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17 ABSTRACT
18 Drought is a major cause for decreasing in crop yield and agricultural productivity

19 around the Globe. The application of drought tolerance Actinobacteria to
20 agroecosystem improves the growth and protect from water scarcity and they can be
21 Detter alternative for natural farming and sustainable agriculture for aride and semi-
22 aride regions. Herein, we isolated ten morphologically different actinobacteria from
23 the rhizospheric soil of Datura and Khejri plants which are surviving in the nature
24  without any special treatment provided. All the isolated bacteria were screened in-
25 vitro for their drought tolerance capability for different time intervals against
26 polyethylene glycol 8000 (PEG8000) with 5%, 10% and 10% concentration to media
27  which produce moisture stress in which medium bacteria were growing. Among them
28  Dbest five bacterial isolates were selected and named RADM1 to RADMS for further
29  experimentation. Physiological characterizations were done through their ability to
30 grow in different temperature, pH ranges and NaCl concentration supplemented with
31 the 5% PEG8000. Morphology of the bacteria was Gram’s positive and mycelium
32 producing same as typical Actinobacterial species and for biochemical diversity stains
33  were able to IMVIC test and carbohydrate utilization through IMVIC test. Enzymatic
34  observations of isolates were resulted positive for nitrate reduction, catalase
35  production and negative for starch hydrolysis. PCR amplification and 16S rRNA gene
36 sequencing in BlastN found maximum similarity of three species with Streptomyces
37 clawuligerus and two species with Rhodococcus erythropolis and submitted to NCBI
38 gene bank database with accession number PQ114139 (RADMI1), PQ120343
39 (RADM2), PQ114109 (RADM3), PQ120390 (RADM4), PQ039766 (RADMS). In pot
40  trial of mungbean, all the isolates showed better performance in bacterial treatments
41  with an average increase in physiological parameters like, seedling’s shoot length
42 (52.70% and 9.62%), root length (35.63% and 17.25%), fresh weight (42.8% and
43 13.76%) dry weight (45.25% and 21.24%) in compared to uninoculated induced
44  drought and watered treatments. Stress features of seedlings revealed significant
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45  increase in proline and chlorophyll contents whereas decrease in MDA contents than
46  the untreated plants which indicates actinobacteria reduced water scarcity and damage
47  of plant membrane.

48  Keywords: Drought, Actinobacteria, Sustainable agriculture, Natural farming,
49 Rhizosphere, 16S rRNA, Sreptomyces Clavuligerus, Rhodococcus
50 erythropolis

51 IMPORTANCE

52 Rhizosphere of plant contains diversity of microbes with different abilities to
53 support the plant growth. The role of plant growth promoting bacteria in soil
54  presented and their association with plant can be the one reason for survive of the
55  plant against the abiotic stress conditions like drought, salinity, temperature or pH.
56  The actinobacteria found in the rhizosphere have evolved multiple strategies to assist
57 plants in managing the adverse effects of drought. These strategies may include
58 alterations in phytohormones, which play a vital role in enabling plants to withstand
59 environmental stresses, modifications to root structures, accumulation of osmolytes,
60 enhancements in the plant's antioxidant defense mechanisms, synthesis of
61  exopolysaccharides, and the identification of particular genes that support plant
62  growth and improve drought resilience. These actinobacteria as bioinoculant can be
63  the better alternative for the chemical fertilizers use and protect from the water
64  scarcity.

65 INTRODUCTION

66 Drought stress is one of the major agricultural problems reducing crop yield in
67 arid and semiarid regions of the world. As world’s climatic condition changes the
68 mean global air temperature and precipitation patterns are leading to longer drought
69  period and more extreme dry years and more severe drought conditions may hinder
70  food production in some countries (Lau and Lennon, 2012). At present, strategies to
71 increase the ability of plants to tolerate drought stress involve the use of water saving
72 irrigation, traditional breeding and genetic engineering of drought tolerant transgenic
73 plants. Unfortunately, these methods are highly technical and labour intensive and
74 thus difficult to apply in practices.

75 To eradicate the problem of water scarcity, modern agro-biotechnological
76  strategies are being implemented to improve drought tolerance in plants. These
77  technologies include genetic engineering, germplasm screening, plant breeding, etc.,
78  which have resulted in the development of hybrid products that are widely grown
79  across different parts of the Globe (Quan et al., 2004). Nevertheless, abiotic stress
80 tolerance mechanisms are complex, making the task of introducing new tolerant
81  varieties tough and strenuous (Naveed, 2013).

82 Alternative agricultural strategies aimed at mitigating the adverse impacts of
83  drought include conservation tillage, soil enhancement, and mulching. However, these
84  approaches are often characterized by their complexity and the significant time
85  investment they require (Bardi and Malusa, 2012). As agricultural practices extend
86 into less fertile and marginal lands, there is a growing focus on interventions that
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87 enhance water use efficiency in crops, utilizing biotechnology and advanced
88  agronomic techniques to meet the rising food demand.

89 Bacteria have developed various strategies to help plants cope with the damage
90 caused by drought. These strategies can involve changes in phytohormones, which are
91 crucial for helping plants deal with environmental stresses, modifications in the
92  structure of plant roots, the buildup of osmolytes, adjustments in the plant's
93 antioxidant defense systems, the production of exopolysaccharides, and the
94  identification of specific genes that promote plant growth and enhance drought
95 resistance (Bechtold and Field, 2018).

96 Several studies have reported different solutions to the problematic situation of
97  chemical usage in agriculture. Among the proposed solutions, microorganisms with
98  multifunctional traits have been found to reduce the use of chemical fertilizers and
99 pesticides by producing or releasing different types of bioactive compounds
100  (Janardhan et al., 2014), enzymes (Turan et al., 2016), and antimicrobial substances or
101  biocontrol compounds (Dhanasekaran et al., 2005). In addition, others are plant
102 growth promoters (Sarikhani et al., 2020). Considering this, plant growth-promoting
103  rhizobacteria (PGPR) are a good alternative, and they have demonstrated mutualistic
104  relationships with plants (Tang et al., 2016;).

105 The recent emphasis on utilizing beneficial microbial species that promote plant
106  growth to mitigate the negative impacts of drought has gained significant attraction in
107  agricultural practices. Bacteria play a crucial role in soil ecosystems, forming
108  mutualistic and advantageous relationships with a majority of plant species (Ndeddy
109  Aka and Babalola, 2017). These symbiotic bacteria enhance stress tolerance in various
110 plant hosts through mechanisms such as phytohormones alterations,
111 exopolysaccharide production, osmolytes accumulation, and defense against reactive
112 oxygen species (Zhang et al., 2008). Furthermore, they possess the ability to
113 synthesize antibiotics, fix atmospheric nitrogen, produce soluble iron compounds
114  (siderophores), and solubilize inorganic phosphate (Babalola, 2010).

115 Plant growth-promoting bacteria (PGPB), a specific group of soil
116  microorganisms, are instrumental in helping plants withstand the adverse effects of
117  various ecological stresses (Vardharajula et al., 2011). These bacteria contribute to
118  plant growth by directly supplying phytohormones, including gibberellins, cytokinins,
119  and indole-acetic acid, while also facilitating the absorption of vital nutrients such as
120  phosphorus and atmospheric nitrogen (Alori and Babalola, 2018). Furthermore, PGPB
121 can serve as biocontrol agents, mitigating the damage caused by pathogenic fungi or
122 bacteria. Therefore, it is imperative to explore and enhance plant growth and
123 productivity under conditions of restricted water availability through the utilization of
124  PGPB.

125 One alternative for growing plants under dry conditions is the use of plant growth
126  promoting rhizobacteria (PGPR). PGPR are a group of bacteria that can be found in
127  the rhizosphere in association with plan root system, both at the root surface and in
128  endophytic associations and which can either directly or indirectly facilitate optimal
129  plant growth and tolerance to biotic or abiotic stress condition (Cassan et al., 2009).
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130 These outstanding properties of the plant growth promoting bacteria (PGPB)
131  facilitate the plant growth during unfavourable environmental condition like drought
132 (Yandigeri et al., 2012). The use of actinomycetes species to enhance stress tolerance
133  in plant have receives very little attention over the years. Actinomycetes, found
134  mostly in soils, are widely known for their antibiotic and bioactive secondary
135  metabolites production as well as their outstanding ability to survive in unfavourable
136  environments (Adegboye and Babalola, 2013).

137 Actinobacteria, a type of unicellular Gram-positive bacteria, are widely
138  distributed in nature from different habitats and are important producers of several
139  bioactive secondary metabolites, antibiotics, and plant growth-promoting factors
140  (Pepper and Gentry, 2015) Actinobacteria aremorphologically very similar to fungi,
141 though they form hyphae much smaller than fungi. The phylum Actinobacteria is
142 considered one of the important groups of bacteria (Manivasagan €t al., 2014).

143 Today’s world requires ecofriendly methods to achieve high output yield, enhance
144  crop production and better soil fertility (Yasari et al., 2009). Actinobacteria, as bio-
145  inoculants and bio-pesticide, are an alternative to chemical fertilizers. They can
146  improve crop production under multiple stress conditions, such as temperature, pH,
147  salinity and drought (Cheng et al., 2018). Streptomyces is the most abundantly
148  occurring actinobacteria genus in the soil. Owing to their high growth rate,
149  Sreptomyces spp. efficiently colonizes the plant root systems and can withstand
150  adverse growth circumstances through the formation of spores.

151 Understanding the diversity and distribution of indigenous actinobacteria in
152  the rhizosphere of particular crops depends on the knowledge of native
153  Actinobacterial populations, their isolation, identification, and characterization. It is
154  therefore mandatory to explore region specific Actinobacterial strains that can be used
155 as growth promoters to achieve desired crop production (Deepa et. al., 2010).
156  However, in spite of high soil population, secondary metabolite production and
157  capability to endure hostile environments, Streptomyces, and other actinobacteria are
158  unexpectedly under explored for plant-growth promotion, as compared to
159  Pseudomonas or Bacillus spp. (Doumbou et al., 2002).

160 Moreover, metagenomics studies have confirmed that actinobacteria have higher
161  diversity in organic soil than in conventional modern agricultural soil (Sharma et al.,
162  2019). Owing to the high price of chemical fertilizers and the widening gap between
163  supply and demand, the solubilization of nutrients by the microorganisms has been
164  increasingly seen to be useful and economical. Microbial inoculants are ecofriendly
165 and environmentally secure and only require low cost technology, providing a
166  solution for enhancing productivity and decreasing environmental problems for
167  sustainable agriculture.

168 Soil Actinobacteria are known to produce active compounds in the rhizosphere,
169  many of which are important in agriculture (Suzuki €t al., 2000). Khan et al., (2010)
170  reported that phosphorus could be implicated in several metabolic processes of plant
171  hosts, such as energy transfer, photosynthesis, macromolecular biosynthesis, signal
172 transduction, and respiration. Phosphorus availability to plants is facilitated through
173  the soil P cycle. Richardson and Simpson (2011) noted that Actinobacteria directly
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174  solubilize and mineralize inorganic P or mediate organic P availability through
175  microbial turnover and development of root system. Actinobacteria lower soil pH
176  through the secretion of different types of organic acids, improving P availability to
177  plants and in turn plant yield through the establishment and development of the entire
178  root system shoots (Khan et al., 2010).

179 Here, we concentrate on actinobacteria as an alternative tool for sustainable
180 farming practices and for reducing harmful chemical usage to promote ecofriendly
181  sustainable agriculture, thus reducing environmental damage and transforming
182  chemical farming into organic farming. The interaction of actinobacteria in relation to
183  plant growth development, secondary metabolite production, biocontrol activity, and
184  soil nutrient management.

185 In present study rhizospere of datura and khejri plant have been used as the source
186  soil for the isolation of actinobacteria. The rhizospheric soil of these plants are
187  selected for isolation of actinobacteria because these plants are of hardy nature and are
188  found in abundance in wild in the North Gujarat Agroclimatic zone. These plants are
189  further acclimatized to tolerate the dry and arid environmental conditions prevalent
190  over the North Gujarat and are supposed to harbor beneficial actinobacteria in their
191  rhizospheric zone and may have diverse plant growth promoting abilities.

192 1. Methods and Materials:

193 1.1 Isolation of Actinobacteria from rhizospheric soil

194  1.1.1 Collection of samples

195 The soil samples for the isolation of Actinobacteria were collected from
196  rhizosphere of two plants growing wild in the North Gujarat region under arid
197  condition; Datura (Datura stramonium) and Khejri (Prosopsis cineraria) from a depth
198  of 15-30 cm (Datura) and 30-45 cm (Khejri). About 250g of soil from the each
199  rhizosphere of Datura and Khejri’s were aseptically collected in sterile plastic bags.
200 These soil samples were stored in refrigerator of the Department of Microbiology
201  until further analysis.

202 1.1.2 Isolation of Actinobacteria

203 All the soil samples collected from the different rhizospheres of datura and khejri
204  were respectively combined and two separate composite samples of two plants were
205  prepared. The samples were separately mixed thoroughly and passed through 2mm
206 sieve to prepare homogenized samples. Ten grams of each soil samples were
207  suspended in 90mL of sterile physiological saline solution (0.85% NaCl in distilled
208  water) in a bottle and kept for shaking on an orbital shaker (at 100 rpm) at 28 +£ 2 0C
209 for lh. After shaking, the samples were serially diluted up to 10-5 dilutions and
210  aliquot from 10-4 and 10-5 dilutions (0.1mL) were spread plated on petriplates having
211 Actinomycetes Isolation Agar (AIA) medium (Hi-Media Laboratories, Mumbai,
212 India) supplemented with cycloheximide (20mg/l) and nalidixic acid (100mg/l) to
213 minimize fungal and other bacterial growth. The petriplates were incubated at 28 =+
214  2°C for 3 to 7 days. Post incubation, all the plates were screened for actinomycetes
215  colonies based on morphology and Gram staining. The Gram-positive bacteria
216  showing typical morphological characters of actinobacteria (Cappucino and Sherman,
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217 1992) on Actinomycetes Isolation Agar under microscope were isolated on freshly
218  prepared actinomycetes agar plates. These cultures were further purified by repeated
219  subculturing on International Streptomyces Project (ISP2) agar plates to obtain pure
220  cultures. These pure cultures of actinobacteria were stored on ISP2 agar slants and
221 ISP2 plates in refrigerators at 40C for further experimentation.

222 1.2 Screening of actinobacterial isolates based on drought tolerance capability
223 The drought tolerance capacity of the actinobacterial isolates were studied by
224  inoculating 5 ml of freshly prepared actinobacterial aliquot into 150 ml cotton plugged
225  flasks containing 50 ml sterilized ISP-1 medium (Tryptone Yeast Extract HiVegTM
226  Broth) supplemented with different concentrations (5, 10 and 15%) of Poly Ethylene
227 Glycol 8000 (PEG 8000) with slightly modification in method of Chukwuneme et al.
228  (2020). The pH of the medium were adjusted to 7.2 before autoclaving at 121°C for
229 15 min. Inoculated flasks were incubated at room temperature with constant shaking
230 (150 rpm) at different time intervals (24, 48 and 72 h). The growths of each bacterial
231  isolates were observed by measuring the OD at 600 nm using a UV
232 Spectrophotometer. The control for this experiment was consisted of inoculated broth
233 without PEG8000, while un-inoculated broth served as blank. The pooled data were
234  statistically analysed.

235 1.3 Physiological characterization of actinobacterial isolates

236 1.3.1 Effect of temperature on the growth of bacteria

237 The bacterial ability to tolerate higher temperature were observed by growing
238  10ul of each bacterial isolate in 10 ml of sterilized ISP-1 medium containing 5%
239  PEG-8000 and incubated at different temperatures (25°C, 30°C, 35°C, 40°C) under
240  shaking conditions (150 rpm) for 7 days according to method described by
241 Chukwuneme et al. (2020) with slightly modification. The ODgoo of each bacterial
242 isolate were measured at 600 nm using a UV Spectrophotometer. The OD observed
243 was indicated the effect of temperature on growth of actinobacteria in medium with
244 water stress.

245  1.3.2 Effect of pH on the growth of bacteria

246 The effect of pH on bacterial growth were determined by growing 10 pl of each
247  bacterial culture in test tubes containing 10 ml of sterilized ISP-1 medium
248  supplemented with 5% PEG 8000. The pH of the media was adjusted to 3, 5, 7, 9, and
249 11 using 0.1 N HCI and 0.1 N NaOH before autoclaving. Inoculated tubes were
250 incubated at 25°C under shaking conditions (150 rpm) for 7 days according to method
251  described by Chukwuneme et al. (2020) with slightly modification.Aafter which the
252 ODgg of each culture were measured using a UV spectrophotometer.

253  1.3.3 Effect of NaCl on the growth of bacteria isolates

254 Tolerance to NaCl by bacteria were assessed according to the method of Ndeddy
255  Aka and Babalola (2017) by inoculating 20 pl of each bacterial isolate in 20ml
256  sterilized ISP-1 medium containing varying concentrations of NaCl (0.2, 0.4, 0.6, 0.8,
257 and 1.0%). Inoculated tubes were incubated at 25°C for 7 days, and the OD were
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258  measured at 600 nm using a UV spectrophotometer according to method described by
259  Chukwuneme €t al. (2020) with slightly modification. An ODgg values greater than
260 0.1 was considered to be better growth for each bacterial isolates.

261 1.4 Morphological characterization

262 The microscopic examination of the isolates was done by Gram’s staining
263  procedure and the observations for cell shape and arrangement of cells in colonies
264  were recorded using the method given by Cappuccino and Sherman (1992) using a
265  compound light microscope (E200, Nikon, Japan).

266 1.5 Biochemical characterization

267 1.5.1 IMVIC test

268 Hi-Media ready to use IMVIC test kit is a standardized colorimetric
269 identification system that utilizes four conventional biochemical tests and eight
270  carbohydrate utilization tests. The tests are based on the principle of pH change and
271  substrate utilization. On incubation organisms undergo metabolic changes which are
272 indicated as a colour change in the media that can be either interpreted visually or
273 after addition of the reagent. Indole test, methyl red test, Vogus-proskauer test, citrate
274  utilization test, mannitol and sucrose test were carried out using IMVIC test kit
275  (KBO0O1-10KT, Hi-Media) following manufacturer protocol.

276 Single colony of a particular isolate was inoculated into 5 ml brain heart infusion
277  broth and incubated at 35-37°C for 4 to 6 h. until the inoculum’s turbidity become >
278 0.1 O.D. at 620 nm. Each well of the kit was inoculated with an aliquot of 50 pl of
279  Dbacterial suspension and the plates were incubated at 35 - 37°C for 18 - 24 h. Reagents
280 were added in well no. 1 (Kovac’s reagent), 2 (Methyl Red reagent) and 3 (Barrit
281  reagent A and Barrit reagent B) at the end of incubation period, that is after 18-24 h.
282  The result was observed in the form of colour change of the medium in wells of the kit
283  as per manufacturer’s protocol.

284  1.5.2 Nitrate reduction test

285 Bacterial suspension was inoculated into nitrate broth. Tubes were incubated at
286  the optimal temperature 30°C or 37°C for 24 h. After incubation N2 gas was looked as
287  bubble production before adding reagents. Then 6-8 drops of nitrite reagent A were
288 added and then 6-8 drops of nitrite reagent B were added. The reaction (colour
289  development) was then observed for a minute. If no colour develops then zinc powder
290  was added to it. After addition of zinc powder, it was observed for at least 3 minutes
291  for red colour to develop. Development of a cherry red coloration on addition of
292 reagent A and B or absence of a red colour development on adding Zn powder
293  indicates positive test. Development of red colour on addition of Zn powder indicates
294  negative test.

295  1.5.3 Catalase production test

296 Luria-Bertani (LB) agar plates were inoculated with each bacterial isolate. An un
297  inoculated LB plates were used as the control. All plates were incubated at 30°C for 5
298  days. On the 5th day, a single colony from each inoculated plate were placed on a
299  sterile glass slide and held at an angle while 2-3 drops of hydrogen peroxide (H202)
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was flooded over the growth of each culture on the glass slide. Catalase productions
were indicated by the production of oxygen bubbles within one minute after the
addition of H202.
1.5.4 Test for hydrolysis of starch

A loopfull of each bacterial isolate were streaked on starch agar plates in
triplicate; plates were incubated at 30°C for 8 days. On the 8th day, the iodine solution
was added to each culture plate. After about a minute, excess iodine was carefully
poured out from the culture plates. Control consisted of un-inoculated starch agar
plates. Yellow zones around the colony in a dark blue medium was considered
positive for starch hydrolysis, while the absence of a yellow zone was considered
negative.
1.6 Molecular characterization of actinobacterial isolates.
1.6.1 Genomic DNA Extraction

Bacterial isolates were grown in 20 ml of ISP-1 medium in 50 ml Eppendorf
tubes with constant agitation (150 rpm) at a temperature of 25°C for 7 days for
optimum growth. The genomic DNA from each bacterium was extracted using a DNA
extraction kit (Qiagen) according to the manufacturer’s instructions. DNA purity and
yield (ng/pl) were determined using a NanoDrop spectrophotometer.
1.6.2 PCR amplification

The 16S rRNA gene is considered molecular chronometer due to the highly
conserved nature of these genes. PCR amplification of the 16S rRNA gene was done
using the universal primers 27F and 1492R in order to get an amplified PCR product
of size ~1500 bp using A300 thermal cycler (Long Gene Scientific Instruments Co.
Ltd., Taiwan).

Primer Name Primer sequences (*5-3’)
Eurofins genomics
Forward primer, 27F : 5’-AGAGTTTGATCCTGGCTCAG-3’
Reverse primer, 1492R : 5’-GGTTACCTTGTTACGACTT-3’

The reaction mixture was given a short spin in a microcenrifuge for mixing of the
cocktail components. The PCR tubes were then loaded in a thermal cycler.

% Thermal cycling conditions for PCR amplification

Sr. No.  Steps Temperature (°C) Duration
1. Initial-denaturation : 94 : 05 min

2. Denaturation : 94 : 30 sec

3. Annealing : 54.5 : 01min 30sec
4 Extension : 72 : 02 min

Repeated 35 times to step 2
Final Extension : 72 : 10 min
Hold : 4 : -

AN
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329  1.6.3 Gene sequencing and identification of 16S rRNA gene

330 The analysis of sequences and construction of the phylogenetic tree were
331 performed according to the methods described by Aremu and Babalola, 2015. The
332  chromatograms obtained from the sequencing reaction were analysed for good quality
333  sequences and were edited with Bio Edit Sequence Alignment Editor, and consensus
334 sequences were generated. Blast search were done on the consensus sequences
335 obtained in the NCBI database (www.ncbi.nlm.nih.gov) using the Basic Alignment
336 Search Tool (BlastN) for homology for identification of the bacteria. Sequences
337 obtained were deposited in GenBank. The 16S rRNA gene sequence based
338  dendrogram were also prepared online using Neighbour Joining Method to depict the
339  phylogenetic position of these isolates.

340 1.7 Pot Experiment

341 Actinobacterial isolates after being characterized based on phenotype and PGPR attributes
342  were tested on mungbean under pot studies in order to find out the best isolate for promoting
343  plant growth. The sandy loam soil was collected from the field. The soil was then be steam
344  sterilized and plastic pots were disinfected with 4 per cent formaldehyde (formalin 40 EC)
345  solution used for conducting experiments in pots.

346 Seven Treatments comprised with soil inoculation of actinobacterial isolates for
347 mungbean for 21 days of experiment. Five seeds were sown to the each pot with five
348  replications and transferred into growth chamber at 25°C with a photoperiod of 16/8h
349  light/dark. After one week, the seedlings were inoculated with the actinobacterial suspension
350  in sterilized tap water respectively with an inoculum load of 10° CFU/ml. One week after
351  bacterial inoculation water supply was terminated to produce drought in the pot for further
352  seven days and then after drought treatment water irrigation resumed for one day, and plant
353  health were photographed and assessed. For comparison one treatment was maintained as
354  control i.e, in this case neither soil treatment with bioinoculant nor water supplies were given
355  and another control treatment was continued with water supply during experiment without
356  bacterial inoculation. After twenty two days of experiment plants with different treatments
357  were harvested for biomass and length measurements. Leaves from each treatment were
358  respectively collected and used for the measurement of free proline, MDA and chlorophyll
359  content (Chen et al, 2017). The data obtained were analysed with MSTAT-C software and
360 DNMRT (Duncan’s New Multiple Range Test).

361 2. Results

362 2.1 Isolation of Actinobacteria from rhizospheric soil of datura and khejri plants
363 The rhizospheric soil of datura and khejri were collected from a depth of 15-30 cm
364  (datura) and 30-45 cm (khejri). Five distinct bacterial colonies from each of the two
365 soil samples were isolated in pure culture through repeated subculturing from soil
366 sample and were stored in refrigerator at 4°C for further experimentation. These
367 isolates were marked sequentially 1 to 10. According to method described by Anwar
368 et al 2016; one gram of soil sample mixed with 9ml of autoclaved water and was
369  serially diluted to a final dilution of 10* and 10°. The 0.1ml of each dilution was
370 spread plated on Actinomycetes isolation agar medium supplemented with 25ul/ml
371 nalidixic acid and 50ul/ml nystatin as antifungal agents. These ten actinobacterial
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372  isolates were selected on the basis of morphological characters such as distinct colour
373 and colony shape. Morphologically distinct bacterial colonies that grew on the
374  Actinomycetes isolation agar medium were aseptically transferred onto fresh ISP2
375 agar plates. These isolates underwent purification through repeated subculturing, The
376  pure cultures were subsequently maintained on ISP2 agar slants.

377 2.2 Screening of actinobacterial isolates based on drought tolerance capacity and

378 physiological characteristion
379  2.2.1. Screening of actinobacterial isolates based on drought tolerance
380 The screening of the selected bacterial isolates to tolerate drought was evaluated

381 based on concentration of PEG8000 and time. The level of tolerance to various
382  concentrations of PEG8000 by each bacterial isolate was determined as a function of
383  time, after inoculation on PEG containing medium. Growth varied among the isolates
384  and depended mainly on the concentration of PEG, as bacterial growth decreased in
385  PEG supplemented medium for all the isolates, irrespective of the concentration.

386 It was also observed that time influenced the tolerance capacities of these isolates
387  as better growth on PEG medium was observed with an increase in time. The result
388  obtained for each concentration was compared with that of the control (without PEG).
389  Screening test were done after the isolation , growth of actinobacterial isolates against
390 the drought tolerant capability measured with different concentration 5%, 10% and
391 15% of PEG8000 after 24h, 48h and 72h time intervals. Optical Density(OD) of
392  growth of isolates in medium revealed that time influenced the tolerance (Table 5).

393  Table 1: Complete Randomized Design with 5%, 10% and 15% PEG concentration

394 for 24h, 48h and 72h of incubation
Particulars Values
Treatment 10 levels
Hours 3 levels
Total observations 90

395 Table 2: Combined CRD analysis with 5% PEGS8000 after 24h, 48h and 72h of

396 incubation
Source of Var. DF Sum of | Mean K P Result
Sq. Sq. value | value
Treatment 9 0.5509 | 0.0612 | 306.0 | 0.0 | **Sig. at 1% level
Hours 2 0.9735 | 0.4868 | 2434.0 | 0.0 | ** Sig. at 1% level
TreatmentxHours 18 0.133 | 0.0074 | 37.0 0.0 | ** Sig. at 1% level
Errror 60 0.0133 | 0.0002
Total 89 1.6707
397  The means of all the levels of the interaction between treatments and hours were same.
398 The treatment component p=value was 0.0, results were found ** Sig. at 1% level

399 and reject the null hypothesis, so multiple comparison test must be performed to
400 evaluate means of different levels of the interaction between Treatment & Hours.
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401 The interaction of isolates with 5% PEG after 24h, 48h and 72h of incubation
402  revealed that isolates found more tolerance for drought after 72h after incubation than
403  24h and 48h incubation periods. Among all the interaction isolate T9 had maximum
404  tolerance against PEG8000 after 72 h of incubation (O.D.= 0.84734+0.0025) and none
405  of the treatments were at par with it. It was followed by isolates T8, T10, T4 and T2
406 with growth 0.793+0.0026, 0.765+0.004, 0.758+0.0017, 0.7453+0.0021 (Table 5).

407  Table 3: Combined CRD analysis with 10% PEG8000 after 24h, 48h and 72h of

408 incubation
Source of Var. | DF Sum | Mean K P value Result
of Sq. Sq. value
Treatment 9 10.6389 | 0.071 | 142.0 0.0 ** Sig. at 1% level
Hours 2 | 1.0064 | 0.5032 | 1006.4 0.0 ** Sig. at 1% level
TreatmentxHours | 18 | 0.1412 | 0.0078 | 15.6 0.0 ** Sig. at 1% level
Errror 60 | 0.0314 | 0.0005
Total 89 | 1.8179
409 The means of all the levels of the interaction between treatments and hours were same.
410 The interaction of isolates with 10% PEG after 24h, 48h and 72h of incubation

411  revealed that different isolates shows different level of tolerance for growth after 24h,
412 48h and 72h of incubation ranges from 0.538+0.0031 to 0.014+0.003. Among all the
413  interaction isolate T10 found highest tolerance against PEG after 72h (0.538+0.0031)
414  and none of the treatments were at par with it, which were followed by isolate T9 with
415  48h (0.472+0.0006) and 72h (0.470+0.0032) of incubation. Least tolerance was
416  observed in isolate T3 after 24h of incubation (0.014+0.003) followed by isolate T6
417  after 24h of incubation (0.021+£0.0061) (Table 5).

418  Table 4: Combined CRD analysis with 15% PEGS8000 after 24h, 48h and 72h of

419 incubation
Source of Var. | DF Sumof | Mean F P Result
Sq. Sq. value | value
Treatment 9 0.6929 0.077 770.0 0.0 ** Sig. at 1% level
Hours 2 0.3092 | 0.1546 1546 0.0 ** Sig. at 1% level
TreatmentxHours | 18 | 0.1229 | 0.0068 68.0 0.0 | **Sig. at 1% level
Errror 60 | 0.0078 | 0.0001
Total 89 | 1.1328
420 The means of all the levels of the interaction between treatments and hours were same

421
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423

424
425

Table S: DNMRT test for comparing means of interactions of actinobacterial isolates against 5%, 10% and 15% PEGS8000 for 24h, 48h

and 72h of incubation

5% PEG8000 10% PEG8000 15% PEG8000

Trelz_‘lt(:lligt X OD value Tre;:)r::gt X OD value Tre;t)rz::t X OD value
T9 x 72h 0.8473+0.0025" T10 x 72h 0.538+0.0031° T10x72h 0.461+0.0006"
T8 x 72h 0.793+0.0026" T9 x 48h 0.472+0.0006° T7 x 72h 0.445+0.0159%
T10 x 72h 0.765+0.004° T9 x 72h 0.4700.0032° T9 x 72h 0.432+0.001°
T4 x 72h 0.758+0.0017° T7 x 72h 0.464+0.0035" T2 x 72h 0.392+0.0062°
T2 x 72h 0.7453+0.0021° T4 x 48h 0.445+0.009™ T8 x 72h 0.392+0.009°
T1x 72h 0.710.0056° T4 x 72h 0.438+0.017°¢ T4 x 72h 0.390+0.001%
T7 x 72h 0.6903+0.0035* T10 x 48h 0.432+0.001 7% T10 x 48h 0.374+0.001%
T3 x 72h 0.6123+0.0306° T2 x 72h 0.423+0.004°% T10 x 24h 0.372+0.0006°
T9 x 24h 0.60370.0021° T7 x 48h 0.413+0.0029%% T7 x 48h 0.370+0.0031°
T8 x 24h 0.5827+0.0012" T8 x 72h 0.404+0.0012% T2 x 48h 0.364+0.0021°
T5 x 72h 0.574+0.0149¢" T1x 72h 0.395+0.0111° T1x 72h 0.364+0.0127°
T10 x 24h 0.566+0.0026%" T8 x 48h 0.365+0.0038™ T4 x 48h 0.343+0.0032
T4 x 24h 0.5527+0.0031" T2 x 48h 0.350£0.0193¢ T9 x 48h 0.324+0.0015¢
T2 x 24h 0.5463+0.009" TS x 48h 0.293+0.0225" T8 x 48h 0.310+0.0046¢
T9 x 48h 0.537£0.0044" T6 x 72h 0.286+0.0105" T7 x 24h 0.288+0.0042"
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T2 x 48h 0.5313+0.0015™ T5x 72h 0.282:0.0078" TS5 x 72h 0.268+0.0093'
T4 x 48h 0.5187+0.00764™ T6 x 48h 0.276+0.02" T8 x 24h 0.243+0.0006'
T8 x 48h 0.518+0.0052"" T9 x 24h 0.264+0.0006" T5 x 24h 0.230:£0.002 1%
T7 x 24h 0.51£0.0113™ T3 x 48h 0.257+0.1013"%* T9 x 24h 0.229+0.0012%
T6 x 72h 0.505+0.0176™ T1 x 24h 0.251+0.0025"* T1 x 48h 0.221+0.0473"
T10 x 48h 0.5027+0.0038™ T10 x 24h 0.245+0.001% T5 x 48h 0.219+0.0146"
T6 x 24h 0.483+0.0176™ T7 x 24h 0.238+0.0015* T4 x 24h 0.217+0.0051"
TS x 24h 0.468+0.0066 T1 x 48h 0.221+0.0318" T2 x 24h 0.216+0.0068"
T7 x 48h 0.4507+0.0061™ T3 x 72h 0.184+0.0476' T3 x 48h 0.194+0.0131'
T1 x 24h 0.4337+0.0061% T4 x 24h 0.156+0.0025™ T6 x 72h 0.192+0.0174'
T5 x 48h 0.418+0.0095" T8 x 24h 0.137+0.0031™ T3 x 72h 0.18140.0084'
T6 x 48h 0.403+0.0285" T2 x 24h 0.117+0.0015" T6 x 24h 0.154+0.0035™
T1 x 48h 0.3833+0.015" T5 x 24h 0.0400.01° T1 x 24h 0.124+0.0062"
T3 x 48h 0.3627+0.054" T6 x 24h 0.021+0.0061° T6 x 48h 0.065+0.0102°
T3 x 24h 0.2687+0.017" T3 x 24h 0.014+0.003° T3 x 24h 0.005+0.0006"
SEm 0.0047 SEm 0.0075 SEm 0.0033
SEd 0.0066 SEd 0.0106 SEd 0.0047
CD @ 5% 0.0132 CD @ 5% 0.0212 CD @ 5% 0.0094
C.V.% 2.5495 C.V. % 7.5365 C.V. % 3.5753
426  The values showed average of three replications at the time of observations.

427 The letters in superscript shows DNMRT ranking. The letters in common are not significantly different at 5% level of significance

428
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429  Table 6: Mean OD value of isolates at 5%, 10% and 15% PEG8000 concentration

430 after 24h, 48h and 72h after incubation
Isolate 5% PEG8000 10% PEG8000 15% PEG8000
T1 0.509 0.2893 0.2368
T2 0.6077 0.2969 0.3243
T3 0.4146 0.152 0.127
T4 0.6098 0.3469 0.3171
T5 0.4867 0.2051 0.2397
T6 0.4637 0.1946 0.1373
T7 0.5503 0.3722 0.368
T8 0.6312 0.3023 0.3151
T9 0.6627 0.4024 0.3287
T10 0.6112 0.4051 0.4027
431 Comparison of tolerance for the growth of isolates at different concentration after

432 different time of interval revealed that the least concentration of PEG8000 at 5%
433 shows better growth than 10% and 15% concentration in medium. Isolate T9 had
434  maximum tolerance to 5% PEG (0.06627) and isolate T3 had least tolerance to 15%
435  PEG (0.127) (Table 6).

436 So that, the five Actinobacterial isolates which showed maximum tolerance
437  against PEG8000 at 5% concentration according to the DNMRT value of comparing
438  mean with different time interaction (Table 5) were selected and named as RADM1
439  [T9x72h (0.8473+0.0025 at 72h)], RADM2 [T8x72h (0.8473+0.0025 at 72h)],
440 RADM3 [T10x72h (0.765+£0.004 at 72h)], RADM4 [T4x72h (0.758+0.0017at 72h)]
441  and RADMS [T2x72h (0.745340.0021 at 72h)] for the further experiments.

442 2.2 Physiological characterization of actinobacterial isolates
443  2.2.1 Effect of temperature on the growth of bacteria
444 The activity and growth of bacteria in the soil depend on the soil temperature,
445  which affects cellular enzymes. In present study, five actinobacterial isolates after
446  screening for drought tolerance were grown under medium supplemented with 5%
447  PEGS8000 and at different temperature regimes. The results obtained for each of the
448  isolates at various temperatures are presented in Table 7 Bacterial growth was
449  determined by measuring the optical density (OD) of each bacterium at 600 nm. All
450  tested bacterial isolates grew at various temperatures, although there were variations
451  in the growth pattern of each isolate.
452
453  .Table 7: Growth of bacterial isolates at different temperature

Temperature range
30°C 40°C 50°C 60°C
RADM1 0.46 £ 0.03° 0.74+0.03° | 0.46+0.02° | 0.32+0.02°
RADM2 0.68 +0.01° 0.89 +£0.02* | 0.55+0.02° 0.40+0.01"
RADM3 0.42 = 0.03° 0.65+0.05¢ | 0.33+0.02° 0.22 0.02°

Isolate



https://doi.org/10.1101/2025.05.05.652240
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.05.05.652240; this version posted May 6, 2025. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY-NC-ND 4.0 International license.

RADM4 0.61+0.01° 0.91 £0.03* 0.53 +£0.01° 0.41+£0.01*
RADMS5 0.53 +0.02° 0.81+0.02° | 0.4140.02° | 0.28+0.01°
454 The values showed average of three replications at the time of observations.

455 The letters in superscript shows DNMRT ranking. The letters in common are not significantly different at 5% level
456 of significance

457 All the isolates showed maximum growth at 40°C on compared to growth at 30°C,
458 50°C and 60°C. Among them, isolate RADM4 has highest growth (0.91 + 0.03) which
459  was followed by the isolate RADM2 (0.89 + 0.025) and the least growth was observed
460  in isolate RADMS (0.81 + 0.025). At incubation temperature of 60°C, a significant
461  decrease in the growth was observed for all the isolates. As per the result was
462  observed by the Ndeddy aka and Babalola (2017) decreased the growth of bacterial
463  isolates was observed when temperature decreased to 30° C or less and raise to 50° C
464  or more. According to them, the decrease in growth at this temperature could be due
465 to reduction in metabolic activity of bacterial isolates caused by the low/high
466  temperature.

467  2.2.2 Effect of pH on the growth of bacteria

468 The level of microbial activity in the soil is usually affected by the pH of soil. In
469  the present study actinobacterial strains were grown under medium supplemented with
470 5% PEGS8000 and at different pH ranges of 3, 5, 7, 9, 11 (Table 8). The result revealed
471  that optimum growth at ODg for all tested bacterial isolates was observed between
472 the pH of 5and 9, All the actinobacterial isolates shows highest growth At 7 pH than
473  other pH. pH of the environment influence bacterial survival and growth. For most
474  soil bacteria, the specific pH range is usually between 4 and 9, with the optimum
475  being 6.5 to 7.5 (Akond et al., 2016).

476 Among them, the isolate RADM2 (1.11+ 0.05) and RADM4 (1.05+ 0.05) showed
477  significantly higher growth compared to other isolates at pH 7 and the least growth
478  was observed in the isolate RADM3 (0.85+ 0.04). Isolate RADM?2 was able to
479  withstand better than the other isolates at all the pH under investigated. Even at pH 11
480 and pH3, the isolate RADM?2 performed best and regestred OD value 0.97+ 0.025 and
481  0.29+ 0.02, respectively which were significantly higher than the other isolates at
482  these pH values.

483
484  Table 8: Growth of bacterial isolates at different pH
pH range
Isolate 3.0 5.0 7.0 9.0 11.0
RADM1 | 0.14+0.01° | 0.50+0.04% | 0.87+0.02° | 0.69+0.03° | 0.60+ 0.05°
RADM2 | 0.29+0.02* | 0.83£0.03* | 1.11£0.05* | 1.04+0.05" | 0.97+0.02°
RADM3 | 0.13£0.01¢ | 0.41+0.03° | 0.85+0.04° | 0.76+0.04% | 0.55+0.04°
RADM4 | 0.25£0.01° | 0.67+0.02° | 1.05+0.05* | 0.97+0.20" | 0.84+0.01°
RADMS5 | 0.14£0.01° | 0.59+0.02° | 0.96=0.03° | 0.84+0.02° | 0.82+0.03"
485 The values showed average of three replications at the time of observations.
486 The letters in superscript shows DNMRT ranking. The letters in common are not significantly different at 5% level
487 of significance

488
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489  2.2.3 Effect of NaCl concentration on the growth of bacteria

490 All the bacterial isolates were assessed for their ability to withstand salinity stress
491 by growing at different concentration of sodium chloride (NaCl) 0.5, 1.0, 2.0, 3.0, 5.0
492  with the media supplemented with 5% PEG (Table 9). Significant differences were
493  observed in the growth of bacterial isolates at different concentration of NaCl. At
494  0.5% NaCl the isolate RADM?2 regestred highest growth (OD= 0.96+ 0.04) followed
495 by the isolate RADM4 (OD= 0.95+ 0.043) and RADMI1 (OD= 0.88+ 0.025),
496  respectively.

497  Table 9: Growth of bacterial isolates at different NaCl concentration

Isolate NaCl Concentration range
0.5% 1.0% 2.0% 3.0% 5.0%
RADMI1 | 0.88+0.02* | 0.73+£0.03" | 0.55+0.04° | 0.43+0.02° | 0.23+0.01°
RADM2 | 0.96+0.04* | 0.89+0.04* | 0.82+0.03* | 0.61+0.02% 0.51+£0.02%
RADM3 | 0.76+0.03° | 0.68+0.03° | 0.59+0.03° | 0.49+0.03° | 0.32+0.02°
RADM4 | 0.95+£0.04* | 0.87+0.03" | 0.78+0.02" | 0.64+0.03" 0.44+ 0.01°
RADMS | 0.81+0.04° | 0.75+0.04° | 0.69+0.02° | 0.57£0.02° | 0.40+0.01°
498 The values showed average of three replications at the time of observations.

499 The letters in superscript shows DNMRT ranking. The letters in common are not significantly different at 5% level
500 of significance

501 Growth of actinobacterial isolates respectively decreased with the increase in
502  concentration of NaCl which could be an indication of its halotolerant nature. The
503 least growth was observed for all the isolates at 5.0% NaCl concentration in media
504  supplemented with 5% PEG8000 which optimised with both salinity and water stress.

505
506 2.3 Morphological characterization of isolates
507 Morphology has been an important characteristic to identify Actinobacteria

508 isolates. This was done using various standard culture media, including International
509  Streptomyces Project (ISP) medium. Various morphological observations, including
510  germination of spores, elongation and branching of vegetative mycelium, formation of
511  aerial growth, colour of colony and pigment production have been used to identify
512  actinobacteria.

513 Microscopic examination of the isolates was done by Gram’s staining using the
514  methodologies of Cappuccino and Sherman (1992). All the actinobacterial isolates
515  were found Gram’s positive and purple coloured which is a distinct characteristic of
516  Actinobacteria. These actinobacterial isolates were examined for their cell shapes
517 under microscope. Among them, isolates RADM1, RADM2 and RADM4 were
518 found rod shaped and isolates RADM3 and RADMS5 were found to possess both
519  variable rod and coccus shaped cells after 48h of growth on petriplate having ISP2
520 media ((Figure 1).

521 Classic actinobacteria have well developed radial mycelium. According to the
522  difference of morphology and functions, the actinobacterial mycelia can be divided
523  into substrate mycelium and aerial mycelium. The substrate mycelia can be white,
524  yellow, orange, red, green, blue, purple, brown or black; some hyphae can produce
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525  water soluble or fat soluble pigments. Aerial hyphae of actinobacteria depend upon
526  the species characteristics, nutritional conditions or environmental factors.

527 Mycelium of Isolate RADM1, RADM2 and RADM4 were found filamentous,
528  branched or unbranched and clumps at the end of hyphae. Branched hyphae were
529  observed in the isolates RADM3 and RADMS under microscopic examination after
530  120h of growth on ISP2 culture media ((Figure 1).

531 Cultural characteristics of isolates were observed on the petriplates prepared with
532  ISP2 (Yeast extract malt extract agar) medium. Actinobacterial isolates appeared
533  compact, often leathery, giving a conical appearance with dry surface on culture
534  media. Pigmentation of actinobacteria varied (red, black, purple, white, grey, orange,
535 yellow) according to species characteristics, nutritional conditions or environmental
536  factors. Yellow to orange colour with dry surface were observed on petriplates
537 streaked with actinobacterial isolates ((Figure 2). The strains produced yellowish
538  orange to yellowish brown or olive substrate mycelium on ISP2 culture media. All the
539 isolates were observed on irregular form and filamentous margins on cultured
540 petriplates as indented peripheral edges on culture growth (Figure 2).

541  Table 10: Microscopic observation of actinobacteria isolates

Gram’s .
Isolates Staining Cell Shape Mycelial morphology
Clumps, branched and
RADMI1 Ve Rod unbranched hyphae
Clumps, branched and
RADM2 Ve Rod unbranched hyphae
RADM3 +Ve Rod and coccus Branched hyphae
Clumps, branched and
RADM4 Ve Rod unbranched hyphae
RADMS5 +Ve Rod and coccus Branched hyphae

542
543  Table 11: Cultural characterization of the actinobacteria

544
Aerial
Isolates eria Pigmentation Form Margin
growth
RADM1 + Yellowish brown Irregular Filamentous
RADM2 + Yellowish brown Irregular Filamentous
RADM3 + Yellowish brown Irregular Filamentous
RADM4 + Yellowish brown Irregular Filamentous
RADMS + Yellowish brown Irregular Filamentous
545

546
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547 2.4 Biochemical characterization of isolates

548  2.4.1 IMVIC tests and carbohydrate utilization tests

549 Observations revealed that all the bacterial isolates were found positive for methyl
550 red and glucose utilization and negative for indole, voges proskauer’s and sorbitol
551 utilization. Isolate RADMI1 and RADM2 found positive for citrate utilization
552  arabinose, mannitol and sucrose utilization and negative for adonitol and lactose
553  utilization. Isolate RADM3 were found positive for citrate and sucrose utilization,
554  negative for mannitol and rhamnose utilization and produce intermediate reaction for
555 adonitol, arbinose and lactose utilization. Isolate RADM4 were found positive for
556  citrate, arbinose and mannitol utilization and negative for adonitol, lactose, rhamnose
557 and sucrose utilization. Isolate RADMS were found positive for methyl red and
558  glucose utilization and negative for adonitol, arabinose, lactose, mannitol, rhamnose
559  and sucrose utilization ((Figure 3, Table 12).

560
561  Table 12: Biochemical characterization of Actinobacteria isolates
Sr.no. Test | RADM1 | RADM2 | RADM3 | RADM4 | RADMS5
IMVIC tests
1 Indole - - - - -
2 Methyl red + + + + +
3 Voges Proskauer’s - - - - -
4 Citrate utilization + - + + -
Carbohydrate Utilization tests
5 Glucose + + + + +
6 Adonitol - - + - -
7 Arabinose + + + + -
8 Lactose - - + - -
9 Sorbitol - - - - -
10 Mannitol + + - + -
11 Rhamnose + - - - -
12 Sucrose + + + - -
Enzymatic tests
1 Nitrate reduction + + + + +
2 Starch hydrolysis - - - - -
3 Catalase + + + + +
562 The actinobacterial isolates were characterized for their biochemical properties

563  based on colorimetric observation involving IMVIC test and carbohydrate utilization
564 tests were carried out using Hi-Media IMVIC test kits. The isolate which showed
565  positive reaction for biochemical test and for utilization of carbohydrate was indicated
566 by ‘+’, the isolate which showed negative reaction was indicated by ‘-’, and the isolate
567  which showed intermediate reaction are indicated by ‘+’.
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568  2.4.2 Catalase test

569 This biochemical differentiates the bacteria into aerobic and anaerobic and
570 indicated whether they are Gram positive or Gram negative. Bacterial species which
571 are capable to producing catalase are also able to breakdown the hydrogen peroxide
572  into oxygen and water, the oxygen gas resulting into formation of bubbles, indicating
573  a positive result. All the actinobacterial isolates were found positive for catalase
574  productions as they found to produce bubbles ((Figure 3) while adding hydrogen
575 peroxide and proved that the bacterial isolates were Gram’s positive. The catalase
576 enzyme helps bacteria detoxify by neutralizing the harmful effects of hydrogen
577  peroxide. Hydrogen peroxide can cause oxidative damage to organisms, including
578  DNA, lipids, and proteins.

579  2.4.3 Nitrate reduction test

580 The nitrate reduction test determines if nitrate was reduced by the bacteria in the
581 sample. The test uses reagent to produce a red colour if nitrate is present in the
582 medium. If the medium doesn’t turn red, it could be because the nitrate wasn’t
583  reduced. All the actinobacterial isolates were found positive for the nitrate reduction
584  asthey produced cherry red colour after addition of reagent A & B ((Figure 4).

585  2.4.4 Starch hydrolysis test

586 Bacteria that produce amylase secret this enzyme into the surrounding medium,
587  where it breaks down the starch into smaller sugar molecules present in the medium,
588  which results into production of a clear zone around bacterial colonies on starch agar
589  plate after addition of iodine. Indicating clear halo around colonies where starch has
590 Dbeen hydrolysed and is no longer present to react with iodine with uniform blue colour
591 across the plate. All the bacterial isolates were recorded negative for starch hydrolysis
592  test as they were unable to hydrolyse the starch molecules present in the media and no
593  halo zone were observed after addition of iodine solution to petriplates ((Figure 5).
594 2.5 Molecular characterization of the actinobacterial isolates.

595 Molecular characterization of bacteria plays a crucial role in accurately identifying
596  Dbacterial species, determining their genetic relationship, tracking the spread of specific
597  strains within a population and understanding their virulence factors, which is
598 particularly important in different field of Microbiology. Unlike traditional phenotypic
599  methods that can be ambiguous molecular techniques like DNA sequencing provide a
600  highly accurate means to identify bacterial species even when they appear similar in
601  morphologically.

602  2.5.1 Spectrophotometric study of genomic DNA

603 The spectrophotometric analysis of DNA showed the absorbance ratio of DNA
604  Aseo/Aggoranged from 1.63 to 1.86 with a mean value of 1.72. The DNA concentration
605 ranged from 52.5 to 132.5, the average concentration of genomic DNA of the five
606 isolates of actinobacteria was 84.67ng/ul. The entire five isolated DNA were treated
607  with RNAase and proteinase K as per requirements to remove the nuisance in pure
608 genomic DNA. Detailed information on quantification of DNA has been provided.
609  Quality check of isolated genomic DNA was done by electrophoresing DNA samples
610 in 0.8 per cent agarose gel stained with ethidium bromide (10 mg/ml) ((Figure 6).
611  These DNA sample were further utilized for the polymerase chain reaction and
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612  identification of actinobacterial isolates obtained from the rhizosphere of datura and
613  khejri plants through 16S rRNA gene amplification.

614
615  2.5.2 Polymerase chain reaction of the 16S rDNA gene
616 The 16S rRNA gene amplification by polymerase chain reaction with the 27F (5°-

617 AGAGTTTGATCCTGGCTCAG-3’) and 1492R (5’-GGTTACCTTGTTACGACTT -
618  3’) primers revealed a band size of about 1.5Kb on 1.5% agarose gel stained with
619  ethidium bromide in all the bacterial isolates ((Figure 6).

620 PCR amplification for 16S rRNA gene was also carried out by Bind et al. (2019)
621  in 25 pL reaction volume having 2 pul DNA, 12.5 pul PCR master mix, 1.5 pul Forward
622  primer, 1.5 pl reverse primer and 12.5 pl nuclease free water. Reaction mixtures were
623  put to polymerase chain reaction (PCR) at optimized temperature conditions as: initial
624  denaturation of the template DNA at 94°C for 5 min, denaturation at 94°C for 30 sec,
625 annealing at 54.5°C for 1 min 30 sec, elongation at 72°C for 2 min and a final
626  elongation at 72°C for 10 min. Denaturation, annealing and elongation cycles were
627 repeated for 35 cycles. Amplification products were separated on a 1.5% (W/v)
628 agarose gel in 1X TAE buffer and visualized by ethidium bromide staining.
629  Amplification product of size about 1500bp using primers 27F and 1492R
630 ((Figure 6).

631  2.5.3 Gene sequencing and identification of the actinobacterial isolates

632 Identification of actinobacterial isolates were done by 16S rRNA gene sequencing
633 and analysis. These isolates were sequenced using forward and reverse primers. The
634  sequences obtained after alignment were compared using the BlastN tool, with the
635 nucleotide sequences on NCBI GenBank database. The 16S rRNA gene sequences of
636  five isolates were submitted to the NCBI GenBank and obtained accession numbers
637  for submitted sequences (Table 13). Isolates RADM1, RADM?2 and RADM4 were
638  found respectively, 96.58%, 98% and 100% similarity with actinobacterial species
639  Streptomyces clavuligerus of order Streptomycetales of phylum Actinomycetota.
640  Isolates RADM3 and RADMS were found respectively 98% and 96% similarity with
641 the species of Rhodococcus erythropolis of order Mycobacteriales of phylum
642  Actinomycetota (Table 13). These DNA sequences were submitted to NCBI were
643 used to construct a phylogenetic tree with bootstrap values to decipher their
644  evolutionary relationship among similar species based upon similarity and differences
645 in their genetic characteristics ((Figure 7, 8, 9, 10, 11). The combined phylogenetic
646  groupings of the actinobacterial isolates were prepared through Clustal Omega tool.
647  ((Figure 12).

648

649  Table 13: Molecular characterization of actinobacteria isolates

Accession

Isolate 16S rRNA gene
number

Family

RADMI1 Sreptomyces Clavuligerus PQ114139 Streptomycetaceae

RADM2 | Sreptomyces Clavuligerus PQ120343 Streptomycetaceae
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RADM3 Rhodococcus erythropolis PQ114109 Nocardiaceae
RADM4 | Sreptomyces Clavuligerus PQ120390 Streptomycetaceae
RADMS5 Rhodococcus erythropolis PQ039766 Nocardiaceae

650

651 2.6 Pot Experiment

652 On the basis of multiple and efficient PGP traits, stress resistance capabilities of

653  isolated actinobacteria were further studied the effect of growth and drought tolerance
654 on mung bean [Vigna radiata (L.)] plant using pot experiment in plant growth
655  chamber. The result revealed that all actinobacterial isolates were able to stimulate the
656  growth of mung bean seedlings under stress condition, which showed higher value of
657  eco physiological parameters in comparison to control.

658
659 Table 14: Growth improvement in mungbean by actinobacterial isolates under
660 drought stress condition
St. No. Shoot length Root length | Seedling fresh | Seedling dry
(cm) (cm) weight (g) weight (g)
T1 13.506+0.168° | 13.368+0.320° | 5.622+0.339° | 0.867+0.112°
T2 15.192+0.657* | 15.216+0.699" | 6.638+0.232% 1.014+0.072°
T3 13.118£0.911™ | 13.368+0.433" | 5.604+0.156° | 0.853+0.015"
T4 14.660+0.634" | 14.984+0.342" | 6.464+0.358" 1.010£0.052°¢
T5 12.900+0.485% | 13.32040.489" | 5.542+0.290° | 0.839+0.045°
T6 12.676£0.265° | 11.984+0.543° | 5.172+0.057° | 0.756+0.032°
T7 9.088+0.397" | 10.364+0.374% | 4.082+0.095" | 0.631+0.018°
S.Em. (¥) 0.236 0.239 0.110 0.019
C.D. (0.05) 0.684 0.692 0.319 0.056
CV.% 4.059 4.048 4.412 4.421
661 The values showed average of five replications at the time of observations.
662 The letters in superscript shows DNMRT ranking. The letters in common are not significantly different at 5% level
663 of significance
664  [T1 (Isolate RADMI1 + DW application for 14 days), T2 (Isolate RADM2 + DW application
665  for 14 days), T3 (Isolate RADM3 + DW application for 14 days), T4 (Isolate RADM4 + DW
666  application for 14 days), T5 (Isolate RADMS + DW application for 14 days), T6 (DW
667  application for 21 days), T7 (DW application terminated after 14 days).]
668 Actinobacteria, which generally represent an abundant proportion of soil
669  microbiota, are particularly effective colonizers of plant root system and are capable
670  of forming spores, they are able to endure unfavourable growth conditions and are
671  more persistent in drought soils (Santos-Medellin et al., 2017). They play crucial role
672  in organic matter cycling by increasing soil organic matter and nitrogen content along
673  with essential macro and micro elements, which in turn ameliorate plant growth,
674  carbon metabolism and allocation and improve plant yield (AbdElgawad et al., 2020).
675 During experiment seedlings were inoculated with bacterial isolates after 7 days
676  and water application terminated after 14 days (T1 to T5) (Figure 13). After 21 days
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677  of sowing, in all the physiological parameters of mungbean seedlings treated with
678 actinobacterial inoculats were studied in comparision to uninoculated seedlings (T6
679 and T7) at field capacity (Figure 13). All the bacterial treatments showed
680 significantly better performance than the uninoculated drought induced treatment (T7)
681 and uninoculated watered treatment (T6). Treatment T6 was continues with water
682  supplementation for 21 days it showed significant growth with bacterial treatments.
683  However, the treatment T7 in which application of water terminated after 14 days,
684  revealed least growth for all the parameters than other treatments (Figure 14).
685 Mungbean seedlings in T6 with continued water application were observed for
686  growth parameters like, shoot length, root length, fresh weight and dry weight
687  respectively 39.48%, 15.63%, 26.70%, and 19.80% higher than the drought
688  induced treatment (T7).

689 Mungbean seedlings inoculated with actinobacterial isolates showed variable
690  growth parameters after 3 weeks (Figure 13). Significant increases in shoot length
691  were observed in T2 (67.16% and 19.90%), T4 (61.31% and 15.70%), T1 (48.6% and
692  6.59%), T3 (44.38% and 3.53%), T5 (42.07% and 2.38%) as compared to T7 and T6
693  respectively. Significant increases in root length of seedlings were recorded in
694 T2 (46.81% and 26.96%), T4 (44.57% and 25.03%), T3 (29.21% and 11.55%),
695 T1 (29.03% and 11.58%), TS (28.52% and 11.14%) as compared to T7 and T6,
696  respectively. Increased fresh weights were observed in T2 (62.61% and 28.34%),
697 T4 (58.35% and 24.98%), T3 (37.28% and 8.35%), TS5 (35.76% and 7.15%),
698 T1 (20.00% and 08.70%) as compared to T7 and T6, respectively. Similarly increased
699 in dry weight of seedlings were recorded in T2 (60.69% and 34.12%), T4 (60.06%
700  and 33.59%), T1 (37.40% and 14.68%), T3 (35.18% and 12.83%), T5 (32.96% and
701 10.97%) as compared to T7 and T6 respectively (Table 14).

702 Changes in biochemical traits such proline, chlorophyll, and MDA
703  (Malondialdehyde) content were observed under water stress in mungbean seedlings
704  after 21 days. The water stress induced with actinobacterial treatments (T1 to T5)
705  resulted in increased in proline, chlorophyll a, chlorophyll b and total chlorophyll
706  contents and significant decrease in MDA content than treatments without bacterial
707  inoculations (T6 and T7).

708 Accumulation of proline is common phenomenon that helps plants withstand
709  drought stress and helps in acclimatization of crop plants which was examined and
710 compared in mungbean. A profound effect of soil water crises was observed
711 on proline content of seedlings (Table 15). Mungbean seedlings maintained low
712  proline content in treatment T6 (1.91+0.278 pumol/g) at field capacity as compared
713 with the drought induced treatment T7 (4.90+£0.085 pmol/g). Significant increase of
714  proline contents were found in actinobacterial treated seedlings than treatments
715  without bacterial inoculation. Highest proline content was observed in the treatment
716 T2 (6.41+0.095 pmol/g) followed by the treatment T4 (6.24+0.151 pmol/g), T1
717 (5.92+0.193 umol/g), T3 (5.78+0.130 umol/g), and TS5 (5.57£0.110 umol/g),
718  respectively which revealed that the bacteria helped the plant to produce more proline
719  content which protects the plant from drought stress through protein synthesis,
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720  scavaged reactive oxygen species, inhanced nutrient uptake, stabilized metabolism,
721 chlorophyll synthesis, and root elongation.

722 The plant pigment chlorophyll a, chlorophyll b and total chlorophyll content of
723 seedlings were increased in bacterial treated seedlings under the influence of water
724  stress (Table 15).

725 Observations revealed that significantly increased in chlorophyll a for the
726  treatments T2 (45.61% and 27.69%), T4 (43.85% and 26.15%), TS5 (33.33% and
727 16.92%), T1 (26.31 % and 10.76%), T3 (24.56% and 09.23%) as compared to T7 and
728  T6, respectively. Chlorophyll b content were found significantly increased in bacterial
729  treatment T2 (48.57% and 26.82%), T4 (45.71% and 24.39%), T3 (40.00% and
730  19.51%), T1 (40.00% and 19.51%) and T5 (31.42% and 12.19%) than the treatment
731 T7 and T6, respectively without inoculation of actinobacteria. Similarly, increased in
732 total chlorophyll content were recordedin leaves of seedling through bacteria
733 inoculated treatment T2 (46.73% and 27.35%), TS (33.69% and 16.03%), T4 (32.60%
734  and 15.09%), T1 (32.60% and 15.09%) and T3 (31.52% and 14.15%) as compared to
735  without inoculated treatments T7 and T6, respectively (Table 15).

736 Malondialdehyde (MDA) content in plant is a marker of oxidative stress and
737  damage to plant membranes. The level of MDA in plants is used to evaluate the
738 plant’s ability to tolerate stress. High level of MDA indicate damage to plant
739 membranes and irreparable modification in protein and nucleic acids. Treatment
740  without bacterial inoculation with drought induced T7 (9.76+0.137 umol/g) recorded
741  highest level of MDA content than all the other treatments. Plants with
742 lower level of MDA wunder drought condition are generally considered
743  more drought tolerant. Lowest MDA content was recorded in the treatment T6
744 (5.91+0.424) because of continued water supplement during experiment. Significant
745  decrease in MDA content were recorded in Actinobacteria treated seedlings
746 T2 (27.74%), T4 (25.77%), T1 (20.84%), T3 (19.02%) and TS5 (18.87%) as
747  compared to treatment without bacterial inoculated treatment T7 (Table 15).
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748
749
750
751
752 Table 15: Oxidative stress features by actinobacterial isolates for drought tolerant in
753  mungbean
754
Sr. Proline | Chlorophyll a| Chlorophyll b Total -~ | Malondialdeh
No. |  (umolg) (mgg)|  (mgg) | Corepmvil) o vde
(mg/g) (nmol/g)
T1 5.92+0.193° | 0.72+£0.040™ | 0.49+0.0152*° | 1.22+0.040" | 8.08+0.217"
T2 6.41+£0.095% 0.83+0.030* 0.52+0.0150° 1.35+£0.051* 7.64+0.203°
T3 | 5.78+0.130™ | 0.71£0.0152° | 0.49+0.0264™ | 1.21+0.045" | 8.20+0.124°
T4 6.24+0.151* | 0.82+0.0472° | 0.51+0.0208" | 1.35£0.030° | 7.76£0.276™
T5 5.57+0.110° | 0.76£0.0264° | 0.46£0.0251° | 1.23+0.0351° | 8.21+0.223°
T6 1.91£0.278° | 0.65+0.034% | 0.41£0.0208° | 1.06£0.0231¢ | 5.91+0.424°
T7 4.90+0.085% | 0.57£0.026° | 0.35+0.0115% | 0.92+0.020° | 9.760.137
S(}iT 0.0989 0.0152 0.0101 0.0215 0.1515
C.D. 0.2867 0.0440 0.0291 0.0623 0.4388
(0.05)
C.V. % 4.2183 4.6955 4.8727 4.0324 4.2676
755 The values showed average of five replications at the time of observations.
756 The letters in superscript shows DNMRT ranking. The letters in common are not significantly different at 5% level of
757 significance
758  [T1 (Isolate RADM1 + DW application for 14 days), T2 (Isolate RADM2 + DW application for 14
759  days), T3 (Isolate RADM3 + DW application for 14 days), T4 (Isolate RADM4 + DW application for
760 14 days), TS (Isolate RADMS + DW application for 14 days), T6 (DW application for 21 days), T7
761  (DW application terminated after 14 days).]
762

763
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764 3. Discussion:

765 Sustainability is significant challenge currently being faced by human beings. How can
766  we nourish the ever growing world population and at the same time offer viable soil for
767  future crop production for next generation? (Glick, 2012). Plant growth promoting bacteria
768  including rhizospheric bacteria and those which are free living in soil or associated to plant in
769  rhizoplane, phyllosphere and inside the plant as endophytes. These microbes help plant
770  growth by enhancing soil nutrient availability, the supply of phytohormones and provide
771  systemic resistance induction against phytopathogens. Plant Growth promoting Bacteria
772 (PGPBs) are a strong ally for sustainable agriculture. They offer an interesting alternative to
773  chemical fertilizer and pesticides (Boukhatem at el. 2022).

774 Drought is one of the major environmental stresses that limit crop growth and
775  productivity worldwide, while global warming and water scarcity will further make the
776  situation worse. Thus, it is urgent to develop crop plants with improved drought tolerance.
777 Several recent ecological studies have found that microbial symbionts can confer habitat
778  specific stress tolerance to host plants, suggesting that the basis for the stress tolerance-
779  enhancing effect of microbial symbionts (Alhuwalia et al. 2021).

780 Numerous microorganisms have been extensively studied for their plant growth-
781  promoting rhizobacteria (PGPR) characteristics; however, actinobacterial species have gained
782  attention primarily in the last twenty years for their beneficial properties. These bacteria are
783  recognized for their significant metabolic capabilities, particularly in the production of a
784  variety of secondary metabolites, including antibiotics. Additionally, actinobacteria
785  contribute crucially to biogeochemical cycles and the processes involved in soil formation
786  (Backer et al. 2018).

787 The phylum actinobacteria is a primary eubacterial phylogenetic clade containing diverse
788  Gram’s positive bacteria that belong to several classes such as acidimicrobia, actinobacteria
789  and thermoleophia. Actinobacteria are typically dominant soil microbe. They are important
790 for the cycling of carbon, nitrogen, phosphorus, potassium and several other elements in soil.
791  As saprophyte, they produce a range of extracellular hydrolytic enzymes which can degrade
792  animal and plant polymers, including lignin, chitin, cellulose and other organic compounds.
793 Selection of rhizospheric soil of datura and khejri plant is because of a typical wild
794  growing and desert plant species, is widely distributed in the arid, semi-arid and salinized
795  regions of country. As we observed, there was no special treatment given or taken care for the
796  growth, development and protection of these plants but still they are surviving in the
797  environment, which attract the role of plant growth promoting bacteria in soil presented and
798 their association with plant can be the one reason for survive of the plant against the abiotic
799  stress conditions like drought, salinity, temperature or pH. The bacteria found in the
800 rhizosphere have evolved multiple strategies to assist plants in managing the adverse effects
801  of drought. These strategies may include alterations in phytohormones, which play a vital
802 role in enabling plants to withstand environmental stresses, modifications to root structures,
803  accumulation of osmolytes, enhancements in the plant's antioxidant defense mechanisms,
804  synthesis of exopolysaccharides, and the identification of particular genes that support plant
805  growth and improve drought resilience.
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806 Five morphologically different bacteria colonies of actinobacteria from the both the
807  samples of datura and khejri’s rhizospheric soil were isolated in pure culture through serial
808  dilution method. Isolates were marked sequentially 1 to 10 and stored in refrigerator at 4°C
809 for further experimentation. The pure cultures were subsequently maintained on ISP2 in
810  (International Streptomyces project 2) agar slants. These isolates underwent purification
811  through repeated subculturing, followed by the isolation of single colonies to obtain pure
812  cultures. The pure cultures were subsequently maintained on ISP2 agar slants according to
813  the method outlined by Anjum and Chandra (2015).

814 All the ten actinobacterial isolates were screened based to their ability to survive and
815  growth under drought condition in-vitro. For that all the isolates were tested in International
816  Streptomyces project 1 (ISP 1) broth medium supplemented with the different concentration
817  of polyethylene glycol (PEG8000) 5%, 10% and 15% of the and incubated for the different
818  time intervals 24h, 48h and 72h and OD value were recorded. Comparison of tolerance for
819 the growth of isolates at different concentration after different time of interval revealed that
820 the least concentration of PEG8000 at 5% shows better growth than 10% and 15%
821  concentration in medium. Isolate T9 had maximum tolerance to 5% PEG8000 (0.06627) and
822  isolate T3 had least tolerance to 15% PEG8000 (0.127). So that, the five actinobacterial
823  isolates which showed maximum tolerance against PEG8000 at 5% concentration according
824  to the DNMRT value of comparing mean with different time interaction were selected and
825 named as RADMI1 [T9 (0.8473+0.0025 at 72h)], RADM2 [T8 (0.8473+0.0025 at 72h)],
826 RADMS3 [T10 (0.765+0.004 at 72h)], RADM4 [T4 (0.758+0.0017 at 72h)] and RADMS5
827  [T2 (0.7453+0.0021at 72h)] for the further experiments.

828 Physiological characterization were done based on the ability to survive against their
829  ability to grow with different temperature, pH and NaCl concentration ranges with media
830  supplemented with 5% PEG8000. All the isolates had optimum growth at 40°C, among them
831  isolate RADM4 has highest growth 0.91 + 0.03 which were not significantly different from
832 one another but significantly higher than the growth obtained for other isolates which
833  followed by isolate RADM?2 (0.89 £ 0.025) and the least growth was observed in isolate
834 RADMS (0.81 + 0.025). At the highest temperature of 60°C, a significant decrease in the
835  growth was observed for all the isolates.

836 The growth of bacteria was influenced by the pH levels in the medium. Bacterial isolates
837  were identified within a pH range of 5 to 9, with all actinobacterial isolates exhibiting optimal
838  growth at a pH of 7 compared to other pH levels. Among them isolate RADM2 (1.11+ 0.05)
839 and RADMA4 (1.05+ 0.05) had significantly higher growth compared to other isolates at pH 7
840  and the least growth was observed in isolate RADM?3 (0.85+ 0.04). Isolate RADM2 was able
841  to withstand the at all the pH ranges than other isolates and at highest pH of 11 and lowest pH
842  of 3 growth were observed 0.97+ 0.025 and 0.29+ 0.02 respectively which were significantly
843  higher than the other isolates at that pH range.

844 All bacterial isolates were evaluated for their tolerance to salinity stress by cultivating
845 them in media containing varying concentrations of sodium chloride (NaCl) at 0.5%, 1.0%,
846  2.0%, 3.0%, and 5.0%, along with an addition of 5% PEG. Significant differences were
847  observed in the growth of bacterial isolates at different concentration. At 0.5% NacCl isolate
848 RADM2 had highest growth 0.96+ 0.04 followed by isolates RADM4 (0.95+ 0.043) and
849 RADMI (0.88+ 0.025) respectively.
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850 Morphological evaluation plays a crucial role in the identification and characterization of
851  microbial isolates through microscopic analysis. The isolates RADMI1, RADM?2, and
852 RADM4 exhibited a rod-shaped morphology and were confirmed as positive for Gram
853  staining, while RADM3 and RADMS displayed variable forms, including both rod and
854  coccus shapes, after a 48-hour incubation period. Additionally, the presence of filamentous
855  mycelium, characterized by either branched or unbranched structures and clumps at the
856  hyphal tips, was indicative of actinobacteria. On the agar plates, the actinobacteria colonies
857 presented a yellowish brown coloration with a dry surface texture. All isolates exhibiting
858  yellowish brown pigmentation on ISP2 culture media. The colonies displayed irregular forms
859 and filamentous margins, characterized by indented peripheral edges (Anjum and Chandra,
860  2015).

861 Biochemical characterization includes carbohydrates utilization through IMVIC test kit
862  revealed that all the bacterial isolates were found positive for indole, methyl red and glucose
863 utilization and negative for voges proskauer’s and sorbitol utilization. Isolate RADM1 and
864 RADM2 found positive for Citrate utilization arabinose, mannitol, sucrose utilization and
865 negative for adonitol and lactose utilization. Isolate RADM3 were found positive for citrate,
866  sucrose utilization, negative for mannitol, thamnose utilization and produce intermediate
867  reaction for adonitol, arbinose and lactose utilization. Isolate RADM4 were found positive for
868  citrate, arbinose, mannitol utilization and negative for adonitol, lactose, rhamnose and
869  sucrose utilization. Isolate RADMS were found negative for adonitol, arabinose, lactose,
870  mannitol, rhamnose and sucrose utilization.

871 All actinobacterial isolates demonstrated positive catalase activity during enzymatic
872  characterization, as evidenced by the production of bubbles upon the addition of hydrogen
873  peroxide, confirming their classification as Gram-positive bacteria. The catalase enzyme
874  plays a crucial role in detoxifying harmful hydrogen peroxide, thereby protecting the bacteria.
875  Additionally, the actinobacterial isolates exhibited positive results for nitrate reduction,
876 indicated by the development of a cherry red colour following the addition of reagents A and
877 B, which facilitates the availability of nitrogen sources essential for plant growth and
878  development. However, the isolates were negative for the hydrolysis of starch into simpler
879  sugar molecules, as no halo zone was observed in the in vitro tests.

880 The molecular characterization of bacteria is essential for the precise identification of
881  Dbacterial species, elucidating their genetic relationships, monitoring the dissemination of
882  specific strains within populations, and comprehencing their virulence factors, which is
883  particularly significant across various domains of microbiology. The identification of
884  actinobacterial isolates was conducted through 16S rRNA gene sequencing and subsequent
885 analysis. The sequencing process utilized both forward and reverse primers. The resulting
886  sequences, after alignment, were compared using the BlastN tool against the nucleotide
887  sequences in the NCBI GenBank database with accession number PQ114139 (RADMI),
888 PQI120343 (RADM2), PQ114109 (RADM3), PQ120390 (RADM4) and PQ039766
889 (RADMS). The 16S rRNA gene sequences from five isolates were submitted to NCBI
890 GenBank, where accession numbers were assigned to the submitted sequences. Isolates
891 RADMI, RADM2 and RADM4 were found respectively, 96.58%, 98% and 100% similarity
892 to the actinobacterial species Streptomyces clavuligerus, which belongs to the order
893  Streptomycetales within the phylum Actinomycetota. In contrast, isolates RADM3 and
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894 RADMS demonstrated respectively 98% and 96% similarity to the species Rhodococcus
895  erythropolis, classified under the order Mycobacteriales of the same phylum. The DNA
896  sequences submitted to NCBI were utilized to construct a phylogenetic tree, incorporating
897  Dbootstrap values to enhance the understanding of their evolutionary relationships based on
898  genetic similarities and differences. The combined phylogenetic grouping of the
899  actinobacterial isolates were prepared through Clustal Omega tool.

900 These two species of actinobacteria can used as promising alternative to chemical
901 fertilizers and fungicides, serving as biofertilizers or bioinoculants. They facilitate plant
902  growth through the production of various phytohormones and metabolites, enhance nutrient
903 availability for plant growth and development, and offer protection against pathogens. These
904 isolates have demonstrated their ability to improve physiological parameters, such as root and
905 shoot length, as well as the fresh and dry weight of seedlings. Additionally, they contribute to
906 the enhancement of oxidative stress responses, enabling plants to better withstand abiotic
907  stress, including drought conditions.

908 Pot experiment include the inoculation of Actinobacterial isolates to the Mungbean
909 seedlings and against the drought induced treatments with bacteria strains revealed the best
910 pest performance for the physiological characterization and oxidative stress features in
911 comparison with un inoculated continuous watered treatment and uninoculated drought
912  induced treatment. Mung bean seedlings maintained seedlings growth parameters shoot
913  length, root length, fresh weight and dry weight in treatment (T6- uninoculated watered
914  treatment) 39.48%, 15.63%, 26.70%, and 19.80% higher than the drought induced treatment
915  (T7- uninoculated drought induced treatment). Significant increases in shoot length were
916  observed in T2 (67.16% and 19.90%), T4 (61.31% and 15.70%), T1 (48.6% and 6.59%), T3
917  (44.38% and 3.53%), TS (42.07% and 2.38%) as compared to T7 and T6, respectively.
918  Significant increases in root length of seedlings were recorded in T2 (46.81% and 26.96%),
919 T4 (44.57% and 25.03%), T3 (29.21% and 11.55%), T1 (29.03% and11.58%), T5 (28.52%
920 and 11.14%) as compared to T7 and T6 respectively. Increases fresh weights were observed
921 in T2 (62.61% and 28.34%), T4 (58.35% and 24.98%), T3 (37.28% and 8.35%), TS (35.76%
922 and 7.15%), T1 (20.00% and 08.70%) as compared to T7 and T6 respectively. Similarly
923  increases in dry weight of seedlings were recorded in T2 (60.69% and 34.12%), T4 (60.06%
924  and 33.59%), T1 (37.40% and 14.68%), T3 (35.18% and 12.83%), TS (32.96% and 10.97%)
925  as compared to T7 and T6 respectively.

926 Drought conditions have led to alterations in the oxidative characteristics of plants,
927  specifically in terms of proline levels, chlorophyll content, and malondialdehyde (MDA)
928  concentrations. A significant impact of soil water deficiency was noted on the proline levels
929 in seedlings. Mungbean seedlings exhibited a proline concentration of 1.91+0.278 umol/g in
930 treatment T7, which was maintained under field capacity, in contrast to the drought-affected
931 treatment T6, which recorded a proline level of 4.90+0.085 pmol/g. Notably, seedlings
932  treated with Actinobacteria demonstrated a marked increase in proline content compared to
933 those without bacterial inoculation. The highest proline concentration was recorded in
934 treatment T2 (6.41+0.095 umol/g), followed by T4 (6.24+0.151 umol/g), T1 (5.92+0.193
935  umol/g), T3 (5.78+0.130 pmol/g), and TS (5.574+0.110 pmol/g).

936 Increases were recorded in total chlorophyll content of seedling’s leaves of bacteria
937 inoculated treatment T2 (46.73% and 27.35%), T5 (33.69% and 16.03%), T4 and T1 (32.60%
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938 and 15.09%), T3 (31.52% and 14.15%) as compared to without inoculated treatments T7 and
939  T6 respectively. Chlorophyll is main component for the photosynthesis for the growth and
940 development of plant. The presence of malondialdehyde (MDA) in plants serves as an
941 indicator of oxidative stress and membrane damage. Elevated MDA levels suggest significant
942  harm to plant membranes, as well as irreversible alterations in proteins and nucleic acids.
943  Among the various treatments, the drought-induced T7 treatment, which did not involve
944  bacterial inoculation, exhibited the highest MDA content, measuring 9.76+0.137 pumol/g,
945  surpassing all other experimental conditions. Plants with lower level of MDA under drought
946  condition are generally considered more droughts tolerant. Lowest MDA content was
947  recorded in treatment T6 (5.91+£0.424 umol/g) because of continues water supplement during
948  experiment. Significant decrease in MDA content were recorded in actinobacteria treated
949  seedlings T2 (27.74%), T4 (25.77%), T1 (20.84%), T3 (19.02) and T5 (18.87%) as compared
950 to treatment without bacterial inoculation T7.

951
952 4. Conclusion:
953 Numerous microorganisms have been extensively studied for their plant growth-

954  promoting rhizobacteria (PGPR) characteristics; however, actinobacterial species have gained
955 attention primarily in the last twenty years for their beneficial properties. The Experiment
956  revealed that the actinobacteria isolated from the rhizospheric soils have their own capability
957  to survive under different environmental conditions. Bacteria were tested for their drought
958 tolerance ability and survive against PEG8000. Selected five isolated were physiologically
959  characterized through growing them with different temperature, pH and NaCl concentrations
960  with drought induced treatment (with PEG8000) were found significant growth against
961 abiotic stress condition. Morphological characteristics of bacterial isolates were found same
962 as typical actinobacterial species like pigmentation, mycelial development and filamentous
963 edges on culture medium. Biochemically all the isolates were able to utilize IMVIC and
964  carbohydrate testes. All the actinobacterial isolates were found positive for nitrate reduction
965 and catalase productions and negative for starch hydrolysis. Genomic studies of bacterial
966 isolates revealed RADMI, RADM2 and RADM4 have maximum similarity with
967 Sreptomyces Clavuligerus and RADM3 and RADMS5 had maximum similarity with
968  Rhodococcus erythropolis. Inoculation of actinobacteria in pot experiment against the
969  drought induced treatments of mungbean seedlings showed significant increase in
970  physiological growth and oxidative stress condition of seedling against drought in
971  comparison to uninoculated drought induced as well as continues water supply treatments.
972  This showed that the use of actinobacteria as bioinoculant for drought tolerance and plant
973  growth promotion can be batter alternative for natural farming and sustainable agricultural
974  practices than chemical fertilizers as safe, protected and alive future.
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Figure_1: Microscopic examination of mycelium of actinobacterial isolates
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Figure_2: Pure culture of actinobacterial isolates on ISP2 medium
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Figure_3: A- Biochemical characterization of actinobacterial isolates
through IMVIC test kit
B- In-vitro catalase test of actinobacterial isolates
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Figure_4: In-vitro nitrate reduction by actinobacterial isolates

(A - before incubation, B — after incubation and addition of reagent A & B)
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Figure_5: In-vitro starch hydrolysis by actinobacterial isolates
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Figure_6: A: Genomic DNA of actinobacterial isolates
B: PCR amplification of 16S rRNA gene with 27F and 1492R primer of
actinobacterial isolates


https://doi.org/10.1101/2025.05.05.652240
http://creativecommons.org/licenses/by-nc-nd/4.0/

was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY-NC-ND 4.0 International license.

bioRxiv preprint doi: https://doi.org/10.1101/2025.05.05.652240; this version posted May 6, 2025. The copyright holder for this preprint (which

poypouwx ururof anoquSN Aq TINQVY de[0s! Jo Suidnoas ddudgdo[AyJ L 9In3Iy

SR [§ | eLajoeq aamisod-ueig) +0) 4314 gy
0

2ouanbas jeryred ‘audd Ny [ewosoqu 9| 76-7H ‘ds wnuajequadlg m | 100!
2ouanbas [eried ‘2uad YNy [ewosoqu §9] (T107)SYT ds wnuanoequasg
aouanbas [eyed ‘033 7Ny [ewosoqu 91 1 ‘s wmuappeguaigy
aouanbas [eued ‘303 YNy [ewosoqu §9] S| ()] 'ds Jaweqoryuy
2ouanbas [ersed ‘2uad Ny [ewosoqu §9] 71 (17 ‘ds wnuaegiAdg ¢,

SoAea) 9 | Euiaioeq aAmsod-wesn) 3+ GBIy .

saaed] 7 | eualoeq aAsod-wein) +0) Y31y e ¢
2ouanbas [eipred “aud3 vy [eosoqu 91 8E01 [4TY Urexs 10j0aija0a safwoidang o ¢

SaARa] f | eu1oeq aanisod-wes) )+0) Y3
SIARI] 7 | eu2100q ANISOd-eIe) +0) Y31Y e 06—
saned] 71 | euanoeq asmsod-wesn) 3+ Gy e ¢

Soneaj ¢ | euioeq aamisod-wesc) 3+0) Y31y s 0-
20uanbas [enred 2ud3 YN [ewosoqu ST YZ6T AVIIAYY Ureds snadinaeo saakwoidang o 0
INdVie



https://doi.org/10.1101/2025.05.05.652240
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.05.05.652240; this version posted May 6, 2025. The copyright holder for this preprint (which

was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY-NC-ND 4.0 International license.

poyjow Suruiof anoqUSPN Aq ZINA VY 23e[0sI Jo Surdnoasd d1auddojAy :§ 9In3I1

aouanbas [ened ‘auad YN [BWOSOQU SO £€0L DDLIN Urens sniadinae|d saoAwoidong ¢

aouanbas [ented ‘ouad yNY [Bwosoqu §9] S(-NZ-V Ulens sniadijnaeo saofwoydong ¢,

| ol
aouanbas [enued ‘auad yNY [eWosoqL §9] [0-A[-V Urens sniadinaed saofwoydong 0

aduanbas [ened auaf N [Bwosoqu §91 [OOZTININ utens sniadijnaejo saokwoydang _m_;

douanbas [enaed ‘ousd yNY [Bwosoqu §91 96 TINSHIY Uens sniadinae]d soowoidong
2ouanbas [enued ‘auad yNY [Bwosoqu S9 70-Dd-V UIens sniddinae[d saakwoydong ¢
TNavd

aouanbas [ened ‘auad yNY [BWOSOqU S9T 61OV Wens sniadinaepd saskwoydang

aouanbas [ented ‘auad v [PWOSOqU SOT YT6F 1 AVIIAVY UIBNS SIIASINARLD sa0Aw0)dang . J

2ouanbas [eryed ‘Quad YNy [pwosoqu §91 p-§N urens 'ds saoAwoidange—— ©

SaARI[ [§ | BLIa12Rq 2AISOd-WRID D)4+0) YSIY '

$9ABI] G | B1I21ORG IANISOd-WRID) )40 Y1 s ﬂ, s

-

mu%u:_dcu_umao}:_moﬁ_éﬁoU+Oam___'n _
douanbas [enued ‘auad yNY [ewosoqu §91 [ [-Y urens ds sookwoidong qL

aouanbas [erped ‘ausd yNRY [pwosoqu §9T ZZSIN Utens sniadinae]d saakwoydang ¢


https://doi.org/10.1101/2025.05.05.652240
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.05.05.652240; this version posted May 6, 2025. The copyright holder for this preprint (which

was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY-NC-ND 4.0 International license.

poyduw ururof anoqySN £Aq CIAAVY de[os! Jo Suidnoas dnduddo[Ayd :¢ oInsIy

SAABI] ()L | BLI2JRQ 2AIyISOd-WRIN) )41) _._mE'

[-€L VT ‘ureas ‘2ouanbas [enped vy [ewosoqu §91 40 auad sijodoayiAia snasedopouy
aouanbas apopduwos ‘aual YNy [ewosoqu §of 76y VY “ds snadeaopoyy
2ouanbas [ened ‘R §91 Joj auaf s(71 ‘ds snasosopoipy e
asuanbas [erped ‘aual yY [ewosoqu §9[ LY wrens nduaysSutb snasosopoiy
aouanbas [erued *auad y\Y [EW0SOqU §9] ) UIBS SISUINUOYIEQ SNI0IOPOY )
2ouanbas ered ‘auaf yNy [ewosoqu §91 67 uens sijodosyulia snazodopoiy _,
awoudd 2ja|dwo ‘awosowonyd 8¢y 'ds m=8§_§_mm
awiouad djopdwiod ‘awosowosyd SO urens stjodoxykia m=§38;mﬂ,
aouanbas [ened ‘ual Y [ewosoqu §9[ W [-69 auof ‘ds snasosopoyy parmpnauf) e &
aouanbas enred ‘auaf v\ [ewosoqu §9[ WYRAAIOTVIOSOD Uojo “ds snas0aopoipy pamijnauy) ﬂl%l
aouanbas [ened ‘auad vy [ewosoqu 91 ¢ A utexs stjodogidia snadodopouy q.|.7 —

2auanbos [eried ‘2ua Yy [ewosoqu §91 [INSI HYVON 2U0jo ‘ds snaaoaopoty parmyjnaun e 6—

100!

aauanbas [ered ‘aual YN [Pwosoqu §91 £1S 0KT-INV 'ds snaaoaoporpy P O
aouanbas [eryied ‘auadl Ny [euiosoqu §91 NOGIV [0ZVOSDD 20} s s133050poigy paimnaup) e |
fNaVde



https://doi.org/10.1101/2025.05.05.652240
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.05.05.652240; this version posted May 6, 2025. The copyright holder for this preprint (which

was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY-NC-ND 4.0 International license.

poyduw ururof anoqySN Aq FINAVY de[os! Jo Suidnois d19ud3do[Ayd (1 2In3ig

atwouad aja[duwioa ‘awosowoxyd §¢/ NS( Urens sruadinaed s%eg%f

0 _ _
avig _ i

109 “auiosouwo) ajejoSI-U0aT A0S poQLZ LY Ueas stuaSiynaey saofwodang

awouad ajo|duioa ‘awiosowoxyd [ (]| ] urens snuadinaeo saokwojdang
awouad ajo]duwod ‘A0S p9(L7 H)LV Wexs sruadinaepd saokwoydang Wl
awouad jo|duwiod ‘auiosowoxyd [-£19,] urens snuadinaeyd saakwiojdang
awoua3 djo[dwoa ‘awosowoxyd g [ wens sniadinaey saokwoydonge——— 1 e
atoua aja|duwoa ‘uiosowoxyd 977 urens sniadijnaepa saskwoydang F

i W

awouad ajo|dwiod ‘auiosowoxyd ¢-(]1] Ures sradinavd saakuioydang o |

awouad ajo|duwod ‘wiosowoxyd [(]1.] Uens sruadinAela sadkwoydang o



https://doi.org/10.1101/2025.05.05.652240
http://creativecommons.org/licenses/by-nc-nd/4.0/

poyduw ururof anoquSN Aq SINAVY e[os! Jo Surdnoas d1duddo[AyJ 1T 9In3L]

awiodd a1a|dwod ‘aosowioxyd SNINOJN urexs stjodoiyiia snasodopoyy e

awouad aja]dwoa ‘gpoyg urens sjodoayia snazoaopoyy “ ”
90000

2ouanbas [erpred ‘aual Ny [ewosoqu 91 €88 DLINTD urens sijodomyfia snad020poiy e

|

aouanbas [erped ‘aual y\RY [ewosoqu 91 61T 1Y-HOSAINS urens stjodonyAia snazoaopoy e

2ouanbas ajojduiod ‘auaf v\ [ewosoqu §91 [ Y[d urens stjodoyyAia snasodopoyy

2ouanbas enued ‘aual y\Y [pwosoqu 91 v V() uens sijodoryAia snasoaopory

-1 2wjost ‘dual yN Y §91 [erued stjodoayAaa snasosopoyy
douanbas [ened ‘aual yNY [pwosoqu §9 7y ureas sijodoyia snasodopoyy e
2ouanbas [eiped ‘auad v\ [pwiosoqu §91 [1Sg urens sijodoxyiAza snadoaopoiy | 0——
douanbas [erpred ‘aual Ny [ewosoqu 91 ENJD) urens stjodoxyyAie Saosvoﬁ_H

aouanbas [ered ‘auad yNY [ewosoqu §91 [-TH urens sijodoayiAia snaaoaopoiy %

available under a CC-BY-NC-ND 4.0 International license.

q,
$aAR3] 8 | eLIA)oRq dAISod-WweIn) )+0) ﬁ___'

SAR)] ¢ | e11108q 2ANISOd-WIRIR) )+0) YBIY e

SNavde

bioRxiv preprint doi: https://doi.org/10.1101/2025.05.05.652240; this version posted May 6, 2025. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made


https://doi.org/10.1101/2025.05.05.652240
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.05.05.652240; this version posted May 6, 2025. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY-NC-ND 4.0 International license.

bacterial isolate through Clustal Omega tool

Pj

oW "0y

1mno

f act

ic grouping o

.

RADMA1
Phylogenet

Figure_12


https://doi.org/10.1101/2025.05.05.652240
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.05.05.652240; this version posted May 6, 2025. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY-NC-ND 4.0 International license.

d before drought induced

ion an

lat

mocu

“ 3'4'
{11
u‘w

vV

fter seven days of bacterial

ing a

Mungbean seedl

Figure_13



https://doi.org/10.1101/2025.05.05.652240
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.05.05.652240; this version posted May 6, 2025. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY-NC-ND 4.0 International license.

fter drought treatment and water resumes for one day

ings a

: Mungbean seedl

Figure_14



https://doi.org/10.1101/2025.05.05.652240
http://creativecommons.org/licenses/by-nc-nd/4.0/

	Manuscript Text File
	Figure 1

