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hen we think about growing plants, we usually imagine fields, pots, greenhouses, or 

nurseries. But what if scientists could grow plant roots in a laboratory without growing 

the entire plant? Even more interesting, what if these roots could be used to multiply 

beneficial fungi that help crops grow better? This fascinating technology is called Root Organ 

Culture (ROC), and it is changing the way researchers produce arbuscular mycorrhizal fungi 

(AMF).  

AMF are microscopic soil fungi that form a close partnership with plant roots. They 

are found in association with nearly 90 percent of terrestrial plant species and help plants 

absorb nutrients and water from the soil more efficiently. Inside the root, these fungi form 

special structures called arbuscules, which serve as sites of nutrient exchange, and vesicles, 

which act as storage organs.  

Because of their ability to improve plant nutrition and soil health, AMF are 

considered important biofertilizers. However, producing large quantities of high-quality AMF 

inoculum has always been a challenge. Traditional production methods rely on growing host 

plants in pots, nurseries, or greenhouse systems. These methods require large amounts of 

space, continuous maintenance, and are often affected by contamination from other fungi, 

bacteria, nematodes, and weed seeds. The quality of inoculum can also vary from batch to 

batch.  

To overcome these limitations, scientists developed Root Organ Culture. ROC is an in 

vitro technique in which transformed roots, commonly known as hairy roots, are grown 

continuously under sterile laboratory conditions without the need for the whole plant. These 

roots provide an ideal environment for AMF growth and multiplication.  

The story of ROC begins with a soil bacterium called Agrobacterium rhizogenes, now 

known as Rhizobium rhizogenes. This bacterium naturally causes hairy root disease in plants. 

Scientists use this unique ability to produce transformed roots that continue growing 

independently in culture media. The bacterium contains a special Root-Inducing (Ri) plasmid 

carrying genes responsible for hairy root formation. Once transformed, the roots grow 

vigorously and can be maintained for long periods under laboratory conditions.  

Several plant species can be used as hosts in ROC systems, including carrot, tomato, 

tobacco, and chicory. Among these, transformed carrot roots are widely used because they 

grow rapidly, are easy to maintain, and support excellent AMF colonization and sporulation. 

Their light-colored roots also make microscopic observations easier.  

In a typical ROC system, sterilized AMF spores are placed near actively growing 

transformed roots on a nutrient medium. Under sterile conditions, the spores germinate and 

produce hyphae. Within a few days, the fungal hyphae establish contact with the roots and 

begin colonization. Over time, an extensive network of fungal growth develops, followed by 

the formation of new spores. Studies discussed in the seminar showed that spore germination 

can begin within three to five days, new spores may appear after about three weeks, and 

thousands of spores can be produced during extended incubation.  
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One of the greatest advantages of ROC is the production of contamination-free 

inoculum. Since the entire process is carried out under sterile conditions, researchers obtain 

high-quality fungal material suitable for scientific studies and biofertilizer development. ROC 

also requires less space than conventional pot cultures and allows better standardization of 

inoculum production. 

Scientists have identified several factors that influence AMF production in ROC 

systems. The choice of host root, fungal species, nutrient medium, carbon source, 

temperature, pH, sterility, and incubation period all play important roles. Optimal 

temperatures of around 25–28°C and slightly acidic conditions generally favor fungal growth 

and sporulation.  

Research has also shown that root fragments containing fungal structures may 

establish cultures faster than isolated spores. Such propagules often produce more spores and 

generate highly viable inoculum because they bypass the spore germination stage. This 

finding highlights the importance of selecting suitable propagules for large-scale inoculum 

production. 

Despite its many advantages, ROC is not without challenges. The technology requires 

specialized laboratory facilities, trained personnel, and careful maintenance of sterile 

conditions. Production costs can be higher than traditional methods, and only a limited 

number of host root systems are currently available. Nevertheless, continuous improvements 

in biotechnology are helping researchers overcome these limitations.  

The future of agriculture depends increasingly on sustainable technologies that reduce 

dependence on chemical inputs while maintaining productivity. Root Organ Culture 

represents one such innovation. By enabling the efficient production of high-quality 

arbuscular mycorrhizal fungi, ROC provides new opportunities for biofertilizer development, 

sustainable crop production, and advanced research on plant–microbe interactions.  

Although invisible to the naked eye, the partnership between plant roots and 

beneficial fungi has enormous potential for improving agriculture. Through Root Organ 

Culture, scientists have found a way to multiply these valuable fungi without growing entire 

plants, opening new possibilities for environmentally friendly farming and future food 

security. 


