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 A B S T R A C T  
 
Curcuma longa L., popularly known as Haldi; member of Zingiberaceae family, is one of the most popular and useful herbal medicinal plant. 
The tremendous research proven that most of the medicinal properties of turmeric are due to the curcumin content in it. Turmeric has other 
various useful properties such as treatment of wounds, menstrual pain relief, antioxidants, anti-inflammatory, anticancerous, antiulcer, etc. 
Turmeric healthy rhizomes and roots are continuously in close association with the rhizospheric region and as a result, large number of 
rhizospheric-associated beneficial microbes interacts with the underground parts of plants. Soil microbes may neutralize the action of 
flavonoids released from the roots and get entry into the healthy tissues of plants to become endophytes. Rhizospheric and endophytic 
species either directly or indirectly involved in propounding beneficial impact to the plant. The present review emphasized in order to uncover 
the mutualistic association of turmeric and its associated microbes. Also the natural products from medicinal plant associated microbes have 
pharmacological, biological and therapeutic values which might favour mankind in future for drug designing and novel drug formulations.  
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INTRODUCTION 

Plant derived natural products are treasures to humankind since the ages. There are a variety of secondary metabolites 

produced from plants as a natural defence mechanism against phytopathogen. Medicinal plants play a pivotal role in treatment 
of variety of ailments. Turmeric, a golden spice, a rhizomateceous herb, derived from the healthy rhizomes of Curcuma longa 

L. turmeric has been used since Ayurveda and is believed to be originated from Southeast Asia. In India, turmeric is popularly 

known as haldi; haridra in Sanskrit and manjal in south (Kumar et al., 2017). Turmeric is aromatic plant and has flatus-relieving 
properties. Turmeric has been in use since 2500 years ago as dye and spice. In Ayurvedic system, turmeric is well 

documented for treatment of hepatic ulcers, antioxidant, treating anorexia, rheumatism, sinusitis, hypotensive, antimutagenic, 

and antifibrotic (Chattopadhyay et al., 2004). The wonder plant have other preclinical and clinical proven  properties such as 

anti-inflammatory, antidiabetic, antibacterial, antifungal, treatment of Alzheimer’s disease, erythrocytopenia, gastrointestinal 
disorders, wound healing, phlegm removal, etc. In Unani medicinal system, roasted turmeric powder used in liver detoxification 

(Bhowmik et al., 2022). Turmeric is a sterile plant reaches upto 3 to 6 ft tall with oblonged leaves and cream color flowers. The 

underground part of plant consists of roots and rhizomes. Rhizome comprises of two parts: mother rhizome and axillary buds 
or its fingers. Branches arising from mother rhizome can be diagrotropic, arthogeotropic or plagiotropic (Ravindran et al., 
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2007). Recent advances demonstrated that most of the biological and therapeutical activities of turmeric are due to ar-
turmerone, α-turmerone, β-turmerone and essential oils. Curcuminoids and volatile oils may contribute to the proven efficiency 

of turmeric (Meng et al., 2018). Table 1 showed the various biological activities exhibited by turmeric constituents. 

Table 1. Turmeric components and their biological activity. 

Compound Biological Activity References 

Curcumin Antibacterial, antifungal, 
antioxidant, 
antimycobacterial against M. 
Smegmtis, M. Simial, M. 
Kansassi, M. Terrae, M. 
szulgai  

Cikrikci et al. (2008) 

Curcumin Tick ripelling activity against 
Rhipicephalus sanguineus 

Perara et al. (2022) 

Turmeric polysaccharides 
(Glucose, galactose, arabinose 
components) 

Antioxidant activity Zhu et al. (2021) 

Demethoxycurcumin, 
Bisdemethoxycurcumin 

Acetylcholinesterase 
(AChE) inhibition 

Ahmad and Gillani, 
(2003) 

Starch extracted from turmeric 
powder 

Antioxidant, antimicrobial, 
increased shelf life of food 

Maniglia et al. (2022) 

Turmeric derived sulfur-
functionalized carbon dots 

Antioxidant, antibacterial, 
cytotoxic 

Roy et al. ( 2022) 

 

Medicinal plants are recognized as loaded depository of potent microorganisms associated with host. Rhizospheric microbes 

interconnect with the root exudates from plants via chemical signal pathways. Microorganisms maintain symbiotic continuum 
and give rise to complex plant-microbe interaction. This symbiotic regulation resulted into either positive interaction or negative 

interaction which further causes changes in the genomic structure, metabolism, reproduction, growth pattern and signalling 

mechanisms of both the involved partners. Microbial partners release small chemical signals, i.e., elicitors which cleave the 
cell wall of plants and get colonized. These elicitors later trigger plant defence mechanisms in plants, i.e., Plant Triggered 

Immunity (PTI).  

Plant defence response can comprises of microbe-associated molecular patterns (MAMPs), herbivore-associated molecular 

patterns (HAMPs), pathogen-associated molecular patterns (PAMPs) and damage-associated molecular patterns (DAMPs). 

Also there are various biotic and abiotic elicitors; bacteria, viruses, fungi, insects, polysaccharides and physical chemical or 
hormonal factors, which when exposed to plants results in the cascade of signalling pathways for secondary metabolite 

production (Iman Chankhi et al., 2021).  

PGPR ASSOCIATED WITH TURMERIC 

Rhizosphere is the most extrusive hotspot for the possible interaction of host and microorganisms. Soil particles adhering to 
roots and rhizome of Curcuma longa usually has higher microbial continuum as compare to the non-rhizospheric soil. 

Rhizospheric microbial content is qualitatively or quantitatively differ from the total soil bulk. Microcosm of rhizosphere usually 

metabolizes the rhizo depositions which are rich in carbon compounds, helps the plant combating phytopathogen and act as a 

biocontrol agent. The successive colonization of beneficial microorganisms produces a variety of secondary metabolites, 
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antibiotics, secretion of extracellular enzyme, siderophores, chelators, etc that limits the bioavailability of nutrients to 
pathogenic bacteria and fungi. On the other hand, released secondary metabolite also induces resistance to pathogenic 

strains via increased production of phytoalexins, degradative enzymes and strengthening of epidermal cells (Bending, 2003). 

Turmeric soil harbours a myriad of nitrogen fixing strains. Rhizobium pusense when isolated from the rhizosphere of turmeric 
shows prominent results in plant growth promoting traits when compared to the control (Chandran, 2018). Kumar et al. (2016) 

reported that Pseudomonas, Klebsiella, Agrobacterium, Azotobacter and Burkholderia are the dominant species of turmeric 

rhizosphere convoluted in plant growth promoting activities. In one study of Sarathambal et al. (2021), inoculation of AM along 
with the zinc solubilising bacteria have burgeoning effect in enhancing the soil microbial activity of turmeric plant. Application of 

bioinoculants results in the improved microbial activity which helps to maintain the fertility of soil, plant growth and 

maintenance of richness of rhizospheric soil. The synergistic action of AM with Bacillus, Chlorflexi, Acinetobacteria, and 
Proteobacteria augment the secretion of phytohormones which later increases the cell signalling cascade. Bacterial species 

such as Staphylococcus, Pseudomonas, Sphingomonas and Achromobacter isolated from the turmeric rhizosphere shoed 

antagonistic action against pathogenic strains as well as plant growth promoting traits. Bacillus amyloliquefaciens found to be 
effective in suppressing the disease symptoms in the seedlings of Capsicum annum (Fassari et al., 2017). 

Phosphatase activity in soil plays an important role in phosphorous accumulation by plants. Inoculation of turmeric plant with 
Glomus, Gigaspora, Acaulospora sp. along with Bacillus megatherium, Azospirillum amazonense and Azotobacter either alone 

or in consortium found to be enhancing the phosphatase activity in the rhizosphere of turmeric plant (Table 2). It is also 

reported that bacterial colonization affects the root physiology of plant resulting into the alteration of microbial population in the 

rhizosphere which later enhances the biomass production (Dutta and Neog, 2017). One of such example of providing PGP 
traits by rhizospheric bacteria is the production of ACC deaminase enzyme (1-aminocyclopropane-1-carboxylic acid) by 

Bacillus sp. ACC deaminase neutralizes the adverse effects of ACC by lowering its concentration and protects the plant from 

salinity stress. Increased ACC levels resulted into the increased ethylene synthesis (Carmen Orozco-Masqueda, 2020).  

Table 2: Bacteria associated with turmeric rhizosphere and their biological activity 

Bacteria  Source Activity Reference 

Bacillus megatherium, 
pseudomonas 
fluorescence, Globicitella 
sulfidifacein 

Turmeric 
Rhizosphere 

Antimicrobial activity against 
human pathogens  E.coli, P. 
aeruginosa and S. aureus 

Mandale et al. 
(2017) 

Azotobacter chroococcum  Turmeric 
rhizosphere 

Enhance production of 
curcumin, increased IAA, 
NH3 production, increased 
shoot and root length. 

Kumar et al. (2014) 

Pseudomonas 
plecglossicida, 
Stenotrophomonas 
maltophilia, P. putida, B. 
cereus, Enterobacter sp. 

Turmeric 
rhizosphere 

IAA production, HCN 
production, phosphate 
solubilisation, siderophores 
production. 

Vinayarani and 
Praksah (2018) 
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Endophytes Associated With Turmeric 

Endophytes are the microorganisms that colonize the inter/intracellular regions of plants, beneath the epidermal layer without 

showing any deleterious consequences (Schulz and Boyle, 2006). The heterogeneity of endophytes usually depends on the 
plant age, type of plant tissue, seasonal and environmental changes. The diversity of endophytic microcosm is less in the 

endopshere region when compared to the rhizospheric soil (Liu et al., 2014). Also the concentration of endophytes is more in 

roots as compared to stem and leaf phyllosphere.  Plants release root exudates which favours the attraction and colonization 
of impending microflora. Most of the bacteria and fungi take entry via wounds and natural openings in the root system. 

However, endophytes always do not enter plants via lateral roots and wounds. They may enter plant cells actively by secretion 

of extracellular enzyme such as cellulose and pectinase (Gupta et al., 2019).  

Bacterial and fungal endophytes of turmeric are treasure house for variety of novel secondary metabolites performing 

biological activities such as antimicrobial, antioxidant, antiparasitic, immunomodulatory (Ferdous et al., 2019), antibacterial. 
(Elfita et al., 2022), antioxidant, antidiabetic (Jayant and Vijayakumar, 2021) and immunosuppressive activities (Ujam et al., 

2021). Various endophytic bacterial species such as B. altitudinis, B. aryabhattai, B. wiedmannii, P. aeruginosa, Burkholderia 

gladioli noted for plant growth promotion activity such as nitrogen assimilation, IAA production, phosphorous solubilisation, and 
siderophores production (Shah et al., 2022). Other PGPR inoculants currently commercialized for the enhancement of plant 

height and stalk diameter. Moreover, interactions between plant and PGPR have gained a momentum among researchers in 

order to identify their pattern of association including turmeric. Similar to plant growth promoting rhizobacteria, endophytic 

bacteria and fungus also exhibit PGP traits and various biological activities as shown in Table 3. 

Table 3: Endophytes from turmeric and their biological activities. 

Endophytic fungi Source Biological activity References 

Penicillium sp.-AgNPs Turmeric leaves Antibacterial activity against P. 
aeruginosa, K. pneumonia,  
Salmonella typhimurium, 
Enterobacter aerogens 

Singh et al. (2013) 

Euratium sp. Turmeric rhizome Anticancerous activity Jalgaonwala and 
Mahajan (2014) 

Arthrobotyric follicola, 
Fusarium verticilliodes 

Turmeric roots Antibacterial activity against 
Morganella morganni 

Septiana et al. (2017) 

Phoma herbarrum Turmeric rhizome Antifungal activity against 
Colletotrichum gloeosporiodes 

Gupta et al. (2016) 

Endophytic Bacteria 

B. paramycoides, K. 
quasipneumoniae, K. 
pneumoniae, 
Burkholderia lata, 
Burkholderia metallica, 
mycorrhizae fungus 

                

                 - 

Plant growth promotion of white 
turmeric 

Simarmata et al. (2021) 

Pseudomonas 
fluorescens (FP7 and 
TPF5 strains) 

Turmeric rhizome Antibiotic production Prabhukarthikeyan et al. 
(2018) 
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Literature survey revealed that natural habitat of host plant, plant age, type of plant tissue and medium for isolation also 
influence the diversity of endophytic bacterial communities. Sulistiyani et al. (2014) reported that majority of the bacterial 

endophytes isolated from the rhizome (38%) than from stem (32%) and leaves (30%). Most of the isolated endophytes 

belonging to α-Proteobacteria, β-Proteobacteria, γ-Proteobacteria, firmicutes and actinobacteria. As roots are the primary 
colonization region for endophytes, so endophytic population must be greater in number. Apart from roots, rhizome part of C. 

longa provides a special habitat for diverse group of fungal and bacterial endophytes. Two potential strains of Paenibacillus sp. 

(ClB1 and ClB2) from rhizome have been involved in the indole acetic acid production and could be served as PGP traits to 
the turmeric plant (Awasthy et al., 2013). 

Rhizome rot disease of turmeric is one of the major problem while cultivation of turmeric plant. Pythium aphanidermatum is 
one of the major phytopathogen responsible for causing rhizome rot disease in healthy turmeric plant. The major symptoms 

caused by Pythium sp. includes the drying up of turmeric leaves, decreases root and shoot length, softening of shoots, and 

rotted rhizomes. However, bacterial endophytes such as Bacillus sp., Pseudomonas sp., Citrobacter sp., and Klebsiella sp. 
isolated from turmeric rhizome found to be inhibitory against Pythium aphanidermatum. Conspicuously, Pseudomonas sp. 

significantly reduced the rhizome rot disease by the production of HCN, siderophores and salicylic acid (Nandini et al., 2018). 

Another sustainable and ecofriendly approach for disease free turmeric cultivation is the application of Pseudomonas 

fluorescens against Pythium aphanidermatum. Inoculation of P. fluorescens resulted into the secretion of defence enzymes 

and helps in yielding the turmeric biomass production (Prabhukarthikeyan et al., 2018). 

Endophytic fungi are known to produce a variety of novel bioactive secondary metabolites such as alkaloids, phenols, 
flavonoids, quinones, steroids, enzymes, which possess higher therapeutical, pharmaceutical, industrial and agricultural 

significant values. Endophytic fungi are potent source of variety of biological activities ranging from antimicrobial (Gupta et al., 

2022), antioxidant (Gautam et al., 2022), anticancerous (Mittal et al., 2021), salt tolerance (Saravi et al., 2022), heavy metal 
tolerance (Hassan et al., 2022) and plant growth promoting traits (Rigobello and Baron, 2021). There are various reports of 

fungal endophytes associated with the different parts of turmeric. In one study of Septiana et al. (2017), 11 endophytic fungal 

strains were isolated from all parts of Curcuma longa including Arthrobotyris follicola from roots, Cochliobolus kusanoi, and 
Fusarium solani from inflorescence, Daldinia eschscholzii from leaf, Fusarium proliferatum from stem, Phaesosphaerica 

ammophilae, F. solani, F. proliferatum and F. oxysporum from turmeric rhizome. Bustanussalam et al. (2015) isolated 44 

endophytic fungal species from asymptomatic parts of Curcuma longa from which only 6 endophytic fungal strains were found 
active in showing antioxidant activity. Moreover, flavonoids, phenols and its derivatives extracted from the endophytic fungal 

strains are responsible for their antioxidant potential. (Huang et al., 2007; Zhao et al., 2021).  

CONCLUSION AND FUTURE PROSPECTS 

The use of traditional medicinal plants in the treatment of variety of human ailments has been exploited since ages. 
Antimicrobial, antioxidant, antidiabetic, immunomodulatory, cardio protective, anticancerous, nephro protective and 

nutraceutical properties of turmeric have already been reported. From the last few decades, endophytes from medicinal plants 

have gained much attention as they mimic the host plant and acquire gene from host for novel bioactive secondary metabolite 
production. It is noteworthy that endophytes from such medicinal plants are rich source of novel compounds. Though, 

rhizospheric and endophytic microbial strains associated with turmeric makes them potential candidate for their exploitation in 

plant growth promoting traits as well as in pharmaceutical and medical fields. Moreover, with increasing population, there are 
some problems associated with mankind such as drug-resistance, less resources, etc. In order to overcome such problems, 

endophytic microbes from medicinal plants appears to be an alternative source. Endophytes needed to be explored more that 
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they may be used in management of biotic and abiotic stresses, disease management and a potential source of novel 
compounds that will help in novel drug discovery. 
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