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Fungi live in complex multispecies communities where they must compete and collaborate with other organisms for 
survival. To navigate these competitive environments, fungi must regulate local microbial and plant communities (Hughes et 
al. 2001). A diversity of chemical signals such as inorganic ions, peptides, carbohydrates, lipids, and volatile organic 
compounds (VOCs) serves this purpose (Cottier and Mühlschlegel 2012).  

VOCs are low molecular weight, carbon-containing compounds with high vapor pressure and low boiling points 
(Korpi et al. 2009). So far, at least 300 VOCs belonging to 48 chemical classes have been identified from at least 70 fungal 
species (Lemfack et al. 2018; Elmassry et al. 2020). Fungi from all trophic levels produce VOCs at different stages of their 
life cycles (Guo et al. 2021). VOCs are produced via primary metabolism, fatty acid and terpene biosynthetic pathways, 
sulfur metabolism, and several other pathways (Schulz and Dickschat 2007). A few well-known odors imparted by VOCs in 
fungi include the typical mushroom smell as well as truffle, mold, and cheese odors (Schulz and Dickschat 2007). VOCs 
also can mediate interactions with other organisms (Wheatley 2002). For instance, VOCs can modulate fungal virulence, 
antimicrobial activity, establishment of commensal relationships, long-distance signaling, morphology, and behavior of 
other nearby organisms (Weisskopf et al. 2021; Pennerman et al. 2022). For these interactions to occur, VOCs must diffuse 
readily via air, soil pores, and water where they serve as non-contact, early signals for fungi (Wheatley 2002). 

VOCs also mediate interactions across kingdoms (Weisskopf et al. 2021). The impact of these interactions can be 
beneficial, antagonistic, or neutral depending on the organisms involved (Schmidt et al. 2015). For example, VOCs can 
regulate mycelial growth, sporulation, virulence, metabolite production, metabolic activities, biofilm formation, and motility 
in fungi and bacteria without direct contact (Schmidt et al. 2016; Weisskopf et al. 2021). For plants, the presence of fungal 
VOCs can enhance growth and development through increased nutrient availability and modulation of hormonal signaling 
pathways (Hung et al. 2015). VOCs can also act as early signals in establishing mycorrhizal associations. For example, 
sesquiterpenes produced by the fungus Laccaria bicolor induce lateral root growth in Populus spp. without physical contact 
between the fungus and plant (Ditengou et al. 2015). However, the impacts of fungal VOCs on plants can also be negative 
(Weisskopf et al. 2021). For example, VOCs produced by Tuber spp. can confer a phytotoxic effect due to modified 
oxidative metabolism (Splivallo et al. 2007).  

Overall, a diverse array of VOCs produced by fungi modulate complex interactions with other organisms present in 
ecosystems. The use of VOCs as chemo-taxonomic tools for non-invasive disease detection, myco-fumigants, and plant 
growth promoters is being explored (Hung et al. 2015). For example,  

several endophytic fungi in the Muscodor genus have been used to control some soilborne pathogens of plants 
(Weisskopf et al. 2021). Most VOC studies conducted to date have been under controlled conditions and with just a few 
fungal species (Ditengou et al. 2015; Schmidt et al. 2016). Although some roles of VOCs within and between kingdoms 
have been documented, many of the underlying genetic mechanisms, biosynthesis, and signaling pathways have yet to be 
understood. Further studies on fungal VOCs, VOC receptors, and the mechanisms that govern interactions within and 
between species in complex environments like soil will help shed light on the social life of fungi.  
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