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Endophytes are a kind of microorganism resource with great potential medicinal value.
Abiotic stresses are very essential influence on plant growth and development. Aim of
research is to isolate endophytic bacteria from three weed plants FEichhornia crassipes
(aquatic weed), Wedelia urticifolia (terrestrial weed) and Lantana camara (terrestrial
weed). Twenty three endophytic bacteria were isolated from roots of these plants. These
microbes were evaluated for their tolerance to abiotic stresses such as various salt stress
concentration and pH stress. Among the all isolates, three were the most tolerant to pH
stress up to 8. For the salt stress, isolates six were the most tolerant to salt stress up to
6.5%.Moreover these all isolates were also assessed for their secondary metabolite
(qualitative and quantitative), such as alkaloids, flavonoids, phenols, Saponins, tannins and
steroids. The highest alkaloid, flavonoids, phenols and tannins were produced by strains
LCR7 (29.78+0.56 pg/ml), LCR8 (88.54+0.73 pg/ml), LCR7 (89.42+0.31 pg/ml), LCR7
(83.76+0.42 pg/ml) respectively. These isolates were positive for Saponins assay. The
results of this study prove that these two strains; LCR7 and LCR8are rich in reservoirs of
secondary metabolites and also be utilized as a good candidate in abiotic stress tolerance. In
future it can be explored for maximum utilization in alternative medicine.

Introduction

Plant growth is greatly hampered by abiotic stresses. To
tolerate it, a plant needs a proficient system or
mechanism. Abiotic stress is a rising challenge in crop
production worldwide. The most common abiotic
stressors include temperature, drought, salinity, and
nutrient deficiency. These stresses may cause alterations
in metabolomics and transcriptomics, which change the
exudates from the roots and leaves and, in turn, influence
the microbial community associated with plants (Li ef al.,

2022; Verma et al, 2022). Salinity and pH stress are
global issue that affects agricultural productivity. The
regions affected by these are gradually expanding owing
to insufficient precipitation, poor irrigation systems, salt
deposition, water pollution, and other environmental
factors.

Although the development of abiotic stress tolerant crops
has been an important scientific aim, there has not been
much progress in this direction because not many of the
key genetic traits that affect salt tolerance have been
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identified. = Introducing  abiotic  stress  tolerant
microorganisms that promote plant growth is a potential
alternative to increase crop tolerance to salinity and pH
stress (Akula and Ravishankar, 2011).

In the soil ecosystem, plant-associated microbes play a
central role, working as natural partners that facilitate
local and systemic mechanisms in plants to defend
against adverse environmental conditions.

Usually, several microbes are found to acquire nutrients
from various plants, where some interactions are
beneficial and some are harmful to the host (Li ef al,
2023). Endophytes are microorganisms that inhabit
plants. Endophytes are known to promote the growth of
host plants in several ways, including defence against
pathogens, nutrient solubilization and production of plant
growth-promoting hormones (Li et al., 2023; Miliute et
al., 2011).

Wild plant can be exists in various ecosystem as they
have characteristics like adaptation, high tolerance to
biotic and abiotic stresses as well as more sustainable and
resilient to climatic changes (Yuan et al, 2010; Van
Raamsdonk and Van der Maesen, 1996). Because these
plants grow in extreme condition, we hypothesized that
the endophytes inhabiting in this plant makes the
enormous plant growth in such conditions. The present
investigation was planned to explore the potential of
three selected weed plants namely FEichhornia crassipes
(aquatic weed), Wedelia urticifolia (terrestrial weed) and
Lantana camara (terrestrial weed) in a way that can have
positive attributes outweigh the negative ones.

Plant secondary metabolites are often referred to as
compounds that have no fundamental role in the
maintenance of life processes in the plants, but they are
important for the plant to interact with its environment
for adaptation and defence. Secondary metabolites are
the products formed by interactions with the environment
during plant growth and development.

Secondary metabolites mainly include alkaloids,
flavonoids, terpenoids, peptides, phenols, sterols, and
additional minor molecular organic compounds (Rhodes,
1994; Dixon and Dickinson, 2024). As essential
substances used by plants for self-protection to cope with
their environment, Secondary metabolites have various
physiological functions, such as regulating plant growth
and biological defence, and they are also involved in the
plant response abiotic stresses, such as drought, low

temperature, salinity, and metals. In recent years,
research on plant secondary metabolites has developed
rapidly, especially in of the fields of human health and
agricultural production.

Hence in the present research we hypothesize the co
relationship between more secondary metabolite
productions and abiotic stress tolerance by bacterial
endophyte (Zotchev, 2024).

Materials and Methods
Collection of sample plant

Three different weed plants have been gathered from
various parts of Surat, Gujarat. Their geographic location
and area are provided in the table below. The healthy
plant used in the current study was collected in a bag and
kept at Bhagwan Mahavir College of Science and
Technology, which is located in Surat, Gujarat. The plant
parts were taken into a laboratory and meticulously
washed under tap water to any unwanted adhering
particles and dirt.

Isolation of endophytes

Healthy roots and nodules samples were surface
sterilized by sequential immersion in 0.25% HgCI2 for 1
minute, 95% ethanol for 30 seconds followed by 5-6
times washing with sterile distilled water. Macerated
samples were used for isolation of endophytic bacteria on
nutrient agar (NA) plates. Colonies were selected on the
basis of variation in morphology, purified and maintained
on NA slants and preserved at 4°C for further
investigations (Hung and Annapurna, 2004).

Primary screening of endophytes under pH and
salt stress condition

pH and salt stress

NB broth media was prepared and adjusted its pH values
(at 5, 6,7, 8,9) with 1 M HCl or 1 M NaOH solution.
Similarly NB broth media was prepared (adjusted to pH
6) with different NaCl concentrations (0.5%, 2%, 3.5%,
5%, 6.5%, and 8%). The broth was poured into culture
tubes and sterilized in an autoclave. After that, all
bacterial strains were inoculated to each tube with the
help of an inoculating needle and incubated at 28°C +
2°C (Khan et al., 2020).
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Secondary metabolism extraction of endophytic
bacteria

Endophytic bacteria, grown earlier in Erlenmeyer
containing sterile liquid medium with composition:
(0.1% soluble starch, 0.5% peptone and 0.15% yeast
extract with pH of 7), were incubated in room
temperature for 5 days with agitation of 120 rpm. This
culture was inserted in a sterile tube and then centrifuged
at 10,000 rpm for 10 min to separate the pellets and
supernatant.

The supernatant was given methanol of 1:1. This mixture
was shaken for 15 min to form three layers. The upper
layer was taken and evaporated to obtain the secondary
metabolism of endophytic bacteria which was then used
for testing various secondary metabolite productions
(Ramadhan et al., 2018).

Estimation of total alkaloids

A 0.5 ml of bacterial extract, 5 ml of phosphate buffer
(pH 4.7) and 5 ml of bromo cresol green were added in a
reparatory funnel and it was shaken vigorously with 5 ml
of chloroform. The chloroform layer at bottom was
carefully removed and its absorbance was measured at
470nm in the presence of blank without adding the plant
extract. The alkaloid concentration was determined as
atropine equivalents (mg of AE/g of extract) with
reference to the standard curve of atropine (Sunkar et al.,
2018).

Estimation of total flavonoids

A 0.5ml of bacterial extract was mixed with 2ml of
distilled water, 0.15ml of NaNO2, 0.15ml of AICI3 and
2ml of NaOH taken. After 15 minutes, the absorbance
was recorded at 510 nm. Total flavonoid content in
extracts was mentioned as quercetin acid equivalents (mg
of QE/g of extract) (Sunkar et al., 2018).

Estimation of total phenols

A 0.5ml of bacterial extract, Sml of 10% Folin-ciocalteu
reagent and 4ml of 1M Na2CO3 were placed into a 50ml
volumetric flask. The final volume was adjusted with
distilled water. A 0.5 ml of mixture was withdrawn at the
end of 30 minutes and its absorbance was measured at
760 nm using a blank solution without adding the extract.
Finally, the phenol concentration was determined by
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using the standard curve, and then the total phenolic
contents were stated as Gallic acid equivalents (mg of
GAE/g of extract) (Sunkar et al., 2018).

Test for Saponins

1 ml aliquots the various endophytic extracts were
combined with 5 ml water which is at 60°C, then, shaken
for 2 min, as Saponins are known to possess frothing
activity, the volume of froth produced in this experiment
was observed and recorded every 10 min for a period of
30 min (Sunkar et al., 2018).

Determination of Total Tannin

Tannin content was determined by the procedure of Van
Burden and Robinson (1981) with slight modification.
0.5 ml of the sample was taken into a 100 ml flask. 50 ml
of distilled water was added and shaken for 1 hour in a
mechanical shaker. This was filtered into a 50 ml
volumetric flask and made up to the mark. Then 5 ml of
the filtered was pipette out into a test tube and mixed
with 2 ml of 0.1 M FeCl3 in 0.1 N HCI and 0.008 M
potassium ferrocyanide. The absorbance was measured at
120 nm within 10 min. The results obtained are plotted
against standard curve, and then the total tannic acid
contents were stated as Tannic acid equivalents (mg of
TAE/g of extract) (Van Burden and Robinson, 1969).

Test for steroids

1 ml of the respective endophytic extract was treated
with three drops of acetic anhydride and one drop of
concentrated sulphuric acid. A colour change from deep
green, turning to brown indicated the presence of sterols
(Sunkar et al., 2018).

Statistical Analysis

All the experiments were performed in triplicates and the
results were expressed as Mean + S.D.

Results and Discussion

Endophytes can effectively regulate the stress tolerance
of hosts to abiotic stresses. Studies have shown that the
diversity of endophytic communities or changes in
metabolism have a significant impact on host adaptability
to the environment. Some endophytes activate membrane
receptor molecular mechanisms and signalling pathways,
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such as G-protein-coupled receptors (GPCRs), receptor-
like kinases (RLKs), ion channels, and histidine kinases,
when the host is exposed to salinity, temperature,
drought, and heavy metal toxicity (Narayanan and Glick,
2022; Firdkova et al., 2007). Through the above series of
signalling pathways, endophytes can regulate host
permeability to reduce or even offset the effects of stress
and can finally achieve the purpose of repairing damage
caused by abiotic stresses (Firakova et al., 2007).

The production of active substances in endophytes seems
to be inseparable from the role of endophytes. Recent
studies have shown that when endophytes promote the
production of host secondary metabolites, their hosts do
not simply increase substances but the endophytes trigger
a series of biochemical processes in their hosts, such as
host growth and stress resistance regulation. There are
two main ways for endophytes to promote the host. One
way is that endophytes generate the same signal pathway
as their hosts by during gene mutation or information
exchange and then produce secondary metabolites similar
to their hosts. For example, endophytes isolated from
marigold can produce the same hydrolytic enzymes and
IAA as their host and also produces Salicylic Acid (SA),
Jasmonic Acid (JA), Abscisic Acid (ABA), Endothelin
(ET), and Gibberellins (GA) (Shurigin er al., 2021).
Another way is that endophytes cooperate with their
hosts to complete a process of the same signal pathway,
which may produce key enzymes in the pathway, or
change a reaction direction in the process of host
metabolism to make their hosts produce specific
metabolites (Naik et al, 2019; Venugopalan and
Srivastava, 2015 and Mishra et al., 2021).

Isolation of endophytes

A total of twenty three endophytes were isolated from
roots of FEichhornia crassipes, Wedelia urticifolia and
Lantana camara plants. The isolates obtained were from
sample plants from ecologically very diverse habitats. A
total of twenty two bacterial isolates were picked up on
the basis of their colony characteristics.

Primary screening of endophytes under pH and
salt stress condition

pH and salt stress

Bacterial isolates were exposed to various levels of salt
(0.5%, 2%, 3.5%, 5%, 6.5%, and 8%) and also exposed
to various levels of pH (at 5, 6, 7, 8, and 9). In case with

0.5%, 2%, 3.5% salt concentration, all the isolates were
able to survive (Survival rate 100%); while with 5% salt
concentration eight isolates were able to survive
(Survival rate 34.78%), with 6.5% salt concentration six
isolates were able to survive (Survival rate 26.09%) and
with 8% salt concentration none of the isolates were able
to survive (Survival rate 0%).

In case with pH 5, 6 and 7 all the isolates were able to
survive; with pH 8 three isolates were able to survive
(Survival rate 13.04%); and with pH 9 none of the
isolates were able to survive (Table3).

Secondary metabolism extraction

All extractions were carried out using methanol
extractions. It has proven that organic solvents such as
ethanol and methanol or a mixture of organic solvents
with water would give the best yield of secondary
metabolite compounds. Secondary metabolites are known
to have pharmacological activity, one of which is
antidiabetic. Plants with alkaloids are known to have
antidiabetic activity through several mechanisms, namely
carbohydrates-hydrolyzing enzymes inhibitors: o-
Glucosidase inhibitors and a-Amylase inhibitors, protein
tyrosine phosphatase 1B inhibitors, dipeptidyl peptidase-
4 inhibitors, 5'-adenosine monophosphate-activated
protein kinase (AMPK) activators, GLUT4 (glucose
transporter type 4) translocation activator, insulin
secretion stimulators, and pancreatic B-cells regenerators
(Gao et al., 2018).

Estimation of alkaloids

Measurement of total alkaloids content was carried out
using atropine equivalents with atropine standard curve
(Figure 1). Total sixteen isolates showed the presence of
alkaloids. Among them four isolates (ECR1, ECR3,
ECR4, and ECRYS) from plant Eichhornia crassipes, four
isolates (WUR2, WUR3, WURS5, and WURG6) from the
plant Wedelia urticifolia, and eight isolates (LCR3,
LCR4, LCR6, LCR7, LCR9, LCRI10, LCRI1, and
LCR12) from the plant Lantana camara showed alkaloid
production. The highest alkaloid production (86.43+0.38
pg/ml) was of isolate LCR7 from plant Lantana camara,
whereas least amount of alkaloid production (29.78+0.56
pug/ml) was of isolate ECRS from plant Eichhornia
crassipes. In the case of alkaloids, they are present in
plants as salts of organic and inorganic acids together
with other water soluble compounds such as proteins,
minerals etc. Therefore, it is more preferable to use
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water, alcohol mixtures and organic compounds such as
amyl acetate to extract alkaloids (Sunkar et al, 2018).
Moreover, it has been also mentioned that most alkaloids
in plants are soluble in methanol or ethanol (Yu et al,
2010). The details about the endophytes of wild and
weed plants which produces alkaloids have not being
subjected to any previous similar study which are
investigated by conducting a quantitative screening.

Estimation of Flavonoids

Measurement of total flavonoids content was carried out
using quercetin equivalents with quercetin standard curve
(Figure 2). Total eighteen isolates showed the presence
of flavonoids. Among them all five isolates (ECRI,
ECR2, ECR3, ECR4, and ECRS5) from plant Eichhornia
crassipes, four isolates (WUR3, WUR4, WURS, and
WURG6) from the plant Wedelia urticifolia, and nine
isolates (LCR1, LCR4, LCRS, LCR7, LCRS8, LCR9,
LCR10, LCR11, and LCR12) from the plant Lantana
camara showed flavonoids production. The highest
flavonoids production (88.54+0.73 pg/ml) was of isolate
LCRS from plant Lantana camara, whereas least amount
of flavonoids production (33.25+£0.55 pg/ml) was of
isolate ECRS from plant Eichhornia crassipes.

Many literatures of similar studies have demonstrated the
use of amyl acetate as an extracting solvent/ medium (Yu
et al, 2010). Similarly, due to the fact that flavonoids
and tannins are also coming under the phenolic group,
methanol as well as amyl acetate was proven as the
suitable solvent (Yu et al., 2010; Passari et al., 2017).

To determine total flavonoid content, Aluminium
chloride spectrophotometric method was used. It is a
simple, precise and a widely used method. Aluminium
chloride undergoes a complex reaction with flavonoids.
For that NaNO, should be present in alkaline medium.

At first, the aromatic ring having a catechol group
(unsaturated six carbon ring with two hydroxyl groups
attached to adjacent carbons) in its third or fourth
position unsubstituted or not sterically blocked,
undergoes nitration. AICI3 is added afterwards (Sunkar et
al., 2018). Then, Al+3 react with hydroxyl groups of the
flavonoid. It forms the yellow coloured complex which
immediately turned to reddish colour with addition of
NaOH. The intensity of colour is proportional to the
flavonoid concentration in the extraction. Flavonoids are
responsible for the colour, aroma and flavour of plants
(Sunkar et al., 2018; Yu et al., 2010). It is recorded that
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the plants grow in tropical countries and in high altitudes
are having higher flavonoid content than the plants
growing in the temperate region. Flavonoids accumulate
in the plant leaves to protect them from UV-exposure.

More numbers of endophytes in this study gave more in
total flavonoid content. The details about the endophytes
of wild and weed plants which produces flavonoid, have
not being subjected to any previous similar study which
are investigated by conducting a quantitative screening
(Yuet al., 2010).

Estimation of Phenols

Measurement of total Phenols content was carried out
using Gallic acid equivalents with Gallic acid standard
curve (Figure 3). Total seventeen isolates showed the
presence of Phenols. Among them four isolates (ECRI,
ECR2, ECR3, and ECRS5) from plant Fichhornia
crassipes; three isolates (WURI1, WURS, and WURG6)
from the plant Wedelia urticifolia and ten isolates
(LCR1, LCR2, LCR3, LCR4, LCR6, LCR7, LCRY,
LCR10, LCRI11, and LCR12) from the plant Lantana
camara showed Phenols production. The highest Phenols
production (89.42+0.31 pg/ml) was of isolate LCR7 from
plant Lantana camara, whereas least amount of Phenols
production (21.09+0.22 pg/ml) was of isolate ECRS from
plant Eichhornia crassipes.

Folin-ciocalteu method was used to quantify the phenol
content, ever since it was introduced by Otto Folin and
Vintilaciocalteu in 1927 with little modifications. Folin-
ciocalteu reagent is a mixture of two acids;
phosphotungstic (H3PW204) and phosphomolybdic
(HsPMO12040). They efficiently react with phenols in the
plant extract and form phosphotungstic-
phosphomolybdic complex which is blue in colour. It is
quantified at 760 nm (Sunkar et al., 2018). In this method
it is very important to follow the order of chemical
addition to the extract.

It helps to ensure that the reaction takes in alkaline
medium (Na,COs is added after the addition of Folin-
ciocalteu reagent). The maximum absorption is
depending on the alkaline nature of the medium and the
phenol concentration in the extract. This reagent is
decomposable in the alkaline solution. Therefore, excess
amount of Folin-ciocalteu reagent need to be added to
allow the completion of the reaction. The reagent already
contains lithium salts to prevent the build-up of turbidity
or precipitates due to excess addition.
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Table.1 List of selected plants with their geographic location and images

S No. Plant Name Location
1. Eichhornia crassipes Lat:21.217818
Long: 72.801979

2. Wedelia urticifolia Lat: 21.137939
Long: 72.793596

3. Lantana camara Lat 21.161553
Long 72.777154

Table.2 List of all isolated endophytic strains from selected plants

Plant Name Isolated Strain Name Total Isolates
Eichhornia crassipes ECRI1, ECR2, ECR3, ECR4,ECR5 05
Wedelia urticifolia WURI1, WUR2, WUR3, WURA4, 06
WURS, WURG6
Lantana camara LCR1, LCR2, LCR3, LCR4, LCRS5, 12

LCR6, LCR7, LCRS8, LCR9, LCR10,
LCR11, LCR12
Total 23
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Table.3 List of all isolated endophytic strains response to various pH stress and salt stress

Isolate

ECR1
ECR2
ECR3
ECR4
ECRS

WURI1
WUR2
WUR3
WUR4
WURS
WURG6
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Figure.2 Standard curve of quercetin
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The total phenol content in the medicinal plant extracts
were expressed as mg Gallic acid equivalent of the
sample using the Gallic acid standard curve. Phenols are
extensively found in higher plants (Sunkar et al., 2018;
Palanichamy et al., 2018). They protect the plants from
UV radiation through their radical scavenging ability and
from herbivores by acting as enzyme inhibitors and
feeding deterrents. The details about the endophytes of
wild and weed plants which produces phenols, have not

being subjected to any previous similar study which are
investigated by conducting a quantitative screening.

Estimation of Saponins

Measurement of saponins content was carried out using
qualitative method only. Total thirteen isolates showed
the presence of saponins. Among them two isolates
(ECR1 and ECRS) from plant Eichhornia crassipes; four
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isolates (WUR2, WUR3, WURS and WURG6) from the
plant Wedelia urticifolia and seven isolates (LCR3,
LCRS5, LCR6, LCR7, LCR8, LCRY9, and LCR11) from
the plant Lantana camara showed saponins production.

Saponins from various marine plants and animals have
been reported to have hypoglycemic activity. Saponin
activity regulates blood glucose levels and prevents
diabetes complications related to its antioxidant activity
(Van Burden and Robinson, 1969). The hypoglycemic
action of saponins is through activation of glycogen
synthesis, inhibition of the activity of disaccharide,
modulate the release of insulin from the beta-cell islets,
and inhibition of the activity of a-glucosidase (Ribeiro et
al., 2021). The details about the endophytes of wild and
weed plants which produces Saponins, have not being
subjected to any previous similar study which are
investigated by conducting a quantitative screening.

Estimation of Tannins

Measurement of total Tannins content was carried out
using Tannic acid equivalents with Tannic acid standard
curve (Figure 4). Total eight isolates showed the
presence of Tannins. Among them two isolates (ECRI1
and ECRS) from plant Eichhornia crassipes; two isolates
(WURS and WURG) from the plant Wedelia urticifolia
and four isolates (LCR3, LCR4, LCR7, and LCR10)
from the plant Lantana camara showed Tannins
production. The highest Tannins production (83.76+0.42
pg/ml) was of isolate LCR7 from plant Lantana camara,
whereas least amount of Tannins production (31.09+0.21
ug/ml) was of isolate ECRS from plant Eichhornia
crassipes.

Usually, tannins are abundant in parts which are more
vulnerable for herbivores i.e., young leaves, flowers etc.
because tannins are good defensive chemicals that act as
toxins and feeding repellents for most herbivores (Van
Burden and Robinson, 1969). Tannins are largely found
in the bark (specifically, in the layer between cortex and
epidermis) protecting the plants by forming a barrier for
microorganisms. Tannin has anti-diabetic potential, as it
can lower glucose levels by delaying the absorption of
intestinal glucose (inhibits the activity of a-amylase and
a-glucosidase), effects such as insulin in insulin-sensitive
tissue, and delay the onset of insulin-dependent diabetes
mellitus by regulating the pancreatic p-cell antioxidant
environment. Very few endophytes in this study gave
less in total tannin content (Van Burden and Robinson,
1969; Yu et al., 2010). The details about the endophytes

of wild and weed plants which produces Tannins, have
not being subjected to any previous similar study which
are investigated by conducting a qualitative screening.

Estimation of Steroids

Measurement of steroids content was carried out using
qualitative method only. Total six isolates showed the
presence of steroids. Among them only one isolate
(ECRS) from plant Eichhornia crassipes; only one
isolate (WUR3) from the plant Wedelia urticifolia and
four isolates (LCR3, LCR4, LCR9Y, and LCR10) from the
plant Lantana camara showed steroids production.

Many plants play a significant role in the production of
bioactive compounds such as steroids (Van Burden and
Robinson, 1969). These compounds also have important
roles in therapeutic applications such as anti-cancer,
antioxidant, antimicrobial, anti-inflammatory, and
immunosuppressive agents. These metabolites can also
act as biofilm, toxins, virulence factor. The production of
bioactive substances by plants, has been directly
associated with the host microorganisms, which may
include genetic information from higher plants.

This allowed them to better adapt to the host plant and
perform certain functions, such as protection from
various types of pathogens (Van Burden and Robinson,
1969). Very few endophytes in this study gave positive
qualitative results for steroids production. The details
about the endophytes of wild and weed plants which
produces steroids, have not being subjected to any
previous similar study which are investigated by
conducting a qualitative screening.

Different SMs in plants have provided an outstanding
contribution to the pharmaceutical industry (Caruso et
al., 2020). It shows the possible relationship of quantified
secondary metabolites with the medicinal values of these
plants proving that these endemic and native medicinal
plants are rich reservoirs of therapeutically important
secondary metabolitess. From the present research it was
found that the production of secondary metabolites such
as alkaloids, flavonoids, phenols, Saponins, tannins and
steroids which might to be associated with host
endophytic bacteria. Moreover this study might give the
evidence that abiotic stress factors influence growth and
because of that there is a production of secondary
metabolite. This influence is well marked and noticed. In
fact, productivities depend on the changed ecosystem
also. Here the endophytes, as an essential link in the
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adaptation of plants to environmental changes,
undoubtedly play an essential role. Indeed, as endophytes
are being intensively studied, their interaction with plants
has great potential value for effectively addressing the
current shortage of plant resources. Therefore, it is
essential to explore the evolution of endophyte—plant
interactions (Ribeiro et al., 2021; Caruso et al., 2020).

To date, studies on secondary metabolism to meet the
market demands and determine the interactions between
plants and endophytes is becoming more widespread. It
was clearly seen in the results of quantitative screening,
the isolated endophytes are having noticeable production
secondary metabolites of interest.

Endophytes are ideal resources for facilitating the
formation and accumulation of secondary metabolites in
plants. The study of endophytes has opened up new areas
for research into the application of microorganisms. The
current work focuses on the using the screening by
abiotic stress that will promote the formation and
accumulation of plant secondary metabolites in host plant
as well as to improve the direct application of plant
secondary metabolites in food, agriculture, and other
areas. In addition, various plant secondary metabolites
have the potential to be indirectly exploited as bio
pesticides,  pharmaceuticals, = or  pharmaceutical
precursors, and these secondary metabolites possess a
wide range of activities, including antimicrobial,
antioxidant, and biocontrol activities. At the same time,
the interaction between endophytes and plants produces
new bioactive secondary metabolites, providing feasible
opportunities for the development of improved drugs and
more effective ways for humans to cure diseases in the
future. This result clearly shows that using endophytes
promotes the synthesis of plant secondary metabolites
and generation of new active substances. This solves the
issue with using traditional methods involving the long
growth cycle and restrictions on the active ingredients
needed to produce plant resources. In the future, in-depth
research on plant endophytes and their applications in
various fields will bring more benefits to humans and
will have broad prospects for development and
application.
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