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Abstract

Climate change affects agricultural fields by facing many threats. Among them, salt stress is the major
abiotic threat. To address this issue, salt-tolerant PGPRs have been used. They can create a symbiotic
relationship with their host to increase salt tolerance capacity. A study evaluated the ability of salt-tolerant
PGPR isolated from the 07 different halophyte rhizospheres from the Adri region of Junagadh district. A
total of 198 bacterial isolates were isolated, with most being gram-positive, capsule-forming, non-spore-
forming, and existing in single or chain cell arrangements. A salt tolerance test was carried out for
screening up to 30% of NaCl concentrations. A total of 08 isolates could tolerate 30% NaCl concentration.
These were selected for further studies. During pH tolerance, all 08 could tolerate pH up to 11, but none
isolates could tolerate < 7 pH. Temperature tolerance record: 04 isolates were psychrophiles and 02 were
thermotolerant. Further, 06 isolates produced IAA and 03 solubilized P, but none isolates solubilized Zn.
Production of NH3, catalase activity, and HCN production was done by 05 isolates. AENDS was identified
as a potent isolate, demonstrating the potential of salt-tolerant PGPRs in reducing synthetic pesticide and
fertilizer use in agriculture.

Keywords: Halophytes, ST-PGPR, Salt tolerance, IAA production, P solubilization, Zn solubilization,
NHj; production, Catalase activity, and HCN production.

1. Introduction

Crop production is facing challenges due to global climate change. This has led to various environmental
stresses such as salinity, rainfall, drought, extreme temperatures, and floods, which pose a threat to
agricultural sustainability. With the increasing global population, higher food demand, and depletion of
availability of cultivable land, these challenges are becoming more severe. Amongst these environmental
stresses, soil salinity affects cultivable land areas the most, leading to reduced crop productivity and
quality [1]. It is estimated that currently, about 62 million hectares, or 20 percent of the world's irrigated
land, is affected by salinity [2]. India has a coastline of 7516.6 km [6100 km of mainland coastline +
coastline of 1197 Indian islands] touching 13 States and Union Territories (UTs) [3]. Where the state of
Gujarat has the longest coastline of 1600 km [4,1], the Kutch and Saurashtra regions of Gujarat span
roughly 1125 km. Every year, the area within 1 km of the coastline experiences elevated salinity due to
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the mixing of groundwater and oceanic saline water. So far, a strip of land approximately 5 to 7.5 km wide
has been affected by salinity [1].

The excessive deposition of soluble salt in cultivable land has adversely affected important soil processes
such as respiration, residue decomposition, nitrification, denitrification, microbial biodiversity [7,2], as
well as its direct impact on crop yields. When a plant is under salt stress, it triggers several signalling
pathways. This includes the production of stress tolerance hormones, the activation and synthesis of
antioxidant enzymes, the production of Osmo protectants, and the production of polyamines. All of these
processes help the plant cells to survive [5,6,1]. It also inhibits diverse physiological and metabolic
processes of plants, even impacting their survival. The conventional methods of reclamation of saline soil,
which involve scraping, flushing, leaching, or adding an amendment (such as gypsum, CaCl2, etc.), are
limited in their success and also adversely affect the agroecosystems [2]. To improve the productivity of
saline soil without harming the environment, sustainable methods need to be developed. Breeding salt-
tolerant plants and developing salt-resistant crop varieties have not been effective. However, Microbial
versatility in harsh environments like arid regions, saline regions, thermophilic regions, and acidic regions
is more important because microbes present over there have unique genetic and physiological
characteristics to survive and grow in those harsh conditions [8,9,10].

The plant microbiome, including plant growth-promoting rhizobacteria (PGPR), ectomycorrhizal fungi
(AMF), and pathogenic microbes, affects the morphology and metabolism of the halophytes [8,11,12].
Halophytes — plants that can tolerate high levels of salt in their environment are a useful reservoir of
halotolerant bacteria with plant growth-promoting abilities [7]. Microbes exhibit salt tolerance and
dependence, including various genera of salt-tolerant plant growth promoting rhizobacteria (ST-PGPR)
found in extremely alkaline, saline, and sodic soils that can mitigate various biotic and abiotic stresses in
plants and enhance the productivity of plants those facing salt stress by increasing the availability and
uptake of carbon, nitrogen, and minerals from soil [8,13,14] and make them useful for reclaiming saline
agroecosystems [2].

PGPRs such as Rhizobium, Klebsiella, Pseudomonas, and Enterobacter are rhizospheric as well as
facultative endophytes, and they reside in host tissues’ intercellular spaces and establish a symbiotic
association [8, 15, 16]. The identification of halophilic PGPRs will enable agriculture on saline soil [7].
The utilization of ST-PGPR in saline agriculture can enhance productivity and improve soil fertility. The
ability to produce Osmo protectants, compatible solutes, and specialized transporters is key to adaptive
responses toward salt stress. ST-PGPR are now utilized as bioinoculants to enhance crop yields, protect
from phytopathogens, and improve soil health [2].

Previous studies on halophytes have focused on the physiological and genetic regulation of salinity
resistance. However, it is important to note that salinity tolerance in halophytes is also related to complex
microbial ecological processes within their rhizosphere. Despite this, plant-microbe interactions in saline
habitats have not been extensively studied. Therefore, the present study will mainly focus on halophyte
microbiome diversity and functions [8].

1. Materials and Methods

1.1 Sample Collection

The present study was conducted with rhizospheric culturable bacteria isolated from the saline barren soil
samples collected from the rhizospheric region of halophytes named AA, AB, AC, AD, AE, AF, and AG
mentioned in Table -1 of Adri (20.96°N, 70.29°E) region from Gujarat, India. The halophytes were
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uprooted from the soil, and the soil surrounding and attached to the roots was put in autoclaved bags and

brought to the laboratory, and stored at 4 °C.

Table 1 — Halophyte samples from the Adri site

Sample code | Common name of a halophyte | Scientific name of a halophyte
AA Button sedge Fimbristylis cymose

AB Little ironweed Vernonia cinerea

AC Benghal dayflower Commelina benghalensis

AD Seaside heliotrope Helitropium curassavicum

AE Khakhi weed Alternanthera pungens

AF Marram grass Ammophila arenaria

AG Fleabane Pulicaria dysenterica

Figure 1 — Halophyte samples from the Adri site

1.2 Sample Processing and Isolation of Rhizobacteria

The 10 g rhizospheric soil of each halophyte sample was aseptically introduced into 100 mL of sterile
0.8gm% n-saline and prepared soil suspension. Soil suspensions were kept on a shaker at 200 RPM for 1
hour. Afterward, a series of decimal dilutions up to 102 were carried out in test tubes using sterile distilled
water. To isolate potential rhizospheric bacteria soil suspensions, 10" and 1072 dilutions of each halophyte
sample were inoculated on three different sterile agar mediums NA - Nutrient Agar, YEMA — Yeast Extract
Mannitol Agar with 0.01gm% congo red, and KB - King’s B medium with extra 5gm% NaCl salt by four
flame method. All plates were incubated at 37°C for 24-48hr. After incubation, the bacteria with distinct
colony morphology were selected and again sub-cultured to get purified isolates [17].

1.3 Microscopic observation

Based on various staining traits, bacteria can be roughly identified. Gram’s staining, spore staining, and
capsule staining were performed according to Experimental Microbiology by Rakesh J. Patel.
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1.4 Physicochemical Analysis of Soil Sample

The collected soil samples were analysed for physicochemical parameters like Soil particle size, Soil pH,
Soil salinity, and Soil water holding capacity.

To determine particle size, 100 g of each soil sample was dried in an oven to remove moisture content.
Use a set of sieves arranged in an order of fineness (0.5cm — 0.4cm — 0.3cm — 0.2cm — 0.1cm). Place
100 g of the dried sample on top and shake the entire stack of the sieve manually. Weigh and record
retained material on each sieve to calculate the percentage of material retained and passed through each
sieve [22]. To measure the pH and salinity of the soil, a pH meter and a conductivity meter were used,
respectively. Firstly, 10 grams of each soil sample was added to 100 ml of distilled water and mixed
thoroughly. After allowing the soil particles to settle down, a pH electrode and conductivity cell were
introduced to each sample, and the pH value as well as the conductivity value were recorded. To determine
the water holding capacity of the soil, filter paper, a funnel, and 20 grams of pre-weighed soil sample are
used. Next, lay the soil sample and funnel with filter paper on a conical flask, then gradually add 100 ml
of distilled water. Measure the post-weight of moist soil and calculate the water-holding capacity after all
the water has been filtered out.

1.5 Screening of Salt Tolerance

The isolated bacteria were spotted (0.1ml) in triplicate on sterile NA enriched with 05gm%, 10gm%,
15gm%, 20gm%, 25gm%, and 30gm% NacCl, to determine their salt tolerance at (+2) 37°C temperature.
After incubation, colony formation was noted in colony diameter, and as on that, the isolates were
classified as halotolerant, moderate halophiles, and halophiles based on how well they could grow in
various NaCl concentrations [18].

For further study, only those 08 isolates were chosen that could tolerate a 30 gm% concentration of NaCl.

1.6 Screening of pH Tolerance

By spotting the same volume of all bacterial suspensions (0.1 ml) in triplicate on a sterile NA solid medium
with pH values of 3, 5, 7, 9, and 11, the pH tolerance of selected isolates was assessed. After that, the
plates were incubated at 37 °C for 48—72 h., and the colony diameter was used to quantify the growth [19].
Based on colony diameter, isolates were classified as acidophiles, neutrophiles, and alkaliphiles.

1.7 Screening of Temperature Tolerance

To evaluate the best growth temperature range, the same amounts of bacterial suspension (0.1 ml) were
spotted, in triplicate, on a sterile NA solid medium, and plates were incubated at 5° C, RT, 37° C, 45°C,
and 65° C. Observation of bacterial growth noted as temperature range that isolates can tolerate. Bacterial
growth was evaluated qualitatively on bacterial spots and quantitatively by measuring colony diameter
and noted as psychrophiles, mesophiles, and thermophiles [19].

1.8 Screening of Salt-Tolerant Rhizobacteria for PGP Traits

1.8.1 Indole-3-Acetic Acid (IAA) Production

Salkowski's technique was used to estimate indole acetic-3-acid (IAA) in selected salt-tolerant isolates.
The isolates were aliquoted (1 ml at 0.1 OD at 600nm) and inoculated in 9.0 ml of PCA liquid medium
(PCA - 5.0 gm/I Tryptone, 1.0 gm/l Glucose, 2.5 gm/l yeast extract, and 5% NaCl) and incubated for 24
hours under shaking conditions at 135 RPM. The 1 ml of supernatant (collected by centrifuging bacterial
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growth solution at 8000 RPM for 20 min) was combined with 2 ml of Salkowski's reagent (49 ml of 35%
HC10O4+ 1.0 ml of a 0.5 M FeCls) and kept in the dark at 27°C for 2 hours. The absorbances were measured
at 530nm and compared with an IAA standard curve to determine the IAA production [17].

1.8.2 Phosphate Solubilization

The phosphate solubilization assay involved spot inoculation of each bacterial isolate on Pikovskaya's
agar (Pikovskaya agar — 10gm/l Glucose, 5 gm/I Tricalcium Phosphate, 0.5 gm/l Ammonium sulphate, 0.2
gm/l KCl, 0.1 gm/l MgSOs4, Trace MnSO4 and FeSO4, 0.5 gm/I Yeast extract, 15 gm/l agar powder, 5gm%
NaCl and 7 pH). The plates were incubated at 28 = 1°C for 48 hours in a BOD incubator. After incubation,
a distinct halo zone close to the bacterial growth was measured and, by using the following equation

calculated the phosphate solubilization index [20] was calculated.
Colony diameter + Halo zone diameter

Phosphate solubilization index (SI) = Colony diameter

1.8.3 Zinc Solubilization

The bacterial capacity to solubilize Zinc was assessed utilizing Tris-mineral agar medium (10gm/l D-
glucose, 1.0 gm/l (NH4)2S0O4, 0.2 gm/l KCI, 0.1gm/l KoHPO4, 0.2gm/l MgSOs4, 5g% NaCl, and pH = 6.75
+ 0.25) revised with three distinctive sources of insoluble zinc compounds; zinc oxide (ZnO) (15.23 mM),
zinc phosphate (Zn3(POs)2) (5.0 mM), and zinc carbonate (ZnCOs3) (5.2 mM) at a 0.1% Zn last
concentration. The selected bacterium was spotted on each Tris-mineral medium, and plates were
incubated at 30°C for 10 days. Zinc solubilizers showed a clear halo zone around the colony. If the zone
was not observed, then the plate was flooded with 0.1% Congo red solution. The experiment was
performed in triplicate, and the calculated zinc solubilization index was calculated by following the
equation [20, 21].

Colony diameter + Halo zone diameter

Zinc solubilization index (SI) = Colony diameter

1.8.4 NH;3 Production

The ammonia production of isolates was estimated using Nessler's technique. 9.0 ml of peptone water
(peptone water - 10 gm/l peptone, 50 gm/l NaCl) was used to inoculate aliquots (1.0 ml at 0.1 OD at 600
nm) of the selected salt-tolerant isolates and incubated for 24 hours at 27 °C with stirring at 135 RPM.
The development of brown to yellow color was quantified using a spectrophotometer. The 1 ml of
supernatant (collected by centrifuge the bacterial growth solution at 8000 RPM for 20 min) was combined
with 1.0 ml of Nessler's reagent and diluted to 10.0 ml of distilled water for the final step. Ultimately, the
concentration of ammonia in the medium was measured at 450 nm. Compare each absorbance value to an
ammonium-sulfate ((NH4)>SO4) standard curve [19].

1.8.5 Catalase Activity

Place a drop of selected isolates from a 30% NaCl concentration on a clean glass slide and add one drop
of 3% H»0,. Observe effervations and record the result [37].

1.8.9 HCN Production

Using Lorck's approach (1948), HCN production was discovered. 4.4 g glycine/l was added to the nutrition
broth before bacteria were streaked on modified agar plates. 2 gm% sodium carbonate and 0.5 gm% picric
acid solution-soaked Whatman filter paper No. 1 was positioned on top of the plate. After sealing the plates
with parafilm, they were incubated for 72-96 hrs at 36 + 2°C. The generation of HCN was detected by the
color changing from orange to red [18].
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1.9 Trials’ Design and Statistical Analysis

All trials were carried out by applying a randomized block design during the experiments. All experiment
was performed individually in triplicate. The results are expressed as mean value (n = 3). One-way analysis
of variance (ANOVA) was used to compare the bacterial isolates for in vitro IAA, P-solubilization, Zn-
solubilization, NH3 production, catalase activity, and HCN Production.

2 Observation and Results
2.1 Isolation of Rhizobacteria and Microscopic observation:
Soil is a reservoir of a variety of microbial flora that includes beneficial as well as harmful
microorganisms. From different halophytes total of 198 rhizospheric bacterial isolates were isolated from
the Adri region of Junagadh district. No. Of isolates per halophyte from different media is mentioned in
Figure 2.

Figure 2 — No. Of Isolates from each halophyte and the media

No. of Isolates of Adri Site NO. OF ISOLATES ON
DIFFERENT MEDIA
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In the present study, rhizobacterial species were identified based on microscopic and morphological
structures. Each isolate has different colony characteristics, including size, shape, margin, elevation,
appearance, pigment, and opacity were observed mentioned in Figure 3. All 198 isolates were
microscopically observed under a 100X oil emulsion lens, and their staining ability was checked by Gram,
capsule, and spore staining mentioned in Figure 4 and Table 2.

Figure 3 — Isolates from each halophyte
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Spore Positive Spre Negative

Table 2 — Microscopic observation of all isolates

Plant Total | Gram’s Staining | Spore Staining Capsule Staining | Shape of isolates
Code isolat | Positiv | Negativ | Positiv | Negativ | Positiv | Negati | Bacil | Cocc | Cocco
es e e e e e ve li i bacilli
AA 26 16 10 10 16 13 13 10 13 03
AB 35 23 12 15 20 14 21 11 14 10
AC 35 24 11 10 25 13 22 08 18 09
AD 23 12 11 09 14 08 15 12 10 01
AE 25 21 04 13 12 18 07 05 17 03
AF 32 26 06 09 23 19 13 11 15 06
AG 22 17 05 10 12 12 10 12 08 02
Total | 198 139 59 76 122 97 101 69 95 34

2.2 Physicochemical Analysis of Soil Sample

The physicochemical assessment of soil samples, including particle size, pH, salinity, and water holding
capacity, was performed from the Adri region of Junagadh. Table 3 shows the result of soil particle size
and type of soil. Table 4 shows the results of soil pH, soil salinity, and water-holding capacity of soil. The
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type of soil was determined by the sieve analysis [22]. All soil samples have ~8 pH, the salinity range was
measured between 1.75 to 3.25 mO/cm, and the water holding capacity range was determined between
10.51% to 18.98%.

Table 3 —Soil Particle Size

Plant code pH Salinity by EC(mO/cm) Water Holding Capacity (%)
AA 8.02 2.4 10.51
AB 8.44 2.8 11.97
AC 8.37 1.84 12.61
AD 8.43 2.0 18.98
AE 8.20 1.75 15.46
AF 8.53 1.94 13.55
AG 8.38 3.25 17.70
Table 4 —Soil pH, Soil Salinity, and Soil Water Holding Capacity
Plant code pH Salinity by EC(mO/cm) Water Holding Capacity (%)
AA 8.02 24 10.51
AB 8.44 2.8 11.97
AC 8.37 1.84 12.61
AD 8.43 2.0 18.98
AE 8.20 1.75 15.46
AF 8.53 1.94 13.55
AG 8.38 3.25 17.70

2.3 Screening of Salt Tolerance:

Figure 5 —Soil pH, Soil Salinity, and Soil Water Holding Capacity

All isolates were screened by inoculating them with additional concentrations of NaCl salt at 5%, 10%,
15%, 20%, 25%, and 30% in a sterile NA medium. The number of isolates for each salt concentration is
shown in Figure 6. The spotted plates containing bacterial isolates at varying salt concentrations are
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displayed in Figure 7. AAK14, ABYD2, ABK22, ACY11l, ADYD2, AENDS5, AFY13, and AGY1I are
particular isolates that can withstand a 30% concentration of NaCl salt.

Figure 6 —Salt Tolerant Assay Figure 7 — Salt tolerant Assay- spotted plates

Salt tolerant Assay
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2.4 Screening of pH Tolerance:

A broad pH range, including 7, 9, and 11, is tolerated by all of the selected isolates. Three and five pH are
intolerable to all isolates. No isolate was able to grow its pH below 7. Therefore, every isolate was an
alkaliphile. The growth of isolates on plates with varying pH values is shown in Figure 8. Additionally,
figure 9 illustrates the measured colony diameter (cm) as a proxy for the pH tolerance of a subset of
isolates.
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Figure 9 — pH Tolerant Assay
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2.5 Screening of Temperature Tolerance:

A wide temperature range, including 5°C, RT, 37 °C, 45 °C, and 65 °C, is tolerated by the selected isolates.
Room temperatures=, 37 °C and 45 °C temperatures were tolerated by all the selected isolates. Half of the
isolates could grow under 5°C and 65 °C temperatures. The growth of isolates on plates with varying
temperature values is shown in Figure 10. Additionally, Figure 11 illustrates the measured colony diameter
(cm) as a proxy for the temperature tolerance of a subset of isolates.

Figure 10 - Temperature-tolerant Assay- spotted plates
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Figure 11 — Temperature Tolerant Assay
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2.6 Screening of Salt-Tolerant Rhizobacteria for PGP Traits:

Natural and agricultural saline soils are an important reservoir of halotolerant/halophilic microorganisms.
The rhizospheric bacteria of halophytes are well adapted to saline stress due to low water potential in a
dry or saline climate to which they are exposed [23;. These plant growth promoters follow certain
mechanisms during the entire sequential process for nutrient mobilization, phytohormones for growth and
development, and chemical agents for defense-related issues of the crops [24). The mechanisms behind the
scenes could mainly be divided into two types, direct mechanisms and indirect mechanisms. The present
study characterizes direct mechanisms, including plant growth-promoting traits (PGP traits) viz.
production of IAA; solubilization of P and Zn; production of NH3, catalase enzyme, and HCN.

2.6.1 Indole-3-Acetic Acid (IAA) Production:

Phytohormones regulate the protective response of plants under biotic and abiotic stresses. Indole acetic
acid (IAA) is one of the most physiologically active auxins that stimulate cell elongation by modifying
certain conditions like, 1) an increase in osmotic contents of the cell, 2) an increase in permeability of
water into the cell, 3) a decrease in wall pressure, and 4) an increase in cell wall synthesis 5. [AA is a
metabolite derived from Trp by many Trp-dependent and Trp-independent pathways in plants and bacteria.
In the Trp tryptophan-dependent pathway, tryptophan is converted to indole-3-acetamide (IAM) by
tryptophan-2-monooxigenase, and IAM is metabolized to IAA by IAM-hydrolase [26]. Trp-independent
pathway might contribute significantly to the newly synthesized IAA; however, extensive Trp-to-IAA
conversion also occurs [27].

Figure 12 — IAA Production
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IAA production was quantified with the use of Salkowski's reagent by the spectrophotometric method.
Color development was visible at the highest IAA concentration within a minute and continued to increase
in dark conditions for 30 minutes. Therefore, the optical density was measured after 30 minutes. The
intensity of the dark reddish pink color development in the tube, checked spectrophotometrically at 530
nm, indicated the strong IAA synthesis by the selected isolates. IAA production in PCA broth ranged from
24.09 —48.73 ng/ ml. Amongst all the isolates, IAA production was higher in the isolate ABK22 and lower
in the isolate AAK 14. Table 5 describes the data on IAA production, and Figure 12 shows the color changes
in test tubes. A similar finding was reported previously from Pseudomonas knackmussii isolated from the
rhizosphere of Salsola tetrandra [38].

2.6.2 Phosphate Solubilization

P is an essential macronutrient, particularly second to N>, is available in both organic and inorganic forms
that limit plant growth [30,31]. In saline soil, the essential plant nutrients remain in insoluble form. Many
soil microorganisms solubilize unavailable forms of bound phosphorus - Ca3(PO4)2, FePO4, and AIPO4
into the plant available forms, HPO42 or H,PO42 for improved plant growth and sustenance under the
higher salinity [32, 33].

P-solubilizing bacteria (PSB), belonging to the genera Bacillus, Pseudomonas, Achromobacter,
Alcaligenes, Brevibacterium, Serratia, Xanthomonas, and Rhizobium, hydrolyse inaccessible P forms and
convert them into the absorbable forms [34]. The solubilization of P by PGPR is achieved through
acidification, chelation, ion exchange reactions, and production of low molecular weight organic acids
such as acetic, lactic, malic, succinic, tartaric, gluconic, 2-ketogluconic, oxalic, and citric acids [35, 36].
The efficacies of P solubilization are shown in Table 5 and Figure 13. When the zone of solubilization was
detected surrounding the isolated colony on modified Pikovskaya agar, then calculate the solubilization
index (SI) was calculated with the equation mentioned in the protocol by using the diameter of the colony
and zone. The estimated range of P-solubilizing isolates from halophytes was 2.25. Amongst the studied
rhizospheric isolates, three isolates solubilized the same amount of P—- ABYD2, AENDS, and AGY'11, as
well as five isolates did not solubilize P - AAK14, ABK22, ACY11, ADYD2, and AFY13. Similar data
were reported from Klebsiella sp. and Vibrio sp. isolated from the rhizosphere of Kochia indica [39].

Figure 13 —Phosphate solubilization

2.6.3 Zinc Solubilization

Zn is one of the essential trace elements or micronutrients required for the normal growth of plants [40].
The majority of the soils possess high Zn content that exists in the unavailable forms: smithsonite (ZnCO3),
sphalerite (ZnS), zincite (ZnO), franklinite (ZnFe;0O4), wellemite (Zn2SiOs4), and hopeite
(Zn3(PO4)2-4H,0) [41]. Plants absorb Zn mainly in the form of Zn?*, zinc hydrate, and organic zeolite
[34].
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Microbes can increase the solubility of low soluble Zn compounds and make their Zn accessible to other
organisms, through various strategies, such as reducing soil pH, chelation, and altering root system [43].
Zn solubilizing bacterial genera viz., Thiobacillus thioxidans, Thiobacillus ferroxidans, Acinetobacter,

Bacillus, Gluconacetobacter, Pseudomonas and facultative thermophilic iron oxidizers are reported [44].

Zn solubilization was estimated by plate assay using modified Pikovskaya’s agar medium supplemented
with 0.1% zinc carbonate. Halo zones were not observed around the colonies in a single isolate, after
flooding the plates with a 0.1% Congo red-containing solution. The solubilization index of the isolates to
solubilize Zn was quantitatively determined based on the results of the plate assay. Zn solubilization index
was tested by using the equation mentioned in the protocol. The quantitative data of Zn solubilization of
rhizospheric halophytes isolated from the selected halophytes are shown in Table 5 and Figure 14.
Comparable research reported earlier from Pseudomonas chlororaphis and P. aurantiaca isolated from
the rhizosphere of Brachiaria mutica [45].

Figure 14 — Zinc Solubilization

— 77

Figure 15 — NH3 Production

—

Code: 04-AAK 14, 07-ABYD2, 08-ABK22, 09-ACY11, 36-ADYD?2, 37-AENDS, 40-AFY13,47-AGY11

2.6.4 NHs Production:

NHj3 production plays an important role in plant growth increasing root and shoot growth and hence total
plant biomass [28]. Ammonia is released during organic matter decomposition, improving soil structure
and plant nutrition, resulting in higher productivity of the crop and enhanced tolerance against phyto
parasites [29].
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NH3 production was spectrophotometrically quantified by Nessler’s reagent at 450nm. A change in color
development from yellow to brown or orange suggested the highest NH3 concentration within 2-3 minutes.
All isolates produced ammonia in varying concentrations of 8.86 to 16.87 pg/ml (Table 5 and Figure 15).

2.6.5 Catalase Activity
Many rhizospheric bacteria benefit plant growth indirectly through biocontrol mechanisms and the
production of hydrolytic enzymes. Among the various ways, due to the production of lytic enzymes, the
isolates degrade the membrane constituents of the phytopathogens [46]. The extracellular hydrolytic
enzyme production of all the selected isolates is represented in Table 5 and Figure 16. Five isolates showed
catalyic activity.

Figure 16 — Catalase Production
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2.6.6 HCN Production

Cyanide is a dreaded chemical produced by some deleterious rhizobacteria. It has toxic properties and acts
as a general metabolic inhibitor. It is synthesized, excreted, and metabolized by bacteria, algae, fungi,
plants, and insects as part of their strategies to fight against predation or establish competition. The host
plants are generally not negatively affected by inoculation with cyanide-producing bacteria [47]. Cyanide
production was detected after 72h of incubation. A color change of Whatman filter paper from yellow to

orange, red, brown, or reddish brown was an indication of the weak, moderate, or strongly cyanogenic
potential, respectively (Table 5, Figure 17). Of the Out of eight halophytes, AAK14 was a strong HCN
producer, ACY11 and ADYD2 were moderate HCN producers, AEND5 and AGY 11 were weak HCN
producers, whereas ABYD2, ABK22, and AFY13 were non-HCN producers. Similar findings were
reported earlier from Pseudomonas sp. isolated from Atriplex halimus [42].

Figure 17 — HCN Production
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Figure 18 — PGP Traits

Conclusion

A total of 198 bacterial species were identified in the current study from the soil sample collected in the
Junagadh district's Adri area. All isolates were identified morphologically and microscopically using
accepted techniques. Out of the 198 isolates, 8 isolates (AAK14, ABYD2, ABK22, ACY1l, ADYD?2,
AENDS, AFY13, and AGY11) have demonstrated greater salt tolerance efficiency, according to the data.
The finest PGP features include the capacity to withstand a variety of pH ranges (3, 5, 7, 9, and 11) and
temperature ranges (5°C, RT, 37°C, 45°C, and 65°C), as well as the ability to produce IAA, ammonia, and
HCN, solubilize phosphate, and exhibit catalase activity. Every test result is positive in the AENDS isolate.
Thus, we believe that this particular species of bacteria can be used as a biofertilizer.

Data Availability Statement

The raw datasets supporting the conclusions of this article will be made available by the authors, without
undue reservation. Raw data can be found in online repositories. The names of the repository/repositories
are cited in the article.
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