The Balkans Scientific Center of the Russian
Academy of Natural Sciences

7™ International Scientific

Conference

Modern Trends in Agricultural Production, Rural Development

and Environmental Protection

PROCEEDINGS

Vrnjacka Banja, Serbia

June 19-20, 2025



Modern Trends in Agricultural Production, Rural Development and

Environmental Protection

Publisher
The Balkans Scientific Center of the Russian Academy of Natural Sciences, Belgrade

In cooperation
Fruit Research Institute, Ca¢ak
Faculty of Agronomy, Cacak
Institute for Animal Husbandry, Zemun-Belgrade
Faculty of Agriculture, East Sarajevo

Soil Science Institute, Belgrade

Faculty of Hotel Management and Tourism, Vrnjacka Banja
Pedagogical Club, Tivat

Academy of Beekeeping and Apitherapy of Serbia, Belgrade

Editors
Acad. prof. dr Mitar Lutovac
Prof. dr Dragutin Duki¢
Acad. prof. dr Zoran Z. Ili¢

Technical Editor
Dr Tatjana Vujovi¢, Principal Research Fellow

ISBN
978-86-6042-040-6

Circulation

100 exemplars

Printed by
SaTCIP d.o.o. Vrnjacka Banja

Belgrade, 2025



Modern Trends in Agricultural Production, Rural Development and Environmental Protection

https://doi.org/10.46793/7thMT Agricult.11P Research paper

Functional role of Pseudomonas rhizobacteria in enhancing plant
growth under stress-adaptive agricultural systems

Marijana PeSakovi¢'*, Jelena Tomié', Boris Rilak', Vesna Purovié¢?, Leka Mandi¢?,
Jovana Todorovi¢', Tamara Krsti¢ Tomié!

'Fruit Research Institute, Cagak, Serbia
?University of Kragujevac, Faculty of Agronomy, Cadak, Serbia
*Corresponding author: mpesakovic@institut-cacak.org

ABSTRACT

This study explores the functional traits of Pseudomonas spp. isolated from rhizospheric soils and
their potential as plant growth-promoting rhizobacteria (PGPR). Four isolates were selected and
characterized based on morphological, physiological, and biochemical parameters. The results
demonstrated their tolerance to various abiotic stresses, resistance to heavy metals and pesticides,
and ability to produce plant-beneficial compounds, including siderophores, hydrogen cyanide, and
indole-3-acetic acid. Although certain PGPR traits were absent, the overall profile indicates the
potential utility of these isolates in sustainable agriculture and stress-prone environments.

Keywords: Pseudomonas spp., plant growth-promoting rhizobacteria, stress tolerance, siderophores,
sustainable agriculture.

INTRODUCTION

The dynamic relationship between soil microbiota, crop productivity, and ecological
sustainability has become a focal point in modern agricultural research, driven by the global
imperative to enhance food production while preserving environmental quality. Soil serves as
a physical substrate for plant growth and a critical reservoir of microbial diversity, integral to
nutrient cycling, plant health, and resilience to biotic and abiotic stresses.

Conventional agricultural systems, which rely heavily on chemical fertilizers and
pesticides, have contributed to soil degradation, loss of microbial biodiversity, and an
increased vulnerability of crops to environmental fluctuations (Tilman, 1999; Gomiero, 2016;
Nadarajah & Abdul Rahman, 2023). The overuse of agrochemicals has been linked to nutrient
imbalances, reduced plant vigor, contamination of water resources, and growing public health
concerns (Pesakovic et al., 2023; Pesakovi¢, 2024). In response, there is a growing movement
toward integrating more sustainable agricultural practices, particularly through the use of
beneficial microorganisms that support the ecological intensification of agriculture. One of the
most promising strategies within this framework is the application of plant growth-promoting
rhizobacteria (PGPR), which has gained significant attention as an eco-friendly approach to
enhance crop yield and improve stress tolerance.

PGPR are a diverse group of soil-dwelling bacteria that colonize the rhizosphere,
promoting plant development through direct and indirect mechanisms such as phytohormone
production, enhanced nutrient availability, and disease suppression (Koskey et al., 2021; Lopes
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et al., 2021). PGPR are classified as intracellular (iPGPR) or extracellular (¢ePGPR) based on
their interaction with plant roots (Gray and Smith, 2005). Their growth-promoting activities
vary between genera, species, and even strains and include mechanisms such as nitrogen
fixation, phosphate solubilization, siderophore production, and induced systemic resistance
(Vessey, 2003; Zahir et al., 2004; Singh et al., 2010).

Among the most studied PGPR are species from the Pseudomonas, known for their
metabolic versatility, strong colonization abilities, and bioactive metabolite production.
Pseudomonas spp., particularly P. fluorescens and P. putida, are well-suited for rhizosphere
colonization and have been shown to enhance nutrient uptake, suppress phytopathogens
through the secretion of antifungal compounds, and improve plant tolerance to abiotic stressors
like salinity and heavy metals (Glick et al., 2007; Saharan and Nehra, 2011). Their phosphate-
solubilizing ability is particularly notable, linked to producing organic acids such as gluconic
acid, which enhances phosphorus availability in nutrient-poor soils (Vyas and Gulati, 2009;
Oteino et al., 2015). Furthermore, Pseudomonas spp. contributes to iron acquisition in plants
via siderophore production and exhibit biocontrol efficacy through enzymes such as chitinase,
protease, and ACC-deaminase (Saritha et al., 2015).

Additionally, Pseudomonas spp. demonstrate tolerance to a wide range of
environmental pollutants, including heavy metals like arsenic, cadmium, and chromium,
positioning them as valuable agents in phytoremediation (Parameswari et al., 2009; Singh et
al., 2010). Their multifunctionality makes them essential contributors to plant health and
environmental sustainability.

The use of Pseudomonas species in agricultural systems offers a promising strategy for
improving plant health, stress tolerance, and reducing chemical input dependence. Their
actions enhance nutrient availability, stimulate plant growth, and suppress a broad range of
phytopathogens, fostering a more sustainable and resilient agricultural ecosystem.

Given the increasing interest in sustainable agriculture and the need for adaptable
microbial solutions, this study investigates the agronomic potential of Pseudomonas isolates
obtained from rhizosphere soils. The aim is to assess the physiological, biochemical, and stress
tolerance characteristics, as well as their contributions to plant growth promotion through
direct and indirect mechanisms of newly isolated strains. By evaluating their functional traits,
this research seeks to identify promising bacterial candidates for use as bioinoculants in stress-
prone agricultural systems.

MATERIALS AND METHODS

This study employed an integrative methodological framework to isolate,
characterize, and evaluate bacterial strains with potential plant growth-promoting traits and
environmental resilience.

Morphological and Phenotypic Characterization

The isolates were subjected to detailed phenotypic characterization, including Gram
staining, motility testing, and microscopic evaluation to determine cell shape and behavior.
Colony morphology—such as shape, pigmentation, margin, and elevation—was recorded
following standard microbiological criteria. Identification was guided by the diagnostic keys
in Bergey’s Manual of Systematic Bacteriology (Holt et al., 1994).

Environmental Stress Tolerance
To evaluate the ecological adaptability of the bacterial isolates, their tolerance to
various abiotic stressors was tested. Growth responses were monitored under different
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temperature regimes (4°C, 17°C, 25°C, and 35°C), pH levels (4.0, 7.0, and 9.0), and sodium
chloride concentrations (0%, 7%, and 15%). Isolates were inoculated on Luria-Bertani
medium and incubated for 48 hours under these conditions, after which growth intensity was
visually assessed and categorized.

Resistance to selected heavy metals [chromium (Cr), copper (Cu), nickel (Ni), and lead
(Pb)] was determined using the agar disc diffusion method. Serial dilutions of each metal salt
(107" to 107 mol dm™) were applied, and the presence or absence of inhibition zones was
recorded. Pesticide tolerance was similarly evaluated using three commercially available
formulations: two fungicides (Luna and Sequence) and one insecticide (Lamdex), tested at
recommended application levels as well as at 10-fold and 100-fold concentrations (Randhawa
and Kullar, 2010). The capacity of isolates to withstand antibiotics was examined using
standard antibiogram methods, with susceptibility assessed against agents such as ampicillin,
neomycin, erythromycin, streptomycin, and chloramphenicol. Inhibition zones were measured
and interpreted according to established classification criteria (Jarak and Puri¢, 2004).

Enzymatic Activities and Metabolic Profiling

The enzymatic potential of the isolates was assessed through a range of biochemical
assays relevant to nutrient cycling and plant—microbe interactions. The entire testing are
illustrated in Table 1.

Table 1. Enzymatic Tests and Indicators

Enzyme Medium/Method POS].UV? reaction Methods
indicator
Catalase H>0: bubbles Bubble formation Gill and Vickers, 1969
Oxidase Oxidase reagent Color change (dark purple) | Quinn, P.J., et al. 1994
Lipase Tween 80 on nutrient agar Opaque zones Lanui, 1987
Protease SIM medium Black precipitate MacFaddin, 2000
Cellulase CMC agar + Congo red Clear halo MacFaddin, 2000
Pectinase Pectin agar + iodine Clear zone MacFaddin, 2000
Lecithinase Egg yolk agar White precipitate Galanos et al., 1985
Urease Christensen’s urea agar Pink color change Christensen, 1946
Starch Starch agar + iodine Clear zone Edwards and Ewing,
hydrolysis 1939
Gelatinase Nutrient gelatin tubes Liquefaction Erdos and Tully, 1986

To further evaluate metabolic flexibility, isolates were tested for their ability to utilize
various nitrogen and carbon sources. Nitrate reduction was investigated using nitrate agar,
with reagent-based colorimetric confirmation (Christensen, 1946). Citrate utilization was
determined on Simons’ citrate agar (Simons, 1923), while sugar fermentation profiles for
glucose, fructose, sucrose, galactose, lactose, and xylose were assessed using standard media
with pH indicators to detect acidification (MacFaddin, 2000).

Plant Growth-Promoting (PGP) Traits

Key biochemical traits associated with direct plant growth promotion were
investigated. Ammonia production was determined by incubating isolates in peptone water
and applying Nessler’s reagent; a yellow to brown color shift was considered a positive
result. Indole-3-acetic acid (IAA) production was quantified by culturing isolates in tryptic
soy broth supplemented with L-tryptophan, followed by treatment with Salkowski’s reagent
and spectrophotometric measurement at 540 nm (Patten and Glick, 2002). Siderophore
production was assessed using the Chrome Azurol S (CAS) agar assay, where a visible color
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change indicated iron-chelating activity (Milagres et al., 1999). Phosphate solubilization was
evaluated on Pikovskaya’s agar containing tricalcium phosphate; clear halo zones around
colonies indicated solubilization capacity (Menkin, 1963). Nitrogen fixation ability was
tested by culturing the isolates on nitrogen-free semi-solid malate medium (NFb). The
formation of a pellicle near the surface of the medium after incubation was considered
indicative of positive nitrogen-fixing activity (Dobereiner, 1995).

In addition, traits associated with indirect plant growth promotion were also
examined. Hydrogen cyanide (HCN) production was evaluated using nutrient agar
supplemented with glycine and a filter paper saturated with picric acid and sodium
carbonate, as described by Bakker and Schippers (1987). A color change from yellow to
orange indicated cyanide release. Exopolysaccharide (EPS) production was screened using
Congo Red agar, with red-pigmented colonies considered positive (Freeman et al., 1989).
Turbidity in liquid cultures was used as a complementary semi-quantitative indicator of EPS
production (Zhang et al., 2013).

RESULTS AND DISCUSSION

Bacteria Isolation

Out of 25 rhizospheric soil samples collected from different crops, Pseudomonas spp.
widely distributed in the rhizosphere and is known for its metabolic versatility and ecological
adaptability (Raaijmakers et al., 2002; Silby et al., 2011) were successfully isolated from four
samples, designated as PSD1, PSD2, PSD3, and PSD4. Isolates were selected based on colony
morphology, repeatedly subcultured to ensure purity, and stored in a culture collection.

Morphological and Phenotypic Characterization

Morphological characterization included both microscopic cell shape and colony
appearance (Table 2). All isolates were rod-shaped, motile, and Gram-negative. Colonies were
circular, convex, smooth-edged, and beige with a moist texture. These features are consistent
with Pseudomonas spp. as described by Stanier et al. (1966) and validated by Holt et al. (1994).

Table 2. Morphological characteristics of isolates

Cell Colony
Isolates Shape G?a.m Motility | Shape | Elevation | Margin | Colour | Texture
staining
PSD1 rod-shaped - + circular | convex | smooth | beige moist
PSD2 rod-shaped - + circular | convex | smooth | beige moist
PSD3 rod-shaped - + circular | raised smooth | beige moist
PSD4 rod-shaped - + circular | convex | smooth | beige moist

(+) indicates a positive result; (—) indicates a negative result

Stress Tolerance and Resistance Profile of Bacterial Isolates

The resilience of the isolates to temperature, pH, and salinity stress is summarized in
Table 3a. All isolates exhibited optimal or abundant growth at 25°C, with PSD3 showing
superior adaptability. At 4°C, no growth was observed, confirming the mesophilic nature of
these bacteria. Moderate halotolerance was observed up to 7% NaCl, while minimal growth
occurred at 15%. These findings align with reports by Alavi et al. (2013), who described the
ability of certain Pseudomonas strains to tolerate moderate osmotic and pH stress, enhancing
their persistence in diverse environments.
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Table 3a. Ecological resilience of bacterial isolates

Temperature (°C) pH NaCl (%)
Isolates 2 [ 17 | 25 | 35 | 4 | 7 ] 9 0 | 7 | 15
PSD1 - + ++ + - ++ - + + +
PSD2 - + + + - ++ - + + +
PSD3 - ++ ++ ++ + ++ - + + +
PSD4 - ++ ++ + - ++ - + + +

complete absence of growth (-); minimal growth (+); optimal (+); abundant growth (++)

Heavy metal resistance testing (Table 3b) revealed that none of the isolates exhibited
inhibition zones in the presence of Cr, Cu, Ni, or Pb at concentrations ranging from 10 to

10 mol dm =, suggesting high intrinsic tolerance. This agrees with previous findings where

Pseudomonas spp. were recognized for their ability to survive in metal-contaminated
environments, aided by metal efflux systems and sequestration mechanisms (Rajkumar et
al., 2010; Nies, 2003).

Table 3b. Resistance of isolates to heavy metals

Heavy metals (mol dm™)

Isolates | Chromium (Cr) Copper (Cu) Nickel (Ni) Lead (Pb)

107 /102]102[10*] 10" [ 102|102 | 10|10 | 102|103 ] 10#| 10" | 102|103 | 10*
psDl | - | - | - - -|-1]-1-71-"71-1-1-1-71-71-1-
psp2 | - [ - - -1 -1-1-1-T1T-71-1-"17-1-71-71-T7-
psp3 | - | - - -1 -1-1-1-1T-71-1-"17-1-71-71-T7-
psp4 | - | - | - - -1 -]-1-1-71-1-1-1-1-71-1-

without zone of inhibition (-); zone of inhibition 1-10 mm (+); zone of inhibition > 10 mm (+)

Resistance to pesticides (Table 3c) showed that Lamdex had no inhibitory effect, while
Luna and Sequence were inhibitory at 10x and 100x concentrations. Mild inhibition (£) was
observed for Sequence at the recommended dose. These results highlight differential
sensitivity patterns among isolates, which is consistent with the findings of Bending and
Turner (1999), who reported variable microbial responses to pesticide exposure depending
on compound, dose, and microbial species.

Table 3c. Resistance of isolates to pesticides

Pesticides (mol dm™)
Isolates Luna Lamdex Sekvence
MI | 10x>MI) | (100x>MI) | MI | (10x>MI) | (100x>MI) | MI | (10x>MI) | (100x>MI)
PSD1 + - - + + + + - -
PSD2 + - - + + + + - -
PSD3 + - - + + + + - -
PSD4 + - - + + + + - -

MI: manufacturer’s instructions; without zone of inhibition (-); zone of inhibition 1-10 mm zone (£); zone of
inhibition > 10 mm (+)

Antibiotic susceptibility patterns (Table 3d) showed consistent resistance to
ampicillin, and moderate sensitivity to erythromycin and neomycin. All isolates were
sensitive to streptomycin, with partial sensitivity to chloramphenicol. This profile aligns
with earlier studies indicating that Pseudomonas spp. are intrinsically resistant to certain
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[-lactam antibiotics due to low outer membrane permeability and active efflux systems
(Hancock and Speert, 2000).

Table 3d. Resistance of isolates to antibiotics

Antibiotics
Isolates Ampicilin Erithromicin Neomicin Streptomycine | Chloramphenicol
10 pg 15 pg 30 pg 300 pg 30 pg
PSD1 - + + + +
PSD2 - + + + +
PSD3 - + + + *
PSD4 - + + + +

without zone of inhibition (-); zone of inhibition 1-10 mm (£); zone of inhibition > 10 mm (+)

Enzymatic Activities and Metabolic Traits

Biochemical profiling (Table 4) confirmed the production of catalase, oxidase, and
lipase in all isolates. Protease activity was detected in three isolates, and lecithinase, urease,
and gelatinase were variably expressed. Cellulase and pectinase were produced by selected
isolates, consistent with the saprophytic and competitive lifestyle of Pseudomonas spp.
(Beneduzi et al., 2012). None of the isolates hydrolyzed starch, suggesting the absence of
amylase activity. The ability to degrade complex organic substrates enhances nutrient
turnover and disease suppression in the rhizosphere (Gomes et al., 2001).

Table 4. Enzymatic, hydrolysis, energy, and carbon source utilization properties of the
bacterial isolates

Biochemical Type of test/Isolates PSD1 | PSD2 | PSD3 | PSD4
Characterization
Catalase Production + + + +
Oxidase Production + + + +
Lipase Production + + + +
Enzymatic Activity Protease Producti(?n + + + -
Cellulase Production + - - +
Pectinase Production - - + +
Lechitinase Production + + + +
Urease Production + + + +
Complex Organic Starch Hydrolysis - - - -
ls)lézsrgg;iison Gelatin Hydrolysis - + - +
Nitrogen | Nitrate Reduction + + + +
Citrate Utilization + - - +
Glucose Utilization + + + +
Energy Source Fructose Utilization + + + -
Utilization Sucrose Utilization + + +
Carbon Galactose
e + + + +
Utilization
Lactose Utilization - - - -
Xylose Utilization - - - -

(+) positive reaction /produce, hydrolyze, reduce, utilize/; (-) negative reaction /does not produce, hydrolyze,
reduce, utilize/
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Plant Growth-Promoting Properties
Plant growth-promoting (PGP) traits of the isolates are presented in Table 5.
Indole-3-acetic acid (IAA) production was detected only in PSD1, which may
contribute to root elongation and lateral root formation. Although IAA production was
limited, all isolates exhibited strong siderophore activity, which facilitates iron acquisition
under deficiency conditions and suppresses pathogens (Souza et al., 2015).

Table 5. Plant growth-promoting properties of the isolates

Isolates | IAA | Siderophores | HCN Solubilize Fix.ation of Exopo!y
phosphorus Nitrogen saccharide
PSD1 + + + - + -
PSD2 - + + - + -
PSD3 - + + - + -
PSD4 - + - - + -

(+) positive reaction / produces/ performs decomposition; (-) negative reaction / does not produce/ does not
perform decomposition

Hydrogen cyanide (HCN) production was detected in three isolates. HCN
contributes to biocontrol of root pathogens by inhibiting cytochrome ¢ oxidase in target
organisms (Datta et al., 2011). All isolates exhibited the capacity for nitrogen fixation, a trait
rarely reported for Pseudomonas but supported by recent work showing horizontal gene
acquisition enabling diazotrophy (Loper et al., 2012). However, none of the isolates
solubilized inorganic phosphate, suggesting limited phosphorus-mobilizing capacity.

Exopolysaccharide (EPS) production was not observed in any isolate. While EPS
contributes to desiccation resistance and root adhesion, its absence may be compensated by
other beneficial traits.

CONCLUSION

This study provides valuable insights into the utilization of Pseudomonas species as
biofertilizers to enhance soil fertility and promote plant growth in agricultural systems. The
isolated strains, obtained from rhizospheric soils, were taxonomically characterized through
morphological, physiological, and biochemical analyses. Functionally, they demonstrated
notable stress tolerance, resistance to heavy metals, and plant growth-promoting traits.
Although certain PGP characteristics, such as phosphate solubilization and
exopolysaccharide production, were not expressed, the consistent production of
siderophores and hydrogen cyanide (HCN), nitrogen fixation ability, and diverse enzymatic
activities suggest their strong potential for use in sustainable agriculture. These functional
attributes support the positioning of Pseudomonas spp. as eco-friendly alternatives to
conventional agrochemicals. Future research should aim to validate these findings through
field trials and explore their practical integration into stress-adaptive cropping systems,
thereby contributing to long-term agricultural resilience and food security.

ACKNOWLEDGEMENTS

This study was supported by the Ministry of Technological Development and
Innovations of the Republic of Serbia, Contract No. 451-03-136/2025-03/200215.

125



Modern Trends in Agricultural Production, Rural Development and Environmental Protection

REFERENCES

Alavi, P., Starcher, M. R., Zachow, C., Miiller, H., & Berg, G. (2013). Root-microbe systems: The
effect and mode of interaction of stress tolerant plant growth promoting bacteria (PGPB).
Environmental and Experimental Botany, 89, 1-14.

Bakker, A. W., & Schippers, B. (1987). Microbial cyanide production in the rhizosphere in relation
to potato yield reduction and Pseudomonas spp.-mediated plant growth-stimulation. Soil
Biology and Biochemistry, 19(4), 451-457.

Beneduzi, A., Ambrosini, A., & Passaglia, L.M.P. (2012). Plant growth-promoting rhizobacteria
(PGPR): Their potential as antagonists and biocontrol agents. Genetics and Molecular Biology,
35(4), 1044-1051.

Bending, G. D., & Turner, M. K. (1999). Interaction of pesticide application and biotic stress on the
microbial community structure. FEMS Microbiology Ecology, 30(3), 171-181.

Christensen, W.B. (1946). Urea decomposition as a means of differentiating Proteus and Paracolon
cultures from each other and from Sal/monella and Shigella types. Journal of Bacteriology,
52(4), 461-466.

Datta, C., & Basu, P.S. (2000). Indole acetic acid production by a Rhizobium species from root
nodules of a leguminous shrub, Cajanus cajan. Microbiological Research, 155(2), 123—127.

Dobereiner, J. (1995). Isolation and identification of aerobic nitrogen-fixing bacteria from soil and
plants. In K. Alef & P. Nannipieri (Eds.), Methods in applied soil microbiology and
biochemistry (pp. 134—141). Academic Press.

Edwards, C.S., & Ewing, W.H. (1939). The starch hydrolysis test for the differentiation of the
typhoid-colon aerogenes groups of bacteria. Journal of Bacteriology, 38(2), 193.

Erdos, G.W., & Tully, R.E. (1986). Gelatin hydrolysis test. In P. Gerhardt, R. G. E. Murray, W. A.
Wood, & N. R. Krieg (Eds.), Methods for general and molecular bacteriology (pp. 165—180).
American Society for Microbiology.

Freeman, D.J., Falkiner, F.R., & Keane, C.T. (1989). New method for detecting slime production by
coagulase-negative staphylococci. Journal of Clinical Pathology, 42(8), 872—874.

Galanos, C., Liideritz, O., Westphal, O., Gotze, E., & Mayer, H. (1985). Preparation and properties
ofa standardized egg lecithin from hen’s egg yolk. Hoppe-Seyler's Zeitschrift fiir physiologische
Chemie, 366(7), 1255-1264.

Gill, S.R., & Vickers, RM. (1969). Catalase test. In Laboratory procedures for the diagnosis of
intestinal parasites (p. 44). U.S. Department of Health, Education, and Welfare, Public Health
Service.

Glick, B.R., Patten, C.L., Holguin, G., & Penrose, D.M. (2007). Biochemical and genetic mechanisms
used by plant growth promoting bacteria. Imperial College Press.

Gomiero, T. (2016). Soil degradation, land scarcity and food security: reviewing a complex challenge.
Sustainability, 8, 281.

Gomes, N.C.M., Fagbola, O., Costa, R., Rumjanek, N. G., Buchner, A., Mendonga-Hagler, L., &
Smalla, K. (2003). Dynamics of diazotrophic bacterial communities associated with maize (Zea
mays L.) grown in Brazilian ferralsol under different management practices. Environmental
Microbiology, 5(11), 1061-1070.

Gray, E.J., & Smith, D.L. (2005). Intracellular and extracellular PGPR: Commonalities and distinctions
in the plant-bacterium signaling processes. Soil Biology and Biochemistry, 37(3), 395-412.
Hancock, R.E.W., & Speert, D.P. (2000). Antibiotic resistance in Pseudomonas aeruginosa:

Mechanisms and impact on treatment. Drug Resistance Updates, 3(4), 247-255.

Holt, J. G., Krieg, J. N., Sneath, P., Staley, J., & Williams, S. (1994). Bergey's manual of
determinative bacteriology. Williamson and Wilkins. Baltimore, pp. 786-788.

Jarak, ., & Puri¢, M. (2004). Disk Diffusion Method for Assessing Antibiotic Resistance in Bacterial
Isolates. Journal of Antimicrobial Agents, 20(3), 112—118.

126



Modern Trends in Agricultural Production, Rural Development and Environmental Protection

Koskey, G., Mburu, S.W., Awino, R., Njeru, E.M., & Maingi, J.M. (2021). Potential use of beneficial
microorganisms for soil amelioration, phytopathogen biocontrol, and sustainable crop
production in smallholder agroecosystems. Frontiers in Sustainable Food Systems, 5, 130.

Lanui, K. (1987). Determination of lipase activity in soil. Soil Biology and Biochemistry, 19(6), 787—
791.

Loper, J.E., Hassan, K.A., Mavrodi, D.V., Davis, E.W., Lim, C.K., Shaffer, B.T., & Paulsen, I.T.
(2012). Comparative genomics of plant-associated Pseudomonas spp.: Insights into diversity
and inheritance of traits involved in multitrophic interactions. PLoS Genetics, 8(7), ¢1002784.

Lopes, M.J.D.S., Dias-Filho, M.B., & Gurgel, E.S.C. (2021). Successful plant growth-promoting
microbes: inoculation methods and abiotic factors. Frontiers in Sustainable Food Systems, 5,
606454,

MacFaddin, J.F. (2000). Biochemical Tests for Identification of Medical Bacteria (3" ed.). Lippincott
Williams & Wilkins.

Menkin, B. (1963). A medium for the selective cultivation of fungi. Mycopathologia et Mycologia
Applicata, 19(1-2), 77-85.

Milagres, A. M., Machuca, A., & Napoledo, D. (1999). Detection of siderophore production from
several fungi and bacteria by a modification of chrome azurol S (CAS) agar plate assay. Journal
of Microbiological Methods, 37(1), 1-6.

Nadarajah, K., & Abdul Rahman, N.S.N. (2023). The microbial connection to sustainable agriculture.
Plants, 12(12), 2307.

Nies, D.H. (2003). Efflux-mediated heavy metal resistance in prokaryotes. FEMS Microbiology
Reviews, 27(2-3), 313-339.

Oteino, N., Lally, R.D., Kiwanuka, S., Lloyd, A., Ryan, D., Germaine, K. J., & Dowling, D. N. (2015).
Plant growth promotion induced by phosphate solubilizing endophytic Pseudomonas isolates.
Frontiers in Microbiology, 6, 745.

Parameswari, E., Lakshmi, P.T.V., & Sundaram, A.L. (2009). Resistance of Pseudomonas spp. to
heavy metals and antibiotics. Asian Journal of Biological Sciences, 4(2), 142—148.

Patten C.L., & Glick B.R. (2002). Regulation of indole acetic acid production in Pseudomonas putida
R12-2 by tryptophan and the stationary phase sigma factor RpoS. Canadia Journal of
Microbiology, 48, 635—642.

Pesakovi¢, M., Tomié¢, J., Cerovié, R., étampar, F., Jakopic, J., Karaklaji¢ Stajic, 7., Milenkovig, S.,
& Mikuli¢-Petkoviek, M. (2023). Evaluating effects of a new liquid vermicompost-based
product on fruit quality in organic strawberries (Fragaria * ananassa Duch.). Biological
Agriculture & Horticulture, 39(7), 1-14.

Pesakovi¢, M., Tomi¢, J., Djurovi¢, V., Rilak, B., Karaklaji¢ Stajic, 7., Mandi¢, L., & DPuki¢, D.
(2024). Towards sustainable agriculture: Harnessing Azotobacter species for enhanced crop
yield and environmental resilience. In Proceedings of the 6th International Scientific
Conference Modern Trends in Agricultural Production, Rural Development and Environmental
Protection (pp. 217-230). Vrnjacka Banja, Republic of Serbia.

Quinn, P.J., Carter, M.E., Markey, B.K., & Carter, G. (1994). Clinical veterinary microbiology.
Mosby-Year Book Europe Limited.

Randhawa, P., & Kullar, R. (2010). Methods for assessing resistance of bacterial isolates to heavy
metals and pesticides. Journal of Microbiological Techniques, 15(2), 45-52.

Rajkumar, M., Ae, N., & Freitas, H. (2010). Endophytic bacteria and their potential to enhance heavy
metal phytoextraction. Chemosphere, 77(2), 153—160.

Raaijmakers, J.M., Vlami, M., & de Souza, J.T. (2002). Antibiotic production by bacterial biocontrol
agents of plant diseases. Molecular Plant Pathology, 3(6), 311-317.

Saritha, K.V., Sreenivasulu, K., & Reddy, G. (2015). Antagonistic and plant growth-promoting
potential of Pseudomonas spp. isolated from rhizosphere of groundnut. Brazilian Journal of
Microbiology, 46(2), 497-504.

127



Modern Trends in Agricultural Production, Rural Development and Environmental Protection

Saharan, B.S., & Nehra, V. (2011). Plant growth promoting rhizobacteria: A critical review. Life
Sciences and Medicine Research, 21, 1-30.

Silby, M.W., Winstanley, C., Godfrey, S.A.C., Levy, S.B., & Jackson, R.W. (2011). Pseudomonas
genomes: Diverse and adaptable. FEMS Microbiology Reviews, 35(4), 652—680.

Simons, A. W. (1923). A medium for the differentiation of the organisms of typhoid-colon acrogenes
groups and for the isolation of certain fungi. Journal of Bacteriology, 8(3), 191-208.

Singh, R., Paul, D., & Jain, R.K. (2010). Biofilms: Implications in bioremediation. Trends in
Microbiology, 14(9), 389-397.

Souza, R., Ambrosini, A., & Passaglia, L.M.P. (2015). Plant growth-promoting bacteria as inoculants
in agricultural soils. Genetics and Molecular Biology, 38(4), 401-419.

Stanier, R.Y., Palleroni, N.J., & Doudoroff, M. (1966). The aerobic pseudomonads: A taxonomic
study. Journal of General Microbiology, 43(2), 159-271.

Tilman, D. (1999). Global environmental impacts of agricultural expansion: The need for sustainable
and efficient practices. Proceedings of the National Academy of Sciences, 96(11), 5995-6000.

Vessey, J.K. (2003). Plant growth promoting rhizobacteria as biofertilizers. Plant and Soil, 255(2),
571-586.

Vyas, P., & Gulati, A. (2009). Organic acid production in vitro and plant growth promotion in maize
under controlled environment by phosphate-solubilizing fluorescent Pseudomonas. BMC
Microbiology, 9, 174.

Zahir, Z.A., Arshad, M., & Frankenberger, W.T. (2004). Plant growth promoting rhizobacteria:
Applications and perspectives in agriculture. Advances in Agronomy, 81, 97-168.

Zhang, Y., Zeng, Y., Cheng, Y., Jia, X., & Li, W. (2013). Screening and identification of an
exopolysaccharide-producing Pseudomonas sp. strain and optimization of its fermentation
conditions. International Journal of Biological Macromolecules, 59, 289-294.

128



