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SUMMARY  
One gram of soil contains diverse group of micro-organisms which includes Bacteria, Actinomycetes, 

Fungi, Algae, Protozoa and Nematodes. Interactions between microorganisms are influenced by the plant which 

exudates compounds. Microbial consortium provides beneficial additive or Synergistic results. These plant 

growth promoting micro-organisms have a beneficial effect on plant growth directly and indirectly. Advantages 

of Microbial consortium includes reducing metabolic burden, better utilization of substrate, robustness to 

environment change and activation of silent genes. Lack of consortium stability, preservation of mixed cultures, 

nutrient requirement of different microbes. Incompatibilities of the microbes in the mixture with each other etc. 

are some of the challenges for using microbial consortia. Microbial consortia can be used as Biofertilizers, 

Bioremediation, degradation of organic wastes, Biocontrol agent etc. it has been classified according to modes of 

construction, interactions and function.  

 

INTRODUCTION 

One gram of soil contains diverse group of micro-organisms which includes bacteria 9×10
7
 cells per 

gram, Actinomycetes 4×10
6
 cells per gram, Fungi 2×10

5
 cells per gram, Algae 3×10

4
 cells per gram, Protozoa 

5×10
3
 animals per gram and Nematodes 3×10

1
 animals per gram. From this wide range of micro-organisms 

several species have multiple interactions which are influenced by the plant which exudates compounds ex: 

sugars, Amino acids and organic acids etc, have different niches, competition for nutrients and for colonization 

of space etc. Using a mixture of two or more compatible plant growth promoting micro-organisms of different 

species or strains is called microbial consortium which provides beneficial additive or Synergistic results 

(Gustavo et al., 2021, Louca et al., 2018).These plant growth promoting micro-organisms have a beneficial 

effect on plant growth directly by Nitrogen fixation, Phosphate solubilisation, increase water uptake, synthesize 

phytoharmones ex: Auxins, Cytokinins, Gibberlins and Abscisic acid (Sandra et al., 2018, Gustavo et al.,2021, 

Owen et al., 2015, Gopalakrishnan et al., 2014) and indirectly help plant by reducing ethylene, disease 

suppression, and inducing plant resistance to pathogens by synthesizing antibiotics, Siderophores (Bjelic, 2014., 

Gustavo et al., 2021, Sandra et al., 2018, Abhilash et al.,2016). Microbial consortia perform better than single 

strain in terms of metabolizing complex compounds, carrying out multiple reactions, degrading polymers like 

Cellulose, remaining stable in fluctuating environment, use of complex and multiple carbon sources for 

constructing long Biosynthetic  pathways . All these activities may not be present in single micro-organism 

(Bhatia et al., 2018, Brennar et al., 2008 and Gustavo et al., 2021). 

 

Advantages of Microbial Consortium 

 Distributing the tasks between two or more strains help to optimize tasks more easily which helps in 

reducing metabolic burden on the strain (Mccarty and Ledesma-Amaro., 2019, Shahab et al., 2020, Hong et 

al., 2020 and Du et al., 2020) 

 Through division of labour multiple tasks can be carried out simultaneously (Qian et al., 2020, Wang et al., 

2020, Mccarty and Ledesma-Amaro, 2019 and Shahab et al., 2020). 

 Diverse genomic size in microbial consortia helps to perform unique tasks (Mccarty and Ledesma-Amaro, 

2019). 

 Different strains having multiple functions are robust to the environment change (Mccarty and Ledesma-

Amaro, 2019 and Jiang et al., 2019). 

 Broad range of substrate spectrum (Mccarty and Ledesma-Amaro, 2019, Giri et al., 2020 

 Activation of silent genes (Ibrar and Zhang, 2020 and Ancheeva et al., 2018). 

 

 

 

Microbial Consortia 
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Challenges for using Microbial Consortia 

  Lack of consortium stability during fermentation process, because one organism may dominate over 

other. Preservation of mixed cultures is also a challenge because different microbes have different survival rates. 

Nutrient requirement of different microbes has to be known (Bhatia et al., 2018). Incompatibility of the 

microbes in the mixture with each other (Harish and Jagadeesh, 2016). Fumigated soils alter the Bio-community 

structure of the soil and their interactions which help in nutrient acquisition and mobilization  (Backer et al., 

2018, Dangi et al., 2017). 

 

Applications of microbial consortia 

  Microbial consortia can be used as Biofertilizers, Bioremediation, degradation of organic wastes, 

Biocontrol agent etc (Harish and Jagadeesh, 2016). 

 

Microbial Consortium Classification (Bhatia et al., 2018). 

  Microbial consortium has been classified according to modes of construction, interactions and 

function. Bernstein and Carlson (2012) has classified microbial consortia in terms of construction in to Natural 

Microbial Consortium (NMC), Artificial Microbial Consortium (AMC), Semi-synthetic Microbial Consortium 

(SeMC) and Synthetic Microbial Consortium (SyMC). 

1) Natural Microbial Consortium: group of microorganism living together symbiotically in nature is called 

Natural Microbial Consortium. 

2) Artificial Microbial consortium: here group of different wild microbes growing symbiotically are grown 

together in a closed system. 

3) Semi- synthetic Microbial Consortium: wild and engineered group of microorganism are cultured together. 

4) Synthetic Microbial Consortium: it includes group of microorganisms that are metabolically engineered are 

grown. 

 

Classification of Microbial Consortium according to modes of interaction in to Synergistic, Commensal 

and Mutualist, (Bernstein and Carlson, 2012). 

1) Synergist: in this type of interaction parallel use of different substrates by dividing their labour 

2) Commensal: in Commensal interaction one organism is benefitted without affecting the other organism. 

3) Mutualist: in this type of interaction all microorganisms are benefitted. 

 

Classification According to Functional Modes 

1) Environment Maintenance Consortium (EMC) 2) Nutrient Exchange Consortium 3) Substrate facilitator 

consortium 4) Signal exchange consortium 

1) Environment Maintenance Consortium: in this type of consortium a favourable environment is provided for 

partner growth (Wu  et al.,2016) 

2) Nutrient Exchange Consortium (NEC): In the consortium some group of microorganisms fail to produce life- 

supporting molecules. Hence these group of Microorganisms provide life-supporting molecules and support the 

growth of the Consortium (Shou et al., 2007). 

3) Substrate Facilitator Consortium: in this Consortium some group of Micro-organisms provide hydrolases to 

produce free sugars for growth of other Micro-organisms which cannot hydrolyze all type of carbon source 

(Dwidar et al., 2013). 

4) Signal Exchange Consortium: in this Consortium one group of Micro-organisms produce signaling molecules 

for communication which induces other group of micro-organism in the consortium to express Cryptic genes to 

produce Antibiotics and metabolites (Perez et al., 2011) 

 

CONCLUSION 
  Microbial fertilizers depend on both plant and microorganism physiology and technical aspects like 

suitable microorganism, fermentation process, carrier material etc (Sandra et al., 2018). Microbial Consortia can 

be beneficial by understanding their interactions, community profiles. Using genomics like Metabolomics, 

Proteomics etc. are costly. Hence new techniques have to be introduced. Long term preservation of mixed 
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microbial cultures is very important (Bhatia et al., 2018). Microbial Consortia interactions has to be studied 

which can help plant growth, soil health and reduce use of chemical fertilizers. Microbial Consortia help impove 

plant growth by fixing atmospheric nitrogen, by secreting Vitamins, Exopolysaccharides and Enzymes (Naik et 

al., 2020). Microbial consortia can be applied through Seed treatment, Soil application, Root dip, Foliar 

application etc. and provide multiple methods of mechanisms to fight pathogens and also provide protection 

against Biotic and Abiotic stresses. 

 

REFERENCES 

Abhilash, P., C., Dubey, R., K., Tripathi, V., Gupta, V., K and Singh, H., B., 2016, Plant Growth-Promoting 

Microorganisms for Environmental Sustainability. Trends Biotechnol: 34, 847–850. 

Ancheeva, E., Mandi, A., Kiraly,S., B., Kurtan, T., Hartmann, R., Akone, S., H., Weber, H., Daletos, G and 

Proksch, P., 2018, Chaetolines A and B, pyrano[3,2-f] isoquinolinealkaloids from cultivation of 

Chaetomium sp. in the presence of autoclaved Pseudomonas aeruginosa. J. Nat. Prod: 81 (11):2392–

2398. 

Backer, R., Rokem, J., S., Ilangumaran, G., Lamont, J., Praslickova, D., Ricci, E., Subramanian, S and Smith, 

D., L., 2018, Plant Growth-Promoting Rhizobacteria: Context, Mechanisms of Action, and Roadmap 

to Commercialization of Biostimulants for Sustainable Agriculture. Front.Plant Sci: 9 (1473):1-17. 

Bernstein, H., C and Carlson, R., P., 2012, Microbial consortia engineering for cellular factories: in vitro to in 

silico systems.Comput Struct Biotechnol J: 3:e201210017. 

Bhatia, S., K., Bhatia, R., K., Choi, Y., Kan, E., Kim, Y., and Yang, Y., 2018, Biotechnological potential of 

microbial consortia and future perspectives. Crit. Rev. Biotechnol: 1-22. 

Bjelic, D., 2014, Karakterizacija i efektivnost bakterija promotora biljnog rasta izolovanih iz rizosfere kukuruza. 

Doctoral thesis. University of Novi Sad, Faculty of Agriculture, Novi Sad, Serbia. 

Brenner, K., You, L., and Arnold, F.H., 2008, Engineering microbial consortia: A new frontier in synthetic 

biology. Trends Biotechnol: 26: 483–489. 

Dangi, S., Tirado-Corbalá, R., Gerik, J and Hanson, B., 2017, Effect of long term continuous fumigation on soil 

microbial communities. Agronomy :7:37. 

Du, Y., Yang, B., Yi, Z., Hu, L., Li, M., 2020, Engineering Saccharomyces cerevisiae co-culture platform for 

the production of flavonoids. J. Agr. Food Chem: 68 (7): 2146–2154. 

Dwidar, M., Kim, S., Jeon, B., S., et al, 2013, Co-culturing a novel Bacillus strain with Clostridium 

tyrobutyricum ATCC25755 to produce butyric acid from sucrose. Biotechnol Biofuels : 6:1754–6834. 

Giri, S., Shitut, S and Kost, C., 2020, Harnessing ecological and evolutionary principles to guide the design of 

microbial production consortia. Curr. Opin. Biotech: 62: 228–238. 

Gopalakrishnan, S., Sathya, A., Vijayabharathi, R., Varshney, R., K., Gowda, C., L., L., 
Krishnamurthy., L., 2014, Plant growth promoting rhizobia: challenges and opportunities. 
Biotech: 5 (4): 355-377. 

Gustavo, S., Paulina, G., Fannie, I., P., C.,  Sergio de los, S.,V., Ma del, C.,O.,M and Bernard, R., G., 2021, 

Plant Growth Stimulation by Microbial Consortia. Agronomy: 11: 219. 

Harish Kumar, K and Jagadeesh, K., S., 2016, Microbial consortia-mediated plant defense against 
phytopathogens and growth benefits, South Indian j. boil.sci. 2(4): 395-403. 

Hong, J., Im, D., and Oh, M., 2020, Investigating E. coli co-culture for resveratrol production with C-13 

metabolic flux analysis, J. Agr. Food Chem. 68 (11):3466–3473. 

Ibrar, M and Zhang, H., 2020, Construction of a hydrocarbon-degrading consortium and characterization of two 

new lipopeptides biosurfactants. Sci. Total Environ: 714: 136400. 

Jiang, Y., Wu, R., Zhou, J., He, A., Xu, J., Xin, F., Zhang, W., Ma, J., Jiang, M., Dong, W., 2019, Recent 

advances of biofuels and biochemicals production from sustainable resources using co-cultivation 

systems. Biotechnol. Biofuels: 12:155. 

Louca, S., Polz, M., F., Mazel, F., Albright, M., B., N., Huber, J., A., O’Connor, M., I., Ackermann, M., Hahn, 

A., S., Srivastava, D., S., Crowe, S., A., et al, 2018, Function and functional redundancy in microbial 

systems. Nat. Ecol. Evol: 2: 936–943. 



   AgriCos e-Newsletter (ISSN: 2582-7049)                                                  04 (03) March 2023

                                                                                                  34 www.agricosemagazine.com

Mccarty, N., S., and Ledesma-Amaro, R., 2019, Synthetic biology tools to engineer microbial communities for 

biotechnology.Trends Biotechnol: 37 (2): 181–197. 

Naik, K., Mishra, S., Srichandan, H., Singh, P.K., and Choudhary, A., 2020, Microbial formulation and growth 

of cereals, pulses, oilseeds and vegetable crops. Sustain.Environ. Res. 10 (30):1-18. 

Owen, D., Williams, A., P., Griffith, G., W., and Withers, P., J., A., 2015, Use of commercial bio-
inoculants to increase agricultural production through improved phosphrous acquisition. 
Appl. Soil  Ecol :86: 41-54. 

Perez, J., Munoz-Dorado, J., Brana, A., F., et al., 2011, Myxococcusxanthus induces actinorhodin 

overproduction and aerial mycelium formation by Streptomyces coelicolor. Microb Biotechnol: 4:175–

183. 

Qian, X ., Chen, L., Sui, Y., Chen, C., Zhang, W.,  Zhou, J., Dong, W., Jiang, M., Xin, F., Ochsenreither, K., 

2020, Biotechnological potential and applications of microbial consortia, Biotechnol. Adv: 40:107500. 

Sandra, S., Vladimir, Beskoski., Ivana, K., Miodrag, L and Nada, N., 2018,  Microbial fertilizers: A 
comprehensive review of current findings and future perspectives.  Span. J. Agric. Res: 16 
(1):1-18. 

Shahab, R., L., Brethauer, S., Davey, M., P., Smith, A., G., Vignolini, S.,  Luterbacher, J. S., Studer,  M., H., 

2020, A heterogeneous microbial consortium producing short-chain fatty acids from lignocellulose, 

Science :369 : 1073. 

Shou, W., Ram, S., and Vilar, J., M., G., 2007, Synthetic cooperation in engineered yeast populations. Proc Natl 

Acad Sci: USA: 104:1877–1882. 

Wang, R., Zhao, S., Wang, Z., Koffas, M., A., G, 2020, Recent advances in modular co-culture engineering for 

synthesis of natural products, Curr. Opin. Biotech: 62: 65–71. 

Wu, P., Wang, G., Wang, G., et al., 2016, Butanol production under microaerobic conditions with a symbiotic 

system of Clostridium acetobutylicum and Bacillus cereus. Microb Cell Fact: 15:8. 
 


