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Abstract: Soil salinity is one of the most serious problems for achieving better crop growth and yield. The study
was conducted to isolate, characterize and screen salt tolerant microbes from spinach grown in saline soils. The
efficient salt tolerant microbes were characterized for beneficial traits such as nitrogen fixation, phosphate
solubilization, indoleacetic acid (IAA), biofilm production, catalase and antagonistic activities, salt tolerance
and optimization of bacterial fermentation. Molecular identification of potential microbes was done by 165
rRNA gene sequencing. The collected soil samples were moderately to strongly saline, alkaline in nature, low
in N and P while adequate in K and Ca concentration. A total of 17 salt tolerant bacteria differing in colony and
cell morphology were characterized. All isolated rhizobacterial microbes had capability to biosynthesize
phytohormone TAA, 14 were able to fix atmospheric N2, 11 microbes solubilized inorganic P, 10 produced
biofilm and 15 were positive in catalase activity. The isolated rhizobacteria showed salt tolerance up to 10 %
induced salinity, only six microbes tolerated salt concentration of 12.5% however, none of any rhizobacteria
remained viable at 15% NaCl amended media plates. The two potential salt tolerant microbes (NIA SP-6 & NIA
SP-11) were screened and found for optimum growth curve and fermentation at pH 7.0 after 48 hrs of
incubation period. Both potential microbes were identified as Enterobacter cloacae (NIA SP-06) and Bacillus
safensis (NIA SP-11). Hence, it can be concluded that isolated salt tolerant rhizobacterial microbes have potential
for beneficial traits and have ability for salt tolerance under saline conditions.

Keywords: activity; beneficial traits; bacterial count; inoculation; rhizosphere; salinity; salt tolerance

1. Introduction

Soil salinity is a global problem that affects the overall quality of the environment and the health
of the soil. Salts have contaminated more than 900 million hectares of land. Salinity also reduces crop
yields and threatens food security by compacting the soil and negatively impacting soil fertility [1,
2]. In general, saline soils have high pH (>8.5) and high electrical conductivity (<4 dS m). In the world
76.6 Mha are salt affected soils among them more than 30% of the world's saline soils are in China
and 4.5 Mha are affected soils in Pakistan [3]. This is the factor that aggravates most of the problem.
Although external and internal influences play a significant role the plant enhancement and crop
production [4], in saline condition growth stress remains one of the most important stresses affecting
plant growth and microbial survival [5]. Salinity stress reduces crop productivity by inhibiting plant
development and reducing land utilization. As the global population increases at an alarming rate,
industrialization and/or habitat use are reducing the amount of land available for agriculture.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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Therefore, salt-affected land must be utilized to meet the food demand. The salt concentration when
increase from the normal levels it will inhibit plant development and crop productivity.
Approximately twenty percent of cultivated land is compromised by soil salinity, which reduces crop
production. Salt stress has two major effects on plants: osmotic stress and ionic toxicity. These types
of pressures influence all main plant functions, such as photosynthesis, cellular metabolism and plant
feeding [6]. Environmental elements that are both biotic and abiotic have a substantial impact on
agricultural production. One of the main reasons restricting agricultural growth and production
worldwide is the prevalence of saline-alkaline soils [7], with the application of chemical fertilizers to
increase crop yields being the biggest obstacle. The essential nutrients play a vital role in the growth
of plants in the soil. All living things need the element nitrogen to survive, which significantly lowers
the productivity of terrestrial ecosystems. Another necessary nutrient that encourages the growth of
plant roots and boosts crop production is phosphorus. Synthetic fertilizers are being used to meet
these basic food requirements and their access use give negative affect to the ecosystem, soil fertility,
and salinity [8]. Contrarily, utilizing phosphate fertilizer may have unfavorable outcomes such as
runoff, leaching, denitrification, and volatilization [9]. The microbial population in the soil controls
many ecosystem processes, such as the purification of contaminants, the cycling of nutrients, and the
preservation of soil structure [10]. Salinity is widely acknowledged to play a crucial role in forming
bacterial communities in various settings [11]. High soil salinity prevents some bacteria from
growing, which in turn causes the selection to favour a community that can withstand salt [12, 13].
However, through root colonization and the production of antimicrobial compounds, many
beneficial bacteria can defend plant root surfaces against pathogenic microbes and plant stresses
(both biotic and abiotic) [14]. In addition, the plant's microbes drive growth despite challenging
conditions like water shortage or high salt content. Salt-resistant plant microorganisms are favourable
in challenging situations and can potentially increase crop productivity [15]. Several bacteria
including Pseudomonas, Bacillus, Enterobacter, Agrobacterium, Streptomyces, Klebsiells, and
Ochromobacter can increase crop productivity under saline circumstances and is well recognized [16,
17, 18]. The ability to perform various soil activities and maintain healthy ecosystems and the survival
of plants and animals on earth depends on the presence of microorganisms in the soil. Soil health
depends on many ecosystems [19] and microbial communities in healthy soil are more diversified in
terms of the number of different species. One gram of soil is thought to include thousands of different
soil types of microbes, including bacteria (108 to 109), actinomycetes (107 to 108 ) and fungi (105 to 10)
[20]. Agriculture crops must be produced in a way that is both sustainable and takes use of plant-
microbe interactions in the rhizosphere [21]. Spinacia oleracea L., also known as spinach, is a green
leafy vegetable grown all over the world and a member of the Chenopodiaceae family [22]. Spinach
is an excellent dietary fibre source since it is a highly favoured leaf vegetable with a high nutritional
value, has several health benefits, and contains many significant vitamins and minerals [23, 24].
Cultivation of valuable crops such as spinach is becoming more and more popular to reduce the
negative impact of the salinization of water resources and water scarcity caused by drought in many
areas [25, 26]. In addition, insufficient nutrient supply negatively affects the growth and yield of
spinach [27]. A decrease in leaf area is the main morphological change in spinach plants in response
to biotic and abiotic stresses, which leads to lessen in productivity [28].

The salinity lessens the quantity and richness of bacterial communities substantially [29]. Soil
microorganisms have the potential to be used as a biological indicator to assess and restore the quality
of salinization. It has been demonstrated that the expression of bacteria that can endure in salty
settings significantly increases plant growth and soil improvement. High-salt conditions can affect
the growth of plants but due to presence of salt tolerant microbes which can to plants for growth
under salt concentrations. Many strains of salt-tolerant bacteria have been found in saline crop soils
[30], and it has been shown that some strains can fix N2 and solubilize phosphorus in the soil with
other beneficial traits like IAA and biofim production, antagonistic effect, catalase activity and salt
tolerance [31]. Furthermore, compared to simple chemical fertilizers, including salt-tolerant microbes
in the inoculation process can increase crop yields in saline soil conditions. The use of these bacteria
as an alternative source of plant nutrition saves the use of mineral fertilizers and protects the
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environment from damage [31]. Hence, study was carried out to isolate, characterize and screen salt-
tolerant microbes from spinach grown in various saline concentrations.

2. Materials and methods

2.1. Study site and samples collection

Soil and plant samples were randomly collected from various spinach grown on saline soils of
District Tando Allahyar, Sindh, Pakistan. The samples from various locations were labelled, kept in ice box
and brought to the microbiology laboratory for further analysis.

2.2. Physico-chemical properties of soil

The soil samples collected from various spinach grown areas were analyzed for the various
physico-chemical analysis followed by various methods (Table 1). A total of 11 saline locations were
selected from where the soil and spinach plants samples were collected for this study.

Table 1. Analytical methods used for analysis.

No. Parameter Analytical Procedure
1. Organic matter Walkley and Black (1934) method [32]
. Soil: water (1:2.5) extract using PHM210 standard pH

2 Soil pH and EC meter and EC meter [33]
3. Soil texture Bouyoucos hydrometer method [34]
4. Total N Kjeldahl method [35]
5. Exchangeable P Wet digestion [36]

Exchangeable cations (Ca, Mg, Na L
6. and K) Wet digestion [36]

2.3. Isolation, characterization and screening of isolated rhizobacteria

The soil and plant rhizosphere fresh samples were collected from the spinach grown areas and
kept in icebox. The samples were transported to Soil Microbiology Laboratory for further
rhizobacteria isolation, characterization and screening for improving spinach growth yield.

2.3.1. Total bacterial Count

The total bacterial count was done using a standard serial dilution plating technique [37].
Nutrient agar media was used for enumerating the total bacterial population following colony
forming unit (CFU) per gram of soil. A sequence of serial dilution was organized and 0.01 mL aliquot
was dropped onto the nutrient agar media plates for incubation (28 °C) in incubator for 48-72 h. The
bacterial quantity (CFU) was counted on the colony counter, and the population was enumerated.

2.3.2. Colony and cell morphology of isolated rhizobacteria

The isolated rhizobacteria microbes were purified on the media plates and colony morphology
was recorded. A loop of the pure culture was kept on glass slide. The emulsion oil was dropped on
the pure culture and bacterial cell morphology was observed under the microscope.

2.3.3. Gram reaction

A 48-hour-old pure bacterial culture underwent a Gram staining test. Gram-stained slides were
handled using a heat-fixed rhizobacteria smear that had been saturated with two drops of crystal
violet for one minute. The crystal violet was gently cleaned with sterile distilled water, then sealed
with an iodine smear for a minute before being washed with water. The stain was carefully removed
by gently dropping an alcohol solution using a pipette. Smears were counter-stained with safranine
for 30 seconds after being rinsed with water. After being cleaned with sterile distilled water, the slides
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were allowed to air dry and observed under microscope. Gram negative strains were reddish or pink
in color, while gram positive strains were bluish or purple in color.

2.3.4. Atmospheric Nitrogen (N2) fixing ability

Atmospheric Nitrogen (N2) fixing ability of isolated microbes was determined using by inserting
one loop of bacterial culture in the N2 fixing bacteria (Nfb) semisolid media [38]. The ability was
determined by the pellicle formation in the inoculated medium. The pellicle forming strain was
recorded positive for nitrogen fixing trait.

2.3.5. Phosphate solubilization

According to Pikovskaya's method, the phosphate-solubilizing activity of microbes was
assessed [39] the rhizobacteria culture was dropped in the center of agar medium, after one week of
incubation at (28-32 °C) the media plates were checked for the formation of clear halo zone
surrounding the bacterial colony and calculated using by following formula [40].

halo zone — colony diameter

P Solubilization efficiency (SI)= x 100
colony diameter

2.3.6. Biofilm production

The mechanical shaker device was used to incubate the bacterial broth cultures and biofilm
production was noticed after 72 hours. The tissue plate approach was used to find biofilm
development. As a result of positive biofilm-producing bacteria developing a film on it [41].

2.3.7. Antagonistic activity

The antagonistic effect of the potential isolated microbes was tested against fungal (Fusarium sp.)
by dual culture method [42]. Fungal strain was grown in the center of potato dextrose agar (PDA)
medium plate. Bacterial culture was grown on the both sides of growing fungi with a distance of two
centimeter. The culture was incubated for seven days on ambient temperature. Inhibition activity
was calculated on the basis of radius of normal growing hyphae compared to bacterial culture and
their inhibition.

rl-r2

Inhibition (%) in radial growth = 100 X

2.3.8. Catalase production

The production of catalase was measured by applying bacterial colony on the surface of a dry
glass slide with a sterile wooden stick loop. The bacterial colony was given a drop of hydrogen
peroxide (3% H202) and was thoroughly mixed. The quick evolution of oxygen (within 5 to10 sec.)
and the creation of bubbles were evidence of the successful outcome. However, a drawback was that
colonies did not form any bubbles after hydrogen peroxide was applied and mixed with them [43].

2.3.9. Indole-3-acetic acid (IAA) production activity

The TAA production of selected rhizobacterial microbes was estimated by inoculating the
bacterial culture and incubated on the mechanical shaker at 120 rpm (28 °C for 48 hour). The culture
was supplemented with 200ug/ml L-tryptophan and incubated for further 72 hrs ambient
temperature of 28-32 °C. After 4-7 days, the cells were centrifuged at 8000 rpm for 10 min and 2ml of
supernatant was taken and 2ml of Salkowski's reagent (0.5 M FeCls, 35% HClOs, 2:100) was added.
The mixture was left for 30 min at room temperature for development of pink colour [44]. The
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absorbance of sample was detected at 535 nm on spectrophotometer and the concentration was
projected by the curve of IAA standards (0-35 ppm).

3.4. Screening and identification of salt tolerance rhizobacteria isolated from spinach growing areas

3.4.1. Screening the of salt resistant rhizobacteria

The selected microbes isolated from spinach vegetable were evaluated for their efficacy for salt
tolerance. Different salinity levels (NaCl: 0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 5.0, 7.5, 10.0, 12.5 and 15.0
%) were developed in nutrient agar media plates. The isolated rhizobacteria were grown on
respective media plates. The efficiency of isolated rhizobacteria was determined by
presence/existence colony formation units on respective media plates. The bacterial survival and
count was estimated after 48-72 hrs. The most tolerant microbes were selected for further studies.

2.4.2. Potential salt resistant rhizobacterial growth Curve and biomass measurement

Two potential salt tolerant bacterial strains (NIA SP-6 & NIA SP-11) were on the basis of their
salt tolerance under various salinity levels selected for growth curve measurement. The bacterial
strains were inoculated in broth culture and incubated at 37°C with rotation rate 120 rpm for 72 hours
on mechanical shaker. The growth curve was measured by monitoring optical density (ODsoo) every
24 hrs using by plate count method [45]. Finally the bacterial culture was centrifuged and the
supernatant was removed and pellet was collected for the determination of biomass weight.

2.4.3. Optimization of bacterial fermentation condition under various pH levels

The selected potential microbes (NIA SP-6 & NIA SP-11) were inoculated in broth culture
modified with various pH levels (6.0, 7.0, 8.0 & 9.0). The fermentation was carried out from 0 to 72
hrs and the production rate was measured after 24 hrs intervals. The most suitable pH of the
fermentation bacterial media was determined.

2.4.4. Optimization of carbon and nitrogen (C:N) ratio

The potential microbes (NIA SP-6 & NIA SP-11) were inoculated in Lysogeny broth. The bacterial
culture was incubated at 37 °C on at mechanical shaker for 72 hours at pH 7.0. The optimal proportion

of carbon and nitrogen sources was measured by varying the added proportions to 1:9, 1:4, 2:3, 1:1,
3:2,4:1 and 9:1.

2.4.5. Molecular identification (165 rRNA Gene Sequencing) of potential microbes

Extraction of total genomic DNA

Two potential microbes (NIA SP-06 and NIA SP-11) were selected for 16S rRNA partial gene
sequencing analysis. Alkaline lysis method was employed to extract the total genomic DNA from the
selected bacterial isolates with slight modifications [46]. A 1.5 mL aliquot from five mL of fully grown
bacterial culture was centrifuged at 13000 x g for 2 min Cells were re-suspended in 567 puL TE buffer
(10 mM tris HCl and 1 mM EDTA) by pipetting. The mixture was incubated at 37 °C for 1 h, or till the
time they became transparent after adding 30 uL of 10% (w/v) SDS and 3 pL of 20 mg mL-! proteinase
K (Fermentas). The mixture was added with 100 uL of 5 M NaC1 , mixed thoroughly and then 80 uL
cetyle trimethyle ammonium bromide/ sodium chloride (CTAB/NaCl) solution (10% (w/v) CTAB and
0.7 M NaCl, 50 mM tris-HCI pH 8, 25 mM EDTA) were added. The mixture was mixed properly
again and incubated at 65 °C for 10 minutes. An equal volume (780 uL) of phenol: chloroform:
isoamyle alcohol (25: 24: 1) was added and gently mixed by inverted shaking. The supernatant was
collected at 13000 x g for 10 min in 1.5 mL tubes. The supernatant was added with 0.6 volume (360
uL) isopropanol and incubated at 20 °C for 30 min. The tubes were again centrifuged at 13000 x g for
10 min and supernatant was discarded. The DNA pellet was then washed with 70% (v/v) ethanol and
dissolved in appropriate amount of (70-100 pL) TE buffer.

Amplification and sequencing of 16S rRNA
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Amplification and sequencing of 16S *RNA gene was carried out using primers fD1 (5-
AGAGTTTGATCCTGCTCAG-3,) and rD1 (5-AAGGAGGTGATCCAGCC-3,) as described earlier
[47] with modification. Fifty pL reaction was prepared in purified water having: 5uL of Taq buffer
(Fermentas), 1.5 pL of 50 mM MgCL: (Fermentas), 5 uL of 2 mM dNTPs (Fermentas), 0.5 uL of 100%
DMSO, 1.5 pL each of forward and reverse primer, 0.75 uL of 5 U pL! Taq DNA polymerase
(Fermentas) and 50 ng of template DNA. Polymerase chian reaction was carried out in PCR machine
(PeQLab, advanced Primus 96) and temperature conditions were also modified as: 30 cycles of 95 °C
for 2 min, 55 °C for 30 sec, and 72 °C for 5 min. The initial denaturation and final extension steps was
carried out at 95 centigrade for 5 min and 72 centigrade for 10 min, respectively. Amplified PCR
products were purified using QIAquick PCR purification kit (Qiagen, USA). The purified amplicons
were sequenced directly by Eurofins, Germany. Both ends were joined by Caps 3 assembly software
and compared with others in the GenBank database using the NCBI BLASTn technique.

2.5. Statistical Analysis

The collected data and biochemical analyses exposed with 5 replicates. Significance at the 5% level was
tested followed by Tukey’s studentized range using SAS statistical program version 9.1 (SAS
Institute, Cary, NC, USA, 2008).

3. Results

3.1. Sample collection and, bacterial isolation and characterization from the spinach grown on saline soil

The soil and plant samples of spinach were randomly collected from the spinach grown in the
salt affected areas from District Tando Allahyar, Sindh, Pakistan at various crop ages for further
analysis.

3.1.1. Physio-chemical properties of soil samples

A total of eleven (11) saline locations were selected from where the soil and spinach plants
samples were collected (Table 2). The physico-chemical properties of the samples were carried out.

3.1.2. Isolation characterization of salt tolerant rhizobacteria from spinach grown under saline soil

Generally soil of the various spinach grown areas was alkaline (pH >8.0) and moderately to
strongly saline (>4.0dS m™) soil in nature. The soil organic matter contents (<0.86%) were very low
except a few samples. The soil of sample collection site was deficient in nitrogen, AB-DTPA
extractable P and was sufficient in K. The soil texture was medium to heavy in all locations. The Ca
and Na concentrations were higher while Mg* concentration was low in the collected soil samples
(Table 3).
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Table 2. Collection of spinach and soil plant samples from different locations of district Tando Allahyar.

No. Farmer’s Nam Location GPS Location Variety Method of sowing Crop Age
1. Muhammad Afzal Khawaja Khawaja stop 25°29'32.1"N68°51'15.9"E, local Ridge sowing 30 days
2. Muhammad Afzal Khawaja Tando Allahyar 25°29'51.8"N68°53'04.0"E local Ridge sowing 40 days
3. Ghulam Mustafa Awami Markaz road, Nawazabad 25°30'02.9"N 68°51'14.7"E local Ridge sowing 45 days
4. Rustam Khawaja Nawazabad 25°32'04.4"N 68°52'27.7"E Hybrid Ridge sowing 65 days
5. Rustam Khawaja Near Civil Hospital, Sultanabad 25°28'09.8"N 68°43'15.4"E local Ridge sowing 60 days
6. Nawaz Khawaja Village Kamal Khan Mastoi 25°34'14.0"N 68°49'32.4"E local Ridge sowing 45 days
7. Shah Nawaz Village Shah Nawaz 25°33'19.5"N 68°48'02.2"E local Ridge sowing 50 days
8. Muhammad Asif Village DatoKarloo 25°30'11.1"N 68°47'30.3"E local Ridge sowing 55 days
9. Muhammad Asif Village Ghulam Hussain Lund 25°30'14.6"N 68°45'10.5"E Hybrid Ridge sowing 45 days
10. Shah Nawaz Village Kaamaro Sharif 25°29'09.3"N 68°47'59.7"E local Ridge sowing 50 days
11. Mubeen Laghari Village JadoLaghari 25°27'03.7"N 68°47'31.3"E local Ridge sowing 45 days
Table 3. Physio-chemical properties of soil samples collected from spinach fields of Tando Allahyar.
, . oM EC N P Ca Na Mg
No. Farmer’s Name Location %) (dS/m) pH Texture %) (ppm) K (ppm) (mql?) (ppm)  (mql-)
1. Muhammad Afzal Khawaja Khawaja stop 1.27 4.52 8.5 Silty loam 0.04 2.9 177 40.6 0.48 60.65
2. Muhammad Afzal Khawaja Tando Allahyar  0.78 8.80 8.7 Clay loam 0.03 3.0 158 36.0 0.47 52.03
3. Ghulam Mustafa AwamiMarkaz 5, 530 g8 Siltyclayloam 003 29 105 3324 043 4261
road, Nawazabad
4. RustamKhawaja Nawazabad 0.63 10.12 8.6 Clay 0.03 2.6 120 41.23 0.49 31.23
5. Rustam Khawaja Nearcvilhospital, o7 (7 g4 Clayloam 004 23 167 34.28 0.31 45.67
Sultanabad
h Kamal Kh
6. Nawaz Khawaja Got M 069 784 84  Siltyloam 004 32 156 3771 037 4915
7. Shah Nawaz Vﬂll\?f;i‘ah 102 392 87  Siltyloam 006 3.0 177 3976 034 3674
8. Muhammad Asif Village DatoKarloo 0.94 6.26 8.5 Silty loam 0.04 2.9 143 40.01 0.32 14.78
ill hul
9. Muhammad Asif Village Ghulam o5 795 84 Clayloam 003 29 171 35.51 0.36 38.10
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Village Kaamaro

10. Shah Nawaz Sharif 1.20 4.52 8.6 Silty clay loam 0.03 2.5 124 37.32 0.37 36.54
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3.1.3. Total bacterial count in rhizosphere

Total bacterial count was in collected from spinach rhizosphere samples. Significant variations
in bacterial count were reported in the rhizosphere of spinach growing locations. Relatively, the
higher bacterial abundance was observed among all the locations however, significantly (P<0.05)
the highest bacterial population (42x107 CFU g soil) was found in Muhammad Afzal Khawaja,
Khawaja stop, Tando Allahyar followed by (23x107cfu g soil) Rustam Khawaja, near civil hospital,
Sultanabad locations (Table 4).

Table 4. Total bacterial count of isolated strains from various locations of spinach grown areas.

Total bacteria count

No. Farmer’s Name Location (CFU g soil)
1. Muhammad Afzal Khawaja Khawaja stop,Tando Allahyar 12x107¢
2. Muhammad Afzal Khawaja Khawaja stop,Tando Allahyar 42x1072
3. Ghulam Mustafa Awami Markaz road, Nawazabad 14x107¢
4. RustamKhawaja Nawazabad 2x107e
5. Rustam Khawaja Near civil hospital, Sultanabad 23x107°
6. Nawaz Khawaja Goth Kamal Khan Mastoi 21x107°
7. Shah Nawaz Village Shah Nawaz 11x107¢
8. Muhammad Asif Village DatoKarloo 6x1074
9. Muhammad Asif Village Ghulam Hussain Lund 5x107d
10.  Shah Nawaz Village Kaamaro Sharif 14x107¢
11. Mubeen Laghari Village Jado Laghari 13x107

Means within the same column followed by the same letters are not significantly different at P<0.05.

3.1.4. Biochemical characterization

The isolated microbes were observed under light microscope for their morphological
characteristics. The isolated microbes were then selected on the basis of their colony morphology for
further biochemical characterization. A total of seventeen (17) rhizobacterial strains were selected.
Thirteen (13) were gram positive while four were Gram negative in reaction (Table 5). Mostly all
isolates have shown Nz fixing ability except SP-7, SP-12 & SP-13 similarly twelve (12) strains possess
their P-solubilization and antagonistic effect against Fusarium sp. A total of twelve (12) isolates were
able for mineral biofilm production on sold surface and fifteen were positive in catalase test (Table
5).
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Table 5. Biochemical characteristics of potential rhizobacteria isolated from spinach fields. "gl:

Phosphate- %

No. Isolates  Colony Morphology Gram Staining Nitrogen fixing abilitysolubilizing Biofilm productionAntagonistic effect (%) Catalase test §

ability —

1 SP-1 Long rod -ve + - - - + %

2 SP-2 Rod shape -ve + + + - + ;

3 SP-3 Short rod +ve + + + - +++ m

4 SP-4 Short rod +ve + + + + - i

5 SP-5 Short rod +ve + + + - + 1

6 SP-6 Long rod shape +ve + + - + +++ g

7 SP-7 Short rod shape +ve - - ++ - -+ m

8 SP-8 Medium rod shape -ve + + - ++ + —

9 SP-9 Short rod +ve + + +++ -+ ++ -80

10 SP-10 Short rod +ve + + - -+ + g_'

11 SP-11 Round -ve + + + -+ + 9

12 SP-12 Round shape +ve - - + ++ ++ .22

13 SP-13 Long rod shape +ve - - + + + N

14 SP-14 Round shape +ve + + - + _ N
15 SP-15 Long rod shape +ve + + + T
16 SP-16 Short rod +ve + + - +H+

17 SP-17 Short rod +ve + - - it T+

Note: +ve = positive, -ve = negative
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3.1.5. Determination of IAA production

The isolated indigenous rhizobacteria microbes were able to produce indoleacetic acid (IAA)
after supplementing L-tryptophan. Among isolated strains, SP-4 (22.18 mg L), followed by SP-6
(20.76 mg L) significantly (P<0.05) produced the highest IAA in comparison to other isolates while
the lowest (7.33 mg L) was produced by SP-7 (Figure 1).

80 -

70

L
=]
L

P-solubilization (%0)
— 12 7Y
=] [=] =]
H'j
H'j
|—h
La7]
D
4
‘%
-
. .

Figure 1. IAA production by potential rhizobacteria isolated from spinach. Means within the same
column followed by the same letters are not significantly different at P<0.05.

3.1.6. Phosphate solubilizing activities

A total of eleven (11) microbes were able to solubilize P from insoluble P source. Among all,
isolates SP-11 significantly (P<0.05) solubilized the highest P (70 %) followed by SP-6 (50 %), while
six isolates (SP-1, SP-7, SP-12, SP-13, SP -15 and SP-17) were not able to solubilize P on the P insoluble
modified media plates (Figure 2).
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Figure 2. Mineral Phosphate solubilization by potential rhizobacteria strains isolated from spinach.
Means within the same column followed by the same letters are not significantly different at P<0.05.

3.1. Screening and identification of salt tolerance rhizobacteria isolated from spinach growing areas

3.2.1. Salt tolerance efficiency of rhizobacteria

The isolated microbes were tested for salt tolerance using various salt concentrations (NaCl 0 to
15%) during the incubation period at (37 °C) in in vitro conditions. Most of the isolated microbial
culture showed salt tolerance ranges from 10 to 7.5% salt concentrations. At 12.5% salt concentration
SP-5, SP-6, SP-8, SP-9, SP-11and SP-13 were able to grow while rest of isolated microbes were not able
to show their tolerance. When the salt concentration was 15% none of the rhizobacteria was able to

grow/survive (Table 6).
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Table 6. Salt tolerance efficiency of bacterial strains isolated from various locations of spinach grown areas o
. ®
. Salt concentration (%) o
No. Strain =
0.5 1 1.5 2.0 2.5 3.0 3.5 4 5 7.5 10 12.5 15 by
1 SP-1 +++ +++ +++ + + + - - )
Q
2 SP-2 +++ +++ + + - - - =~
3 SP-3 +++ +++ + + + + + + + + - - - - =
4 SP-4 +++ +++ + + - - - - 9|
5 SP-5 +++ +++ +++ +++ +++ ++ ++ ++ ++ + + + + - |-|c-'|
m
6 SP-6 +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ ++ ++ + - B
7 SP-7 +++ +++ +++ +++ ++ + + + + + + + - - #
<
8 SP-8 +++ +++ ++ ++ ++ ++ + + + + + + + - m
9 SP-9 +++ +++ +++ +++ +++ +++ +++ +++ +++ +++ ++ + + - ﬁ
O
10 SP-10 +++ +++ ++ ++H+ ++ ++ ++ ++ ++ + + + - - _
11 SP-11 +++ +++ +++ ++ +++ +++ +++ +++ +++ +++ ++ ++ + - 3
12 SP-12 +++ +++ ++ ++ + + + + + + + - - - %
13 SP-13 +++ +++ ++ ++ ++ ++ ++ ++ ++ + + + + - =
w
14 SP-14 +++ +++ ++ ++ ++ ++ + + + + + + - - =
D
15 SP-15 +++ +++ ++ ++ + + + + + + + + - - ‘<M
16 SP-16 +++ +++ ++ ++ ++ ++ + + + + + + - - S
(X

17 SP-17 +++ +++ ++ ++ + + + + + + - - - -

Note: - Sensitive, + Slightly tolerant, ++ Moderately Tolerant, +++ Tolerant
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3.2.2. Rhizobacteria growth in response to increasing salt (NaCl) concentration

The relative bacterial growth was observed at various salt concentrations (NaCl 0%, 1%, 2.5%,
5%, 7.5%, 10%, 12.5% and 15 %) mediated media culture during the incubation period in in vitro
conditions. There was growth response depending on the isolated strains and varied among the
microbes. Mostly all the isolated strains were able to grow on salt concentration their response up to
7.5% salt concentration. Most of the different bacterial strains were able to show their growth on salt
concentration up to 12.5%. However, none of the isolated grown on salt concentration of 15% (Figure
3).

——SP ]
)
gy SP -3
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i 5P 5
SP-6
i S P T
SP-8
— SP O
e SP 10
el 5P -1 1
5P-12
SP-13
SP-14
SP-15
SP-16
SP-17

o =1 oo \D

Population (log;, CFU g'! soil)

0 2.5 5 7.5 15

Salt concentration (%o)

Figure 3. Correlation of salt (NaCl) concentration and rhizobacterial growth.

3.2.3. Potential salt resistant rhizobacterial growth curve measurement and bacterial biomass

The bacterial inoculum was cultured in media at optimal temperature (37°C) and growth curve
was measured at various incubation interval periods. The maximum growth activity of both potential
rhizobacterial strains was observed after 48 hrs then activity was decreased significantly (Figure 4a).
The maximum bacterial biomass was recorded in 40.80 g L followed by 28.0 g L-* in NIA SP-11:
Bacillus safensis and NIA SP-6: Enterobacter cloacae during the incubation period respectively (Figure
4b).
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Figure 4. (a) Growth curve and (b) bacterial biomass of salt tolerant rhizobacteria in enriched
medium.
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3.2.4. Optimization of bacterial fermentation condition under various pH levels

The bacterial fermentation activity was measured at different pH levels (6.0, 7.0, 8.0 and 9.0). The
optimization of bacterial fermentation condition was varied under various pH levels. The optimum
pH value of the fermentation media of both bacterial strains NIA SP-6: Enterobacter cloacae and NIA
SP-11: Bacillus safensis was at pH 7.0 after 48 hrs. However, the activity was showing decline with the
increase of pH during incubation period. The minimum activity was observed at pH 9.0 after 72 hrs
of incubation period (Figure 5).

1.20 - —a— 72 hrs ] 450 = 72 hrs

(@ e ®) 48 hrs
i ——

1.05 | a1 b 4.00 24 hrs

3 0.90 c
5 3.00 |

E 0.75 - &
= = 2.50
& 0.60 - &
2 2 2.00 A
B - z
@ 043 Z 150
3 3
= 0307 = 100
(@] (o]

0.15 1 \/\ 201 /._\‘

0.00 0.00

PH 6.0 pH 7.0 pH 8.0 pH 9.0 pH 6.0 pH 7.0 pH 8.0 pH 9.0

Figure 5. Optimization of bacterial fermentation condition under various pH levels.

3.2.5. Optimization of carbon and nitrogen ratio

The incubation temperature was set at 37°C for incubation period from 0 to 72 hrs at pH 6.0,
with 75 ml of bacterial culture and carbon and nitrogen ratio (1:9, 1:4, 2:3, 1:1, 3:2, 4:1 and 9:1) was
kept for optimization. The results showed that the both NIA SP-06: Enterobacter cloacae and NIA SP-
11: Bacillus safensis strains showed better growth and higher enzymatic activity in the fermentation
medium with carbon and nitrogen ratio of 1:1. However, the maximum activity was observed by NIA
SP-11: Bacillus safensis strain (Figure 6).
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Figure 6. Optimization of fermentation conditions secreted by NIA SP-06: Enterobacter cloacae and NIA
SP-11: Bacillus safensis on enzyme production.

3.2.6. Bacterial identification

The isolated microbes from the spinach grown in saline soil were identified as NIA SP-06:
Enterobacter cloacae and NIA SP-11: Bacillus safensis using by 16S rRNA Gene Sequencing technique.
In this study, we used gene sequences where different species of Enterobacter and Bacillus species
were determine the phylogenic relationship among the tested strains. The Neighbor-Joining tree was
subjected to the numerical re-sampling by bootstrapping, and the resulting bootstrap values are
shown at the tree branch nodes. Each value represents the number of times (out of 1000 replicates)
that the represented groupings occurred in the re-samplings. The consensus tree showed 08-100%%
confidence levels whereas NIA SP-06 Enterobacter cloacae strain had a 99% confidence level and NIA
SP-11 also showed the 99% confidence level with Bacillus safensis strain VS-16 with accession numbers
NR MT507092.1 and NR MK785115.1 respectively (Figure 7).


https://doi.org/10.20944/preprints202305.0109.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 May 2023 d0i:10.20944/preprints202305.0109.v1

18

MK735115.1:1-1514 Bacillus safensis subsp. safensis strain VS-16 165 ribosomal RNA gene partial sequence
MG432700.1:1-1434 Bacillus safensis strain S-110 165 ribosomal RNA gene partial sequence
MKT35118.1:1-1428 Bacillus safensis subsp. safensis strain VS-27 165 nbosomal RNA gene partial sequence
MH169000.1:5-1409 Bacillus australimaris strain M32 165 ribosomal RNA gene partial sequence
MW287257.1:3-1454 Bacillus austrafimaris strain TPBE25 165 ribosomal RMA gene partial sequence
MIKS77399.1:10-1506 Bacillus safensis strain FC24758 165 ribosomal RNA gene partial sequence
MH142146.1:2-1509 Bacillus safensis strain PWG 165 ribosomal RNA gene partial sequence
OLE72284.1:1-1496 Bacillus gp. (in: Bacteria) strain VMF1 165 nbosomal RNA gene partial sequence
OP143729.1:4-1498 Bacillus australimaris strain CK18 163 ribosomal RNA gene partial sequence
OP143730.1:10-1512 Bacilus australimaris strain CK19 165 ribosomal RMA gene parial sequence
MKTTE864.1:1-1500 Bacillus safensis subsp. safensis strain VS-14 165 ribosomal RNA gene partial sequence
METTI774.1:4-1503 Bacillus safensis subsp. safensis strain V'S-2 165 rbosomal RMNA gene pariial sequence
MTE13374.1:55-1016 Enterobacter sp. strain EF2 165 rbosomal RMA gene partial sequence
MT367840.1:44-1005 Enterobacter doacae strain OsEp AN 15AT 165 ribosomal RMNA gene partial sequence
MTS07052.1:48-1009 Enterobacter doacae strain Remi 12 165 ribosomal RNA gene partial sequence
MT158776.1:42-1003 Enterobacter cloacae strain LPH-16E 165 ribosomal RNA gene partial sequence
MT135639.1:96-1057 Enterobacter cloacae strain MBBS 165 ribosomal RNA gene parlial sequence
MT020298.1:28-989 Enterobacter cloacae strain PANS11 165 ribosomal RNA gene partial sequence
MTO12829.1:14-975 Enterobacter sp. strain DeflaPSK 165 ribosomal RNA gene parfial sequence
MMBS4045.1-87-1048 Enterobacter cloacae strain VITSSRJS 165 ribosomal RNA gene partial sequence
MF462963.1:72-1033 Enterobacter cloacae strain 1 165 ribosomal RNA gene partial sequence
MM5E2393.1:59-1020 Enterobacter doacae strain HG-1 165 ribosomal RNA gene partial sequence

Coiner

Figure 7. Phylogenetic tree with bootstrap values. Tree constructed using Neighbor-Joining (NJ)
method. NIA SP-06: accession NR MT507092.1 and NIA SP-11 accession NR MK785115.1.

4. Discussion

The saline soils are common and one of the significant issues for crop production, due to salinity,
plants suffer and hindering crop yield in these areas. Salinity-induced abiotic stresses provide severe
problems to crop growth on a global scale. It affects plant development and agricultural productivity
when it is subjected to extreme salinity level. It occurs directly in areas of high osmotic stress, leading
to a rise in ionic toxicity and a fundamental transformation of the physicochemical properties of the
soil. Therefore, the efforts to alleviate salinize stress got much attention, including the isolation and
application of salt-tolerant microbes in this study. Eleven (11) saline locations were selected from
where the soil and spinach plants, along with adhering soil samples, were collected. The soil analysis
indicated that the sampled area was saline and the spinach plant had salt tolerance ability. Most of
the studied soils were deficient in main nutrients N and P except K and high in Ca, Na and Mg.
Rhizobacteria were present in all the sampled locations. Seventeen (17) rhizobacterial microbes with
the differing colony and cell morphology were isolated from the collected samples. The rhizobacterial
microbes were available in saline soils and can survive under various salinity levels [48]. In addition,
soil salinity is a worldwide problem, and finding salt-tolerant microbes to alleviate the salinization
problem along with other management practices is a sustainable and economical solution to this
problem [49].

The screened salt-tolerant rhizobacterial microbes have the potential to fix atmospheric nitrogen,
solubilize mineral P from soil, and antagonistic against plant pathogens. The soil microorganisms
carried out numerous processes necessary for the development of plant growth, including
supplementing fixed nitrogen under various soil stress situations [48]. Previous report showed
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several types of beneficial microbes such as Pseudomonas, Azotobacter, and other microbes which
solubilize insoluble P, release exopolysaccharides, produced biofilm and indole-3-acetic acid (IAA),
siderophores as well as enzymes to tolerate under saline conditions [48]. These attributes might be
more supportive for plants directly for plant growth and root initiation. The antagonist effect of the
isolated bacterial strains could protect plants from fungal diseases such as Fusarium sp.. Furthermore,
isolated microbes had the ability for biofilm and enzyme production. The bacterial strains produced
a higher amount of indoleacetic acid (IAA) which may lead to the growth promotion of crop plants
by altering root architecture. Naher et al. [50] noticed that IAA production by the bacterial strains
improve plant growth enhancement of several crops. The microbes isolated from the salt affected
soils are reported to possess phosphate solubilization activity determined through halo zones
performances on Pikovaskaya media plates [39] and it may solubilize fixed Ca-P in saline soil and
improve bioavailable P to the plant grown in saline stress.

The isolated bacteria existed and survived at various salt concentrations of 7.5%, whereas, at the
higher salt concentrations (NaCl from 7.5 to 12.5%), a few tolerant microbes could survive. However,
none of inoculated microbes could survive beyond 15 % of NaCl induced salinity level. Similar
findings were reported in the earlier study by Qurashi et al. [51] who found that the salt tolerant
microbes have the capability to survive under saline stress conditions and among them have
variability in the survival and their bacterial population at various salinity levels in the NaCl
amended media culture. Further, it was investigated in vitro effects of NaCl concentrations on
microbes from a variety of characteristics which is expected to assist the considerate the physical
changes of bacterial strains under salt stress conditions that might help to clarify the association
between bacterial durability and virulence outside hosts [52]. It was found that in saline conditions,
microbes can bind with the sodium ion via secretion of EPS which, therefore, lessens its toxicity in
the soil [53] In the present study salt tolerant gummy microbes exposed their existence at various
salinity levels due to their tolerant efficiency as these microbes might have the ability for EPS-
production and that could chelate various cations including sodium. Bacterial biofilm production
is closely related to EPS production. Several studies proved that microbial biofilm attached to the
roots improve soil fertility and reduce salinity stress [54].

Furthermore, it is essential to ensure high microbial activity at the vicinity of plant rhizosphere
to get benefit of these novel strains. To ensure survival of the bacteria, cell lysis, C:N and pH of the
growth media checked. In this study, it has been observed during the incubation period microbes
showed their exponential growth and that was the optimized period for increase in cell concentration
in in vitro condition at various salt concentrations. It was known that the various strains have different
incubation period and pH for their growth and optimization fermentation that mostly depends on
their cell lysis and other activities [52].

In the study two potential strains based on their biochemical properties selected and were
identified using as 165 rRNA partial gene sequencing as NIA SP-06: Enterobacter cloacae and NIA SP-
11: Bacillus safensis. Both of the selected potential rhizobacterial microbes showed maximum growth
and optimization fermentation after 48 hrs at pH 7.0 with the increase of pH and incubation period
the activity was minimized. The suitable carbon and nitrogen ratio for enzymatic activity was
observed for both rhizobacterial microbes was found 1:1 as the carbon and nitrogen are essential for
the bacterial growth and their ratio is very much important for the production of cellulose [55]. The
beneficial traits, enzymatic and physicochemical properties that can help to identify high enzymes
ability and stability can be used for the development of bio-fertilizer for applications in crops [52].
Bio-chemical characters of the identified microbes from the spinach grown in saline soil proved and
found both of the microbes have beneficial traits, enzymatic and biochemical properties that can help
for nutrient fixation and their solubility in soil and production of growth hormones so that they can
be used for the development of bio-fertilizer.

5. Conclusions

The soil and plant samples were collected from spinach grown under moderately to strongly
saline (>4.0 dS m™) conditions. A number of microbes (11 locations) were isolated from the spinach
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rhizosphere and a total of seventeen (17) salt tolerant microbes that differ in colony morphology
having multiple beneficial traits were documented. The majority (13) of microbes were Gram
positive, 14 were N2 fixers, 15 were positive in the catalase test, 12 were P-solubilizers, IAA and 10
biofilm producers. The isolated microbes were able to tolerate salinity levels up to 10 % (NaCl);
however, six (6) microbes showed their tolerance at 12.5% (NaCl) amended media culture. Two
potential bacteria were identified using as 165 rRNA partial gene sequencing as NIA SP-06:
Enterobacter cloacae and NIA SP-11: Bacillus safensi. The optimum pH value of the fermentation media
of Enterobacter cloacae and Bacillus safensi was at pH 7.0 after 48 hrs with better growth and enzymatic
activity at 1:1 carbon and nitrogen ratio. Biochemical characterization proved both strains have
potential to reduce stress of Spinach grown in saline soil.
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