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Introduction 

The orchid family represents the second largest angiosperm family, 

with over 900 genera and 27000 species worldwide (1). They have 

evolved in various captivating ways to survive extreme weather 

conditions, acquire nutrients and attract pollinators (2). Due to their 

decorative, culinary and therapeutic uses, orchids are widely grown 

in domestic and foreign cities. In particular, the orchid plant's roots, 

foliage and pseudo-bulbs can treat conditions including 

rheumatism, respiratory illnesses, nausea, piles, inflammation, viral 

infections and even cancer (3). 

 Orchids produce many highly reduced, microscopic seeds 

per capsule, but only 0.2 – 0.3 % germinate in nature, while 

thousands die (4). A symbiotic relationship between orchid seeds 

and mycorrhizae is required for orchid propagation (5). As 

mycorrhizae provide most minerals, nutrients, vitamins and water 

for orchid germination and seedling development, they differ in how 

they relate to their orchid hosts (6). In vitro, symbiotic germination 

has been used for orchid propagation. Sustainability is crucial in 

preventing declines in orchid biodiversity, scenic attractiveness and 

therapeutic benefits. In orchids, microbial communities provide 

nutrients and enhance immunity through symbiotic relationships. In 

nature, most plants work in symbiotic harmony with other species; 

some depend on bacterial or fungal interactions for survival. Still, 

successful propagation requires extensive knowledge of orchid-

mycorrhizal interaction and the ability to isolate and grow the 

fungus, which can be time-consuming (7-9). 

 

 Orchids have not been extensively explored for their 

endophytic bacteria, even though some commercially valuable 

epiphytic orchids, such as Vanilla spp. (10), Dendrobium spp. (11) and 

Cymbidium spp. (12), contain endophytes. These microorganisms 

can promote plant growth, particularly in acclimating micro-

propagated seedlings (13). Endophytic bacteria may promote plant 

growth by producing indole acetic acid (14) and solubilizing 

inorganic phosphate (15). 

 This review explores the potentiality of bacterial endophytes 

on orchids and their importance, roles and implications in orchid 

ecology, growth and conservation. It also discusses the limited 

research in the field of orchid-associated bacterial endophytes and 

points out the need for further investigations in this area. The review 

also explores the potential of bacterial endophytes to benefit orchids 

in various ways, such as promoting plant growth, enhancing stress 

tolerance and possibly contributing to the discovery of bioactive 

compounds with pharmaceutical applications. 

Orchid endophytes 

Endophytic bacteria have been discovered in various environments, 

including tropical, temperate, aquatic, xerophytic, deserts, 

Antarctica, geothermal soils, rainforests, mangrove swamps and 

coastal forests (16, 17). Microbial endophytes have also been 

extensively examined in orchids (10-12). Orchids and mycorrhizal 

fungi interact much and the distribution of these fungi and orchids is 

interrelated (18). Mycorrhizal associations are essential for orchid 

survival. Most microbiological studies have focused on them while 

disregarding the possible contributions of other microbial partners 
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Abstract  

Orchids are one of the most exquisite and diverse plant species in nature. The seeds of orchids are non-endospermic and, therefore, 
dependent on endophytes for germination, growth and adaptability. Orchids are prized for their beauty and therapeutic and culinary qualities 

by naturalists and the general public. Many orchid species are now endangered or vulnerable due to collectors' eagerness to take them. 

Current studies on orchids have concentrated on isolating and identifying the mycorrhizal and non- mycorrhizal endophytes that either 
directly or indirectly help orchids to grow, develop and produce beneficial secondary metabolites. In orchids, bacterial endophytes play an 

essential role in the formation of mycorrhizae and the stability of relationships between plants and fungi. Endophytic bacteria can grow in 

orchids by producing phytohormones, doing photosynthesis, fixing nitrogen, promoting the mineral nutrition cycle, forming siderophores and 

producing diverse beneficial metabolites to improve biomass production, stress tolerance and biocontrol of potential phytopathogenic fungal 
species. This article examines how endophytic bacteria are associated with orchids and their potential growth-promoting abilities. 
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(19,20). There are also endophytic bacteria that can form symbiotic 

relationships (21). Some bacteria that inhabit orchids include 

Streptomyces spp. (22), Bacillus spp. (23), Erwinia spp., Pseudomonas 

spp. (24), Flavobacterium spp. (25), Sphingomonas paucimobilis 

ZJSH1 and Streptosporangium oxazolinicum (24). Only a few studies 

on the interactions between bacteria and orchids have shown the 

potential of bacteria as a biological tool for conserving orchids and 

generating bioactive compounds (24, 26). However, some bacterial 

and fungal species were thought to be the best sources for 

researching the interactions between orchids and microorganisms 

and how they affect the evolution of orchid species (27). 

Bacterial endophytes 

Few studies focus on orchid bacterial endophytes. In orchid roots 

and leaves, bacterial endophytes have been isolated aher surface 

sterilization; some isolated bacteria increased seed germination (28, 

29). Root associated bacteria (RAB) interact with plants, colonize root 

compartments and control plant host function (30). These are 

recruited based on host genotype, metabolic profiles, root exudates 

and soil physicochemical properties (30). They facilitate plant growth 

by acquiring nutrients, supplying hormones, protecting against 

infections and reducing abiotic stressors (Fig. 1) (31). Duponnois and 

Garbaye published insight into mycorrhizal and bacterial 

associations in orchid root tissues (32). They demonstrated that 

Pseudomonas fluorescens BBC6 aids in the formation of mycorrhizae 

and gave the name "mycorrhiza helper bacteria" (MHB). MHB 

releases active substances or biomolecules in stress response, which 

promotes mycelia development, root colonization and root growth 

(33). Endophytic rhizobacteria, including Paenibacillus lentimorbus 

and P. macerans, were isolated from the meristems of Cymbidium 

eburneum (26). Strains of Sphingomonas sp., Agrococcus sp. and 

Mycobacterium sp. promoted orchid germination and were isolated 

from Dendrobium moschatum (24). The study by Yu et al. amplified 

endophytic bacteria from the roots of D. officinale belonging to the 

genera Burkholderia, Rhodanobacter, Pseudomonas and 

Sphingomonas (34). The major endophytic bacteria of Cymbidium 

orchid are Bacillus thuringiensis, Burkholderia cepacia, B. gladioli, 

Herbaspirillum frisingense, Pseudomonas stutzeri, Rhizobium 

cellulosilyticum, R. radiobacter and Stenotrophomonas maltophilia 

(12). Endophytic bacteria from Spiranthes spiralis, Serapias 

vomeracea and Neottia ovata were identified using the 16S rRNA 

gene. These include Pseudomonas, Pantoea, Rahnella, 

Staphylococcus, Sphingomonas, Microbacterium, Streptomyces, 

Fictibacillus and Bacillus (35). The endophytes like Paenibacillus 

taichungensis, P. pabuli, Enterobacter sp., Rhizobium sp. and 

Pseudomonas sp. were isolated from Cattleya walkeriana (37).  

Importance of endophytic bacteria 

In orchids, endophytic bacteria can colonize symbiotically without 

harming their hosts. In addition to exchanging metabolites and 

sharing physiological processes with the host plant, these 

microorganisms can reside within plant tissues, including roots and 

leaves (38). In orchid roots, bacteria interact with fungi and orchid 

root cells to maintain symbiosis by producing plant growth-

promoting metabolites and indirectly by inhibiting fungal growth 

that could harm the plant (31). There are several plant growth- 

promoting rhizobacteria (PGPR), such as Acinetobacter, Arthrobacter, 

Azospirillium, Azotobacter, Bacillus, Burkholderia, Clostridium, 

Enterobacter, Erwinia, Flavobacterium, Klebsiella, Pseudomonas, 

Serratia and Rhizobium (38). These bacteria may be able to stimulate 

plant host growth through the production of phytohormones and 

through the production of ACC deaminase, which effectively lowers 

plant ethylene concentrations (39) (Fig. 2). By reducing the inhibitory 

effects of various phytopathogens, PGPR facilitates plant growth and 

adaptive capacities through nitrogen fixation (40), assistance in 

acquiring phosphorus (41) and essential minerals (42), improved 

water uptake, or acting as a biocontrol agent (Fig. 2) (43). Endophytic 

bacteria are less investigated for their metabolic potential (44, 45) 

(Table 1). Endophytes synthesize bioactive compounds such as 

paclitaxel from Taxomyces andreanae, endophytic fungi isolated 

from pacific yew (Taxus brevifolia) (46) help the host plant to develop 

resistance against pathogens that are used in pharmaceutical 

industries as antibiotics (47) and anticancer agents (48), anti-virals 

(48), diabetes medications (48). Endophytic bacteria isolated from 

Vanda cristata contain bioactive metabolite ethyl iso-allocholate 

with antimicrobial properties that contribute to plant fitness by 

overcoming biotic stress (23). 

Conservation implications of orchid by orchid-associated 
bacteria 

It is challenging to conserve orchids due to their strong biotic 

relationships and tiny seeds that require mycorrhiza to germinate. 

Arbuscular mycorrhizal fungi (AMF), one of these advantageous 

microbes, have symbiotic relationships with over 80 % of the species 

of vascular plants (42) and are regarded as an essential class of soil 

microorganisms that enhance plants' uptake of phosphorous (49). 

AMF may also increase a plant's resistance to abiotic stressors (50) 

and its ability to defend itself against infections. Mycorrhiza helper 

bacteria (MHB) facilitate the establishment and the functioning of 

the symbiotic association of AMF by stimulating spore germination 

(51), mycelial growth (52), root colonization (53), sporulation and by 

reducing stresses that could impact AMF symbiosis. Also, they can 

stimulate root exudates, activating AM hyphae and, therefore, a 

higher rate of mycorrhizal root colonization (54). 

Orchid plant growth promoting rhizobacteria 

Plant growth - promoting rhizobacteria (PGPR) has been 

continuously reported as a plant root colonizing endophytic 

bacterium that helps plants absorb nutrients and minerals from the 

soil and plays a vital role in mineralizing organic phosphorus (55) and 

iron, fixing di-nitrogen (56) and producing phytohormones and bio 

regulators (57). An endophytic bacteria isolated from Cymbidium 

Fig. 1. The beneficial role of bacterial endophytes on orchid. 
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orchid contributes to plant growth and biomass production (12). A 

study by Alibrandi et al. analyzed the diversity of endophytic bacteria 

associated with Neottia ovata, Serapias vomeracea and Spiranthes 

spiralis and determined the importance of these bacteria for orchid 

development (35). In cultivated tropical orchids genera of Calanthe, 

Acampe and Dendrobium, heterotrophic and phototrophic bacteria 

were abundant. The isolated strains were shown to fix nitrogen from 

the orchid's surrounding cyanobacterial community and to produce 

Indole acetic acid (IAA) from heterotrophic bacteria (58). It was also 

found that some strains of orchid- associated bacteria could 

promote symbiotic germination of Cymbidium goeringii (59). Plants 

obtain iron via root- mediated degradation by producing 

siderophores and chelating agents (60). In addition, some beneficial 

RABs, Bacillus, Rhizoctonia, etc., make phosphorus more available by 

acidifying (61), chelating, or releasing phosphatases (62). Nitrogen is 

fixed by nitrogenase activity, which makes it easier for plants to use 

(63) (Table 2).  

 Several strains of Sphingomonas, Agrococcus, 

Mycobacterium and Bacillus produce IAA, which facilitates the 

germination of host orchids (31). Sphingomonas paucimobilis, an 

endophytic bacterium from Dendrobium officinale roots, fixes 

atmospheric nitrogen and increases seedling growth. Seedlings 

inoculated with S. paucimobilis contain high amounts of salicylic 

acid, IAA and abscisic acid, which may promote growth or provide 

systemic resistance to biotic stresses (64). 

Conclusion  

The article focuses on the importance of endophytic bacteria in 

orchid ecology, particularly their symbiotic relationships and 

potential contributions to orchid growth, development and 

conservation. Orchids are fascinating plants with remarkable 

adaptations to survive in various environments and their 

interactions with mycorrhizal fungi have been extensively studied. 

However, the role of bacterial endophytes has been relatively 

understudied, despite some notable research highlighting their 

significance, the diversity of endophytic bacteria found in various 

orchid species, including important genera like Bacillus, 

Streptomyces, Pseudomonas and Sphingomonas. These endophytic 

bacteria have been shown to facilitate plant growth by providing 

nutrients, promoting hormonal balance and enhancing the 

resistance to biotic and abiotic stresses  

 Moreover, some endophytic bacteria have been found to 

produce bioactive metabolites with potential pharmaceutical 

applications, including antibiotics, anti- cancer compounds, anti-

virals and diabetes medications. These findings indicate that orchid-

associated bacteria play essential roles in plant health and hold 

promise for future drug discovery and biotechnological applications. 

Conservation implications are also discussed, as orchids face 

challenges in their conservation due to their complex relationships 

with mycorrhizal fungi and the low germination rates of their tiny 

 

Fig. 2. Schematic diagram about the mode of action of PGPR in promoting plant growth. 

Sl.No. Name of the endophytic 
bacteria 

Name of the metabolites produced Name of the host plant References 

1 Streptomyces sp. Eicosanoic acid Vanda corulea 22 

2 Streptomyces sp. Pyrazole-5-carboxylic acid V. corulea 22 

3 Streptomyces sp. phenol,2,4-bis-(1,1-dimethyl ethyl) V. corulea 22 

4 Streptomyces sp. Cyclononasiloxane V. corulea 22 

5 Streptomyces sp. 1-Deoxy-d-mannitol Renanthera imschootiana 22 

6 Streptomyces sp. phenol,2,4-bis-(1,1-dimethyl ethyl) R. imschootiana 22 

7 Streptomyces sp. Benzoic acid, 3-(2-methoxyethyl) heptyl ester R. imschootiana 22 

8 Streptomyces sp. 1-Nonadecene. R. imschootiana 22 

9 Streptomyces sp. 1,2-Benzenedicarboxylic acid, bis (2-methyl propyl) 
ester 

R. imschootiana 22 

10 Bacillus sp. 6-acetyl-beta-d-mannose V. cristata 23 

11 Bacillus sp. ethyl iso-allocholate V. cristata 23 

Table 1. Bioactive metabolites from endophytic bacterial source 
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Sl.No Orchid species Endophytic bacteria Role in plant growth and development References 

1 Paphiopedilum 
appletonianum 

Streptomyces 
Bacillus 

Pseudomonas 
Burkholderia 

Erwinia 
Nocardia 

 IAA production 

•The biological action of microbial IAA was demonstrated by 
treating kidney bean cuttings with bacterial supernatants, 

significantly stimulating root development and growth. 

7 

2 Pholidota articulata 

Pseudomonas 
Flavobacterium 

Stenotrophomonas 
Pantoea 

Chryseobacterium 
Bacillus 

IAA production 

•The biological action of microbial IAA was demonstrated by 
treating kidney bean cuttings with bacterial supernatants, 

which significantly stimulated root development and 
growth. 

7 

3 Dendrobium moschatum 
Sphingomonas 
Mycobacterium 

IAA production 

•Inoculation of D. moschatum seeds with Sphingomonas sp. 
and Mycobacterium sp. significantly improved orchid seed 

germination even in the absence of plant growth stimulators 
or mycorrhizal fungi 

14 

  
4 

  
Cymbidium eburneum 

Paenibacillus lemtimorbus 
 P. macerans 

Plant growth promoters 

•Endophytic P. lemtimorbus and P. macerans strains 
significantly increased biomass in Cattleya seedling shoots 

and roots compared to non-inoculated seedlings. 

13 

  
5 

  
Cymbidium sp. 

Bacillus 
Burkholderia 

Herbaspirillum 
Pseudomonas 

Rhizobium 

Plant growth promoters 

•Isolated Herbaspirillum and Stenotrophomonas increased 
the dry matter in Cymbidium sp. plants by 26% and 29%, 

respectively, compared to the control. 

15 

  
6 

  
Neottia ovata 

Cutibacterium  
Rhodanobacter 
Pseudomonas  
Sphingomonas  

Plant growth promoters 

•Most bacterial isolates demonstrated some potential Plant 
Growth Promoting characteristics, such as nutrient 

solubilization, ACC deaminase activity and IAA production. 

16 

  
7 

  
Serapias vomareceae 

Cutibacterium 
Pseudomonas 

Leutibacter  

Plant growth promoters 

•Most bacterial isolates demonstrated some potential Plant 
Growth Promoting characteristics, such as nutrient 

solubilization, ACC deaminase activity and IAA production. 

16 

  
8 

  
Spiranthes spiralis 

Mycobacterium 

Plant growth promoters 

•Most bacterial isolates demonstrated some potential Plant 
Growth Promoting characteristics, such as nutrient 

solubilization, ACC deaminase activity and IAA production. 

  
16 

  
9 

  
Cattleya walkeriana 

Paenibacillus 
Enterobacter  

Rhizobium  
Pseudomonas   

Plant growth promoters 

•These endophytes were inoculated in acclimatizing 
seedlings of C. walkeriana obtained from micropropagation 
and have a potential role as plant growth promoters, as well 

as in morphological alterations, nutrient uptake and 
improved antioxidant enzyme activity.  

  
17 

  
10 

  
Dendrobium officinale 

Sphingomonas paucimobilis  

Plant growth promoters 

•Nitrogen fixation and the secretion of plant growth 
regulators such as  IAA, Zeatin, Salicylic acid and ABA offer S. 

paucimobilis growth-promoting capabilities that could be 
used for commercial cultivation of D. officinale. 

  
25 

  
11 

  
Dendrobium sp. 

Burkholderia 
Bacillus 

Paraburkholderia 
 Kluyvera 
Rouxiella 

Antimicrobial activity 

•Antimicrobial activity against Athelia rolfsii, Myrothecium 
roridum and Pectobacterium carotovorum by the Kirby-Bauer 
method showed activity against at least one pathogen in this 

study. 

  
26 

Table 2. Role of endophytic bacteria in orchids. 

https://plantsciencetoday.online


5 

Plant Science Today, ISSN 2348-1900 (online) 

seeds. Understanding the role of endophytic bacteria in these 

interactions may offer new avenues for conserving orchids, 

enhancing their germination success and improving their 

adaptability to changing environmental conditions. This article 

highlights the ohen-overlooked role of endophytic bacteria in orchid 

biology and ecology. Further research could lead to valuable insights 

into orchid conservation, sustainable propagation methods and the 

potential discovery of novel bioactive compounds with critical 

pharmaceutical applications. Orchids, with their captivating beauty 

and therapeutic qualities, deserve continued attention and research 

to ensure their preservation and sustainable use in the future.  

 

Acknowledgements  

The authors thank the Department of Botany, University of Kerala, 

for constant support. Aneesa Ansiyaacknowledges the University 

Grants Commission (UGC) and Rajeevan Parvathi, the Department 

of Science and Technology (DST- INSPIRE), Govt. of India, for 

financial support through the award of Junior Research Fellowship.  

 

Authors' contributions 

This study was conceptualized by SS. The draft of this manuscript 

was written by AA and PR. Resources for the study were provided by 

SS. Final draft was reviewed and edited by SS and GA. All authors 

read and approved the final manuscript before publishing. 

 

Compliance with ethical standards 

Conflict of interest: Authors do not have any conflict of interest 
to declare.  

Ethical issues: None 

 

References 

1. Popova E, Kim HH, Saxena PK, Engelmann F, Pritchard HW. Frozen 
beauty: The cryobiotechnology of orchid diversity. Biotechnology 
advances. 2016;34(4):380-403. https://doi.org/10.1016/

j.biotechadv.2016.01.001 

2. Teo ZW, Zhou W, Shen L. Dissecting the function of MADS-box 
transcription factors in orchid reproductive development. Frontiers in 

Plant Science. 2019;10:1474. https://doi.org/10.3389/fpls.2019.01474 

3. Gutiérrez RM. Orchids: A review of uses in traditional medicine, its 
phytochemistry and pharmacology. J Med Plants Res. 2010;4(8):592

-638. 

4. Kaur S. Mycorrhiza in Orchids. Orchids Phytochemistry, Biology and 

Horticulture: Fundamentals and Applications. 2020:1-4.  https://

doi.org/10.1007/978-3-030-11257-8_7-1 

5. Liu H, Luo Y, Liu H. Studies of mycorrhizal fungi of Chinese orchids 
and their role in orchid conservation in China-a review. The 

Botanical Review. 2010;76:241-62. https://doi.org/10.1007/s12229-
010-9045-9 

6. Herrera H, García-Romera I, Meneses C, Pereira G, Arriagada C. 
Orchid mycorrhizal interactions on the Pacific side of the Andes 

from Chile. A review. Journal of Soil Science and Plant Nutrition. 

2019;19:187-202. https://doi.org/10.1007/s42729-019-00026-x 

7. Pujasatria GC, Miura C, Kaminaka H. In vitro symbiotic germination: 
A revitalized heuristic approach for orchid species conservation. 

Plants. 2020;9(12):1742. https://doi.org/10.3390/ plants9121742 

8. Li T, Wu S, Yang W, Selosse MA, Gao J. How mycorrhizal associations 
influence the orchid distribution and population dynamics. 
Frontiers in Plant Science. 2021;12:647114.https://doi.org/10.3389/

fpls.2021.647114 

9. McCormick MK, Whigham DF, Canchani-Viruet A. Mycorrhizal fungi 
affect orchid distribution and population dynamics. New Phytologist. 

2018;219(4):1207-15. https://doi.org/10.1111/ nph.15223 

10. White Jr JF, Torres MS, Sullivan RF, Jabbour RE, Chen Q, Tadych M, 
Irizarry I, Bergen MS, Havkin-Frenkel D, Belanger FC. Occurrence of 

Bacillus amyloliquefaciens as a systemic endophyte of vanilla 
orchids. Microscopy research and technique. 2014;77(11):874-85. 

https://doi.org/10.1002/ jemt.22410 

11. Yang S, Zhang X, Cao Z, Zhao K, Wang S, Chen M, Hu X. Growth- 
promoting Sphingomonas paucimobilis ZJSH 1 associated with 

Dendrobium officinale through phytohormone production and 

nitrogen fixation. Microbial Biotechnology. 2014;7(6):611-20. 
https://doi.org/10.1111/1751-7915.12148 

12. Gontijo JB andrade GV, Baldotto MA, Baldotto LE. Bioprospecting 
and selection of growth-promoting bacteria for Cymbidium sp. 

orchids. Scientia Agricola. 2018;75:368-74. https://

doi.org/10.1590/1678-992x-2017-0117 

13. Dias AC, Costa FE andreote FD, Lacava PT, Teixeira MA, Assumpção 
LC, Araújo WL, Azevedo JL, Melo IS. Isolation of micropropagated 

strawberry endophytic bacteria and assessment of their potential 
for plant growth promotion. World Journal of Microbiology and 

Biotechnology. 2009;25:189-95. https://doi.org/10.1007/s11274-008
-9878-0 

14. Tsavkelova EA, Cherdyntseva TA, Klimova SY, Shestakov AI, Botina 

SG, Netrusov AI. Orchid-associated bacteria produce indole-3-acetic 
acid, promote seed germination and increase their microbial yield 

in response to exogenous auxin. Archives of Microbiology. 
2007;188:655-64. https://doi.org/10.1007/s00203- 007-0286-x 

15. Malboobi MA, Behbahani M, Madani H, Owlia P, Deljou A, Yakhchali 

B, Moradi M, Hassanabadi H. Performance evaluation of potent 
phosphate solubilizing bacteria in potato rhizosphere. World 

12 Epipactis sp. 
Bacillus 

Pseudomonas  

Plant growth promoters 

•Endophytic bacteria, particularly those categorized as prototrophic 
organisms, can boost the growth and development of Epipactis 

orchids, particularly those grown in nutrient-poor soils.  

27 

13 Epipactis sp. 

Bacillus 
Clostridium 

Pseudomonas 
Stenotrophomonas 

Plant growth promoters 

•Endophytic bacteria may stimulate the growth and development of 
Epipactis orchids, especially those that grow in nutrient-poor soil. 

28 

14 Dendrobium nobile 
Pseudomonas fluorescens 

Klebsiella oxytoca 

IAA production 

•K. oxytoca and P. fluorescens produced the highest amounts of auxin 
in nitrogen-limiting and NO3-containing environments. Bacterization of 

D. nobile seeds increased their in vitro germination. 

29 

15 Doritaenopsis Jiuhboo Mycobacterium  

IAA production 

•Mycobacterium can synthesize and secrete the plant growth hormone 
indole-3-acetic acid (IAA). In Doritaenopsis, Mycobacterium inoculation 
enhanced root number and length, plant height, leaf number and leaf 

length. It also increases seed germination in Doritaenopsis. 

30 

https://doi.org/10.1016/j.biotechadv.2016.01.001
https://doi.org/10.1016/j.biotechadv.2016.01.001
https://doi.org/10.1016/j.biotechadv.2016.01.001
https://doi.org/10.3389/fpls.2019.01474
https://doi.org/10.3389/fpls.2019.01474
https://doi.org/10.1007/978-3-030-11257-8_7-1
https://doi.org/10.1007/978-3-030-11257-8_7-1
https://doi.org/10.1007/s12229-010-9045-9
https://doi.org/10.1007/s12229-010-9045-9
https://doi.org/10.1007/s12229-010-9045-9
https://doi.org/10.1007/s12229-010-9045-9
https://doi.org/10.1007/s42729-019-00026-x
https://doi.org/10.3390/plants9121742
https://doi.org/10.3390/plants9121742
https://doi.org/10.3389/fpls.2021.647114
https://doi.org/10.3389/fpls.2021.647114
https://doi.org/10.3389/fpls.2021.647114
https://doi.org/10.1111/nph.15223
https://doi.org/10.1111/nph.15223
https://doi.org/10.1002/jemt.22410
https://doi.org/10.1002/jemt.22410
https://doi.org/10.1111/1751-7915.12148
https://doi.org/10.1590/1678-992x-2017-0117
https://doi.org/10.1590/1678-992x-2017-0117
https://doi.org/10.1007/s11274-008-9878-0
https://doi.org/10.1007/s11274-008-9878-0
https://doi.org/10.1007/s00203-007-0286-x


ANEESA ET AL  6     

https://plantsciencetoday.online 

Journal of Microbiology and Biotechnology. 2009;25:1479-84. 

https://doi.org/10.1007/s11274-009-0038-y 

16. Strobel G, Ford E, Worapong J, Harper JK, Arif AM, Grant DM, Fung 
PC, Chau RM. Isopestacin, an isobenzofuranone from Pestalotiopsis 
microspora, possessing antifungal and antioxidant activities. 

Phytochemistry. 2002;60(2):179-83. https://doi.org/10.1016/S0031-

9422(02)00062-6 

17. Suryanarayanan TS, Murali TS. Incidence of Leptosphaerulina 
crassiasca in symptomless leaves of peanut in southern India. 

Journal of Basic Microbiology. 2006;46(4):305-9. https:// 
doi.org/10.1002/jobm.200510126 

18. McCormick MK, Whigham DF, Canchani-Viruet A. Mycorrhizal fungi 
affect orchid distribution and population dynamics. New Phytologist. 

2018;219(4):1207-15. https://doi.org/10.1111/ nph.15223  

19. Tsavkelova EA, Cherdyntseva TA, Netrusov AI. Bacteria associated 
with the roots of epiphytic orchids. Microbiology. 2004;73:710-15. 

https://doi.org/10.1007/s11021-005-0013-z 

20. Tsavkelova EA, Lobakova ES, Kolomeitseva GL, Cherdyntseva TA, 
Netrusov AI. Localization of associative cyanobacteria on the roots 

of epiphytic orchids. Microbiology. 2003;72:86-91. https://
doi.org/10.1023/A:1022286225013 

21. Wu W, Chen W, Liu S, Wu J, Zhu Y, Qin L, Zhu B. Beneficial 
relationships between endophytic bacteria and medicinal plants. 
Frontiers in Plant Science. 2021;12:646146. https:// doi.org/10.3389/

fpls.2021.646146 

22. Saikia J, Mazumdar R, Thakur D. Phylogenetic affiliation of 
endophytic actinobacteria associated with selected orchid species 

and their role in growth promotion and suppression of 
phytopathogens. Frontiers in Plant Science. 2022;13:1058867. 

https://doi.org/10.3389/fpls.2022.1058867 

23. Shah S, Chand K, Rekadwad B, Shouche YS, Sharma J, Pant B. A 
prospectus of plant growth promoting endophytic bacterium from 

orchid (Vanda cristata). BMC biotechnology. 2021;21(1):1-9. https://

doi.org/10.1186/s12896-021-00676-9 

24. Tsavkelova EA, Cherdyntseva TA, Botina SG, Netrusov AI. Bacteria 
associated with orchid roots and microbial production of auxin. 
Microbiological Research. 2007;162(1):69-76. https:// 

doi.org/10.1016/j.micres.2006.07.014 

25. Herrera, H., Fuentes, A., Soto, J., Valadares, R. and Arriagada, C., 
2022. Orchid-associated bacteria and their plant growth 

promotion capabilities. In Orchids phytochemistry, biology and 

horticulture: fundamentals and applications (pp. 175-200). Cham: 
Springer International Publishing. https:// doi.org/10.1007/978-3-

030-38392-3_35 

26. Faria DC, Dias AC, Melo IS, de Carvalho Costa FE. Endophytic 
bacteria isolated from orchid and their potential to promote plant 

growth. World Journal of Microbiology and Biotechnology. 
2013;29:217-21. 

27. Dearnaley JD. Further advances in orchid mycorrhizal research. 

Mycorrhiza. 2007;17(6):475-86. 

28. Araújo WL, Marcon J, Maccheroni Jr W, Van Elsas JD, Van Vuurde 
JW, Azevedo JL. Diversity of endophytic bacterial populations and 
their interaction with Xylella fastidiosa in citrus plants. Applied and 

Environmental Microbiology. 2002;68(10):4906-14. https://

doi.org/10.1128/AEM.68.10.4906-4914.2002 

29. Alibrandi P, Cardinale M, Rahman MM, Strati F, Ciná P, de Viana ML, 
Giamminola EM, Gallo G, Schnell S, De Filippo C, Ciaccio M. The seed 

endosphere of Anadenanthera colubrina is inhabited by a complex 
microbiota, including Methylobacterium spp. and Staphylococcus 

spp. with potential plant-growth-promoting activities. Plant and 
Soil. 2018;422:81-99. 

30. Bulgarelli D, Schlaeppi K, Spaepen S, Van Themaat EV, Schulze- 

Lefert P. Structure and functions of the bacterial microbiota of 
plants. Annual Review of Plant Biology. 2013;64:807-38. https:// 

doi.org/10.1146/annurev-arplant-050312-120106 

31. Tsavkelova EA, Egorova MA, Leontieva MR, Malakho SG, 

Kolomeitseva GL, Netrusov AI. Dendrobium nobile Lindl. Seed 
germination in co-cultures with diverse associated bacteria. Plant 

Growth Regulation. 2016;80:79-91. 

32. Duponnois R, Garbaye J. Mycorrhization helper bacteria associated 
with the Douglas fir-Laccaria laccata symbiosis: effects in aseptic 

and in glasshouse conditions. In Annales des sciences forestières 
1991 (Vol. 48, No. 3, pp. 239-251). EDP Sciences. https://

doi.org/10.1051/forest:19910301 

33. Frey-Klett P, Garbaye JA, Tarkka M. The mycorrhiza helper bacteria 
revisited. New phytologist. 2007;176(1):22-36. 

34. Yu J, Zhou XF, Yang SJ, Liu WH, Hu XF. Design and application of 
specific 16S rDNA-targeted primers for assessing endophytic 

diversity in Dendrobium officinale using nested PCR-DGGE. Applied 

Microbiology and Biotechnology. 2013;97:9825-36. 

35. Alibrandi P, Lo Monaco N, Calevo J, Voyron S, Puglia AM, Cardinale M, 
Perotto S. Plant growth promoting potential of bacterial endophytes 

from three terrestrial Mediterranean orchid species. Plant Biosystems 
- An International Journal Dealing with all Aspects of Plant Biology. 

2021;155(6):1153-64. https://doi.org/10.1080/11263504.2020.1829731 

36. Andrade GV, Rodrigues FA, Nadal MC, Caroline MD, Martins AD, 
Rodrigues VA, dos Reis Ferreira GM, Pasqual M, Buttros VH, Dória J. 

Plant-endophytic bacteria interactions associated with root and 
leaf microbiomes of Cattleya walkeriana and their effect on plant 

growth. Scientia Horticulturae. 2023;309:111656. 

37. Compant S, Cambon MC, Vacher C, Mitter B, Samad A, Sessitsch A. 
The plant endosphere world-bacterial life within plants. 

Environmental Microbiology. 2021;23(4):1812-29. https:// 
doi.org/10.1111/1462-2920.15240 

38. Sudhakar P, Chattopadhyay GN, Gangwar SK, Ghosh JK. Effect of 

foliar application of Azotobacter, Azospirillum and Beijerinckia on 
leaf yield and quality of mulberry (Morus alba). The Journal of 

Agricultural Science. 2000;134(2):227-34. https:// doi.org/10.1017/
S0021859699007376 

39. Glick BR. Bacteria with ACC deaminase can promote plant growth 

and help to feed the world. Microbiological Research. 2014;169
(1):30-9. https://doi.org/10.1016/j.micres.2013.09.009 

40. Glick BR. Plant growth-promoting bacteria: mechanisms and 

applications. Scientifica. 2012;2012. https:// 
doi.org/10.6064/2012/963401 

41. Rodríguez H, Fraga R. Phosphate solubilizing bacteria and their role 

in plant growth promotion. Department of Microbiology, Cuban 
Research Institute on Sugarcane By-Products (ICIDCA), Havana, 

Cuba. Havana. Cuba. 1999. 

42. Simon L, Bousquet J, Lévesque RC, Lalonde M. Origin and 
diversification of endomycorrhizal fungi and coincidence with 

vascular land plants. Nature. 1993;363(6424):67-9. https:// 
doi.org/10.1038/363067a0 

43. Singh SP, Gaur R. Evaluation of antagonistic and plant growth 

promoting activities of chitinolytic endophytic actinomycetes 
associated with medicinal plants against Sclerotium rolfsii in 

chickpea. Journal of Applied Microbiology. 2016;121(2):506-18. 
https://doi.org/10.1111/jam.13176 

44. Brader G, Compant S, Mitter B, Trognitz F, Sessitsch A. Metabolic 

potential of endophytic bacteria. Current Opinion in Biotechnology. 
2014;27:30-7. https://doi.org/10.1016/ j.copbio.2013.09.012 

45. Wilson D. Endophyte: the evolution of a term and clarification of its 

use and definition. Oikos. 1995:274-6. https:// 
doi.org/10.2307/3545919 

46. Stierle A, Strobel G, Stierle D. Taxol and taxane production by 
Taxomyces andreanae, an endophytic fungus of Pacific yew. Science. 

1993;260(5105):214-6. https://doi.org/10.1126/ science.8097061 

47. Christina A, Christapher V, Bhore SJ. Endophytic bacteria as a 
source of novel antibiotics: an overview. Pharmacognosy reviews. 

2013;7(13):11. 

https://plantsciencetoday.online
https://doi.org/10.1007/s11274-009-0038-y
https://doi.org/10.1016/S0031-9422(02)00062-6
https://doi.org/10.1016/S0031-9422(02)00062-6
https://doi.org/10.1002/jobm.200510126
https://doi.org/10.1002/jobm.200510126
https://doi.org/10.1111/nph.15223
https://doi.org/10.1111/nph.15223
https://doi.org/10.1007/s11021-005-0013-z
https://doi.org/10.3389/fpls.2021.646146
https://doi.org/10.3389/fpls.2021.646146
https://doi.org/10.3389/fpls.2021.646146
https://doi.org/10.3389/fpls.2022.1058867
https://doi.org/10.1186/s12896-021-00676-9
https://doi.org/10.1186/s12896-021-00676-9
https://doi.org/10.1016/j.micres.2006.07.014
https://doi.org/10.1016/j.micres.2006.07.014
https://doi.org/10.1007/978-3-030-38392-3_35
https://doi.org/10.1007/978-3-030-38392-3_35
https://doi.org/10.1007/978-3-030-38392-3_35
https://doi.org/10.1007/978-3-030-38392-3_35
https://doi.org/10.1128/AEM.68.10.4906-4914.2002
https://doi.org/10.1128/AEM.68.10.4906-4914.2002
https://doi.org/10.1146/annurev-arplant-050312-120106
https://doi.org/10.1146/annurev-arplant-050312-120106
https://doi.org/10.1080/11263504.2020.1829731
https://doi.org/10.1111/1462-2920.15240
https://doi.org/10.1111/1462-2920.15240
https://doi.org/10.1017/S0021859699007376
https://doi.org/10.1017/S0021859699007376
https://doi.org/10.1017/S0021859699007376
https://doi.org/10.1016/j.micres.2013.09.009
https://doi.org/10.6064/2012/963401
https://doi.org/10.6064/2012/963401
https://doi.org/10.1038/363067a0
https://doi.org/10.1038/363067a0
https://doi.org/10.1111/jam.13176
https://doi.org/10.1016/j.copbio.2013.09.012
https://doi.org/10.1016/j.copbio.2013.09.012
https://doi.org/10.2307/3545919
https://doi.org/10.2307/3545919
https://doi.org/10.1126/science.8097061
https://doi.org/10.1126/science.8097061


7 

Plant Science Today, ISSN 2348-1900 (online) 

48. Guo B, Wang Y, Sun X, Tang K. Bioactive natural products from 

endophytes: a review. Applied Biochemistry and Microbiology. 
2008;44:136-42. 

49. Garcia-Garrido JM, Tribak M, Rejon-Palomares A, Ocampo JA, Garcia-
Romera I. Hydrolytic enzymes and ability of arbuscular mycorrhizal 

fungi to colonize roots. Journal of Experimental Botany. 2000;51

(349):1443-8. https://doi.org/10.1093/ jexbot/51.349.1443 

50. Lies A, Delteil A, Prin Y, Duponnois R. Using mycorrhiza helper 
microorganisms (MHM) to improve the mycorrhizal efficiency on 

plant growth. Role of rhizospheric microbes in soil: volume 1: Stress 
Management and Agricultural Sustainability. 2018:277- 98. 

51. Barea JM, Pozo MJ, Azcon R, Azcon-Aguilar C. Microbial co- 
operation in the rhizosphere. Journal of Experimental Botany. 

2005;56(417):1761-78. https://doi.org/10.1093/jxb/eri197 

52. Garbaye J. Helper bacteria: a new dimension to the mycorrhizal 
symbiosis. New Phytologist. 1994;128(2):197-210. 

53. Yadav BK, Sidhu AS. Dynamics of Potassium and Their 
Bioavailability for Plant Nutrition. In: Meena V, Maurya B, Verma J, 
Meena R. (eds) Potassium Solubilizing Microorganisms for 

Sustainable Agriculture. Springer, New Delhi. 2016 https:// 
doi.org/10.1007/978-81-322-2776-2_14 

54. Sangwan S, Prasanna R. Mycorrhizae helper bacteria: unlocking 
their potential as bioenhancers of plant–arbuscular mycorrhizal 
fungal associations. Microbial Ecology. 2022;84(1):1-10. https://

doi.org/10.1007/s00248-021-01831-7 

55. Rashid M, Khalil S, Ayub N, Alam S, Latif F. Organic acids production 
and phosphate solubilization by phosphate solubilizing 

microorganisms (PSM) under in vitro conditions. Pak J Biol Sci. 
2004;7(2):187-96. https://doi.org/10.3923/ pjbs.2004.187.196 

56. Mabood F, Zhou X, Smith DL. Microbial signaling and plant growth 
promotion. Canadian Journal of Plant Science. 2014;94 (6):1051-63. 
https://doi.org/10.4141/cjps2013-148 

57. Borriss R. Use of plant-associated Bacillus strains as biofertilizers 
and bio control agents in agriculture. Bacteria in agrobiology: Plant 
Growth Responses. 2011:41-76. https:// doi.org/10.1007/978-3-642-

20332-9_3 

58. Tsavkelova EA, Cherdyntseva TA, Netrusov AI. Auxin production by 
bacteria associated with orchid roots. Microbiology. 2005;74:46-53. 

59. Sun L, Shao H, Liu L, Zhang R, Zhao L, Li L, Yao N. Diversity of 
siderophore-producing endophytic bacteria of Cymbidium goeringii 
roots. Acta Microbiologica Sinica. 2011;51(2):189-95 

60. Molnár Z, Solomon W, Mutum L, Janda T. Understanding the 

mechanisms of fe deficiency in the rhizosphere to promote plant 
resilience. Plants. 2023;12(10):1945. https://doi.org/10.3390/

plants12101945 

61. Santoyo G, Moreno-Hagelsieb G, del Carmen Orozco-Mosqueda M, 
Glick BR. Plant growth-promoting bacterial endophytes. 

Microbiological Research. 2016;183:92-9. https://doi.org/10.1016/
j.micres.2015.11.008 

62. Rasul M, Yasmin S, Zubair M, Mahreen N, Yousaf S, Arif M, Sajid ZI, 

Mirza MS. Phosphate solubilizers as antagonists for bacterial leaf 
blight with improved rice growth in phosphorus deficit soil. 

Biological Control. 2019;136:103997. https://doi.org/10.1016/ 
j.biocontrol.2019.05.016 

63. Afzal I, Shinwari ZK, Sikandar S, Shahzad S. Plant beneficial 

endophytic bacteria: Mechanisms, diversity, host range and genetic 
determinants. Microbiological Research. 2019;221:36- 49. https://

doi.org/10.1016/j.micres.2019.02.001 

64. Yang S, Zhang X, Cao Z, Zhao K, Wang S, Chen M, Hu X. Growth- 
promoting Sphingomonas paucimobilis ZJSH 1 associated with 

Dendrobium officinale through phytohormone production and 
nitrogen fixation. Microbial Biotechnology. 2014;7(6):611-20. 

https://doi.org/10.1111/1751-7915.12148  

 

Additional information 

Peer review: Publisher  thanks Sectional Editor and the other anonymous 
reviewers for their contribution to the peer review of this work. 

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy 

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations. 

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is 
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics, 
NAAS, UGC Care, etc 
See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting 

Copyright: © The Author(s). This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution and reproduction in any medium, provided the 
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/) 

Publisher information:  Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited, 
Thiruvananthapuram, India. 

https://doi.org/10.1093/jexbot/51.349.1443
https://doi.org/10.1093/jexbot/51.349.1443
https://doi.org/10.1093/jxb/eri197
https://doi.org/10.1007/978-81-322-2776-2_14
https://doi.org/10.1007/978-81-322-2776-2_14
https://doi.org/10.1007/s00248-021-01831-7
https://doi.org/10.1007/s00248-021-01831-7
https://doi.org/10.3923/pjbs.2004.187.196
https://doi.org/10.3923/pjbs.2004.187.196
https://doi.org/10.4141/cjps2013-148
https://doi.org/10.1007/978-3-642-20332-9_3
https://doi.org/10.1007/978-3-642-20332-9_3
https://doi.org/10.1007/978-3-642-20332-9_3
https://doi.org/10.1007/978-3-642-20332-9_3
https://doi.org/10.3390/plants12101945
https://doi.org/10.3390/plants12101945
https://doi.org/10.3390/plants12101945
https://doi.org/10.1016/j.micres.2015.11.008
https://doi.org/10.1016/j.micres.2015.11.008
https://doi.org/10.1016/j.micres.2015.11.008
https://doi.org/10.1016/j.biocontrol.2019.05.016
https://doi.org/10.1016/j.biocontrol.2019.05.016
https://doi.org/10.1016/j.micres.2019.02.001
https://doi.org/10.1016/j.micres.2019.02.001
https://doi.org/10.1111/1751-7915.12148
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

