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Abstract

The study explores the symbiotic relationship between Triticum aestivum and phosphate- solubilizing bacteria (PSB) in the
rhizosphere. This research investigated the isolation and characterization of phosphate-solubilizing bacteria (PSB) from the rhizo-
spheric soil of Triticum aestivum (Wheat) plants. Out of 57 isolates, 24 strains exhibited notable P-solubilization, with isolate PD-1
demonstrating the highest solubilization potential at 555.5 ug/ml. The study delves into the plant growth-promoting activities of
these isolates, revealing diverse capabilities.

Quantitative analyses highlighted the multifaceted potential of isolate PD-8, which not only demonstrated substantial P-solu-
bilization (505.0 ug/ml) but also exhibited remarkable indole acetic acid (IAA) production, reaching 11 ug/ml in the presence of
L-tryptophan. Four isolates, including PD-8, demonstrated hydrogen cyanide (HCN) production, with PD-8 further displaying anti-

fungal activity.

Compatibility testing with common pesticides showcased the resilience of PD-8, tolerating Carbendazim and Mancozeb up to 100
ppm. However, incompatibility was observed with Metalaxyl-M. These findings position PD-8 as a versatile bioinoculant, offering a

comprehensive suite of plant growth-promoting attributes coupled with adaptability to specific pesticides.

The study underscores the potential of PD-8 as a promising candidate for integrated agricultural practices, promoting sustainable
crop productivity and effective disease management. This research contributes valuable insights into harnessing specific microbial

strains for enhanced agricultural sustainability.
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Root exudates create a selective environment, favoring benefi-
cial bacteria like Plant Growth Promoting Rhizobacteria (PGPR),

Introduction

The rhizosphere, a dynamic interface influenced by plant roots,

is vital for plant health due to a myriad of microbial interactions ~ constituting 2-5% of rhizobacteria and playing a pivotal role in en-

[1]. It also a pivotal arena for dynamic interactions between plants ~ hancing plant growth [4,5].

and a diverse microbial community, influencing nutrient dynamics

[2]. Historical practices involving the mixing of legume and non-le-
gume soils laid the foundation for scientific exploration, with the
introduction of “Nitragin” in the late 19" century for leguminous

crops [3].

Modern agricultural practices, characterized by high-yielding
varieties and chemical fertilizers, have increased crop production
but at the expense of soil damage, fertility loss, and environmental
challenges [6,7]. To address these issues, there is a growing interest
in sustainable alternatives, such as biofertilizers, particularly PGPR,

to optimize soil productivity while preserving its health [8,9].
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Biofertilizers, emerging as promising alternatives to chemical
fertilizers, demonstrate positive effects on plant growth and he-
alth, whether symbiotic or free-living [10]. PGPR, constituting
2-5% of rhizobacteria, employ diverse mechanisms to enhance

plant growth at various developmental stages [5,11].

Integrated Nutrient Management (INM) emphasizes the cruci-
al role of PGPR, such as Azotobacterand Rhizobium, in enhancing
nutrient cycling and promoting plant growth [12,13]. Challenges
associated with phosphorus mobility in moist soils are addressed
through the influence of soil conditions and plant species on the

bioavailability of inorganic phosphorus [14,15].

Commercial biofertilizers, incorporating strains like Azotoba-
cter, Rhizobium, Azospirillum, and Burkholderia, have proven ef-
ficacy in enhancing crop yields [16]. The integration of phosphate
and potassium solubilizing bacteria with rock phosphates and po-
tassium rocks provides an eco- friendly alternative to conventional
fertilizers [17].

The cycling of phosphorus, a critical macronutrient, between
organic and inorganic forms in soil is dynamic, with phosphate-so-
lubilizing bacteria (PSB) playing a pivotal role in sustaining plant

nutrition by solubilizing various phosphate compounds [18,19].

Concentrated in the rhizosphere, PGPR influences plant physi-
ology through enzymatic activities, organic acid production, anti-
fungal properties, and the release of various metabolites [20,21].
Certain PGPR, exemplified by Pseudomonas putida, demonstrate
compatibility with agrochemicals, showcasing resilience in the
presence of fungicides and pesticides [22]. However, caution is
warranted, as excessive agrochemical use may adversely impact

soil microbialcommunities and fertility [23].

The intricate interactions within the rhizosphere, coupled with
the strategic application of PGPR and sustainable nutrient mana-
gement practices, present promising avenues for optimizing agri-

cultural productivity.

In the agro-climatic conditions of Himachal Pradesh, this study
aims to isolate and screen phosphate-solubilizing bacteria from
rhizospheric soils. Additionally, it seeks to evaluate the PGPR ac-

tivities of these bacteria and assess their compatibility with com-
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monly used pesticides. Addressing these objectives contributes to
the development of sustainable agricultural practices tailored to

local conditions.

Materials and Methods
Study area

The current study was conducted at the microbiology labora-
tory of Himachal Pradesh University (H.P.),state of India. Study are-
as lies within the geographical coordinates of N 31° 10’ 0.012” and
E 77° 34’ 59.988 and altitudinal gradients of 2197 m.a.s.l.(meters
above sea level). Shimla presents mainly mountainous and hilly
landscape. The average temperature during summer is between 19
and 28 °C (66 and 82 °F), and between -1 and 10 °C (30 and 50 °F)

in winter.
Isolation and preliminary screening

The research, conducted at the microbiology laboratory of Hi-
machal Pradesh University (H.P.), focused on studying phospha-
te-solubilizing bacteria (PSB) isolated from the rhizospheric soil of
Triticum aestivum (wheat) and their competence with commonly
used pesticides. Soil samples from wheat rhizospheres in Himachal
Pradesh were collected and stored at 4°C [24].

Assessing the plant growth enhancement characteristics of the

chosenisolates.
Phosphate solubilization

For qualitative assessment of phosphate solubilization, a Pikov-
skaya medium containing tricalcium phosphate [25] was utilized.
Bacterial cultures were spotted onto the medium and then in-
cubated at 30°C for 48 hours. The presence of a distinct halo zone
surrounding the culture spot served as an indicator of the isolate’s
ability to solubilize phosphate and this was determined by the cal-
culation of phosphate solubilization index (PSI) through the fol-
lowing formula [26]:

PSI= total diameter(colony + halo zone)

Colony diameter
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Quantitative estimation of phosphate solubilization in broth
was carried out Vanadomolybdo phosphoric acid method done by
Fiske and Subba Rao [27].

Indole acetic acid

To evaluate the production of indole acetic acid (IAA) in the
bacterial isolates, a bacterial suspension (10% v/v) was introdu-
ced into Luria Bertani (LB) broth supplemented with 50 pg ml-1
L-tryptophan. After an incubation period of 48 hours at 28 + 2°C,
the cultures underwent centrifugation at 10,000 g for 10 minutes.
The concentration of IAA in the resulting culture supernatant was
determined using the Salkowski reagent method [28].

HCN production

Hydrogen cyanide (HCN) production was assessed using the
qualitative method described by Kremer and Souissi [29]. Bacteri-
al isolates were streaked onto King’s B agar medium supplemented
with 4.4 g glycine L-1. Circular Whatman no.1 filter paper, satura-
ted with a 0.05% picric acid solution in 2% sodium carbonate, was
placed in the lid of each Petri plate. The plates were sealed air-tight
with Parafilm and then incubated at 30°C for 48 hours. A change
in color of the filter paper disc from yellow to reddish-brown was

interpreted as indicative of HCN production.

Ammonia production

For the detection of ammonia production, a method outlined
by Dye (30) was employed. Specifically, 1 ml of Nessler’s reagent
was added to a 72-hour-old culture grown in peptone broth,and

the presence of a yellowish-brown coloration was observed.

Morphological and biochemical characterization of isolates

Morphological analyses, encompassing assessments of shape,
color, edge properties, motility, andthe presence of endospores, in
addition to Gram staining, were carried out in accordance with the
procedures outlined in references [31,32]. Furthermore, bioche-
mical examinations, including the indole test, urease test, catalase
test, Voges-Proskauer (VP) test, methyl red (MR) test, and citra-
te test, were conducted following the methodologies delineated
in the aforementioned references. Biochemical identification was

performed using “Bergey’s Manual of Systemic Bacteriology” [31].
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Compatibility of the isolate with some commonly used Pesti-

cides

The best isolate underwent exposure to varying concentrati-
ons of 3 agrochemicals, including three fungicides (Carbendazim,
Mancozeb, and Metalaxyl-M) undergoing assessment and analy-
sis to check bacterial isolate’s tolerant capacity against these pes-
ticides was determined [33,34]. This comprehensive methodology
provides insights into PSB dynamics and their potential application

in integrated disease management.

Results

Phosphate solubilization and IAA production by PGPR isolates

Phosphate solubilization capability of the bacterial isolates was
assessed using both qualitative and quantitative methods. Out of
57 isolates, 24 strains exhibited notable P- solubilization, showing
zone of solubilization of more than 8mm diameter The phosphate-
solubilization capacity of the isolate was evaluated by examining
the presence of extensive clear zones surrounding the bacterial
colonies on PVK agar plates. The solubilization index (PSI) was
subsequently calculated based on these observations. (Figure 1
and 2) with isolate PD-1demonstrating the highest solubilization
potential at 555.5 ug/ml (Figure 3).

Figure 1: Phosphate solubilization zone of PD-8.
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Figure 3: Concentration of Phosphate solubilization of the
isolates.

Bacterial isolates PD-8 and PD-1 exhibited poor results in citra-
te and indole tests. Morphological and biochemical characteristics
of PD-8 align with typical phenotypic traits of the genus Bacillus sp.
(35) whereas PD-1 resemble Pseudomonas sp. [36].

Qualitative evaluation of P- solubilization was performed by
IAA production where the recorded range of IAA production in
isolates lie between 6ug/ml -14ug/ml (Figure 4). PD-1 and PD-8
both had shown the IAA production of 11 ug/ml after 3 days. PD-
12 showed the maximum amount of IAA production of 14 ug/ml.
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Figure 4: [AA concentration produce by isolates in ug/ml.

Characterization of plant growth promoting Activities of PD-8

Following various incubation period on their respective media,
an analysis was conducted to evaluate the plant growth-promoting
capabilities of isolate PD-8. The findings revealed positive results
for the production of hydrogen cyanide (HCN), antifungal activity,

and ammonia.
Agrochemicals tolerance among bacterial isolates

Out of fifty-seven isolates, PD-8 was singled out due to its pro-
mising plant growth-promoting (PGP) attributes. Subsequently,
PD-8 was subjected to different concentrations of three fungicides
(ranging from 0 to 100 ppm) (Table 1). The results revealed that
the isolate exhibited tolerance to carbendazim and mancozeb at
concentrations up to 100 ppm. This resilience suggests its poten-

tial suitability for integration into disease management programs.

Discussion
In this extensive study, the isolation of phosphate-solubilizing
microorganisms from the rhizospheric soil of Triticum aestivum

(Wheat) was meticulously conducted through both qualitative

S. No. Pesticide Concentration in ppm
0 10 20 30 40 50 60 70 80 90 100
1 Carbendazim
Tt +++ +++ +++ +++ +++ +++ +++ +++ +++ +++
2 Mancozeb +++ +4++ +++ +4++ +4++ +++ ++ ++ ++ ++ ++
3 Metalaxyl-M +++ +++ ++ ++ ++ ++ ++ ———- ——- ———- ——-

Table 1: Compatibility of PD-8 with the pesticides.
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and quantitative screening methods. A total of 57 isolates were
obtained, with PD-24 exhibiting the highest zone of solubilization
(21 mm), closely followed by PD-21 (21 mm), PD-8 (14 mm), and
PD-47 (13 mm). Further quantitative assessments focused on 18
isolates with solubilization zones exceeding 10 mm. During the in-
cubation period, the pH of the culture broth ranged from 7.0 to 3.6.
Notably, PD-1 demonstrated superior phosphate solubilization,
reaching 555.5 pg/ml on the 9th day, followed by PD-8 (505.0 pg/
ml) and PD-18 (472.5 ug/ml). PD-22 andPD-37 exhibited the least
solubilization at 152.0 pg/ml and 152.5 pg/ml, respectively. The
findings of this investigation surpass those documented in [37],
where Aneurinibacillus aneurinilyticus CKMV1 was isolated from
the rhizosphere of Valeriana jatamansi, demonstrating phosphate
solubilization of 260 pg/ml and indole-3-acetic acid (IAA) produ-
ction of 8.1 ng/ml. However, they fall short compared to other stu-
dies reporting higher IAA production ranging from 19.2 to 22 pg/
ml [38] and phosphate solubilization of 334 + 0.8 pg/ml [39].

Beyond phosphate solubilization, the study explored plant
growth-promoting activities. Indole acetic acid (IAA) production
after 72 hrs of incubation at 30°C revealed that PD-37 produced
the highest IAA (8.5 pg/ml), while PD-1, PD-18, PD-19, and PD-21
showed no IAA production. PD-1 excelled in IAA production under
varied L-tryptophan concentrations, with the highest at 200 pg/

ml.

In the context of plant growth-promoting rhizobacteria (PGPR)
activities, PD-8 showcased noteworthy hydrogen cyanide (HCN)
production, and all isolates were tested for antifungal activity, with
PD-8 displaying such activity. Ammonia production screening indi-
cated that all strains, except PD-1 and PD-36, exhibited ammonia
production, demonstrating the potential for fermentative ammo-

nia production.

Exploring the compatibility of PD-8 with commonly used pesti-
cides, the study revealed its resilience and excellent growth across
all concentrations of carbendazim tested. This robust compatibi-
lity aligns with the findings of Leha and Venkataraman (2001),
indicating favorable interactions between PD-8 and carbendazim.

This multifaceted analysis emphasizes the unique attributes of
PD-8 as a phosphate-solubilizing and plant growth-promoting ba-
cterium, showcasing promising potential for sustainable agricul-

tural applications.
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Conclusion

In general, numerous beneficial plant growth-promoting rhi-
zobacteria (PGPR) strains have been identified to enhance plant
growth and yields. Among the isolated bacteria, PD-8 demonstrates
notably high phosphate solubilization efficiency in both agar and
broth media, alongside significant indole-3-acetic acid (IAA) pro-
duction.Furthermore,PD-8 also showed compatibility with two of
the tested pesticide. The tolerance to pesticides exhibited by bacte-
rial isolates are likely to enhance their ability to survive in polluted
soil environments. The selected rhizobacterial isolate in this study
demonstrated inherent pesticide tolerance and the production of
various plant growth-promoting substances. These advantageous
characteristics render rhizobacteria an appealing and sustainable
alternative for crop production. The findings suggest that the for-
mulation of PGPR strains with potential activity can enhance nut-
rient availability in the rhizosphere by sequestering nutrients, the-
reby mitigating leaching. While the current study underscores the
potential of PGPR to positively influence wheat growth parameters,
further research into the molecular characteristics of these strains
and optimal application methods for PGPR inoculation may facilita-
te the exploitation of these microorganisms. It is evident that mic-
roorganisms continually evolve in response to their surroundings.
However, the conclusions drawn from this study are based on labo-
ratory experiments, and further research is warranted to validate
these findings in real-world field conditions. Additionally, elucida-
ting the molecular mechanisms underlying the developmen pesti-

cide tolerance among rhizobacteria requires further investigation.
Acknowledgements

Authors would like to acknowledge the Department of Micro-
biology, Himachal Pradesh University for providing an adequate
laboratory atmosphere and excellent facilities for carrying out this

research.

Conflict of Interest

The authors possess no conflict of interest.

Bibliography
1.  Kennedy AC. “Bacterial diversity in agroecosystems”. Inverte-

brate biodiversity as bioindicators of sustainable landscapes.
Elsevier, (1999): 65-76.

2. Singh,, et al. “Climate Change and Nutrients Dynamics of Soil”".
Climate Change and the Microbiome: Sustenance of the Eco-
sphere (2021): 521-549.

Citation: Negi DS, et al. “Isolation and Compatibility investigation of Phosphate-Solubilizing Rhizosheric Bacteria from Triticum aestivum with Preferred
Agrochemicals for Sustainable Agriculture”. Acta Scientific Microbiology 7.5 (2024): 03-09.



Isolation and Compatibility investigation of Phosphate-Solubilizing Rhizosheric Bacteria from Triticum aestivum with Preferred Agrochemicals

for Sustainable Agriculture

10.

11.

12.

13.

Liebman A. “Legumes and soil organic matter transformations
in Upper Midwest agroecosystems”. Diss. University of Min-
nesota, (2018).

Kumar V,, et al. "Rhizosphere: A functional perspective”. Criti-
cal Reviews in Microbiology 3 (2014): 221-230.

Antoun Hani. rhizobacteria”.

(2013): 369-385.

“Plant-growth-promoting

Singh V,, et al. “Does a rhizospheric microorganism enhance
K+ availability in agricultural soils?”. Microbiological Research
169.5-6 (2014): 337-347.

Aloo BN, et al. “Impacts of soil erosion on crop productivity”.
In Soil Erosion Research for the 215 Century (2017): 137-147.

Roopnarain A, et al. “Soil fertility challenges and Biofertiliser
as a viable alternative for increasing smallholder farmer crop
productivity in sub-Saharan Africa”. Cogent Food and Agricul-
ture 3.1 (2017): 1400933.

Bauddh K, et al. “Sustainable agricultural approaches for en-
hanced crop productivity, better soil health, and improved
ecosystem services”. Ecological and Practical Applications for
Sustainable Agriculture (2020): 1-23.

Sarthan O, et al. “Plant-bacterial symbiosis: an ecologically
sustainable agriculture production alternative to chemical
fertilizers”. Revisiting Plant Biostimulants. IntechOpen, (2022).

Maheshwari KD., et al. “Use of plant growth promoting rhizo-
bacteria (PGPRs) with multiple plant growth promoting traits
in stress agriculture: Action mechanisms and future pros-
pects”. Ecotoxicology and Environmental Safety 156 (2018):
225-246.

Egamberdieva D,, et al. “Beneficial effects of plant growth-pro-
moting rhizobacteria on improved crop production: prospects
for developing economies”. Bacteria in agrobiology: Crop
productivity. Berlin, Heidelberg: Springer Berlin Heidelberg,
(2013): 45-63.

Kumar R, et al. “Sustaining productivity through integrated
use of microbes in agriculture”. Role of Microbial Communities
for Sustainability (2021): 109-145.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

08
Toledo L., et al. “Phosphorus dynamics in the soil-plant-envi-
ronment relationship in cropping systems: A review”. Applied
Sciences 11.23 (2021): 11133.

Muhammad I, et al. “Phosphorus mobilization in plant-soil
environments and inspired strategies for managing phospho-
rus: A review”. Agronomy 12.10 (2022): 2539.

Lee K.D,, et al. “Effect of co-inoculation with phosphate and
potassium solubilizing bacteria on mineral uptake and growth
of pepper and cucumber”. Plant soil and Environment 52.3
(2006): 130.

Verma JP, et al. “Potassium solubilizing microorganisms for
sustainable agriculture” (2016): 331.

Afzal A, et al. “Rhizobium and phosphate solubilizing bacteria
improve the yield and phosphorus uptake in wheat (Triticum
aestivum)”. (2008): 85-88.

Tian J., et al. “Roles of phosphate solubilizing microorganisms
from managing soil phosphorus deficiency to mediating bio-
geochemical P cycle”. Biology 10.2 (2021): 158.

Bhandari BS., et al. “Rhizosphere associated PGPR function-
ing”. Journal of Pharmacognosy and Phytochemistry 8.5 (2019):
1181-1191.

Swapnil P, et al. “PGPR-mediated induction of systemic re-
sistance and physiochemical alterations in plants against the
pathogens: Current perspectives”. Journal of Basic Microbiol-
ogy 60.10 (2020): 828-861.

Singh R,, et al. “Plant growth-promoting microbes: diverse
roles in agriculture and environmental sustainability”. Probi-
otics and Plant Health (2017): 71-111.

Olalekan A, et al. “Plant disease management: leveraging on
the plant-microbe-soil interface in the biorational use of or-
ganic amendments”. Frontiers in Plant Science 12 (2021):
700507.

Rao YS,, et al. “Phosphorus”. In H. G. Glick (Ed.), Methods of Soil
Analysis: Part 2 Chemical and Microbiological Properties (pp.
891-921). Soil Science Society of America. (1993): 891-921.

Citation: Negi DS, et al. “Isolation and Compatibility investigation of Phosphate-Solubilizing Rhizosheric Bacteria from Triticum aestivum with Preferred
Agrochemicals for Sustainable Agriculture”. Acta Scientific Microbiology 7.5 (2024): 03-09.


https://www.bashanfoundation.org/contributions/Antoun-H/hanipgpr.pdf
https://www.bashanfoundation.org/contributions/Antoun-H/hanipgpr.pdf
https://www.tandfonline.com/doi/full/10.1080/23311932.2017.1400933
https://www.tandfonline.com/doi/full/10.1080/23311932.2017.1400933
https://www.tandfonline.com/doi/full/10.1080/23311932.2017.1400933
https://www.tandfonline.com/doi/full/10.1080/23311932.2017.1400933
https://link.springer.com/chapter/10.1007/978-981-15-3372-3_1
https://link.springer.com/chapter/10.1007/978-981-15-3372-3_1
https://link.springer.com/chapter/10.1007/978-981-15-3372-3_1
https://link.springer.com/chapter/10.1007/978-981-15-3372-3_1
https://pubmed.ncbi.nlm.nih.gov/29554608/
https://pubmed.ncbi.nlm.nih.gov/29554608/
https://pubmed.ncbi.nlm.nih.gov/29554608/
https://pubmed.ncbi.nlm.nih.gov/29554608/
https://pubmed.ncbi.nlm.nih.gov/29554608/
https://www.mdpi.com/2073-4395/12/10/2539
https://www.mdpi.com/2073-4395/12/10/2539
https://www.mdpi.com/2073-4395/12/10/2539
https://www.agriculturejournals.cz/pdfs/pse/2006/03/05.pdf
https://www.agriculturejournals.cz/pdfs/pse/2006/03/05.pdf
https://www.agriculturejournals.cz/pdfs/pse/2006/03/05.pdf
https://www.agriculturejournals.cz/pdfs/pse/2006/03/05.pdf
https://www.researchgate.net/publication/228684375_Rhizobium_and_Phosphate_Solubilizing_Bacteria_Improve_the_Yield_and_Phosphorus_Uptake_in_Wheat_Triticum_aestivum
https://www.researchgate.net/publication/228684375_Rhizobium_and_Phosphate_Solubilizing_Bacteria_Improve_the_Yield_and_Phosphorus_Uptake_in_Wheat_Triticum_aestivum
https://www.researchgate.net/publication/228684375_Rhizobium_and_Phosphate_Solubilizing_Bacteria_Improve_the_Yield_and_Phosphorus_Uptake_in_Wheat_Triticum_aestivum
https://www.phytojournal.com/archives/2019.v8.i5.9735/rhizosphere-associated-pgpr-functioning
https://www.phytojournal.com/archives/2019.v8.i5.9735/rhizosphere-associated-pgpr-functioning
https://www.phytojournal.com/archives/2019.v8.i5.9735/rhizosphere-associated-pgpr-functioning
https://pubmed.ncbi.nlm.nih.gov/32815221/
https://pubmed.ncbi.nlm.nih.gov/32815221/
https://pubmed.ncbi.nlm.nih.gov/32815221/
https://pubmed.ncbi.nlm.nih.gov/32815221/

Isolation and Compatibility investigation of Phosphate-Solubilizing Rhizosheric Bacteria from Triticum aestivum with Preferred Agrochemicals

for Sustainable Agriculture

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Pikovskaya RI. “Mobilization of phosphorus in soil in connec-
tion with vital activity of some microbial species”. Mikrobi-
ologiya 17 (1948): 362-370.

Pande A, et al. “Phenotypic and genotypic characterization
of phosphate solubilizing bacteria and their efficiency on the
growth of maize”. Journal of Genetic Engineering and Biotech-
nology 15.2 (2017): 379-391.

Gordon SA., et al. “Colorimetric estimation of indoleacetic
acid”. Plant Physiology 26.1 (1951): 192.

Souissi T, et al. “Cyanide production by rhizobacteria and po-
tential for suppression of weed seedling growth”. Current Mi-
crobiology 43 (2001): 182-186.

Dye DW. “The inadequacy of the usual determinative tests for
the identification of Xanthomonas spp”. New Zealand Journal
of Science 5.4 (1962).

Leila R,, et al. “Use of plant growth promoting bacteria as an
efficient biotechnological tool to enhance the biomass and
secondary metabolites production of the industrial crop
Pelargonium graveolens L'Hér. under semi-controlled condi-
tions”. Industrial Crops and Products 154 (2020): 112721.

Bergey and Hendricks D. “Bergey’s manual of determinative
bacteriology”. Lippincott Williams & Wilkins, (1994).

Helaly AA. et al. “Effects of growth-promoting bacteria on
growth, yield and nutritional value of collard plants”. Annals
of Agricultural Sciences 65.1 (2020): 77-82.

Mohammad S., et al. “In vitro investigation to explore the tox-
icity of different groups of pesticides for an agronomically im-
portant rhizosphere isolate Azotobacter vinelandii”. Pesticide
Biochemistry and Physiology 157 (2019): 33-44.

Mohammad S., et al. “Mesorhizobium ciceri as biological tool
for improving physiological, biochemical and antioxidant
state of Cicer aritienum (L.) under fungicide stress”. Scientific
Reports 11.1 (2021): 9655.

yaneshwar P, et al. “Isolation, biochemical characterization
and production of biofertilizer from Bacillus megaterium”.
International Journal of Life-Sciences Scientific Research .2.6
(2016): 749-752.

36.

37.

38.

39.

09
Dipak P and Sankar S.N. “Isolation and characterization of
phosphate solubilizing bacterium Pseudomonas aeruginosa
KUPSB12 with antibacterial potential from river Ganga, India”.
Annals of Agrarian Science 15.1 (2017): 130-136.

Chauhan A., et al. “Tricalcium phosphate solubilization and
nitrogen fixation by newly isolated Aneurinibacillus aneurini-
lyticus CKMV1 from rhizosphere of Valeriana jatamansi and its
growth promotional effect”. Brazilian Journal of Microbiology
48 (2017): 294-304.

Somayeh E,, et al. “Consortium of endophyte and rhizosphere
phosphate solubilizing bacteria improves phosphorous use ef-
ficiency in wheat cultivars in phosphorus deficient soils”. Rhi-
zosphere 14 (2020): 100196.

Lumyong S., et al. “Screening and optimization of indole-3-ace-
tic acid production and phosphate solubilization from rhizo-
bacteria aimed at improving plant growth”. Current Microbiol-
ogy 62 (2011): 173-181.

Citation: Negi DS, et al. “Isolation and Compatibility investigation of Phosphate-Solubilizing Rhizosheric Bacteria from Triticum aestivum with Preferred
Agrochemicals for Sustainable Agriculture”. Acta Scientific Microbiology 7.5 (2024): 03-09.


https://typeset.io/papers/mobilization-of-phosphorus-in-soil-in-connection-with-the-3ex2gmwjg7
https://typeset.io/papers/mobilization-of-phosphorus-in-soil-in-connection-with-the-3ex2gmwjg7
https://typeset.io/papers/mobilization-of-phosphorus-in-soil-in-connection-with-the-3ex2gmwjg7
https://pubmed.ncbi.nlm.nih.gov/30647676/
https://pubmed.ncbi.nlm.nih.gov/30647676/
https://pubmed.ncbi.nlm.nih.gov/30647676/
https://pubmed.ncbi.nlm.nih.gov/30647676/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC437633/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC437633/
https://pubmed.ncbi.nlm.nih.gov/11400067/
https://pubmed.ncbi.nlm.nih.gov/11400067/
https://pubmed.ncbi.nlm.nih.gov/11400067/
https://www.semanticscholar.org/paper/The-inadequacy-of-the-usual-determinative-tests-for-Dye/ff4a96cbf71ea9f7d79120c9eaa21e9574446cea
https://www.semanticscholar.org/paper/The-inadequacy-of-the-usual-determinative-tests-for-Dye/ff4a96cbf71ea9f7d79120c9eaa21e9574446cea
https://www.semanticscholar.org/paper/The-inadequacy-of-the-usual-determinative-tests-for-Dye/ff4a96cbf71ea9f7d79120c9eaa21e9574446cea
https://www.sciencedirect.com/science/article/abs/pii/S0926669020306385
https://www.sciencedirect.com/science/article/abs/pii/S0926669020306385
https://www.sciencedirect.com/science/article/abs/pii/S0926669020306385
https://www.sciencedirect.com/science/article/abs/pii/S0926669020306385
https://www.sciencedirect.com/science/article/abs/pii/S0926669020306385
https://www.sciencedirect.com/science/article/pii/S0570178320300129
https://www.sciencedirect.com/science/article/pii/S0570178320300129
https://www.sciencedirect.com/science/article/pii/S0570178320300129
https://www.researchgate.net/publication/311861488_Isolation_Biochemical_Characterization_and_Production_of_Biofertilizer_from_Bacillus_megaterium
https://www.researchgate.net/publication/311861488_Isolation_Biochemical_Characterization_and_Production_of_Biofertilizer_from_Bacillus_megaterium
https://www.researchgate.net/publication/311861488_Isolation_Biochemical_Characterization_and_Production_of_Biofertilizer_from_Bacillus_megaterium
https://www.researchgate.net/publication/311861488_Isolation_Biochemical_Characterization_and_Production_of_Biofertilizer_from_Bacillus_megaterium
https://www.sciencedirect.com/science/article/pii/S151218871630046X
https://www.sciencedirect.com/science/article/pii/S151218871630046X
https://www.sciencedirect.com/science/article/pii/S151218871630046X
https://www.sciencedirect.com/science/article/pii/S151218871630046X
https://www.sciencedirect.com/science/article/abs/pii/S2452219820300197
https://www.sciencedirect.com/science/article/abs/pii/S2452219820300197
https://www.sciencedirect.com/science/article/abs/pii/S2452219820300197
https://www.sciencedirect.com/science/article/abs/pii/S2452219820300197
https://pubmed.ncbi.nlm.nih.gov/20552360/
https://pubmed.ncbi.nlm.nih.gov/20552360/
https://pubmed.ncbi.nlm.nih.gov/20552360/
https://pubmed.ncbi.nlm.nih.gov/20552360/

