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Abstract 

Modern agriculture seems to be delving deeper into the underground world to understand how 
the plants live and grow. The current paper focuses on the exciting yet less known field of 
subterranean volatiles that are chemical messages that are secreted directly into the soil from 
the roots of the plants and microorganisms. Plants are not passive agents but active organisms 
that control their surrounding by means of VOCs. The present work describes the pathway of 
VOCs transmission through soil pores for signalling about insect attack to neighbouring plants, 
recruiting symbiotic bacteria that will enhance the absorption of nutrients by crops, and forming 
defence lines against soil pathogens. 

Introduction:   

The appearance of a still wheat field or cornfield may suggest that plants are stationary 
organisms that simply stand there in the ground. Nevertheless, what goes on beneath the 
surface is far from it. An enormous number of chemical exchanges take place underground, 
every moment of every day. 

 

For centuries, agricultural scientists were primarily concerned with studying the emissions of 
gases and other substances from above-ground parts of a plant—primarily its leaves and 
flowers. Today, however, new developments in field research have turned our attention to the 
world beneath the soil. It turns out that below-ground volatiles—the chemicals produced by plant 
roots and soil lifeforms—are extremely important. 
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They serve as a covert chemical code, governing the exchange between plants, 
microorganisms, insects, and fungi residing in the soil. These chemicals determine whether 
plants live or die, which microbes are welcomed by the plant roots and which are kept away, 
which pests will attack the roots and which are deterred. Now let us explore how the 
underground chemical system functions. 

 

The Concept of Below-Ground Volatiles 

First of all, it should be defined what is meant by such terms as “rhizosphere” since the latter will 
help us to understand better below-ground volatiles' definition. The rhizosphere is the area of 
the soil around the roots and it is the site of highly-active biological and chemical processes. 

 

The roots secrete a whole array of substances, including sugars and amino acids. What makes 
below-ground volatiles different from other root exudates is the fact that the former belong to 
volatile organic compounds (VOCs) which tend to vaporize and diffuse throughout soil pores 
and soil water. 

 

Being vaporized, these compounds may freely diffuse in the soil whereas the regular, liquid root 
exudates remain close to the root surface. Below-ground volatiles have their unique ability to 
transfer information across much longer distances and affect non-root organisms.  

   

Nature of the Soil Volatile Compounds 

It is evident that the soil is a rather unfriendly environment compared to aerial volatiles which 
simply dissipate in the breeze. The soil volatiles must survive in the dark world of clay, water 
film, and occluded air. 

 Movement Ability: Small non-polar compounds (e.g., sesquiterpene β-caryophyllene) are 
exactly what is required to perform well in the task. These compounds travel through air-filled 
pores faster than other heavier substances. 

 Chemical Memory: It should be emphasized that many of those volatile molecules adsorb on 
clay particles and organic matter. Thus, there exists a kind of chemical memory for the signal 
which persists even long after the plant material is harvested. 
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Chemically speaking, the compounds under discussion are quite small molecules characterized 
by relatively low molecular weights. They evaporate quite easily and belong to the following 
groups: Terpenoids, Alcohols, Ketones, Aldehydes, Esters, and Sulfur or Nitrogen-containing 
compounds. Terpenoids dominate in their importance and perform the key functions regarding 
plants' protection. 

Each crop produces its own specific chemical cocktail depending on its stress state, soil 
condition, and local microflora activity. 

Table 1: Key Below-Ground Volatiles in Agricultural Crops 

Volatile 
Compound 

Crop Example Main Field Function 

(E)-β-
caryophyllene 

Maize Acts as a distress signal to attract beneficial, insect-
killing nematodes. 

Dimethyl 
disulfide 

Potato, Tomato Shows strong antimicrobial activity; suppresses soil-
borne pathogens and bad nematodes. 

Methyl 
salicylate 

Tomato, Soybean Triggers systemic acquired resistance (SAR) and acts 
as a major plant defense signal. 

Acetoin Rice, Wheat, Maize Directly stimulates root development, boosts nutrient 
uptake, and builds pathogen resistance. 

2,3-Butanediol Cucumber, Tomato Promotes heavy biomass production and improves 
the crop's tolerance to environmental stress. 

Geosmin Beetroot, Potato Attracts specific soil insects that help disperse 
beneficial microorganisms across the field. 

Indole Cotton, Rice, Maize Activates the plant's internal immune responses and 
balances rhizosphere populations. 

 

Where Do These Volatiles Come From? 
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These chemical signals do not come from just one source. The soil ecosystem relies on a team 
effort to produce this chemical language: 

1. Roots of Plants 

These are the main factories where these substances are made. Just like leaves emit certain 
fragrances, roots make volatiles by following particular metabolic routes. When a healthy root is 
attacked by insects or subjected to reduced nutrient availability, it increases the release of 
chemicals. 

 

2. Soil Fungi and Bacteria 

The soil has fungi and bacteria which are very active. During their living and multiplying, they 
produce various gases which result from their metabolism. Certain gases emitted by beneficial 
Rhizobium bacteria and Trichoderma fungi enhance the root proliferation and defend the plants 
against diseases. 

 

3. Decomposition of Organic Waste 

Every time we spread farmyard manure in soil or retain crop residues, the soil organisms are 
fed. The decomposition process leads to production of certain gases which improve the soil air 
quality significantly. 

How Volatiles Move Through the Field 

The movement below the surface level is regulated by the characteristics of the field. The 
transport of volatile substances is carried out only by the process of diffusion, the rate of which 
will be determined by the soil composition, moisture, temperature, and aeration. 

  

In case your soil is dry and aerated, the gases will move rather quickly within the soil porosity 
space. If, on the contrary, your soil is flooded, the diffusion rate will decrease dramatically 
because the molecules will have great difficulty overcoming the water barrier. 

The Ecological Masterpieces: Why Volatiles Matter 

1. Involvement in Plant to Plant Communications 

Among the amazing processes occurring in agriculture is inter-plant communication. When the 
roots of a plant are attacked by insects, it emits certain chemicals to alert its neighbors. The 
neighboring plants recognize the chemicals emitted in the soil and begin building up defenses 
against insect attacks even before the attack is launched on them. Plants emit other chemicals 
to inhibit the root development of other plants competing with them in absorbing water and 
minerals from the soil. 

 

2. Part in Plant-Microbe Relationships 
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Plants use volatiles in the same way bees use a scent to locate flowers. By emitting specific 
volatiles, plants attract symbiotic microorganisms such as bacteria which help in fixing 
atmospheric nitrogen and solubilizing phosphorus in the soil. In return for providing shelter and 
food in the form of root sugars, these bacteria emit volatiles which cause the plant roots to 
develop further. 

3. Role in Herbivore Defense ("The Maize Classic") 

It may sound surprising but roots do not passively tolerate any damage inflicted by grubs or 
nematodes. An interesting example would be maize (corn). In case of damage from larvae 
attacks, the roots release a terpenoid volatile compound known as (E)-β-caryophyllene. This 
chemical is transmitted via the soil and lures parasitic nematodes that will subsequently feed on 
and eliminate the pests attacking the plant. In this case, one may speak about "indirect plant 
defense." 

  

4. Role in Controlling Soil Pathogens 

Soil-borne microorganisms such as fungi and pathogenic bacteria (Pythium, Rhizoctonia) pose 
serious threats to a crop and, therefore, have to be suppressed. To survive, plants, such as 
mustard, generate sulfur volatiles, such as allyl isothiocyanate, which work as biological agents 
inhibiting development of pathogens in the surrounding environment. It is noteworthy that 
mycorrhizal fungi respond to these chemicals to find the roots and create symbiosis. 

The Future: Use in Sustainable Agriculture 

How do these things help a contemporary farmer or agronomist? Well, knowing this language 
below ground leads to sustainable agriculture. 

 

By figuring out which chemicals attract beneficial organisms for controlling pests, it will become 
possible to build pest control systems using biology instead of using dangerous chemicals. We 
can significantly reduce the use of artificial fertilizers by encouraging the right microorganisms in 
soil. Plant breeders are also working to develop plants capable of producing their own strong 
volatiles to resist drought and infections. 

Why We Must Look Underground 

Ultimately, we have to stop treating soil like just a physical anchor for plant roots. The complex 
network of below-ground volatiles proves that the rhizosphere is a living, breathing ecosystem 
filled with constant chemical conversations. From warning neighboring crops about a sudden 
pest attack to actively recruiting friendly microbes for nutrient cycling, these unseen signals are 
the true backbone of plant survival. 

As we face changing climates and try to move away from heavy chemical farming, 
understanding these root volatiles is going to be our biggest advantage. The future of 
sustainable agriculture, better crop productivity, and natural pest management isn't just about 
what we spray on the leaves—it is about how well we understand and protect the invisible 
chemical language happening right beneath our feet. 
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