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Abiotic stressors, such as drought, flooding, extreme temperature, soil salinity, and metal toxicity, are the most

important factors limiting crop productivity. Plants use their innate biological systems to overcome these abiotic

stresses caused by environmental and edaphic conditions. Microorganisms that live in and around plant systems

have incredible metabolic abilities in mitigating abiotic stress. Recent advances in multi-omics methods, such as

metagenomics, genomics, transcriptomics, and proteomics, have helped to understand how plants interact with

microbes and their environment. These methods aid in the construction of various metabolic models of microbes

and plants, resulting in a better knowledge of all metabolic exchanges engaged during interactions. Actinobacteria

are ubiquitous and are excellent candidates for plant growth promotion because of their prevalence in soil, the

rhizosphere, their capacity to colonize plant roots and surfaces, and their ability to produce various secondary

metabolites. Mechanisms by which actinobacteria overcome abiotic stress include the production of osmolytes,

plant hormones, and enzymes, maintaining osmotic balance, and enhancing nutrient availability. With these

characteristics, actinobacteria members are the most promising candidates as microbial inoculants. 

plants  actinobacteria  plant growth-promoting bacteria

1. Introduction

Abiotic stress is any environmental factor limiting plant growth and productivity . It is brought on by environmental

factors such as water, salt, light, temperature, and nutrients, which can significantly inhibit plant growth, yield, and

survival . It was estimated that environmental factors could reduce crop production by up to 70% . Abiotic stress

includes drought, flooding, temperature fluctuations, high soil salinity, and metal toxicity . Plant responses to

abiotic stress are both reversible and irreversible .

Drought stress is one of the most significant abiotic stresses that affect plant growth and development. Plants are

drought-stressed when available water in the soil is reduced to critical levels and contributes to continuous water

loss . Reduction of leaf water potential, turgor pressure, stomatal closure, and cell development are all signs of

drought stress in plants . Numerous physiological and biochemical processes, including photosynthesis,

chlorophyll synthesis, nutrient metabolism, ion uptake and translocation, respiration, and carbohydrate metabolism,

are also reduced by drought stress . In contrast to drought, excess water is another problem for plant growth and

development . Water stress causes a decrease in leaf water potential and stomatal opening, which leads to the

downregulation of photosynthesis-related genes and decreased CO  availability . Furthermore, temperature
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(high and low) strongly influences the metabolic activity of plants . Cold-driven rigidification and heat-driven

fluidization can cause membrane dysfunction, as exemplified by protein deactivation and ion leakage .

Soil salinity is another severe issue for plants, reducing crop yield worldwide . Salt stress causes cellular

dehydration, leading to osmotic stress and water removal from the cytoplasm, decreasing cytosolic and vacuolar

volumes . Osmotic stress causes various physiological changes, including membrane disruption, nutrient

imbalance, impaired ability to detoxify reactive oxygen species, differences in antioxidant enzymes, decreasing

photosynthetic activity and stomatal aperture, and accumulation of Na  and Cl  ions in the tissues of plants .

Due to industrial waste and sewage disposal, heavy metals have long been accumulating in soils . Plants

exposed to heavy metals experience altered membrane permeability, enzyme inhibition, photosystem inactivation,

and disturbances in mineral metabolism .

Plants have evolved various mechanisms to deal with abiotic stresses, one of which is the use of microbes, which

is an effective, environmentally friendly, and economically viable method . Microorganisms represent a natural

soil microflora with high metabolic capacities for growth promotion and resistance to abiotic stresses . Microbes

may, directly and indirectly, contribute to plant growth and stress resistance by various mechanisms, including

increased nutrient availability, prevention of diseases, nitrogen fixation, and production of hydrolytic enzymes and

phytohormones . Plants release numerous signals/clues that allow effective communication between

plants and microorganisms . Plants actively recruit their microorganisms from surrounding microbial reservoirs

such as soil, rhizosphere, and phyllosphere . The enrichment of microorganisms by the plant is not random, but

rather a targeted process . Several factors (such as geographic regions, soil abiotic factors, and climate

conditions) may explain the dramatic variation in the correlation between microbial and plant diversity .

Even within the plant, different plant organs and plant stages are dominated by different microbes . Some

dominant bacterial phyla associated with plants are Acidobacteria, Verrucomicrobia, Bacteroidetes, Proteobacteria,

Planctomycetes, and Actinobacteria .

Actinobacteria are Gram-positive bacteria common in soil conditions and constitute one of the largest bacterial

phyla . Actinobacteria exhibit a variety of characteristics that are similar to fungi . The first hierarchal

phylogenetic clustering of members of the Actinobacteria was provided by Stackebrandt et al. . Actinobacterial

taxonomy has evolved throughout time, with the most recent roadmap dividing the phylum into six classes, 46

orders, and 79 families, with 16 new orders and 10 new families . Actinobacteria can form complex structures

such as spores, spore chains, sporangia, and sporangiospores . The growth of substrate mycelium, the position

of the spore, the quantity of spores, the surface structures of the spore, the form of the sporangia, and whether or

not the sporangiospore has flagella are all key morphological aspects of actinobacteria classification .

Actinobacteria have a wide range of morphologies, including rod shape (Acidiferrimicrobium) , coccoid

(Micrococcus) , rod-coccoid (Arthrobacter) , and bent rods (Sinomonas)  forms, as well as fragmenting

hyphal forms (Nocardia) and forms with permanently differentiated branched mycelia (e.g., Streptomyces and

Frankia). Some develop elongated filaments on the substrate but no true mycelium (Rhodococci) , whereas

some do not produce mycelia at all (Corynebacterium) , while some distinguished by the production of branched

substrate hyphae that break up into flagellated motile elements (Oerskovia) . Many actinobacterial members
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can invade plant roots and surfaces . Furthermore, they can produce extracellular compounds that allow them to

outcompete phytopathogens and act as plant growth regulators.

2. Actinobacteria Diversity Associated with Plants and Plant
Growth Promotion

The rhizosphere is the soil zone surrounding plant roots that influence the biological and chemical properties of the

soil . Bacterial concentrations in the rhizosphere are about 10–1000 times greater than in bulk soil . The

rhizosphere is in direct contact with the plant roots and is actively nourished by a complex mixture of

carbon/nutrient sources given by the plant, such as amino acids, sugars, and other nutrients .

Actinobacteria are dominant in the rhizosphere, and their contributions to soil systems have a significant economic

influence . They are considered rhizosphere competent because they can use plant nutrients found in the

rhizosphere and stimulate plant development following inoculation . Various rhizospheric actinobacterial

members, with their plant growth promotion (PGP), nutrient cycling, anti-phytopathogenic activity, and ability to

thrive in harsh conditions, have been reported for a wide range of plants. Among various actinobacterial members,

Streptomyces are commonly found in soil and can colonize the rhizosphere and root tissues with PGP activity .

For example, Streptomyces sp. isolated from wheat rhizosphere showed PGP activities, namely, phosphate

solubilization, production of indole-3-acetic acid (IAA), siderophore, phytase, and chitinase, as well as utilization of

sugars in the rhizosphere . Streptomyces lydicus WYEC108, that colonized and sporulated within the nodule’s

surface cell layers of pea root, influenced nodulation by increasing the average size of the nodules, improving the

vigor of bacteroids within the nodules by enhancing nodular iron and possibly other soil nutrient assimilation .

The impact of Streptomyces spp. isolated from the rhizosphere on five legumes (soybean, kidney bean, chickpea,

lentil, and pea) demonstrated that soil microbial populations were boosted, while soil nutrients and organic matter

content were also increased . Soil enrichment with Streptomyces sp. boosted photosynthesis, which

subsequently increased legume production. Streptomyces sp. also boosted nitrogen availability in soil, legume

tissue, and seeds, which activated critical nitrogen metabolizing enzymes such as glutamine synthetase, glutamate

synthetase, and nitrate reductase. In addition to higher amounts of nitrogen-containing amino acids in

actinobacterial-treated legume seeds, significant quantities of sugar, organic acids, and fatty acids, as well as

antioxidant phenolics, minerals, and vitamins were also observed . Members of the genus Streptomyces and a

few Kitasatospora were predominantly isolated from the yam rhizosphere and promoted the growth of Arabidopsis

seedlings . All of them produced IAA and siderophores, half exhibited tricalcium phosphate-solubilizing activity,

and 20% harbored 1-aminocyclopropane-1-carboxylic acid (ACC) deaminase activity. Not only Streptomyces spp.,

but other actinobacterial members have also been reported from the rhizosphere as having PGP activity. For

example, a multiple growth-promoting Tsukamurella tyrosinosolvens (isolated from the rhizosphere soil of tea

plants) was reported to secrete various organic acids, such as lactic acid, maleic acid, and oxalic acid; solubilize

phosphate and produce IAA and siderophore to enhance plant growth .

The actinobacterial strains also showed PGP activity in field trials. Streptomyces corchorusii UCR3-16 isolated

from rice rhizosphere was tested for PGP activity in field trials utilizing a talcum-based powder formulation . S.

[45]

[46] [47]

[48]

[49]

[50]

[51]

[50]

[52]

[53]

[53]

[54]

[55]

[56]



Actinobacteria Diversity Associated with Plant Growth Promotion | Encyclopedia.pub

https://encyclopedia.pub/entry/34726 4/11

corchorusii UCR3-16 significantly improved shoot length, shoot and root weight, total grain yield, and grain weight

in rice. The sheath blight disease in rice leaves was also dramatically decreased by the talcum formulation .

Similarly, Streptomyces sp. CAI-8 isolated from rhizosphere soils of chickpeas under field conditions showed an

increment in nodule numbers, root weight, stover yield, and grain yield . Antifungal activity of Streptomyces spp.

VV/R1 and VV/R4 isolated from the rhizosphere were tested for PGP in a field trial . Both strains significantly

reduced the infection rates of several fungal pathogens (Dactylonectria sp., Ilyonectria sp., Phaeoacremonium

chlamydospora, and Phaeoacremonium minimum) that caused young grapevine. These isolates also significantly

reduced the mortality level of grafted plants in the nursery . The overall PGP properties of actinobacterial strains

isolated from the rhizosphere are shown in Figure 1.

Figure 1. Role of Actinobacteria in various plant parts.

Microbial endophytes have co-evolved along with plants by colonizing apoplast and symplast regions of the host

plant . Among the endophytes, actinobacterial members are excellent dwellers in plant tissues, and their ecology

in plants is exceptionally diverse . It has been documented that actinobacterial members can colonize any tissue

or organ of the host plant and they are prevalent in the roots, somewhat plentiful in the branches, and rare in the

leaves . The first actinobacterial endophyte to be isolated was Frankia, which is a nitrogen-fixing

microorganism that induces nodulation on several angiosperm plant families and has received substantial attention

due to its role in the nitrogen economy of its hosts . Frankia sp. DDNSF-01 and Frankia casuarinae DDNSF-

02 isolated from the root nodules of Casuarina sp. showed activity against phytopathogens including

[56]

[57]

[58]

[58]

[59]

[60]

[46][61][62]

[45][63]



Actinobacteria Diversity Associated with Plant Growth Promotion | Encyclopedia.pub

https://encyclopedia.pub/entry/34726 5/11

Pseudomonas sp. and Colletotrichum sp. in addition to the production of IAA, siderophore, and ammonia, as well

as phosphate solubilization .

In general, the endophytic actinobacterial members were the most commonly isolated from roots, followed by

stems, and leaves . Streptomyces spp. were the predominant species, followed by Microbispora,

Micromonospora, Nocardioides, Nocardia, and Streptosporangium which were commonly found among the

culturable endophytic actinobacteria . In the past few years, various endophytic actinobacterial members

were reported for PGP activity. For example, endophytic Streptomyces and Amycolatopsis isolated from Camellia

oleifera increased the growth of C. oleifera seedlings . Similarly, Streptomyces spp. and Amycolatopsis spp.

were used in the hydroponic germination of wheat seeds, and promoted plant growth in terms of root and stem

parts . The genus Streptomyces was mostly dominant among the isolates recovered from leaf, stem, and root

samples of tea, including Actinomadura, Kribbella, Nocardia, Kytococcus, Leifsonia, Microbacterium,

Micromonospora, Mobilicoccus, Mycobacterium, Nocardiopsis, Piscicoccus, and Pseudonocardia, whereas

Mobilicoccus and Piscicoccus were reported for the first time as plant endophytes . These strains produced IAA

and ACC deaminase, exhibited antimicrobial activity, and carried polyketide synthase (PKS-I and PKS-II) and non-

ribosomal peptide synthetase genes .

Endophytic actinobacterial members also showed enhanced growth when co-inoculated with other microbial

strains. Co-inoculation of endophytic Microbispora sp. CP56, Actinomadura sp. CP84B, Streptomyces spp.

CP200B, and CP21A with Mesorhizobium cicero in chickpea seedlings showed growth promotion and

enhancement of the rhizobia–chickpea symbiosis by increasing nodulation-related biological processes such as

rhizobial chemotaxis, biofilm formation, and nod gene expression . When PGP endophytic strains Microbispora

sp. GKU 823 and Streptomyces sp. GKU 895 were co-inoculated with the PGP diazotrophs Bacillus sp. EN-24 and

Enterobacter sp. EN-21, the growth of sugarcane was increased when compared with individual inoculation . In

addition, endophytic Streptomyces spp. isolated from plant roots grown in contaminated soil showed PGP features

such as phosphate solubilization and production of ACC deaminase, IAA, biosurfactant, and siderophores with the

ability of phytoremediation by degradation of petroleum increasing up to 98% after 7 days of incubation .

References

1. Imran, Q.M.; Falak, N.; Hussain, A.; Mun, B.-G.; Yun, B.-W. Abiotic stress in plants; Stress
perception to molecular response and role of biotechnological tools in stress resistance.
Agronomy 2021, 11, 1579.

2. Zhang, H.; Zhao, Y.; Zhu, J.-K. Thriving under stress: How plants balance growth and the stress
response. Dev. Cell 2020, 55, 529–543.

3. Boyer, J.S. Plant productivity and environment. Science 1982, 218, 443–448.

[64]

[65]

[66][67]

[68]

[68]

[69]

[69]

[70]

[71]

[72]



Actinobacteria Diversity Associated with Plant Growth Promotion | Encyclopedia.pub

https://encyclopedia.pub/entry/34726 6/11

4. Ahluwalia, O.; Singh, P.C.; Bhatia, R. A review on drought stress in plants: Implications, mitigation
and the role of plant growth promoting rhizobacteria. Environ. Dev. Sustain. 2021, 5, 100032.

5. Cramer, G.R.; Urano, K.; Delrot, S.; Pezzotti, M.; Shinozaki, K. Effects of abiotic stress on plants:
A systems biology perspective. BMC Plant Biol. 2011, 11, 163.

6. Ramakrishna, A.; Ravishankar, G.A. Influence of abiotic stress signals on secondary metabolites
in plants. Plant Signal Behav. 2011, 6, 1720–1731.

7. Osakabe, Y.; Osakabe, K.; Shinozaki, K.; Tran, L.S. Response of plants to water stress. Front.
Plant Sci. 2014, 5, 86.

8. Hussain, H.A.; Hussain, S.; Khaliq, A.; Ashraf, U.; Anjum, S.A.; Men, S.; Wang, L. Chilling and
drought stresses in crop plants: Implications, cross talk, and potential management opportunities.
Front. Plant Sci. 2018, 9, 393.

9. McDowell, N.G.; Beerling, D.J.; Breshears, D.D.; Fisher, R.A.; Raffa, K.F.; Stitt, M. The
interdependence of mechanisms underlying climate-driven vegetation mortality. Trends Ecol.
Evol. 2011, 26, 523–532.

10. Osakabe, K.; Osakabe, Y. Plant light stress. In Encyclopaedia of Life Sciences; Robinson, S., Ed.;
Nature Publishing Group: London, UK, 2012.

11. Yu, J.; Su, D.; Yang, D.; Dong, T.; Tang, Z.; Li, H.; Han, Y.; Li, Z.; Zhang, B. Chilling and heat
stress-Induced physiological changes and microRNA-Related mechanism in sweetpotato
(Ipomoea batatas L.). Front. Plant Sci. 2020, 11, 687.

12. Hazel, J.R. Thermal adaptation in biological membranes: Is homeoviscous adaptation the
explanation? Annu. Rev. Physiol. 1995, 57, 19–42.

13. He, M.; He, C.Q.; Ding, N.Z. Abiotic stresses: General defenses of land plants and chances for
engineering multistress tolerance. Front. Plant Sci. 2018, 9, 1771.

14. Narsing Rao, M.P.; Dong, Z.-Y.; Xiao, M.; Li, W.-J. Effect of salt stress on plants and role of
microbes in promoting plant growth under salt stress. In Microorganisms in Saline Environments:
Strategies and Functions; Giri, B., Varma, A., Eds.; Springer International Publishing: Cham,
Switzerland, 2019; pp. 423–435.

15. Gupta, B.; Huang, B. Mechanism of salinity tolerance in plants: Physiological, biochemical, and
molecular characterization. Int. J. Genom. 2014, 2014, 701596.

16. Ghori, N.H.; Ghori, T.; Hayat, M.Q.; Imadi, S.R.; Gul, A.; Altay, V.; Ozturk, M. Heavy metal stress
and responses in plants. Int. J. Environ. Sci. Technol. 2019, 16, 1807–1828.

17. Liu, J.J.; Wei, Z.; Li, J.H. Effects of copper on leaf membrane structure and root activity of maize
seedling. Bot. Stud. 2014, 55, 47.



Actinobacteria Diversity Associated with Plant Growth Promotion | Encyclopedia.pub

https://encyclopedia.pub/entry/34726 7/11

18. Rizvi, A.; Zaidi, A.; Ameen, F.; Ahmed, B.; AlKahtani, M.D.F.; Khan, M.S. Heavy metal induced
stress on wheat: Phytotoxicity and microbiological management. RSC Adv. 2020, 10, 38379–
38403.

19. Inbaraj, M.P. Plant-Microbe interactions in alleviating abiotic stress-A mini review. Front. Agron.
2021, 3, 667903.

20. Ram, K.; Devi, S.; Singh, A.; Kaur, V.; Kumar, J.; Arya, S.S. Microorganisms: The viable approach
for mitigation of abiotic stress. In Plant Stress Mitigators: Action and Application; Vaishnav, A.,
Arya, S.S., Choudhary, D.K., Eds.; Springer Nature Singapore: Singapore, 2022; pp. 323–339.

21. Yandigeri, M.S.; Meena, K.K.; Singh, D.; Malviya, N.; Singh, D.P.; Solanki, M.K.; Yadav, A.K.;
Arora, D.K. Drought-Tolerant endophytic actinobacteria promote growth of wheat (Triticum
aestivum) under water stress conditions. Plant Growth Regul. 2012, 68, 411–420.

22. Berg, G.; Köberl, M.; Rybakova, D.; Müller, H.; Grosch, R.; Smalla, K. Plant microbial diversity is
suggested as the key to future biocontrol and health trends. FEMS Microbiol. Ecol. 2017, 93,
fix050.

23. Jaemsaeng, R.; Jantasuriyarat, C.; Thamchaipenet, A. Molecular interaction of 1-
aminocyclopropane-1-carboxylate deaminase (ACCD)-Producing endophytic Streptomyces sp.
GMKU 336 towards salt-stress resistance of Oryza sativa L. cv. KDML105. Sci. Rep. 2018, 8,
1950.

24. Dastogeer, K.M.G.; Tumpa, F.H.; Sultana, A.; Akter, M.A.; Chakraborty, A. Plant microbiome—An
account of the factors that shape community composition and diversity. Curr. Plant Biol. 2020, 23,
100161.

25. Pritchard, L.; Birch, P. A systems biology perspective on plant-microbe interactions: Biochemical
and structural targets of pathogen effectors. Plant Sci. 2011, 180, 584–603.

26. Compant, S.; Samad, A.; Faist, H.; Sessitsch, A. A review on the plant microbiome: Ecology,
functions, and emerging trends in microbial application. J. Adv. Res. 2019, 19, 29–37.

27. Fierer, N.; Jackson, R.B. The diversity and biogeography of soil bacterial communities. Proc. Natl.
Acad. Sci. USA 2006, 103, 626–631.

28. Zhou, J.; Deng, Y.; Shen, L.; Wen, C.; Yan, Q.; Ning, D.; Qin, Y.; Xue, K.; Wu, L.; He, Z.; et al.
Temperature mediates continental-scale diversity of microbes in forest soils. Nat. Commun. 2016,
7, 12083.

29. Jia, T.; Yao, Y.; Wang, R.; Wu, T.; Chai, B. Dynamics eelationship of phyllosphere and rhizosphere
bacterial communities during the development of Bothriochloa ischaemum in copper tailings.
Front. Microbiol. 2020, 11, 869.



Actinobacteria Diversity Associated with Plant Growth Promotion | Encyclopedia.pub

https://encyclopedia.pub/entry/34726 8/11

30. Liu, L.; Zhu, K.; Wurzburger, N.; Zhang, J. Relationships between plant diversity and soil microbial
diversity vary across taxonomic groups and spatial scales. Ecosphere 2020, 11, e02999.

31. Dong, C.J.; Wang, L.L.; Li, Q.; Shang, Q.M. Bacterial communities in the rhizosphere,
phyllosphere and endosphere of tomato plants. PLoS ONE 2019, 14, e0223847.

32. Fierer, N. Embracing the unknown: Disentangling the complexities of the soil microbiome. Nat.
Rev. Microbiol. 2017, 15, 579–590.

33. Barka, E.A.; Vatsa, P.; Sanchez, L.; Gaveau-Vaillant, N.; Jacquard, C.; Meier-Kolthoff, J.P.; Klenk,
H.P.; Clément, C.; Ouhdouch, Y.; van Wezel, G.P. Taxonomy, physiology, and natural products of
Actinobacteria. Microbiol. Mol. Biol. Rev. 2016, 80, 1–43.

34. Amin, D.H.; Abdallah, N.A.; Abolmaaty, A.; Tolba, S.; Wellington, E.M. Microbiological and
molecular insights on rare Actinobacteria harboring bioactive prospective. Bull. Natl. Res. Cent.
2020, 44, 5.

35. Stackebrandt, E.; Rainey, F.A.; Ward-Rainey, N.L. Proposal for a new hierarchic classification
system, Actinobacteria classis nov. Int. J. Syst. Evol. Microbiol. 1997, 47, 479–491.

36. Salam, N.; Jiao, J.-Y.; Zhang, X.-T.; Li, W.-J. Update on the classification of higher ranks in the
phylum Actinobacteria. Int. J. Syst. Evol. Microbiol. 2020, 70, 1331–1355.

37. Li, Q.; Chen, X.; Jiang, Y.; Jiang, C. Morphological identification of actinobacteria. In
Actinobacteria; Dhanasekaran, D., Jiang, Y., Eds.; IntechOpen: London, UK, 2016; pp. 59–86.

38. Gonzalez, D.; Huber, K.J.; Tindall, B.; Hedrich, S.; Rojas-Villalobos, C.; Quatrini, R.; Dinamarca,
M.A.; Ibacache-Quiroga, C.; Schwarz, A.; Canales, C.; et al. Acidiferrimicrobium australe gen.
nov., sp. nov., an acidophilic and obligately heterotrophic, member of the Actinobacteria that
catalyses dissimilatory oxido-reduction of iron isolated from metal-rich acidic water in Chile. Int. J.
Syst. Evol. Microbiol. 2020, 70, 3348–3354.

39. Liu, X.Y.; Wang, B.J.; Jiang, C.Y.; Liu, S.J. Micrococcus flavus sp. nov., isolated from activated
sludge in a bioreactor. Int. J. Syst. Evol. Microbiol. 2007, 57, 66–69.

40. Busse, H.J. Review of the taxonomy of the genus Arthrobacter, emendation of the genus
Arthrobacter sensu lato, proposal to reclassify selected species of the genus Arthrobacter in the
novel genera Glutamicibacter gen. nov., Paeniglutamicibacter gen. nov., Pseudoglutamicibacter
gen. nov., Paenarthrobacter gen. nov. and Pseudarthrobacter gen. nov., and emended description
of Arthrobacter roseus. Int. J. Syst. Evol. Microbiol. 2016, 66, 9–37.

41. Prabhu, D.M.; Quadri, S.R.; Cheng, J.; Liu, L.; Chen, W.; Yang, Y.; Hozzein, W.N.; Lingappa, K.;
Li, W.J. Sinomonas mesophila sp. nov., isolated from ancient fort soil. J. Antibiot. 2015, 68, 318–
321.



Actinobacteria Diversity Associated with Plant Growth Promotion | Encyclopedia.pub

https://encyclopedia.pub/entry/34726 9/11

42. Locci, R.; Schaal, K.P. Apical growth in facultative Anaerobic actinomycetes as determined by
immunofluorescent labeling. Zentralbl. Bakteriol. A 1980, 246, 112–118.

43. Takeuchi, M.; Sakane, T.; Nihira, T.; Yamada, Y.; Imai, K. Corynebacterium terpenotabidum sp.
nov., a bacterium capable of degrading squalene. Int. J. Syst. Bacteriol. 1999, 49 Pt 1, 223–229.

44. Lechevalier, M.P. Description of a new species, Oerskovia xanthineolytica, and emendation of
Oerskovia. Int. J. Syst. Evol. Microbiol. 1972, 22, 260–264.

45. Trujillo, M.E.; Riesco, R.; Benito, P.; Carro, L. Endophytic actinobacteria and the interaction of
Micromonospora and nitrogen fixing plants. Front. Microbiol. 2015, 6, 1341.

46. Narsing Rao, M.P.; Li, W.-J. Diversity of actinobacteria in various habitats. In Actinobacteria:
Microbiology to Synthetic Biology; Karthik, L., Ed.; Springer Nature Singapore: Singapore, 2022;
pp. 37–58.

47. Gouda, S.; Kerry, R.G.; Das, G.; Paramithiotis, S.; Shin, H.-S.; Patra, J.K. Revitalization of plant
growth promoting rhizobacteria for sustainable development in agriculture. Microbiol. Res. 2018,
206, 131–140.

48. Bais, H.P.; Weir, T.L.; Perry, L.G.; Gilroy, S.; Vivanco, J.M. The role of root exudates in
rhizosphere interactions with plants and other organisms. Annu. Rev. Plant Biol. 2006, 57, 233–
266.

49. Yadav, A.N.; Verma, P.; Kumar, S.; Kumar, V.; Kumar, M.; Kumari Sugitha, T.C.; Singh, B.P.;
Saxena, A.K.; Dhaliwal, H.S. Chapter 2-Actinobacteria from rhizosphere: Molecular diversity,
distributions, and potential biotechnological applications. In New and Future Developments in
Microbial Biotechnology and Bioengineering; Singh, B.P., Gupta, V.K., Passari, A.K., Eds.;
Elsevier: Amsterdam, The Netherlands, 2018; pp. 13–41.

50. Jog, R.; Pandya, M.; Nareshkumar, G.; Rajkumar, S. Mechanism of phosphate solubilization and
antifungal activity of Streptomyces spp. isolated from wheat roots and rhizosphere and their
application in improving plant growth. Microbiology 2014, 160, 778–788.

51. Thilagam, R.; Hemalatha, N. Plant growth promotion and chilli anthracnose disease suppression
ability of rhizosphere soil actinobacteria. J. Appl. Microbiol. 2019, 126, 1835–1849.

52. Tokala, R.K.; Strap, J.L.; Jung, C.M.; Crawford, D.L.; Salove, M.H.; Deobald, L.A.; Bailey, J.F.;
Morra, M.J. Novel plant-microbe rhizosphere interaction involving Streptomyces lydicus
WYEC108 and the pea plant (Pisum sativum). Appl. Environ. Microbiol. 2002, 68, 2161–2171.

53. AbdElgawad, H.; Abuelsoud, W.; Madany, M.M.Y.; Selim, S.; Zinta, G.; Mousa, A.S.M.; Hozzein,
W.N. Actinomycetes enrich soil rhizosphere and improve seed quality as well as productivity of
legumes by boosting nitrogen availability and metabolism. Biomolecules 2020, 10, 1675.



Actinobacteria Diversity Associated with Plant Growth Promotion | Encyclopedia.pub

https://encyclopedia.pub/entry/34726 10/11

54. Arunachalam Palaniyandi, S.; Yang, S.H.; Damodharan, K.; Suh, J.W. Genetic and functional
characterization of culturable plant-beneficial actinobacteria associated with yam rhizosphere. J.
Basic Microbiol. 2013, 53, 985–995.

55. Zhang, H.; Han, L.; Jiang, B.; Long, C. Identification of a phosphorus-solubilizing Tsukamurella
tyrosinosolvens strain and its effect on the bacterial diversity of the rhizosphere soil of peanuts
growth-promoting. World J. Microbiol. Biotechnol. 2021, 37, 109.

56. Tamreihao, K.; Ningthoujam, D.S.; Nimaichand, S.; Singh, E.S.; Reena, P.; Singh, S.H.;
Nongthomba, U. Biocontrol and plant growth promoting activities of a Streptomyces corchorusii
strain UCR3–16 and preparation of powder formulation for application as biofertilizer agents for
rice plant. Microbiol. Res. 2016, 192, 260–270.

57. Alekhya, G.; Gopalakrishnan, S. Biological control and plant growth-promotion traits of
Streptomyces species under greenhouse and field conditions in chickpea. Agric. Res. 2017, 6,
410–420.

58. Álvarez-Pérez, J.M.; González-García, S.; Cobos, R.; Olego, M.; Ibañez, A.; Díez-Galán, A.;
Garzón-Jimeno, E.; Coque, J.J.R. Use of endophytic and rhizosphere Actinobacteria from
grapevine plants to reduce nursery fungal graft infections that lead to young grapevine decline.
Appl. Environ. Microbiol. 2017, 83, e01564-17.

59. Liu, H.; Carvalhais, L.C.; Crawford, M.; Singh, E.; Dennis, P.G.; Pieterse, C.M.J.; Schenk, P.M.
Inner plant values: Diversity, colonization and benefits from endophytic bacteria. Front. Microbiol.
2017, 8, 2552.

60. Golinska, P.; Wypij, M.; Agarkar, G.; Rathod, D.; Dahm, H.; Rai, M. Endophytic actinobacteria of
medicinal plants: Diversity and bioactivity. Antonie Van Leeuwenhoek 2015, 108, 267–289.

61. Madhurama, G.; Sonam, D.; Urmil, P.G.; Ravindra, N.K. Diversity and biopotential of endophytic
actinomycetes from three medicinal plants in India. Afr. J. Microbiol. Res. 2014, 8, 184–191.

62. van der Meij, A.; Willemse, J.; Schneijderberg, M.A.; Geurts, R.; Raaijmakers, J.M.; van Wezel,
G.P. Inter- and intracellular colonization of Arabidopsis roots by endophytic actinobacteria and the
impact of plant hormones on their antimicrobial activity. Antonie Van Leeuwenhoek 2018, 111,
679–690.

63. Callaham, D.; Deltredici, P.; Torrey, J.G. Isolation and cultivation in vitro of the Actinomycete
causing root nodulation in Comptonia. Science 1978, 199, 899–902.

64. Marappa, N.; Ramachandran, L.; Dharumadurai, D.; Nooruddin, T. Plant growth-promoting active
metabolites from Frankia spp. of Actinorhizal Casuarina spp. Appl. Biochem. Biotechnol. 2020,
191, 74–91.

65. Verma, V.C.; Gond, S.K.; Kumar, A.; Mishra, A.; Kharwar, R.N.; Gange, A.C. Endophytic
actinomycetes from Azadirachta indica A. Juss.: Isolation, diversity, and anti-microbial activity.



Actinobacteria Diversity Associated with Plant Growth Promotion | Encyclopedia.pub

https://encyclopedia.pub/entry/34726 11/11

Microb. Ecol. 2009, 57, 749–756.

66. Coombs, J.T.; Franco, C.M. Isolation and identification of actinobacteria from surface-sterilized
wheat roots. Appl. Environ. Microbiol. 2003, 69, 5603–5608.

67. Sessitsch, A.; Reiter, B.; Berg, G. Endophytic bacterial communities of field-grown potato plants
and their plant-growth-promoting and antagonistic abilities. Can. J. Microbiol. 2004, 50, 239–249.

68. Xu, T.; Cui, K.; Chen, J.; Wang, R.; Wang, X.; Chen, L.; Zhang, Z.; He, Z.; Liu, C.; Tang, W.; et al.
Biodiversity of culturable endophytic Actinobacteria isolated from high yield Camellia oleifera and
their plant growth promotion potential. Agriculture 2021, 11, 1150.

69. Shan, W.; Zhou, Y.; Liu, H.; Yu, X. Endophytic actinomycetes from tea plants (Camellia sinensis):
Isolation, abundance, antimicrobial, and plant-growth-promoting activities. Biomed. Res. Int. 2018,
2018, 1470305.

70. Xu, T.; Vo, Q.A.T.; Barnett, S.J.; Ballard, R.A.; Zhu, Y.; Franco, C.M.M. Revealing the underlying
mechanisms mediated by endophytic actinobacteria to enhance the rhizobia-chickpea (Cicer
arietinum L.) symbiosis. Plant Soil. 2022, 474, 299–318.

71. Kruasuwan, W.; Thamchaipenet, A. Diversity of culturable plant growth-promoting bacterial
endophytes associated with sugarcane roots and their effect of growth by co-inoculation of
diazotrophs and actinomycetes. J. Plant Growth Regul. 2016, 35, 1074–1087.

72. Baoune, H.; Ould El Hadj-Khelil, A.; Pucci, G.; Sineli, P.; Loucif, L.; Polti, M.A. Petroleum
degradation by endophytic Streptomyces spp. isolated from plants grown in contaminated soil of
southern Algeria. Ecotoxicol. Environ. Saf. 2018, 147, 602–609.

Retrieved from https://encyclopedia.pub/entry/history/show/80467


