growth-promoting 

potential is an environmentally friendly and pollution-free way to use salinized lands and 

increase production in a sustainable way. 

These facts led to the proposal of the current study, which aimed to isolate, screen, and 

characterise endophytes from three halophytic grasses, namely Sporobolus marginatus, 

Urochondra setulosa, and Leptochloa fusca, in order to assess their potential salt tolerance and 
bio-fertilizing activity on alkaline/saline soil. 

MATERIAL AND METHODS 

Collection of Plant Material 
The study was conducted on the three grass halophytes, namely Sporobolus marginatus, 

Urochondra setulosa and Leptochloa fusca.Sporobolus marginatus and Urochondra setulosa 

grass halophytes seeds and root slips were obtained from the very saline and sodic Kachchh 

plains of Bhuj, Gujarat, India, while Leptochloa fusca (Karnal grass) was obtained from the 
severely sodic region of Uttar Pradesh, India. Since seed germination was very poor, these 

grasses were grown from root cuttings in the screen house during the month of April in pots 

filled with sandy loam soil. After establishing themselves in pots, grasses were moved to micro- 
plots in June and given three replications of three distinct salinity treatments, ECe: 30, 40, and 

50 dS m1. The treatments with the highest salinity (Fig. 1), ECe: 50 dS m1, were chosen 

further for sample explants extraction. The screen house was covered with high-quality sheeting 

to prevent precipitation from entering the microplots, allowing us to maintain the optimum 
salinity level. In order to isolate and characterise bacterial endophytes, the leaves, roots, and 

nodes of the three grasses were collected in the months of August and September 2021 and 

maintained in saline (ECe: 50 dS m1) conditions. The samples were then transported in a sealed 
plastic bag to the laboratory at the department of biotechnology at Kurukshetra University in 

Kurukshetra. 
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Fig. 1: Halophytic grasses maintainedundersalineconditions(ECe~50dSm-1) in microplots 

Isolation of Endophytic Bacteria 

The explants (root, node, and leaf) of all three grass species, Sporobolus marginatus, 
Urochondra setulosa, and Leptochloa fusca, established in saline conditions (ECe: 50 dS m-1), 

were thoroughly rinsed under running water for at least 20 minutes to remove adhering soil and 

dirt particles, followed by washing with a mild detergent (Tween-20), and finally by double 

distilled water before processing. The explants were then surface-sterilized to remove surface 
microbes in a laminar air flow cabinet by soaking in 70% ethanol for 60 seconds, followed by 

sodium hypochlorite (1% of 4% available chlorine) solution for 90 seconds. This procedure was 

done in order to isolate endophytic bacteria. By culturing aliquots of water from the final rinse 
onto nutrient media and incubating them at 37° C for 24-48 hours, the validity of the surface 

sterilisation technique was verified. On the control plate, there was no growth seen (Fig. 2-a). 

Small pieces (0.5-1.0 cm) of node, stem, and leaf were placed on nutrient agar medium (Hi- 

Media laboratories Pvt. Ltd) supplemented with an antifungal agent after the surface sterilised 
plant material had been properly dried. Since nutrient agar is a simple medium and does not 

contain any ingredients that are known to inhibit the growth of endophytic bacteria, it was 

chosen for the isolation. Amphotericin B, an antifungal drug, was added to the media at a 
dosage of 10 mg/ml to inhibit fungal growth. Parafilm tape was used to seal the plates, which 

were then incubated for 24-48 hours at 37°C. To obtain pure isolates, physically distinct 

colonies were chosen and streaked repeatedly once the incubation time was complete. Later, for 
future use, all of the pure cultures were sub-cultured in nutrient agar slants and kept at 4°C. The 

Hi-medium laboratories Pvt. Ltd. was used to purchase all of the chemicals, reagents, and 

medium. During the protocol, water that had been autoclaved and twice distilled was used. 

Fig. 2: (a) Control plate (b) Bacterial growth from margins of leaf tissue (c) Bacterial growth 
from margins of node tissue (d) Bacterial growth from margins of root tissue. 
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Identification and characterization of endophytic bacteria via morphological and 

biochemical analysis 

By analysing morphological characteristics such shape, colour, motility test, gram staining, 

endospore staining, and biochemical testing, identification was accomplished. According to 
Bergey's manual of Systematic Bacteriology (Sneath et al., 1986), biochemical tests such as the 

catalase, gelatinase, amylase, methyl red (MP), voges-proskauer (VP), citrate utilisation, and 

H2S production tests were carried out to characterise the various exoenzyme activities of the 

isolated bacterial endophytes (Table 2). 

RESULTS 
In the current study, surface sterilised explants (root, node, and leaf) of three halophytic grasses, 

Sporobolus marginatus, Urochondra setulosa, and Leptochloa fusca, were used to obtain a total 

of 56 pure bacterial isolates. These grasses were maintained under saline conditions (ECe: 50 dS 
m1) in microplot facilities. The total eradication of epiphytic microorganisms from sample 

explants was made possible by the efficacy of the surface sterilisation process, which was a 

critical step in disinfecting explants. Our analysis found that this step was satisfactory because 

there was no development on the control plate. The control plate in Fig. 2 (a) illustrates the 
validation of the surface-sterilization process as the plate exhibits no growth following the 

culture of aliquots of water from the final rinse from the surface-sterilization process and 

subsequent incubation at 37 °C for 24-48 hours. Following a 24- to 48-hour incubation period at 
37°C, the (b), (c), and (d) images show the growth of various endophytic bacteria from the 

margins of leaves, nodes, and roots, respectively. 

A total of 56 isolates were screened, and 24 were found to be S.marginatus, 15 to be U.setulosa, 

and 17 to be L. fusca. Three halophytic grass explants from various sources were used to create 

the number of isolates shown in Table 1. Root explants of S. marginatus (KC1) were used to 
obtain the greatest number of isolates. 

Table 1: Distribution of endophytes isolated from different explants of three halophytic grasses 

Identification was carried out using various methods, including gram staining, endspore 

staining, and culture appearance. A total of 56 isolates were examined, and only 17 were gram 

positive, whereas 39 were gram negative. According to Bergey's manual of systematic 
bacteriology, the biochemical tests carried out to characterise the different exoenzyme activities 

of the isolated bacterial endophytes were the following: gelatinase, amylase, catalase, motility, 

methyl red (MP), voges-proskauer(VP), citrate utilisation, and H2S production tests. The 

findings of the morphological, biochemical, and exoenzyme assays conducted on isolated 
endophytes from all three halophytic grasses are shown in Table 2. Sporobolus marginatus, 

Urochondra setulosa, and Leptochloa fusca are the species designated by KC1, KC2, and KC3, 

respectively. 
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Table2: Biochemical characteristics of isolated endophytes from S. marginatus (KC1), U. 

setulosa (KC2) and L.fusca (KC3). 
Culture 

s 

KC I 

Gram’ 
s 

stainin 
g 

Cultural 
appearance 

after 
staining 

Endo- 
spore 

staini-ng 

Amyl 
ase 
Test 

Catala 
se 

Test 

Gelati 
nase 
Test 

Moti 
lity 
Test 

Methy 
l Red 
Test 

Voges 
– 

Proska 
uer 
Test 

Citrate 
Utilisa 

tion 
Test 

H2S 
Producti 

-on 

KC1-a - Rod shape - - + + + - - + - 

KC1-b - Rod shape - + + - + - - + - 

KC1-c - Rod shape - + + + + - - + - 

KC1-d + Rod shape + + + + + + - + - 

KC1-e - Rod shape - - + + + - - + + 

KC1-f - Rod shape - + + + + - - + - 

KC1-g - Rod shape - - + + + - - - - 

KC1-i - Rod shape - - + - + - + + - 

KC1-j - Rod shape - - + + + - - + + 

KC1-k - Rod shape - + + + + - - + - 

KC1-1- 
1L 

+ Rod shape + + + + + + - + - 

KC1-1- 
3N 

- Rod shape - + + + - + - - - 

KC1-1- 
5N 

+ Rod shape + + + + - + - + - 

KC1-1- 
6N 

- Rod shape - + + - + - + + - 

KC1-1- 
7R 

- Rod shape - - + + + - - + - 

KC1-1- 
8R 

+ Rod shape + + + + + + - - - 

KC1-1- 
10R 

- Rod shape - - + - + - - + - 

KC1-1- 
12R 

- Rod shape - + + + + - + + - 

KC1-1- 
13R 

- Rod shape - + + - - - + + - 

KC1-1- 
14R 

- Rod shape - - + - + - - + - 

KC1-1- 
16R 

+ Rod shape + - + - + + - + - 

KC1-1- 
17R 

- Rod shape - - + + + - - + - 

KC1-1- 
19R 

- Rod shape - - + - + - + + - 

KC1-1- 
20R 

- Rod shape - + + - + - - + - 

KC2-a - Rod shape - - + + + + - + - 

KC2-b - Rod shape - + + - + + - + - 

KC2-d - Rod shape - - + - + - + + - 

KC2-f - Rod shape - - + - + + - - - 

KC2-g - Rod shape - - + + + - - + + 

KC2-h - Rod shape - + + + + - - + - 

KC2-i - Rod shape - - + - + - + + - 

KC2-2- 
1L 

+ Rod shape + - + + + + - + - 

KC2-2- 
2L 

+ Rod shape + + + + + + + + - 

KC2-2- 
3N 

- Rod shape - + + + + - - + - 

KC2-2- 
4N 

+ Rod shape + + + + + + - + - 
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KC2-2- 
6R 

- Rod shape - + + + + - - + - 

KC2-2- 
N6R 

- Rod shape - - + + + - - + + 

KC2-2- 
8R 

+ Rod shape + - + + + + + + - 

KC2-2- 
10R 

- Rod shape - - + + + - - + - 

KC3-a - Rod shape - - + - + + - - - 

KC3-b - Rod shape - + + - + - - + - 

KC3-c + Rod shape - + + - - + - + - 

KC3-d - Rod shape - - + - + + + - - 

KC3-e - Rod shape - - + + + - + + - 

KC3-f + Rod shape + + + + + + - + - 

KC3-g + Rod shape + + + + + - - + - 

KC3-h - Rod shape - + + + + - - + - 

KC3-i + Rod shape + + + + + - - - - 

KC3-j + Rod shape + + + + - + - + - 

KC3-k + Rod shape + + + + + - - + - 

KC3-l - Rod shape - - + - + - + + - 

KC3-3- 
1N 

+ Rod shape + + + + + + - + + 

KC3-3- 
2N 

- Rod shape - - + + + - + + - 

KC3-3- 
4N 

- Rod shape + + + + + - - + - 

KC3-3- 
5R 

- Rod shape + + + + + + + + + 

KC3-3- 
6L 

+ Rod shape + + + + + + - + - 

DISCUSSION 

One of the major factors reducing crop yields globally is soil salinity. Saline soils make it more 

difficult for plants to acquire the amount of water they require. This is because varying ions 

(salt) concentrations in the plant roots promote a natural flow of water into the roots of the 
plants from the soil. If the soil is sufficiently salinized, no matter how much water is provided, 

the plant will wilt and die. The soil becomes dense and impermeable as a result, allowing little 

room for air, water from irrigation or rainfall, and oxygen for plant growth. As a result, just a 
small amount of irrigation or rainfall may reach the soil. The high pH of high-salt soils also has 

a substantial impact on how readily available nutrients are to plants. When their ionic forms are 

altered by these high pH levels, many plant nutrients become unavailable to plants. Plants 
known as halophytes are able to complete their life cycles in conditions that are extremely salty 

(NaCl). Many halophytic grasses and non-grasses have the innate genetic ability to survive and 

continue growing at salt concentrations even greater than sea water. This ability is based on 

their genetic make-up, physiological traits, and molecular properties (Lata et al., 2019a, b & 
2022). For those who live in salt-affected areas, using halophytes to reduce salinity can be a 

good source of food. 

Plants and microbes collaborate in a way that benefits both groups. According to several studies 

(Khan et al., 2013, Karthik et al., 2016, Puri et al., 2016), plant-microbe symbiosis also affects 

plant health and growth, which effectively change agricultural attributes and enhance soil 
quality and nutrient cycling. Most frequently, it is discovered that a variety of microorganisms 

interact with plants to obtain nutrients for their continuing life. These interactions may be 

neutral, detrimental (parasitism), or advantageous (mutualism or symbiosis) to the host (Shen et 
al., 2006; Thrall et al., 2007). 
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Endophytes are microbes that reside within the tissues of plants without causing significant 
harm or obtaining compensation other than securing their residency. The diverse population of 

endophytic microorganisms that live on plants, including helpful bacteria, fungus and 

actinomycetes is a gift from nature. They live inside the plant for the majority or all of their life 
cycle, causing no outward signs of illness (Hallmann et al., 1997). Due to their capacity to 

improve plant quality and growth, the organisation of such beneficial plant-coupled 

microorganisms is continuously attracting interest in the scientific community and from the 

perspective of industries (Carroll, 1992; Schulz et al., 1999). ACC-deaminase activity, 
phosphate solubilisation, nitrogen fixation, indole-3-acetic acid (IAA), abscisic acid (ABA), 

siderophores, and volatiles production are a few examples of how endophytic bacteria isolated 

from halophytes growing in salty soils may help plants. They may also alter plant hormone 
status and nutrient uptake and/or modulate the production of reactive oxygen species (ROS). 

In comparison to the non-inoculated treatment, the plants' morphological traits and antioxidant 

capacities increased after being injected with PGPEs (plant growth promoting endophytes),  

while their Na+ contents decreased in all treatments (Afridi et al., 2019). The gladiolus 
(flowering plant) treated with strains CSR-G-1, CSR-B-2, and CSR-B-3 considerably produced 

marketable spikes and increased the amount of florets per spike in addition to displaying 

stronger superoxide dismutase, phenylalanine lyase, catalase, peroxidase, phenols, and proline 
activity than control. 

Since the benefits provided by endophytes acquire a competitive advantage over (PGPR) plant 

growth promoting rhizobia, endophytes have attracted the attention of sustainable agriculture as 

an alternative to rhizospheric bacteria (Etesami et al., 2014). In contrast to endophytes, the 
survival and colonizing ability of PGPR are highly dependent upon their intrinsic physiological 

characteristics as well as the biotic and abiotic components of soil. The endophytes are 

substantially protected from the abiotic and biotic stress conditions in the soil because they are 
in close contact with their hosts (Rajkumar et al., 2009). 

The variety of endophytes identified in poplar trees growing at a toluene-contaminated 

phytoremediation field site are described by Moore et al. (2006). Germaine et al. (2004) showed 

that various endophytic strains with the potential to improve phyto-remediation of volatile 
organics and herbicides were present in the diverse bacterial communities observed in poplar 

trees. For this reason, a number of bacterial species have developed a range of strategies to 

lessen the stress caused by heavy metals (Van Houdt et al., 2009). These mechanisms include 

genes responsible for resistance to salt. Geographical locations, soil types, and seasons 
significantly affect the distribution patterns of endophytic bacterial communities (Singh et al., 

2022; Duhan et al., 2020; Priti et al., 2020). According to several studies (Gao et al., 2005; 

Forchetti et al., 2010; Priti and Rani, 2021) seasonal variations do affect the kind and growth of 
endophytes isolated from medicinal plants. 

Thus, after reviewing the literature, it was determined that endophytes are essential for plants' 

health and sustainability. Microbial endophytes may exhibit similar, distinct, or different 
features to those of their host plant. Therefore, under saline/alkaline soil conditions, microbial 

endophytes of halophytes must have the ability to promote growth and salt tolerance capability 

of salt sensitive crops. Additionally, they can be used to produce enzymes like amylase, 
proteases, cellulose, and lipases that are stable at high salt concentrations and can thus be used 

in a variety of industrial applications. These enzymes can also be used to bioremediate polluted 

land and water that has been contaminated with heavy metals/ions. Only a few reports, though, 

have been published on the isolation and testing of bacterial endophytes from the halophytes 
Sporobolus marginatus, Urochondra setulosa, and Leptochloa fusca for salt tolerance and 

biofertilizing properties in alkaline/saline soils. 
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Therefore, in the current study, the sample grass halophytes Sporobolus marginatus and 
Urochondra setulosa were acquired from extremely saline regions in Uttar Pradesh, India, and 

Leptochloa fusca (Karnal grass) was established in microplots under saline conditions (ECe: 50 

dS m1) in the microplots at Department of Biotechnology, Kurukshetra University, 
Kurukshetra. Explants from the three grasses, including leaves, roots, and nodes, were gathered 

in the months of August and September 2021 and kept in saline conditions in order to isolate 

and screen halotolerant bacterial endophytes from these halophytic grasses. All three grass 

halophytes were used to screen a total of 56 pure bacterial isolates. 

Further investigation reveals that, in terms of the quantity of isolates, root and node explants 

appear to be preferred over leaf. According to earlier research, the endophytes' localisation can 
either be at the point of entry or it can be across the entire plant. They might be found inside of 

cells, the xylem and phloem vascular system, and intercellular spaces (Rosenblueth and 

Martnez-Romero, 2006; Ryan et al., 2008). According to Furnkranz et al. (2012), distinct 

endophytes may be found in plant sections such as the root, stem, and leaf. Endophytes discover 
new strategies to forge this relationship while interacting with the host plant (Goyal et al., 

2017). The root, stem, and leaf are the most and least favoured explants for endophytic 

localisation, respectively (Priti and Rani, 2020; Priti et al., 2020). By enhancing the plant's water 
connection and mineral intake, root-associated bacteria may aid glycophytic plants in growing 

in saline soil and increasing productivity (Hallmann et al., 1997). 

CONCLUSION 
Endophytes establish a mutualistic relationship with the host plant and crucial for wellbeing of 

plants and also for their sustainability. Microbial endophytes may display same/ alter or unique 

characteristics as exhibited by their host plant. Hence, microbial endophytes of halophytes must 
have the potential to promote growth and salt tolerance capability of salt sensitive crops under 

saline/alkaline soil conditions. They may be used further for bioremediation of polluted land and 

water contaminated with heavy metals/ions and also for production of enzymes such as amylase, 

proteases, cellulose and lipases which remain stable at high salt concentrations and as result can 
be exploited for wide industrial applications. 
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 Soni, S., Kumar, A., Sehrawat, N., Kumar, N., Kaur, G., Kumar, A., & Mann, A. (2021). 
Variability of durum wheat genotypes in terms of physio-biochemical traits against salinity 
stress. Cereal Research Communications, 49, pp.45-54.
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3.4.6 Number of books and  chapters in edited volumes published per teacher during the  years 2022-23 

3.4.6.1: Total number of books and chapters in edited volumes / books published, and papers in national/international conference-proceedings  

during the  year 2022-23 

Sl. 

No. 

Name 

of the 

teacher 

Title of the 

book/chapters  

published 

Title of the 

paper 

Title of the 

proceedings 

of the 

conference 

Name of 

the 

conference 

National / 

International 

Year of 

publication 

ISBN/ISSN 

number of 

the 

proceeding 

Affiliating 

Institute at 

the time of 

publication  

Name of 

the 

publisher 

1 Dr. 

Sushil 

Sharma 

Contemporary 

Issues in 

Innovation, 

Entrepreneurship 

and Business 

Management 

Exploring the 

Evoluation of 

Social Media 

Marketing: A 

Bibliometric 

Analysis 

 _ _ National  2023 978-

9391798-34-

5 

Kurukshetra 

University 

Academic 

Publication 

2 Dr. 

Saloni 

Pawan 

Diwan 

Banking, 

Insurance, and 

Financial 

Services: 

Digitalization 

and Covid led 

Trends 

Changing 

landscape of 

Insurance 

distribution in 

the era of 

digitalization 

and covid-19 

Panemic: An 

empirical 

study of India 

_ _ National 2023 978-81-

19079-07-0 

Kurukshetra 

University 

Bharti 

Publication 



3 Dr. 

Ajay 

Solkhe 

Floregium-

Management 

theory, Research 

and Practices 

Managing 

Diversity and 

Inclusion 

(D&I) in 

Different 

Nations: 

Issues and 

Challenges 

_ _ National 2023 9.78936E+12 Kurukshetra 

University 

Arihant 

Books Pvt. 

Ltd. 

4 Dr. 

Ajay 

Solkhe 

Skill 

Development in 

India: 

Challenges and 

Way Forward 

A Periscopic 

view of skill 

stock in India: 

Challenges 

and Way 

Forward 

_ _ National 2022 9.78939E+12 Kurukshetra 

University 

Synergy 

Books 

India Pvt. 

Ltd. 

5 Dr. 

Ajay 

Solkhe 

Contemporary 

Issues in 

Banking, 

Insurance, and 

Financial 

Services 

An 

Assesment of 

Emerging 

Landscape of 

Skill 

Development 

in India 

Contemporary 

Issues in 

Banking, 

Insurance, 

and Financial 

Services 

_ _ National 2022 9.7882E+12 Kurukshetra 

University 

ABC 

Printers 



6 Dr. 

Ramesh 

Chander 

Dalal 

Floregium-

Management 

theory, Research 

and Practices 

Herd Bias and 

Investment 

Decision 

Making: A 

Bibliometric  

Analysis 

_ _ National 2023 9.78936E+12 Kurukshetra 

University 

Arihant 

Books Pvt. 

Ltd. 

7 Dr. 

Ramesh 

Chander 

Dalal 

Advance 

Research in 

Technology, 

Management, 

Social Science, 

Sustainable 

Development & 

Humanities 

Investor 

Sentiments 

and Stock 

Market 

Anomalies: A 

study 

_ _ National 2023 978-93-

93646-03-3 

Kurukshetra 

University 

Alankar 

Publishing 

House 
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For point 3.4.7 
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Name of Teacher Topic/Field of Research Journal/Book  
 

Dr. Sushila 

Devi Chauhan 
Human Rights with Special Reference to Juvenile 

Justice in India 

Book Edited on Human Rights in India Issues 

and Perspective, 2023 (Ist Ed.), P. 1-13 

Pooja, Asst. 
Professor, Dept. 
of Law, K.U.K 

‘Wife’s Right To Maintenance Under 
Protection Of The Women From Domestic 
Violence Act, 2005 

 
 
 

 

Contemporary Indian Laws: Issues And 
Challenges (Edited by- Dr. Archana 
Vashishth, Anuranjan Sharma, Dr. Sakshi) 
KAAV Publication 

Pooja, Asst. 
Professor, Dept. 
of Law, K.U.K 

‘Human Rights For Disable Persons 
 

Human Rights in India: Issues and 
perspectives’ (Edited by Prof.(Dr.) Sushila 
Devi Chauchan and Dr. Promila) 
 



Name of  

Teacher 

Name of Conference  

/Seminar 

Place and Date Topic of Lecture  

 

Dr.Preety Jain Workshop for Law 

Students 

 

Kurukshetra ,10.2.2022 

 

Gender Discrimination and Constitution of India 

 Training on Women 

Empowerment in 

agriculture and allied 

Sector 

EEI,Nilokhedi,5.3.2022 

 

Role of Law in Women Empowerment: Issues and Challenges 

 

Awareness Talk 

 

UIET,Kurukshetra,29.9.2022 

 

 

Women at Workplace (Prevention,Prohibition and Redressal) Act 

Student Induction 

Programme-2022 

UIET,Kurukshetra,19.10.2022 Human Values 

3 Day ICAR-HRD 

Training on 

Emotional and Social 

Intelligence at 

Workplace 

IIB&WR,Karnal,15.12.2022 

 

Legal wellbeing in Social Sphere 

Workshop on Gender 

Sensitization 

RGSIPR&CD,Nilokhedi,23.12

.2022 

 

Legal Provisions for empowering Women 

Prof. Sushila 

Devi Chauhan 

Human Rights: 

Contemporary & 

emerging Issues 

Sri Sukhmani College of Law, 

Derabassi, Mohali, Punjab on 

12th August 2022. 

Alternate Sentencing: A Step Towards Human Right Aspect of 

Restorative and Reformative Justice 



India @75: Past, 

Present and Future. 

Bharati Vidyapeeth’s New 

Law College, Sangli, Pune on 

30/06/2022. 

Role of Indian Judiciary on Human Rights of Women. 

 

Workshop on 

Awareness against 

Drug Abuse 

“Parayas Sanstha” ITI 

Kurukshetra, on 07th March, 

2022 

Drug Abuse and Its Consequences. 

Lecture on Intellectual 

Property Rights 

DAV College for Girls, 

Yamuna Nagar on 31st March 

2022. 

Intellectual Property Rights 

Lecture on Women 

Empowerment 

Arya P.G. College, Panipat, on 

09th June 2022 

Women Empowerment 

Gender Based 

Victimization – Theory 

and Practice 

Saraswati Institute of Law – 

Palwal on 30th September 

2022 

Lecture on Gender Based Victimization – Theory and Practice 

 World Peace Harmony: 

Insights from Shrimad 

Bhagwadagita 

Kurukshetra University, 

Kurukshetra. on 30th 

November 2022 

Paper Presentation on Sentencing in light of Shrimad-Bhagwat-Geeta: 

A Transformation 

Dr. Promila Human Rights: 

Contemporary & 

emerging Issues 

Sri Sukhmani College of Law, 

Derabassi, Mohali, Punjab on 

12th August 2022. 

Paper Presentation on Human Rights and Health 

Protection of Women 

and Children Rights: 

Issues and Challenges  

Law Mantra, ILI New Delhi, 

MNLU-Nagpur, MNLU-

Aurangabad, SRM University 

Sonipat and VIT-AP 

University on 23rd July 2022. 

Paper Presentation on Emerging Relevance of International Law on 

Elimination of Violence against Women with Special Reference to 

Impact of Covid-19 Pandemic 

 

World Peace Harmony: 

Insights from Shrimad 

Kurukshetra University, 

Kurukshetra. on 30th 

Paper Presentation on Bhagavad Gita and Conscience Building: An 

Indispensable tool for a Lawful and Just Society. 



Bhagwadagita November 2022 

Dr. Priyanka 

Chaudhary 

World Peace Harmony: 

Insights from Shrimad 

Bhagwadagita 

Kurukshetra University, 

Kurukshetra on 30th 

November 2022 

The Ethical Philosophy of Bhagavada Gita with reference to the Right 

to Privacy 

Dr. Aarushi 

Mittal 

World Peace Harmony: 

Insights from Shrimad 

Bhagwadagita 

Kurukshetra University, 

Kurukshetra on 30th 

November 2022 

Paper Presentation on Bhagwad Gita and International Humanitarian 

Law: An Analogy 

Prof.Amit Ludri  Expert speaker  Shooloni University Solan 17
th
 

April 2023  

Fundamental rights and directive principles  

Prof.Amit Ludri Guest lecture  Mahrishi Markandeshwar 

university Mullana Ambala 20 Sep 

2023 

Different Dimensions of civil Rights   

Prof.Amit Ludri Human Rights Centric 

approach (prospects and 

challenges)  faculty of 

law  

HP University shimla  30 sep 

2023  

Human rights and its value  

Prof. Preety 

Jain  

Student Induction 

Program 

UIET, Kurukshetra University, 

Kurukshetra  

18-09-2023 

Prevention of Sexual Harassment of Women at Workplace  

Prof. Preety 

Jain 

One Day Workshop on 

Gender Sensitization   

RGSPRCD, Nilokheri  

18-12-2023 

Legal Provisions for Empowering Women  

Prof. Preety Interactive Session on IICWBR, Karnal  Status of Women in Post-Independence India  



Jain Status of Women  07-06-2023 

Prof. Preety 

Jain 

One Day Seminar on 

Changing Role of 

Women in Indian Society  

CSKM, Fatehpur, Pundri, Kaithal  

22-09-2023 

Gender Justice in India  

Prof. Preety 

Jain 

Two Week Training 

Programme on Research 

Methodology in Social 

Sciences for the 

Research Scholars/ 

Faculty Members  

ICSSR, Panjab University 

09-12-2023 

Social Issues in Research in Social Sciences  

Prof. Preety 

Jain 

Two Week Refresher 

Course for Competence 

Building 

Kurukshetra University,  

Kurukshetra  

05-06-2023 

Sexual Harassment of Women at Workplace   

Prof. Preety 

Jain 

ICC One Day Workshop  Kurukshetra University,  

Kurukshetra  

10-02-2023 

Gender Sensitization through Education  

Prof. Preety 

Jain 

One Day National 

Seminar on the 

Independence of 

Judiciary vis-a-vis Justice 

Delivery System in India 

IILS, Ghanahatti Shimla 

03-11-2023 

Independence of Judiciary Introspection and Prospective Vision  

Prof. Preety 

Jain 

Lecture Series on Rights 

of Women  

Meerut College, Meerut  

05-10-2023 

Gender Justice and Indian Constitution  



Dr. 

Sushila 

Devi 

Chauhan 

Organized by 

Department of 

Political Science 

DAV College, Pehowa, 28.2.2023 as 

Resource Person 

Right to Information Act, 2002 As a Tool of Good Governance 

Dr. 

Sushila 

Devi 

Chauhan 

Online Conference Department of Law, MDU, 

Rohtak, Technical Session Chair 

on 2.3.2023 

Changing Dimensions of Law and Society in Amrit Call 

Dr. 

Sushila 

Devi 

Chauhan 

Model Sanskriti 

School, 

Kurukshetra. 

Department of Law, KUK, 

3.4.2023 

One day awareness campaign on Gender Sensitisation 

Dr. 
Sushila 
Devi 
Chauhan 

Global Sumit on          SDG 
Goals (Online) 

Swami Devi Dyal Law College, 
11.7.2023 14.7.2023, Keynote 
Speaker 

Inclusive Development 

Dr. Sushila 

Devi 

Chauhan 

Radio Station, 

Kurukshetra 

Hello Kurukshetra, Akashwani, 
Kurukshetra, FM 101.4 
Megahat, 21.7.2023, Morning 10 
AM 

                  और              

Dr. 
Sushila 

Devi 
Chauhan 

Effective Climate 
Actions for 
Sustainable Future 
(Virtual Mode) 
organized by 
Saraswati Law College, 

10.8.2023-12.8.2023 Resource 

Person in Three Days International 

Conference 

Sustainable Development &  Environment Protection 



Faridabad. 

Dr. 

Sushila 

Devi 

Chauhan 

Two days Training of 

Trainers (TOT) 

Programme on Women 

Friendly Panchayat 

HIRD, Nilokheri 1.8.2023 Women Empowerment Key- Acts and Constitutional Provisions 

Dr. 

Sushila 

Devi 

Chauhan 

Bridging Boundaries for a 

Better World: Exploring 

Inclusive of people with 

Disability through 

Interdisciplinary 

Approach 

23.9.2023 

Organized by Centre for Disability 
Studies, MDU, Rohtak 

Person with Disability in India:  Need for Implementation of Right of Dignity as 

Human Rights 

Dr. 

Sushila 

Devi 

Chauhan 

Directorate of 

Prosecution 

Department, 

Haryana, 

Panchkula 

23.10.2023, Panchkula Proposed Amendments in New Criminal Law Bills 

Dr. Sushila Devi 

Chauhan 

Institute of Law, 

Kurukshetra University, 

Kurukshetra, One Week 

Faculty Development 

Programme 

20.10.2023, Online Human Rights and Criminal Justice System of India: A Critical Study 

Dr. 

Sushila 

Devi 

Chauhan 

Economics Department 

One Week Short Term 

Course 

10.12.2023, Online Gender Justice in India: Constitutional Prospective 



Dr. 

Sushila 

Devi 

Chauhan 

Institute of 

Management, KUK, 

Faculty Induction, 

1.12.2023 to 20.12.2023 

13.11.2023, Online Gender Sensitization  in India: Problems and Perspectives 

Dr. 

Sushila 

Devi 

Chauhan 

Internal Complaint 

Committee, 

Kurukshetra 

14.12.2023, Girls Hostel Complex, 

KUK 

Sexual harassment of Women at workplace Act, 2023 

Dr.C.R.Jilova National Seminar on 

Gender Equality and 

Women's Rights in India, 

Women Cell, Ch.Ishwer Singh 

Mahavidyala,Pundri on dated 

24.7.2023 

Law Relating to Maintenance to Women in India 

Dr. C.R.Jilova Workshop on New 

Education Policy 

University Sr.Sec.Model School 

as Resource Person on dated 

12.8.2023 

New Education Policy and Legal Literacy. 

Dr.C.R.Jilova National Seminar on 

Human Rights centric 

approach(Prospects and 

Challenges  

Department of law, H.P. 

University, Shimla on 30.09.2023 

Human Rights 

Dr.C.R.Jilova Refresher Course on 

Human Rights 

 Institute of law and MMTTC, 

K.U.Kurukshetra,dated.21.10.202

3 

Human Rights in the background of current Socio-Legal Milieu in India 

Dr.C.R.Jilova Refresher Course on 

Research Methodology in 

Social Sciences 

Department of Economics and 

MMTTC, K.U. Kurukshetra, dated 

30.11.2023 

Ragging in India: Understanding, consequences   and Remedies  



Dr.Mahabir 

Singh 

National Seminar on 

Human Rights centric 

approach(Prospects and 

Challenges)   

Department of law, H.P. 

University, Shimla on 30.09.2023

  

Role of NHRC in protection of Human Rights 

Dr.Mahabir 

Singh 

Refresher Course on 

Human Rights  

 

Institute of law and MMTTC, 

K.U.Kurukshetra,dated.21.10.202

3 

Human Rights 

Dr.Mahabir 

Singh 

Refresher Course on 

Social Sciences 

Institute of Management and 

MMTTC, 

K.U.Kurukshetra,dated.21.12.202

3 

Uniform Civil Code 

Dr. Dipti 

Choudhary 

Resource Person for One- 

day National Webinar on 

‘Gender Equality and 

Women's Right in India’ 

Women Cell, Ch. Ishwar Singh Kanya 

Mahavidyalaya , Fatehpur, Pundri on 

27 th April 2023 

“ Women's Rights and Relevance of Consent in Marital Relations” 

Dr. Dipti 

Choudhary 

Resource Person for One -

day State -level Student 

Seminar on ‘Expected 

Economic and Political 

Outcomes of G-20 Summit 

2023’ 

Organised by Arya Kanya 

Mahavidyaliya, Shahabad Markanda 

on 27th September, 2023 

“Expected Economic and Political Outcomes of G-20 Summit 2023” 

Dr. Dipti 

Choudhary 

Presented Paper in the 

International Gita Seminar 

on ‘Vasudhaiva 

Organised by Department of Social 

Work , K.U.K on 18th December 

2023. 

“Ingrained Values of Vasudhaiva Kutumbkam in Indian legal System” 



Kutumbakam: Srimad 

Bhagavad Gita and Global 

Unity’ 

Dr. Dipti 

Choudhary 

Presented Paper in ICSSR 

Sponsored International 

Seminar 

Organised by Centre for B.R 

Ambedkar studies K.U.K on 22nd 

September 2023 

“Significance of Dr B.R Ambedkar’s view on Constitutional Morality in Contemporary 

Bhart” 

Dr. Promila Sustainable 

Environment: Society, 

Governance and Law 

Rayat College of Law, S.B.S 

Nagar, Punjab 

22
nd

  Feb. 2023 

 

Role of Law and Governance in Technology and Innovation for Sustainable 

Development 

Dr. Promila Right to Information Act- 

2005- As a tool of Good 

Governance 

D.A.V. College, Pehowa  

28
th
  Feb. 2023 

RTI and Consumer Rights 

Dr. Promila Changing Dimensions of 

Law and Society in Amrit 

Kaal 

M.D.U Rohtak 

2
nd

 March, 2023 

Role of National Human Right Commission in Amrit Kaal- A Critical Analysis 

Dr. Promila Bridging Boundaries for a 

Better World: Exploring 

Inclusion of People with 

Disability through 

Interdisciplinary 

Approach 

 

M.D.U Rohtak 

23
rd

 September,2023 

Transforming Challenges of Acid-Attack Victims into Triumphs 



Dr. Promila Vasudhaiva Kutumakam: 

Srimad Bhagavad Gita 

and Global Unity 

K.U.Kurukshetra 

17
th
 -19

th
 December,2023 

Aiding Nations in Times of Distress: The Spirit of Vasudhaiva Kutumbakam 

Dr. Promila Gender Sensitization University Sr. Sec. School, K.U.K 

3
rd

 April,2023 

Gender Sensitization 

Dr. Promila Gender Sensitization Govt. Sr. Sec. School. Vill. Bilahi, 

Kurukshetra 

4
th
 August,2023 

Gender Sensitization 

Dr. Aarushi 

Mittal 

One Day National 

Seminar on Sustainable 

Environment: Society, 

Governance and Law 

Organized by Rayat College of 

Law, SBS Nagar, Punjab on 22nd 

February, 2023 

Crimes Against Environment vis a vis Role of International Criminal Law 

 

Dr. Aarushi 

Mittal 

 

 

National Conference on 

Constitutional Law of 

India: Emerging Issues 

and Challenges 

Organized by Siddhartha Law 

College, Dehradun on 15th-16th 

April 2023 

Secularism in the Indian Context: An Analysis 

Dr. Priyanka 

Chaudhary 

National Conference 

Organized by Siddhartha 

Law College 

Dehradun15th-16th April 2023 A Comparative analysis of Euthanasia with reference to Article 21 of Indian 

Constitution 

Dr. Priyanka 

Chaudhary 

International Conference 

on „Law and the 

March 31
st
 and April 1

st
, 2023 Standard Of Uniform Civil Code in India Vis – a – Vis The Indian Personal 

Laws: A Critical Analysis 



Contemporary Trends‟, 

organized by Sharda 

School of Law, Sharda 

University and Adelaide 

Law School, University of 

Adelaide, Australia 

Pooja, Asst. 

Professor, Dept. 

of Law, K.U.K 

2 days International 

Conference  

Bhagat Phool Singh Mahila 

Vishwavidyalaya  March 24-

25,2023 

Paper presented “Pedagogical Innovation:NEP 2020” 

Pooja, Asst. 

Professor, Dept. 

of Law, K.U.K 

Gender Sensitisation   

 

University Model School 

,Kurukshetra,  April 3,2023  

 

Gender Sensitisation 

 

Pooja, Asst. 

Professor, Dept. 

of Law, K.U.K 

Legal Awareness 

Camp on Gender 

Senstisation 

 

 

Government Sr. Sec. School, 

Balahi,Kurukshetra, August 

4,2023 

 

Gender Sensitisation 

 

Pooja, Asst. 

Professor, Dept. 

of Law, K.U.K 

National E-Seminar 

on „Contemprory 

Indian Laws:Issues 

and challenges 

 

School of Legal Studies at 

Apeejay stya University, 

Gurugram, May 20,2023 

 

Paper presented on “Wife right to maintenance under  Protection of Women 

from Domestic Violence Act,2005 

 

Pooja, Asst. 

Professor, Dept. 

National seminar on 

“Independence of 

IILS Ghanahatti, Haridevi Shimla, Paper presented on the topic of „Judicial Activism‟ 



of Law, K.U.K Judiciary vis-à-vis 

Justice Delivery 

System in 

India”(Introspection 

and Prospective 

vision) 

 

Nov. 3,2023 

 

 

 

Pooja, Asst. 

Professor, Dept. 

of Law, K.U.K 

8th International 

Geeta Seminar,2023 

 

 

K.U.K, Dec18,2023 Paper presented „Srimadbhagvada Gita : A Cornerstone In Global Unity‟ 

 



Therapeutic Platform of Bioactive Lipids: Focus on Cancer. Manjari Singh, PhD (Ed.)

© 2023 Apple Academic Press, Inc. Co-published with CRC Press (Taylor & Francis)

Metabolism of Lipids in Malignant Solid 
Tumors Hypoxia and Drug Targets

LAKHVEER SINGH,1 SAKSHI BAJAJ,2 MANJARI SINGH,3  

GAURAV KAITHWAS,4 and MANJUSHA CHOUDHARY5

1  

DIT University, Dehradun, India

2

3Department of Pharmaceutical Sciences, Assam University, Silchar, 

Assam, India

4Department of Pharmaceutical Sciences, Babasaheb Bhimrao Ambedkar 

5University Institute of Pharmaceutical Sciences, Kurukshetra University 

CHAPTER 8

ABSTRACT

The abrupt metabolism of glucose is a well-known hallmark of malignancy in 

hypoxic cancer cells, whereas little is known about lipid metabolism. Recent 

work has documented the role of lipid in the pathogenesis of cancer cells. As 

lipid are the important building blocks of cells like plasma membrane, hence 

needed in much more amounts in rapidly dividing cancer cells. Lipids are also 

utilized in energy production for emergencies like starvation, hence stored as 

triglycerides in the adipose tissue. Lipids also serve as important signaling 

molecules like steroidal hormones (testosterone, estrogen, progesterone). In 

normal cells, de novo fatty acid biosynthesis and dietary fats are the only 

sources of fatty acid in which occurs at a normal pace. Extra glucose as if 
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