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ABSTRACT

In the current scenario, the change in climatic conditions, excessive use of fertilizers, and lack of enough water in the soil
have led to an increase in salt concentrations. This, in turn, has a major effect on seed germination and plant growth thus
reducing plant productivity. The use of beneficial microorganisms that help enhance the stress resistance in plants can
help in overcoming this situation and improve the growth of plants. Endophytes have the ability to enhance salt tolerance
in host plants by enhancing their resistance to stress. Tomato seeds coated with endophytic bacteria were grown in
different salt concentrations, and growth parameters which indicate the process of germination were observed. A pot
study was also conducted to check the effect of different saline concentrations on the shoot length, root length, total
height and total fresh weight of the plants. Seeds coated with endophytic bacteria had more tolerance to high salt
concentrations than the control. They were able to withstand the high salinity stress and survive whereas, the seedlings
in control wilted and dies within 30 days. There was a difference in weight, shoot length, percentage germinations,
formation of lateral roots, true leaves between control and Test.

Key words: Percentage growth, Seed germination, Root length, Shoot length, Stress resistance, Endophytes

Endophytes are microbes that are present inside the plant
tissue without causing any damage to the plant [1]. The plants
and endophytes have a symbiotic relationship and
understanding this relationship can help in studying their role
as a biological control [2], in plant stress resistance [3] and
environmental remediation [4]. One of the most commonly seen
abiotic stress in plants are caused due to salinity in the soil and
it possess a serious threat to agriculture [5-6]. Due to the lack
of proper irrigation and uncontrolled fertilization, the arable
land is turning to be more saline. Not all seeds can survive
salinity in the soil and germinate to produce seedlings, thus
reducing the productivity of the crop plants [7].

An increase in the population and the reduction in the
arable land for the cultivation of crops are two main threats to
agricultural sustainability [8]. The increase in soil salinity is one
of the major problems that can lead to the reduction in arable
land which can, in turn, reduce the quality and quantity of crop
productivity [9]. Soil salinity being the major reason affecting
most of the cultivable land, it has affected almost 7% of the
earth’s area [10] and 20% of the cropland [11]. In a study
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conducted, almost 50% of the cultivated land will be affected
by salinity by the end of 2050 [12]. Salinity in the soil increases
the osmotic pressure of the plant which results in the reduction
of the absorbance of water leading to late germination and
affecting other metabolic and physiological processes [13-14],
in some cases, it can also reduce or prevent the process of
germination [15-16]. The crop plants are mostly more sensitive
to salinity stress during the germination stage [17]. Tomato is
one of the common crop plants grown all around the world.
They are sensitive to the excess saline concentration in the soil.
It has been observed that salinity can increase the time required
for germination in tomato seeds and the germination of the
seeds can be difficult when grown in soils with electric
conductivity of 8 dS m™' and above [18], salt stress can affect
root/shoot dry weight and Na*/K* ratio in root and shoot [19].

The best way to grow plants in saline conditions is to
grow breeds that are tolerant to these conditions [20]. Tolerance
to salinity is an important criterion for any plant growth.
Endophytic bacteria have the ability to survive high salt
concentrations. The endophytic-plant association in increasing
stress tolerance in plants caused due to the habitat is currently
gaining more attention. These techniques are low-cost and eco-
friendly and play an important role in protecting plants against
stress and also increasing plant productivity in saline conditions
[21].

In the present study, the effect of different salt
concentrations (NaCl, 2%,4%,6%,8%,10%) on the germination
of tomato seeds coated with endophytic bacterial isolates were
observed and their impact on the rate and percentage
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germination, shoot length, root length and an average weight of
the plant were recorded.

MATERIALS AND METHODS

Isolation of endophytes from Curcuma longa

The six endophytic isolates from Curcuma longa
showing plant growth-promoting activities were selected,
identified, and inoculated into the seeds of Solanum
lycopersicum.

Preparation of bacterial suspension

The 24-hour grown bacterial cultures were loop
inoculated and grown in Luria broth (LB) treated with
spectinomycin and incubated at 28+2°C for two days at 180 rpm
in a shaker incubator. The cells were separated from the broth
aseptically by centrifugation at 2500 rpm and the pellet was re-
suspended in phosphate buffer solution (PBS) (0.2 g/L KClI,
1.44 g/L Na2HPO4, and 0.24 g/L KH2PO4, in dH20, pH 7.4)
using a vortex, with approximately 528 colony forming units
(CFU)/ ml. This bacterial suspension(1ml) was also plated onto
nutrient agar and Tryptic soya agar (TSA) to check the
successful transmission of the colonies into the PBS solution
[22].

Inoculation of the seeds with endophytic bacteria

The seeds were surface sterilized using 70% ethanol (1
min), 5% sodium hypochlorite solution (3 min), 70% ethanol
(30 seconds) and rinsed six times with sterilized distilled water
(2 minutes each wash). The accuracy of the sterilization process
was checked by plating aliquots of the sterile distilled water
used in the final rinse onto tryptic soya agar plates
supplemented with cycloheximide (100mg/L) and incubating
the plates at 28°C for 2-15 days [23].

The surface-sterilized seeds were divided into two sets.
One set was dipped in PBS solution (Test 1) and the other in
PBS inoculated with bacterial cells (Test2) and was left for 5
hours. A control (seeds with no treatment) was also maintained
[24].

Seed germination studies

The seeds (5 per plate) were transferred to Petri plates
containing filter paper that was moistened with sterile distilled
water. Five replicates were maintained for each concentration.
The seeds were subjected to treatments of different salt (NaCl)
concentrations (2%, 4%,6%,8%, and 10%) and PBS which was
used as control. The salt solution was added daily for 20 days
and the rate of germination, radicle length, and fresh weight
were measured ones in every 5 days. The rate of germination
was observed for 20 days The seeds showing radicle protrusion
through the seed coat were considered as germinated seeds [25].

The percentage of germination was calculated as:

Percentage germination = number of seeds germinated at a
designated time period / Total number of seeds used for the
test*100

The Mean germination time (MGT), Germination Rate Index
(GRI), Germination energy (GE), Uncertainty of Germination
Process(U), and Vigour Index (V1) were also calculated as
follows:

MGT = X (Ti x Ni)/ZNi
where Ni is the number of newly germinated seeds at time Ti
[26].

GRI = G1/1+G2/2+.... +Gili

where G1 is the germination percentage on day 1, G2 is the
germination percentage at day 2; and so on [27].

GE= Total number of seeds germinated at half of the
observation time/the time period selected*100

VI= Total root length + total shoot length/Percentage
germination

Salinity stress in tomato seedlings

The salinity stress (2%, 4%, 6%, 8%, 10%) was induced
to 3-week-old tomato seedlings continuously for a week [28].
The shoot length, root length, number of leaves, and biomass
was measured every 5 days for 20 days.

Physical parameters of the soil

The physical parameters of the soil; pH and electrical
conductivity were also measured to understand the change in
pH and mineral content with respect to the introduction of
salinity stress.

Measurement of pH of the soil

Soil samples (50g) were collected from the plots treated
with different salt concentrations and 100mL of distilled water
was added. The solution was mixed vigorously using a glass rod
and was kept undisturbed for 30 minutes. The suspension was
filtered and the filtrate was used to measure the pH (Elico pH
meter) [29].

Measurement of electrical conductivity

Soil samples (50g) were mixed with 100mL of distilled
water in a conical flask. The solution was filtered using
Whatman filter paper (number 1). The filtration process was
repeated several times until a clear solution was obtained. The
filtrate was used for measuring electrical conductivity.
Conductivity was recorded in milli Siemens/ centimetre [29].

Microscopic examination

The plants were uprooted after the 20th day and thin
sections of the root samples were cut with smooth strokes using
a sharp blade [30]. The sections were incubated in safranin for
1 min, washed with distilled water, and observed under a light
microscope at a 10X objective lens [31].

RESULTS AND DISCUSSION

Isolation of endophytes from Curcuma longa

A total of 14 bacterial isolates were identified from
Curcuma longa. Out of the 14 bacterial isolates from Curcuma
longa, six endophytic bacteria that showed Plant Growth
Promoting activities were selected and were inoculated into the
selected crop plant. The six endophytes were identified using
16s rRNA sequencing and analysis and they showed similarities
to the following bacterial strains (Table 1).

Table 1 Identification of endophytic bacterial isolates by 16
s rRNA sequencing and analysis

NCS:T?Qgr Identification ANCﬁfnSE'eorn

C5 Kocuria rocea MT317205.1
C2 Bacillus subtilis MT068199.1
C1 Brevibacterium casei GQ365205.1
C8 Actinobacterium JS14 strain AY372899.1
c7 Bacillus amyloliquefaciens MT131178.1
Cl1 Bacillus velezensis CP028204.1
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Seed germination studies

The seed germination and post-germination growth were
studied on tomato seeds grown in different salt concentrations
that were uninoculated (only PBS solution) with and inoculated
(PBS solution and bacterial isolates) with the bacterial
endophytic isolates. The rate of the seed germination at

different salt concentrations was recorded by calculating their
percentage growth, days required for germination, root length,
shoot length, and biomass. A control with no endophytic
inoculation or salt treatment was also maintained. The changes
were observed at equal intervals of days:1, 5, 10,15, and 20 days
(Table 2, Fig 1-2).

Table 2 Seed germination studies of tomato seeds treated with endophytic bacterial solution

Concentration Sample MGT GRI GE U VI
2% Test 1 10.09 1.32 22.0 0.34 461.2
Test 2 13.61 1.99 30.0 0.75 1837.7
4% Test 1 9.54 0.63 16 0.44 194.56
Test 2 13.57 1.06 26.0 0.61 526.2
6% Test 1 7.90 0.45 8.0 0.14 38.16
Test 2 11.48 0.85 20 0.50 160.58
8% Test 1 6.00 0.13 6.00 0.15 16.83
Test 2 11.14 0.97 16.0 0.40 133.66
10% Test 1 3.0 0.44 2.00 0.05 4.18
Test 2 10.65 1.22 18.00 0.35 110.80
0% Control 10.41 1.61 26 0.61 677.94

*MGT- Mean germination time; GRI- germination rate index; GE: Germination energy; U- Uncertainty of germination process, VI- Vigour index

Fig 1 Tomato seedlings grown at 10% concentration after 20th
day of germination. A) Test 2 B) Test 1

The rate of germination was slow in Test 1 when
compared to Test 2 and control. The MGT, Vigour, and the
germination rate index were more in seeds from Test 2 when
compared to Test 1. The uncertainty of the germination process
was also more in Test 1 when compared to Test 2 and control.
The results for control were almost close to that of Test 2. Both
Test 1 and Test 2 showed a decrease in the rate of germination
when compared to control but the rate of germination was
almost equal to control in seeds treated with endophytic
bacteria. The mean germination time, germination rate index,
germination energy, uncertainty of germination process, and
vigour index were more in Test 2 followed by control when
compared to Test 1. The results obtained were in accordance
with the previous literature wherein a study where five
endophytic bacterial isolates from four different desert plant
species were introduced into Arabidopsis thaliana to check for
their ability to enhance resistance against salt tolerance, it was
observed that the inoculation of the Arabidopsis plant with the

Fig 2 Tomato seedlings grown at 10% concentration after 20th
day of germination. A) Test 1 B) Test 2

five isolates under salinity stress resulted in tissue-specific
transcriptional changes of the ion transporters and thus reduced
their Na*/K* ratios in the root. This, in turn, helped the plant
survive and grow under salt stress [32].

The average shoot length, root length and the average
weight were also compared between Test 1, Test 2 and control.
The results showed that the average shoot length, root length
and weight decreased from salt concentration of 2% to 10%
NaCl. The differences in the shoot length, root length and the
weight were lesser in Test 2 when compared to Test 1. Graphs
were also plotted for the same using GraphPad Prism software.

The average root growth decreased from 2% to 10%
concentration; the growth was slow in Test 1 when compared
to Test 2. There was a slight increase in the seeds grown at 8
salt concentration. But the overall root growth was lesser than
Test 2. Test 2 showed the highest root length growth in seeds
grown at 2% salt concentration. The least was seen in seeds
grown at 8% NaCl concentration. There was a slight increase in

# CARAS



Res. Jr. of Agril. Sci. (Sep-Oct) 13(5): 1396-1404

1399

the root growth in the seeds grown at 10% NaCl concentration.
The initiation of lateral root growth in Test 2 seeds started from
day 6 of germination whereas the lateral roots were seen to grow
only after 10 days in Test 1 (Fig 3). In a study conducted where
endophytes isolated from different tissues of peanut plant were
screened in vitro by seed germination bioassay to evaluate it

effects to alleviate salinity stress and to enhance yield in peanut
plant, two cultivars were used in potted condition and were
subjected to saline irrigation water. It was noted that nine
endophytes that had the capability of producing IAA and ACC
deaminase helped promote root growth and yield of the plant
[33].
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The rate of growth of the shoots was also noted for the respected time period

Fig 3 Average root growth in tomato seeds
treated with endophytic bacterial solution

The average shoot length in both Test land Test 2
decreased from 2% to 10% NaCl concentration. The maximum
growth of the shoots was seen at 2% for Test 1 Where as in Test
2 the maximum shoot growth was shown in seeds grown under
10% NaCl concentration. The seeds treated with endophytic
inoculates were able to withstand and survive the high salinity
and grow whereas the seeds from Test 1 showed slow rate of
growth. There was a large difference in the height of the shoot
grown in Test 1 when compared to Test 2 (Fig 4). The current
study is in accordance with the previous studies where while
studying the ability of endophytic bacteria isolated from
medicinal plant Thymus vulgaris to enhance tomato plants
resistance against salinity stress, it was noted that out of the
three endophytic isolates selected, all three had the ability to
promote plant growth under various salt concentrations (50—
200 mM) compared to uninoculated control [34].

While comparing the average fresh weight of the
seedlings after 20" day of germination it was noted that the
seeds grown from Test 2 had a higher average fresh weight
compared to that of Test 1. The seedlings from Test 2 showed
a decrease in the average fresh weight from 2% to 10% NaCl
concentration. The overall difference was significant but was
not large. Whereas, the seedlings from Test 1 should have a
larger difference in the average fresh weight from 2% to 10%
NaCl concentration. The plants grown at 10% NaCl showed the
least average fresh weight and most of them dried off by the end
of the 20" day (Fig 5). While analyzing the effect of a natural
halotolerant endophytic actinobacterium  Glutamicibacter
halophytocola KLBMP 5180 on enhancing the growth and salt
tolerance in the tomato plant, it was observed that the
inoculation of the bacterial strain into the seeds increased the
seedling fresh weight, shoot length, root length, a number of
fibrous roots, increased osmolyte content and regulation of ion
homeostasis when compared to the non-inoculated seedlings
[35]. In a study to analyze the ability of the plant growth-
promoting endophytic bacteria (PGPEB) Sphingomonas sp.
LK11 in alleviating the salinity stress in Solanum
pimpinellifolium (currant tomato), it was observed that the
combination of PGPEB and jasmonic acid can improve the
growth of the crop plant and can help overcome the adverse
effects of salinity stress [36].

Comparison using ANOVA

Fig 4 Average shoot growth in tomato seeds
treated with endophytic bacterial solution

Fig 5 Average fresh weight of the seedlings
emerged from the tomato seeds treated
with endophytic bacterial solution

ANOVA test was conducted to understand the
relationship between the effect of the different salinity
concentrations (2%, 4%,6%,8%,10%) on the average shoot
length, root length, and the average mass of the tomato
seedlings.

Null hypothesis: There is no effect of the treatment
(Salinity stress) on the average shoot length, root length, and
average mass of the tomato seedlings.

Alternate hypothesis: There is an effect of the Salinity
stress on the average shoot length, root length, and the average
mass of the tomato seedlings.

The F value obtained was 4.74 which was higher than the
F crit value of 2.86 and the P value (0.007) was lesser than the
value of alpha (0.05)

4.74>2.86 (F>Fcrit)
0.007<0.05(P<a)

Hence, the null hypothesis can be rejected and the
alternate hypothesis was accepted that there is an effect of the
salinity stress on the average shoot length, root length and the
average mass of the tomato seedlings.

A histogram was plotted using the values obtained from
ANOVA and it was noted that there was a decrease in the
parameters from different salt concentrations (Fig 6).

A graph was also plotted to check the effect of salt
concentrations on different parameters selected for Test 1 and
Test 2. It was observed that when compared to Test 1, Test 2
showed increased values (Fig 7). The percentage germination
was maximum in seeds from Test 2 when compared to Test 1.
The highest rate of germination was observed in seeds grown at
2% NaCl concentration. The tomato seeds from Test 2 reached
100% germination after 20days at 2% salt concentration.
Whereas, the tomato seeds from Test 1 grown at 2% salt
concentration showed only 44% germination.

There was an increase in the rate of germination in Test
2 seeds. The seeds treated with endophytic bacterial suspension
were able to reach 50% germination by the 10" day in most of
the salt concentrations. Whereas in Test 1, the seeds could not
reach 50% germination even at the 20" day. The inoculation of
the seeds with salinity tolerant endophytic bacteria helped in the
survival and germination of the seeds at different salt
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concentrations. The least percentage of germination was
observed in seeds grown at 10% salt concentration. The seeds
from Test 1 showed 4% germination on 20" day of germination
and the seeds from Test 2 showed 48% and germination in
tomato seeds on the 20" day of germination. The seeds grown
in control showed a 50% germination rate after 11 days of seeds
germination (Fig 8-9). These observations were in accordance
with the previous studies where, in a study conducted to assess
the role of endophytes in the growth and salt tolerance ability
of a halophyte Arthrocnemum macrostachyum, it was noted that
the seeds inoculated with endophytic bacteria showed increased
kinetics of germination. The number of seeds germinated and
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Fig 6 Comparison of the growth of the tomato seedlings at
different salt concentrations
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Fig 8 Percentage germination in tomato seeds treated with
endophytic bacterial solution

Salinity stress in tomato seedlings

Young (8-week-old) plants were grown under salt stress
by irrigating the plants with different concentrations of salt
solution. The irrigation was done every alternate day for 20
days. One set of the plant (Test 2) was inoculated with the
endophytic bacterial solution whereas, the second set (Test 1)
was not inoculated with any bacterial endophytic solution. A
control (without salt treatment or endophytic treatment) was
also maintained.

Physical parameters of the soil

The change in pH and electrical conductivity (EC) of the
soil can affect the biological activity and the chemical nature of
the soil. Most of the microbial mediated processes can be
affected with the slight change in pH and EC. Thus, the
measurement of both pH and EC can provide a complete
overview of the quality of soil [39].

The electrical conductivity (EC) and the pH of the soail
were also analyzed (Table 3). It was noted that the electrical

reaching 50% germination was more in inoculated seeds when
compared to uninoculated seeds. It was observed that the
inoculated seeds required 5 days to reach 50% inoculation
whereas the non-inoculated seeds required a week [37]. In a
study where non-rhizobial bacteria were isolated from Alfalfa
(Medicago sativaL.) plant to understand their ability to
improve growth under salinity stress, it was observed that the
inoculation of the plant with the non-rhizobial bacteria resulted
in an increase in growth compared to the non-inoculated plants
thus indicating that the inoculation of the plant with the non-
rhizobial bacteria provides promising ways to improve the
effectiveness of growth in salt-affected soil [38].
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Fig 7 Comparison of the parameters for Test 1 and Test 2 at
different salt concentrations
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Fig 9 Percentage germination in tomato seeds with no treatment

conductivity of the soil increased with the increase in salt
concentration. The EC of the soil treated with 2% salt solution
was 8.36 ms/cm whereas, the EC for soil treated with 10% salt
solution was 14.1ms/cm. The EC of soil which was not treated
with any salt solution (Control) was 5.90ms/cm. There was a
raise in the electrical conductivity of the soil from salt
concentrations 2% to 10% NaCl. The pH of the soil collected
from control was 7.5, whereas the pH of soil treated with 2%
salt solution was 6.94 and for 10% salt solution was 6.33. There
was a fall in the pH from the soil treated with 2% salt solution
to 10% salt solution (Table 3, Fig 10). Similar results were also
observed in previous papers wherein a study conducted to
understand the effect of salinity on the nutrient status of soil,
leaves, and kernels of corn it was observed that the soil samples
with higher pH and EC had more salt content in them. The
weight of the cob and the height of the plant decreased with an
increase in salinity [40]. In a study conducted to understand the
effect of secondary salinity on soil microbial mass, it was noted
that there was a decrease in the organic carbon content and the
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microbial biomass in soil with high salinity. The secondary
salinity caused due to irrigation had a significant effect on the
soil quality and the survival of soil microflora [41].

The effect of salinity stress on the tomato plants

The shoot length, the number of leaves, root length, and
the mass of the plants were noted to understand the effect of
salinity on the growth of the plants. The observation was made
after every 5 days at 1, 5,10, 15, and 20" days. The plants were
grown under controlled conditions.

Table 3 Electrical conductivity and pH of the soil with different treatments

Salt concentration

Physical parameter Control 2%

4% 6% 8% 10%

Electrical Conductivity (ms/cm) 5.90 8.36
pH 7.5 6.94

9.62 6.52 11.6 141
6.70 6.48 6.33 6.33

16

14 M Electrical Conductivity (ms/cm)

14.1
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6.94 6.7 6.5 6.48 6.33 6.33
5.9
0 I I

Control 2% 4% 6% 8% 10%

pH
1

~ o0

N
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Fig 10 pH and electrical conductivity of the soil treated with
different salt concentrations

It was observed that the uninoculated plants growing at
higher concentrations of salt started to wilt after 5 days of
observation. The leaves started to turn yellow and the stems
started to bend and turn brown. The plants that were inoculated
with endophytic bacteria had the ability to withstand the salt
concentrations in the soil. The plants were able to survive even
high concentrations of salt and grow. The number of leaves also
increased from Day 1 to day 20.

The average root length of the tomato plants from Test 1
and Test 2 were carefully measured at Day 1, Day 5, Day 10,
Day 15, Day 20. It was noted that the values of Test 1 almost
remained the same throughout the observation period. There
was a slight increase in the root length in Test 2 from Day 1 to
Day 20 (Fig 11). In a study conducted to evaluate the effect of
salt-tolerant plant growth-promoting bacteria on the growth and
development of Oryza sativa under salinity stress, it was noted
that the presence of two endophytic bacteria enhanced the
growth of the plant and there was an increase in the root length
when compared to control [42].

The shoot length of plants from Test 2 grown at different
concentrations increased from Day 1 to Day 20. Even though
the growth of the plants were slow at high concentrations when
compared to control, the plants were able to survive to the high
salt concentration. In plants from Test 1, the plants showed very
slow growth. The plants started to wilt and die after 15 days of
the observation (Fig 12). The present observations had similar
results with the previous studies wherein a study conducted to
understand the effect of salinity on the germination and
development of Sorghum seeds, it was noted that the seeds
grown under salinity stress had a reduced shoot length when
compared to the ones grown in control [26].

The number of leaves started to decrease from day 1 to
day 20 in plants from Test 1. The old as well as the young leaves
wilted and dried off in plants from Test 1 after 5 days of the salt
treatment. In Test 2 there was an increase in the number of
leaves. The number of leaves of leaves remained almost the

same during Day 15 to Day 20. The number of leaves and Test
2 were almost similar. No wilting of leaves was observed in
Test 2 and control (Fig 13).

The average fresh weight of the plants was also measured
at equal intervals. The plants from Test 2 had a subsequent
increase in the weight of the plants with the increase in days.
The weight of plants in Test 1 remained the same from Day 5
to Day 20. The plants showed a decrease in its growth. The
results for control and Test 2 were almost similar (Fig 14). The
observations made were in par with the previous studies where,
in a study conducted to assess the effect of salinity on the
growth, sugar content and enzyme activity of rice, it was noted
that the plants treated with 200 mM NaCl for 14 days showed
decrease in fresh weight and dry weight by 95% and 75%
respectively [43]. In a study conducted to understand the
interactive effect of PGP bacterial endophytes and biochar in
managing salinity stress in maize plants, it was observed that in
the plants grown under greenhouse conditions, the combination
of biochar and two bacterial strains Burkholderia
phytofirmans (PsJN) and Enterobacter sp. (FD17) reduced the
effect of salinity stress and decreased the concentration of Na+
in the xylem and helped maintain the nutrient balance within
the plant. The results stated that the inoculation of the plants
with the combination of endophytic bacteria and biochar helped
the plant to sustain salinity stress and this method can be
adopted for production of the crop in salt affected soil [44].

Microscopic examination

A cross-section was made to observe the changes in the
vascular bundles of the roots of the plants. It was observed that
the plants inoculated with endophytes had very little effect on
the salt concentrations on the vascular bundle whereas, the
vascular bundles of the plants uninoculated with the bacterial
endophyte had ruptured vascular bundles with huge gaps in
between. Even the cross section obtained from the plants taken
from control did not show any rupture (Fig 20). The amount of
rupture increased with the increase in the salt concentration.
Maximum rupture was seen in the plants treated with 10% of
salt concentration (Fig 15-19). The observations in the present
study were in accordance with previous studies where the
structural changes in the xylem present inside stems induced
with salinity stress were studied in soybean, it was observed that
the plants grown in plant stress had an increase in the thickness
of the vascular cells and cuticle. The effect of salinity was
dependent on the concentration of the saline solution [45]. The
cells tend to become more lignified when the plants are under
[46]. The lignification of the walls can inhibit the growth of the
roots thus preventing proper absorption of water and minerals
[47]. The endophytic bacteria other than enhancing the growth
properties of the plant, phytohormone signaling, and enhancing
plant metabolism also play a role in the resistance of the plant
to abiotic and biotic stress. They are relatively protected from
harsh conditions like abiotic and biotic stress thus helping in
improved crop adaptations [47].
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Fig 15 Tomato plants grown at 2% salt concentration (A) Fig 16 Tomato plants grown at 4% salt concentration (A)
Comparision of the plants between i) Test 2, ii) Control, iii) Test 1 Comparision of the plants between i) Test 2, ii) Control, iii) Test 1
(B) Cross section of the root of the plant from Test 1 (B) Cross section of the root of the plant from Test 1

Fig 17 Tomato plants grown at 6% salt concentration (A) Fig 18 Tomato plants grown at 8% salt concentration (A)
Comparision of the plants between i) Test 2, ii) Control, iii) Test 1 Comparision of the plants between i) Test 2, ii) Control, iii) Test 1
(B) Cross section of the root of the plant from Test 1 (B) Cross section of the root of the plant from Test 1
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Fig 19 Tomato plants grown at 10% salt concentration (A)
Comparision of the plants between i) Test 2, ii) Control, iii) Test 1
(B) Cross section of the root of the plant from Test 1

Fig 20 Cross section of the roots collected from (A) Control (B)
Test 2

CONCLUSION recorded that the seeds and seedlings inoculated with
endophytes had an ability to withstand high salinity stress when
compared to the uninoculated seeds and seedlings. According

The interaction of the endophytes inside the plant tissues  to the results obtained, the set inoculated with endophytes
can not only help the plant in its growth but can also help the showed similar growth like the seeds and seedlings which grew
plant to withstand abiotic stress like the salinity stress. It was in normal conditions without any salinity stress.
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