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Introduction 
 

Arbuscular mycorrhizal fungi (AM fungi) are 

numerously present in the soil and roots. Their 

association to the plants is one of the well 

known symbioses in the earth that links the 

root and soil (Koide and Mosse, 2004) and it 

was found to be the very old and most 

abundant plant microbe interaction (Smith and 

Read, 1997). Most of the plants in our 

ecosystem is colonized by AM fungi except 

some of the families like Brassicaceae, 

Amaranthaceae, Chenopodiaceae, etc (Tester 

and Smith, 2011). Hyphae of the AM fungi 

can grow several centimetres beyond the root 

exploration zone (Subramanian and Charest, 

1999) and form a framework to hold the soil 

particles together by the production of 

glycoprotenacious substance called glomalin. 

AM fungi are the only producers of glomalin. 

AM fungi use the carbon from plants to grow 

and produce glomalin and in turn the plant is 

provided with phosphorus, other nutrients and 

water through the pipes called hyphae 

(Nichols, 2012).   

 

Glomalin  

 

AM fungi harbours huge quantities of 

glycoprotein in the hyphae and spores called 

glomalin. This glycoprotein was first 

discovered in 1996 by a woman scientist Sara 
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Glomalin is a glycoprotein copiously present in the hyphae of AM fungi. It 

acts like a super glue which aggregates the soil and reduces the soil erosion. 

It is doing a great role in sequestration of carbon. It also sequesters heavy 

metals through various mechanisms. Glomalin persists in the soil for a very 

long time and tolerates higher temperature. It is highly recalcitrant in nature 

which makes them difficult to analyze biochemically. Further research is 

needed in this area, to tap much informations regarding the glycoprotein 

glomalin. 
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F.Wright at the USDA Agricultural Research 

service (Wright et al., 1996). The name 

glomalin originates from the order glomales. 

Glomalin protein was released into the soil by 

AM fungal hyphae and it was present on 

extramatrical hyphae of all AMF tested to date 

(i.e. representatives from all known genera, 

except Sclerosystis) (Wright et al., 1996). 

Glomalin was observed in the surface of the 

spores and spore walls also (Driver et al., 

2005). Many reports stated that glomalin is 

present outside the hyphae and it becomes 

sealed with glomalin enabling them to carry 

water and nutrients to the plant. The sheath 

like protection offered by glomalin to the 

hyphae of AM fungi gives rigidity as they 

have to move in the air spaces and survive 

inside the soil particles (Wright, 2002).  

 

Occurrence of glomalin  

 

The presence of glomalin is abundant and it is 

present in the soils and acts like glue. This 

glue acts in aggregation of soil and water 

stability. Due to the stabilized soil aggregates, 

carbonaceous compounds get protected from 

degradation and reside inside the aggregate. 

So the increased production of this protein 

glomalin ultimately results in carbon 

sequestration. Its concentration in soil is 

governed by the management practices in the 

agro ecosystems and it is present in wide 

range of soil environments like acidic, 

calcareous, grassland and cropland (Wright 

and Upadhyaya, 1998; Wright et al., 1999).  

Presence of glomalin has also been noted in 

agricultural, forest, desert, and non-cultivated 

soils (Wright and Upadhyaya 1996; Rillig et 

al., 2003; Nichols and Wright, 2004; Bai et 

al., 2009). This glycoprotein is found even in 

flood plain soils, river water and river foam 

(Harner et al., 2004) 

 

Two possible mechanisms were noted in 

which glomalin was secreted in to the soil. 

One through secretion into the physical 

medium or the environment in which the AM 

fungi is present and the other through 

incorporation into the hyphal wall and further 

release of glomalin from the structural 

component (Wright and Upadhyaya, 1998). 

Occurrence of glomalin differs with various 

farming practices. Constant level of glomalin 

is maintained in the soil when the soil was less 

disturbed or tillage was not given, growing 

cover crops, using low level of fertilizers and 

not rotating with non mycorrhizal crops 

(Wright, 2002). Wright in her continuous 

study period of four years at Agricultural 

research centre she found glomalin level get 

increased year after year where there was no 

till and no prior ploughing before sowing. 

 

Glomalin was copiously produced by the 

hyphae of AM fungi which was present on 

extramatrical hyphae of all AMF tested to date 

(i.e. representatives from all known genera, 

except Sclerosystis) (Wright et al., 1996). 

AMF has secreted glomalin into the soil by 

two possible mechanisms one by secretion in 

to the physical medium or environment and 

the other by incorporation into the hyphal wall 

and subsequent release from this structural 

component. Glomalin has been detected in 

numerous soils in large amounts (Wright and 

Upadhyaya, 1998). The molecule contained 

tightly bound iron and did not contain 

phenolic compounds such as tannins (Rillig et 

al., 2001). As hyphae degrade, this 

hydrophobic, highly stable glycoprotein 

sloughed off to coat organic matter and other 

soil particles. Wright et al., (1996) 

hypothecated that glomalin forms a 

conglomeration with root fragments and 

organic matter, thus protecting it from 

degradation by microorganisms. By 

performing carbon dating and using 
14

C data, 

Rillig et al., (1999) reported that glomalin 

takes 7–42 years to degrade biologically. The 

highest levels of glomalin were found in 

volcanic soils of Hawaii and Japan. Lovelock 

et al., (2004) found that forest soils having 
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sand cores, also known to have glomalin 

produced by AM fungal hyphae. 

 

Composition of glomalin  

 

Glomalin is a protenacious substance 

produced extracellularly by the AM fungi. It is 

highly persistent in nature and found to be non 

water soluble. It sloughs out from the hyphae 

and remains in the soil for very long time even 

after hyphal death (Driver et al., 2005). It 

coats the organic matter and other soil 

particles that forms a conglomeration with 

root bits, preventing from degradation by soil 

microorganisms and other biota in soil. 

Though the glomalin is not biochemically 

defined Schindler et al., 2007 stated that it 

contains 3 to 5% N, 36 to 59 % C, 4 to 6 % 

hydrogen, 33 to 49 % oxygen, and 0.03 to 0.1 

% P. The reddish colour of glomalin extracts 

are due to the iron content which contributes 

0.8 to 8.8 % (Wright and Upadhyaya, 1998).  

 

Carbon sequestration and glomalin 

 

Carbon sequestration is an important aspect in 

reducing the atmospheric carbon to overcome 

the global warming. Glomalin contributes 27 

percentage of carbon to be sequestered in the 

soil which is an important component of soil 

organic matter. Among the carbon stored in 

the soil, glomalin contributes more than humic 

acid (8 per cent of carbon) and weighs 2-24 

times more than humic acid (Nichols et al., 

2002). Glomalin related soil protein (GRSP) 

and its contribution to soil organic carbon is 

dependent upon the depth of soil and the 

characteristics and qualities of glomalin that is 

strongly influenced by soil properties and 

variation in the climate (Wang et al., 2017). 
 

Glomalin stores 30-40 per cent of carbon as its 

protein and carbohydrates. It also forms 

clumps in the soil and prevents the escape of 

carbon from the soil (Nicholas, 2002). It also 

contains 1 to 9 percent tightly bound iron did 

not contain phenolic compounds such as 

tannins (Rillig et al., 2001). As hyphae 

degrade, this hydrophobic, highly stable 

glycoprotein sloughed off to coat organic 

matter and other soil particles. Wright et al., 

(1996) hypothecated that glomalin forms a 

conglomeration with root fragments and 

organic matter, thus protecting it from 

degradation by microorganisms. They also 

attaches themselves with the soil minerals 

such as sand silt and clay that forms clumps 

stable enough to resist water and wind erosion. 

 

Wright et al., (2002) showed that higher level 

of carbon in the atmosphere automatically 

increases the amount of glomalin produced by 

the AM hyphae. Not only the level of 

glomalin, but also good soil agricultural 

practises tends to increase the glomalin 

content in the soil. AM fungi had an 

influential positive effect on soil organic 

carbon accumulation and reports revealed that 

extra radical mycelium of AM fungi along 

with its storage organs accounted for 15 

percent soil organic carbon (Zhang et al., 

2017). 

 

Heavy metal sequestration and glomalin  
 

Heavy metal is the general term which strictly 

refers to metals and metalloids with a specific 

mass higher than 5 g cm
−3

 (Baker, 1987). Soil 

is contaminated with various heavy metals 

from many industries like tanning, textile, and 

other types. The bioavailability of heavy 

metals in the soil is mainly based on the 

speciation and the soil components (Boruvka 

and Drabek, 2004). The cell wall of AM fungi 

has many cations which bind with the toxic 

metals like Cu, Pb, Cd and Cr (Kapoor and 

Viraraghavan, 1995). Glomalin protein 

released by the AM fungi has the ability to 

sequester the metals in their cell wall. 

Glomalin and AM fungi sequester the metals 

and make the soil a metal free environment 

due to the various mechanisms (Gomathy et 

al., 2018). It immobilizes the metals and 

render the plant to grow in a unpolluted soil 
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 (Wright and Upadhyaya, 1996). Due to the 

presence of glomalin the bioavailability 

becomes less (Gonzalez-Chavez et al., 2004). 

Joner et al., (2000) studied many species of 

AM fungi for glomalin production. 

Biostabilization is an important mechanism in 

the sequestration of heavy metals in the 

polluted soil (Khan, 2005). G. intraradices-

infected Ri T-DNA carrot roots were 

observed with glomalin content released from 

the hyphae and in the spore wall (Driver et 

al., 2005). Mycorrhizoremediation is one of 

the key factor for remediating the polluted 

sites that is nothing but using mycorrhizal 

plants for the phytoremediation of metal-

contaminated soils (Gomathy et al., 2011). 

 

Properties and functions of glomalin 

 

Among the soil components glomalin is 

unique in nature. 

It is highly stable in the soil and actively 

secreted from the hyphal tip. 

It last for a very long time compared to other 

proteins which get degraded quickly by 

microbes in the soil. 

Glomalin denatures when the soil has higher 

temperature and when it has low moisture 

content in the soil. 

It is very persistent and tolerates higher 

amount of heat where most of the proteins 

denature. 

Very tough and highly resistant to decay. 

Main reservoir of soil carbon and nitrogen 

storage. 

Reduces soil and water erosion. 

Improves the infiltration and root penetration 

by reducing the compactness of soil.  

Increases water retention and nutrient 

availability in the soil. 
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