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Abstract 

Mycorrhizae is symbiotic organism that have potential as biological control agent of soil borne disease. 

Vesicular arbuscular mycorrhizae (VAM) represent a group of fungi that are associate with most 

agricultural pants influence the nutrition i.e., macro and micro and provide protection against soil borne 

disease. Difficulty of the application of VAM as biological control agents can be related to variations 

within each pathogen host-plant VAM system. Soil borne diseases are one of the important limiting 

factors for the commercial cultivation of various crops. The management of these diseases with chemical 

pesticides has exhibited numerous ill effects to 88 biotic system and environment and it provide effective 

and durable protection to root system. The role of mycorrhiza against pathogenic population is well 

established and benefits of these associations have been found to reduce the vulnerab ility of root system 

by decreasing abiotic stresses besides improving the ecological fitness of plant species in the soil 

environment. Balanced plant nutrition with macro and micro nutrients attributes to host endurance 

against different biotic and abiotic stresses. Plant species are benefited from mycorrhizal association 

because of superior effectiveness in nutrient and water uptake. Abiotic stresses influence the host to 

pathogenic infections. Some of the diseases are more in nutrient-poor or moisture-deficient soils. Several 

studies have proved that seedlings with symbiotic associations exh ibit more resistance to the host system 

against pathogenic fungi/bacteria/nematodes with various mechanisms. Symbiotic fungi utilize surplus 

carbohydrates from the root exudates and transform the monosaccharide to less soluble sugars which 

discourages the germination of propagules and attractiveness of the roots to the pathogens which are 

helps in establishment of seedling. Symbiotic associations have been found to enhance the concentration 

of these inhibitors many times greater than non-symbiotic roots and protecting the plant species against 

infection. This review provides an overview of the potential of AM fungi as bio -protection agents against 

soil borne disease and emphasizes the complex nature of plant–fungus interactions. Several mechanisms, 

including modulated plant tolerance, manipulation of induced systemic resistance (ISR), and altered 

vector pressure are involved in such interactions, considering multiple benefits, Enhanced plant nutrition 

uptake, Damage compensation, Competition for colonization or infection sites, better establishment of 

plant, Anatomical and morphological changes in the root system etc. Mycorrhiza incorporation can be 

considered as one of the important components of integrated disease management strategies and 

influence the nutrition which are provide better establishment of crops. 

 

Keywords: Arbuscular mycorrhizal fungi, nutrition, soil borne disease management 

 

1. Introduction 

There is a worldwide growing awareness regarding the negative repercussions of the 

indiscriminate use of chemical pesticides, which are not only toxic to human life but also lead 

to environmental well as ecosystem pollution. The long-term use of broad-spectrum chemical 

pesticides has been recognized as one of the major causes of environmental pollution and 

contributes to the deterioration of agricultural land and ecosystem as a whole. The present 

needs concern the use of safer bio control measures that are easily degradable, environmentally 

friendly with greater selectivity, requiring low dosage rates with less harmful effects on non-

target organisms. The greatness of the problem can be minimised or avoided by fully 

exploiting chemicals in combination with biological, physical and cultural control measures in 

integrated pest and disease management programmes. Integrated pest management (IPM) is an 

effective mean for disease control and holds tremendous potentials in the future [58]. The use of 

appears of great advantage, since it is both environmentally friendly and ecologically sound.  
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any microbial-based biotechnology in IPM. The most 

important issue in the use of biological control resides in 

developing biodegradable, consistent, persistent control 

measures coupled with high performance. 

Mycorrhizal fungi are a major component of the agricultural 

natural resource and they are members of the fungus 

kingdom. A symbiotic association of fungus and roots has 

been discovered in Monotropy Hypopity. The studies of the 

Polish botanist Frank 1885 had initiated worldwide interest on 

a fungus-root (Myco-rhiza). Also, he gave the name 

MYCORRHIZA to the peculiar association between root trees 

and ectomycorrhizal fungi. Mycorrhizal fungi association 

widely varied in structures and functions, but the Arbuscular 

Mycorrhizae (AM) are the most common interaction [40].Six 

genera of arbuscular mycorrhizal fungi have been recognized 

based on morphological characteristics of a sexual spores and 

also based on various biomolecules studies as well as 

molecular methods [62]. Further, various criteria have been 

used for the identification of AMF like hyphal character, 

auxiliary cells subtending hyphae, spore or sporocarp 

ontogeny, morphology, germination, shield spore wall, 

biochemical, molecular and immunological character. Few 

species of host roots synthesize a yellow pigment when 

colonized by mycorrhizal fungi which is considered as a sign 

of infection (Peterson et al., 2004) [62]. AMF are 

i.e., Glomus, Gigaspora, Sclerocystis, Acaulospora, Entropho

spora and Scutellospora (Garbaye, 1994) [30]. The 

classification of AMF is based on the structure of their soil-

borne resting spore, biochemical and molecular studies. The 

latest classification of AMF contains 4 orders with 9 families. 

Plant species belonging to the Cruciferae and Chenopodiaceae 

are not known to form AMF symbiosis (Smith and Read, 

1997) [73]. The AMF reproduce asexually by spore production. 

There is no evidence that AMF replicate sexually. Microbes 

inhabiting the soil have intimate relation with the soil organic 

matter and other living organisms including plants. The most 

dynamic and complex area within the soil environment is root 

rhizosphere. Rhizosphere is the region of soil surrounding the 

plant root characterized with highest microbial activity. This 

region differs from the surrounding soil in physiochemical 

characteristics since root surface and rhizosphere is colonized 

by wide range of microorganisms. Three different populations 

existing among soil inhabitants are: 

 

1.1 Saprophytic microbes.  
These contribution in soil formation; augment of soil fertility 

and nutrient transformation by natural cycles and the dynamic 

component of agricultural sustainability. 

 

1.2 Parasitic population 
These infect the root system of plant species and exhibit 

various types of disease syndrome viz, root rots, collar rots, 

galls, knots, wilts etc. This group of diseases is more 

disastrous than airborne diseases because these kill the plant 

irrespective of the age, and in general their diagnosis is 

possible only when much damage to the host system has 

already been caused. The disease management has its peculiar 

limitations. Besides, many pathogen affecting aerial parts also 

perpetuate a part their life cycle in the soil. 

 

2. Types of mycorrhizal fungi 

The diagnostic feature of EM is the presence of hyphae 

between root cortical cells producing a simply netlike 

structure called the “Hartig net”. Many EM also have a sheath 

or mantle of fungal tissue that may completely cover the 

absorbing root. The mantle can vary widely in thickness, 

color, and texture depending on the particular plant-fungus 

combination. Mycorrhizal associations are of different types 

(Ectomycorrhizae, Arbuscular Mycorrhizae, 

Actendomycorrhiza, Ericaceous Mycorrhizae, Orchidaceous 

Mycorrhizae) but broadly categorized in to two viz. 

Ectomycorrhiza (EM) and Endomycorrhiza (VAM). 

 

2.1 Ectomycorrhizae 

These are found on woody plants ranging from shrubs to 

forest trees. Many of the host plants belong to the families 

Pinaceae, Fabaceae, Betulaceae, Salicaceae, Juglandaceae, 

Tiliaceae, Myrtaceae etc. About 4,000 fungal species, 

belonging primarily to the Basidiomycotina, and 

Ascomycotina, are known to form ectomycorrhizae. Some of 

these fungi produce fruiting (reproductive) structures in the 

form of mushrooms and puffballs on the forest floor. Some of 

the prominent species forming ectomycorrhiza and producing 

metabolites protecting the plants root systems against diseases 
[81].The general term for all mycorrhizal types where the 

fungus grows within cortical cells is endomycorrhiza.  

The diagnostic feature of vesicular arbuscular mycorrhizae 

(VAM) which are designated as arbuscular mycorrhizal fungi 

(AMF) are the development of a highly branched arbuscule 

within root cortical cells. The fungus initially grows between 

cortical cells, but soon penetrates the host cell wall and grows 

within the cell. In this association neither the fungal cell wall 

nor the host cell membrane is breached. As the fungus grows, 

the host cell membrane in vaginates and envelops the fungus, 

creating a new compartment where material of high molecular 

complexity is deposited. This apoplectic space prevents direct 

contact between the plant and fungus cytoplasm and allows 

for efficient transfer of nutrients between the symbionts. The 

arbuscules are relatively short lived. Vesicles are thin walled, 

lipid-filled structures that usually form in intercellular spaces. 

Primary function of vesicle is storage and production of 

reproductive propagules for the fungus. Reproductive spores 

are formed asexually (chlamydospores) by the differentiation 

of vegetative hyphae in the root or in the soil. AMF are 

formed by non-septate phycomycetes fungi belonging to 

genera viz., and in the Ectomycorrhiza (EM). Many EM also 

have a sheath or mantle of fungal tissue that may completely 

cover the absorbing root. The mantle can vary widely in 

thickness, color, and texture depending on the particular 

plant-fungus combination. 

 

2.2 Endomycorrhizae 

The complete term for all mycorrhizal types where the fungus 

grows within cortical cells is endomycorrhiza. The diagnostic 

feature of vesicular arbuscular mycorrhizae (VAM) which are 

designated as arbuscular mycorrhizal fungi (AMF) are the 

development of a highly branched arbuscule within root 

cortical cells. The fungus initially grows between cortical 

cells, but soon penetrates the host cell wall and grows within 

the cell. In this association neither the fungal cell wall nor the 

host cell membrane is breached. As the fungus grows, the host 

cell membrane in vaginates and envelops the fungus, creating 

a new compartment where material of high molecular 

complexity is deposited.  

This apoplastic space prevents direct contact between the 

plant and fungus cytoplasm and allows for efficient transfer of 

nutrients between the symbionts. The arbuscules are relatively 

short lived. Vesicles are thin walled, lipid-filled structures that 

usually form in intercellular spaces. Primary function of 

vesicle is storage and production of reproductive propagules 
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for the fungus. Reproductive spores are formed asexually 

(chlamydospores) by the differentiation of vegetative hyphae 

in the root or in the soil. AMF are formed by non-septate 

phycomycetes fungi belonging to genera viz., Glomus, 

Gigaspora, and Acaulospor and in the family Endogonaceae 

of the order Mucorales. Genus glomus is very common VAM 

fungi with common species fasciculatum, mosseae, 

constrictum, monosporum and macrosperma. 

 

2.3 Ericaceous mycorrhizae 
In mycorrhizal associations found on plants in the order 

Ericales, the hyphae in the root can penetrate cortical cells of 

plant (endomycorrhizal habit); however, no arbuscules are 

formed. 

 

2.4 Actendomycorrhiza 

Act endomycorrhizal formation induces the growth of short 

roots, similar to the EM association in apple seedlings. 

Emergent roots become covered in a matrix of highly 

branched hyphae, a coarse sheath develops behind the apex, 

between root hairs, and will eventually cover the entire root, 

except when the lateral roots grow very rapidly. 

 

2.5 Orchidaceous mycorrhizae 
Orchid seeds are colonized shortly after germination, and the 

mycorrhizal fungus supplies carbon and vitamins to the 

developing embryo. For achlorophyllous species, the plant 

depends on the fungal partner to supply carbon throughout its 

life. The fungi participating in the symbiosis are 

basidiomycetes, saprophytes and pathogenic. In mature 

orchids, mycorrhizae also have roles in nutrient uptake and 

translocation. 

 

3 Modes of mycorrhizae-mediated disease control 

3.1 Host nutritional effects (improved plant nutrition) 

Mycorrhizal plants are generally able to tolerate pathogens 

and compensate for root damage and photosynthate drain by 

pathogens [3 and 22], because AMF enhance host nutrition and 

overall plant growth. For example, [22] found that G. 

proliferum and a Glomus sp. isolate not only stimulated 

growth and increased shoot P content of banana in the 

presence and absence of the root rot fungus Cylindrocladium 

spathiphylli, but also reduced root damage by the pathogen, 

indicating direct interactions between the AMF and the 

pathogen. In contrast, some reports indicate that AMF are 

capable of biological control activity [9, 66]. It is believed that 

AMF interact equally with host plants, but in fact AMF prefer 

one host or host cultivar over another, as shown by Grey et 

al., [36] who reported that mycorrhizal barley cultivar WI2291 

not only exhibited greater control of the barley common root 

rot pathogen Bipolarissorokiniana than a mycorrhizal cultivar 

Harmal, but also produced significantly higher yields. On the 

other hand, biological control activity is dependent on the 

AMF species as demonstrated for common root rot of barley 

by Boyetchko and Tewari [22]. There are suggestions that root 

colonization by natural AMF communities occurring in field 

soils has an inverse relationship with B. sorokiniana infection, 

indicating not only a direct interaction between the AMF and 

the pathogen, but also an AMF-mediated improvement in host 

nutrition [79]. In contrast, there are also reports suggesting a 

lack of interaction between AMF and B. sorokiniana under 

field conditions [84]. Interaction between naturally occurring 

AMF and pathogens or the lack thereof in the field likely 

depends on the distribution of the organisms particularly 

under the different crop alternations. Significantly reduced the 

disease severity as a result of AMF colonization and enhanced 

P uptake followed by modifications in root exudation patterns 

has also been reported for take-all disease of wheat [33, 34]. 

Enhancement in host P nutrition is one of the initial proposed 

mechanisms of AMF-mediated pathogen or disease tolerance 

that is still very pertinent. 

 

3.2 Tolerance to pathogen 
Arbuscular mycorrhizal fungi are known to enhance plant 

tolerance to pathogens without excessive yield losses, and in 

some cases, enhance pathogen inoculum density. This 

compensation is apparently related to enhanced 

photosynthetic capacity [1, 42] and a delay in senescence caused 

by the pathogen, which cancels the positive relationship 

between disease severity and yield loss [42]. For example, 

soybean plants grown in the soil infested with M. phaseolina, 

Rhizoctonia solani, or F. solani exhibited lower shoot and 

root weight and plant height compared to control plants in soil 

not infested with the pathogens or with G. mosseae [87]. The 

incidence of infection by the pathogens was not affected by 

G. mosseae colonization but the mycorrhizal plants were able 

to tolerate infection of pathogens better than nonmycorrhizal 

plants.  

The efficacy and efficiency of AMF in promoting plant 

growth enables mycorrhizal plants to tolerate pathogens, as 

demonstrated by Hwang [43] using alfalfa challenged with P. 

paroecandrum and using olive seedlings. It is unclear whether 

mycorrhizal alfalfa tolerated P. paroecandrum or if other 

additional mechanisms were involved. Despite the presence of 

a pathogen benefits of AMF to susceptible hosts can occur 

until a pathogen inoculum threshold level, beyond which no 

AMF-mediated benefits can be realized [76]. On the other 

hand, high tissue P levels in mycorrhizal plants may not only 

improve vigor and fitness of the plant but also modify 

pathogen dynamics in the mycorrhizosphere by modifying 

root exudation [48]. Tolerance of the plant to a pathogen can 

vary depending on the AMF species and their ability for 

enhancing host nutrition and growth, although some 

ineffective AMF species reduce pathogen entry by triggering 

a defense reaction in plants [21]. For example, Matsubara et al., 
[54] noted that there were significant differences in the ability 

of G. margarita, G. fasciculatum, G. mosseae, and Glomus sp. 

R10 to not only enhance asparagus growth but also in their 

ability to tolerate the severity of violet root rot caused by 

Helicobasidiummompa. Asparagus seedlings inoculated with 

Glomus sp. R10 had the lowest incidence of violet root rot. 

This important fact highlights the care that needs to be 

exercised in the selection of AMF species for biological 

control of diseases. 

 

3.3 Qualitative and quantitative alterations in pathogen 

biomass 
Modifications in root exudate composition following changes 

in host root membrane permeability as a result of AMF 

colonization [34] can enforce changes in the rhizosphere 

microbial equilibrium [10, 48]. Changes in the rhizosphere 

microfloral community cancollectively benefit host plants by 

creating favourable conditions for the proliferation of 

microflora antagonistic to pathogens such as Phytophthora 

and Pythium spp. as shown for eucalyptus seedlings by [53]. 

Unfavourable conditions induced by AMF colonization 

resulted in qualitative changes in the mycorrhizosphere that 

prevented P. cinnamon sporangial induction in tomato plants 
[56]. Proliferation of G. mosseae inside grapevine roots was 

associated with a significant reduction in replant disease-
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causing fluorescent pseudomonad inoculum in soil [85]. 

Promoting AMF diversity that will ensure that at least a 

component of the AMF community may be active against 

pathogens can further enhance the benefits of this mechanism. 

 

3.4 Competition 

The AMF spores in soil are not known to compete for 

nutrients as spore reserves are utilized for survival until root 

contact is achieved. Following root entry, competition can 

occur for infection sites, host photo synthates, and root space 
[73]. Competition between AMF and pathogens can be used for 

physical exclusion of pathogen, if the host is pre-inoculated 

with AMF. Simultaneous colonization of AMF and the 

pathogen may not provide a competitive edge for AMF for 

inoculum build-up [20] because of its relatively slow growth 

rate compared with the pathogen. In contrast, some others 

have noted that competition may not occur between AMF and 

other organisms [69]. Competition, as a mechanism of 

suppressing pathogens by AMF did not receive much 

consideration, because in some cases pathogens were 

suppressed even in noncolonized root portions that was later 

described as induced resistance by AMF [64].  

 

3.5 Physiological and biochemical alterations of the host 
AMF colonization, host root tissue P levels are typically 

enhanced which modify the phospholipid composition and 

therefore the root membrane permeability resulting in a 

reduction in the leakage of net amount of sugars, carboxylic 

acids, and aminoacids into the rhizosphere [32, 33, 67]. These 

alterations apprehension the chemotactic effect of pathogens 

to plant roots and discourage pathogen entry. Prior 

inoculation of maize plants with G. mosseae decreased the 

number of Alternaria alternata colony forming units, but 

when both organisms were inoculated at the same time, there 

was no effect on pathogen inoculum density in soil [55]. It is 

possible that the G. mosseae symbiont altered membrane 

permeability of the host roots, thereby reducing the quality 

and quantity of substances exuded by the roots [32, 33], 

restricting pathogen propagule germination, indicating that 

the timing of inoculation can enhance bio control activity. 

Plant cells are capable of elaborating inhibitory substances 

during their metabolic response to pathogenic attack, which 

are considered to be important in imparting resistance in the 

plant tissues. Symbiotic associations have been found to 

enhance the concentration of these inhibitors many times 

greater than non-symbiotic roots. Pine (Pinus sylvestris) 

seedlings with variegatus symbiotic association have been 

found to produce eight times higher concentration of 

fungistatic compounds like terpenes and sesquiterpene. 

Similar compounds have been also reported in certain 

ectomycorrhizal fungi like Amanita and Rhizopogon. Several 

mycorrhizal fungi i.e., Amanita rubescans, Boletus 

variegatus, Pisolithustinctorious and Hebelomasarcophllum 

and have been found to produce various volatile organic 

compounds like ethanol, isobutanol, Isoamylalcohol, acetoin 

and Isobutyric acid and volatile substances are inhibitory to 

many pathogenic fungi some of which are Phytophthora 

Cinnamomum, Rhizoctonia undulates. 

Phymatotrichumomnivorum, Fomesannosus 

Pastalotiarhododendry etc. 

 

3.6 Systemic induced resistance 
Systemic-induced resistance (SIR) is typically the sustained 

induction of resistance or tolerance to disease in plants by 

previously inoculating with a pathogen, exposing to an 

environmental influence or treating with a chemical, which 

may or may not have antimicrobial activity [39]. Researchers 

have suggested that AMF-inoculated plants may employ SIR 

as a mechanism of biocontrol [11]. The SIR phenomenon in 

mycorrhizal plants is demonstrated as localized and systemic 

resistance to the pathogens [19]. 

An increase in the lignin deposition in plant cell walls 

following AMF colonization can restrict the spread of 

pathogens [23]. Using a split root system, Cordier et al., [19] 

demonstrated that G. mosseae protected tomato plants against 

P. parasitica by reducing pathogen development and spread 

by growing cell wall appositions containing callose close to 

the intercellular hyphae and accumulation of phenolic 

compounds and plant cell defense responses. Root damage 

was observed in portions of mycorrhizal root systems not 

containing mycorrhizal structures. The SIR reaction to the 

pathogen in mycorrhizal plants was further illustrated by host 

wall thickenings containing none sterified pectins and 

pathogenesis related (PR)-1 protein in the non mycorrhizal 

areas of the roots. They also noted that the PR-1 protein was 

found only in the pathogen-invaded tissues of pea. These 

responses were observed in the non mycorrhizal pathogen-

infected root tissues that ultimately led to cell death. Bodker 

et al., [8] reported that the observed increased resistance to A. 

euteiches in Gossaeintraradices-inoculated pea was probably 

due to an “induced systemic factor,” induced by G. 

intraradices. 

The AMF-mediated SIR phenomenon is speculated to play a 

role in the protection of potatoes against post-harvest 

suppression of potato dry rot, wherein dry rot in G. 

intraradix-inoculated potato was reduced by up to 90% 

compared to uninoculated control [23]. If inoculation of AMF 

for the disease control or surpasses the growth and 

reproduction phase of the host and extends to the storage 

phase of the product. The area of SIR response in mycorrhizal 

plants is silent developing and several aspects including 

whether all AMF species can equally elicit SIR response in 

the host are not known. Some researchers have examined the 

role of PR proteins in the disease control process mediated by 

AMF [52]. Enhanced levels of 10 different PR proteins were 

detected in cotton plants inoculated with G. mosseae, G. 

versiforme challenged with V. dahlia compared with plants 

not challenged by the pathogen. The PR proteins retarded the 

hyphal growth of V. dahlia and killed their conidia. This 

appears to be a promising field that can be used for the 

effective control of plant diseases. 

 

3.7 Phytoalexins and phytoanticipins 
Phytoalexins are produced in response to microbial infection 
[61], whereas phytoanticipins are stored in plant cells in 

anticipation of or prior to pathogen attack [82]. The level of 

phytoalexins elicited by pathogens has been shown to be 

much higher than those elicited by symbiotic organisms [86]. 

The function of an is o flavonoid molecule as a phytoalexin or 

phytoanticipin can be predicted based on the cellular location 

of the molecule [75]. An increase in the level of total soluble 

plant phenolics content such as iso flavonoids or flavonoids, 

lignin, syringic, ferulic or coumaric acids, etc. have been 

reported as synthesis of phytoalexins following AMF 

colonization of roots [41]. Some flavonoids that are not true 

phytoalexins may also respond to AMF colonization of roots 
[41, 83].  

The production of phytoalexins as a result of pathogen 

invasion in mycorrhizal plants has been explored. Tomato 

plants inoculated with G. mosseae posed greater resistance to 
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the pathogen F. oxysporum and were found to have increased 

phenylalanine and b-glucosidase activity and total phenol 

content in their roots compared to plants inoculated with 

either organism alone [23]. Sundaresan et al., [77] reported that a 

purified ethanol fraction of mycorrhizal cowpea root extract 

inhibited F. oxysporum in vitro. However, the isoflavonoid 

was not identified. Production of phytoalexins in mycorrhizal 

plants appears to be independent of the effect of fertilizer 

addition [14]. In general, in the presence or absence of 

pathogens in plant roots, phytoalexins are induced in 

mycorrhizal plants that neutralize the negative effects of 

pathogens. 

 

3.8 Hydrolases 
Differential expression of defense-related genes in 

mycorrhizal plants has been the recent focus of AMF 

mediated bio control [63]. Researchers have shown that AMF 

enter into host (e.g., tomato) roots and induce a local, weak, 

and transient activation of the host defence mechanism 

against pathogens such as P. parasitica, which involves the 

induction of hydrolytic enzymes such as chitinase, 

chitosanase, b-glucanase, and superoxide dismutase. In 

addition, portions of the mycorrhizal root system not 

containing mycorrhizal structures appear to have alterations in 

the constitutive isoforms of the enzymes indicating systemic 

changes following AMF colonization [63]. A high positive 

correlation between the level of glucanase activity in host 

tissues and pathogen resistance hasbeen established [35]. 

Further studies examining the role of these glucanases will 

help in the development of strategies for control of pathogens 

using AMF. 

 

3.9 Antibiosis 
Some researchers reported that the production of 

antimicrobial substances by AMF are not common. However, 

recently, it was shown that antimicrobial substances 

(unidentified) produced by the extraradical mycelium of the 

AMF species G. intraradices reduced conidial germination of 

F. oxysporum f. sp. chrysanthemi, which was independent of 

changes in pH [26, 27]. Budi et al. [12] isolated a Paenibacillus 

sp. strain from the mycorrhizosphere of Sorghum bicolour 

plants inoculated with G. mosseae that exhibited significant 

antagonism against P. parasitica. Regardless of the source of 

these bio control activities, it is important to realize and 

utilize the significance of AMF in plant disease control. 

Additional research in this area may prove to be fruitful in the 

control of pathogenic bacteria and fungi. 

 

3.10 Enhance tolerance to heavy metals (Bioremediation) 

The effect of AMF plants on trace elements uptake was 

reported. The AMF have higher shoot concentrations of 

copper (Cu) and zinc (Zn) when grown in soil with low 

concentration of these elements. Copper and zinc 

concentrations increased in leaves of AM soybean plants 

compared to nonmycorrhizal plants. Sulfur acquisition was 

enhanced in sorghum colonized by Glomus fasciculatum 

compared to non-colonized plants. Boron content was 

increased in AM maize shoot in acidic and alkaline soils 

while the acquisition of calcium (K), sodium (Ca) and 

magnesium (Mg) was also increased compared to the non-AM 

Gigaspora gigantea soybean plants in low Phosphorus. At the 

same time Gigaspora gigantea colonized maize plant 

decreased (K) and Ca but increased Mg acquisition [50]. 

Aluminium (Al) acquisition toxicity was lower in AM switch 

grass grown in acidic soil compared to non-AM plants [18]. 

The interaction between mycorrhizal fungi and other soil 

organisms are complex and often poorly understood; they 

may be inhibitory or stimulatory [28]. 

The PGPR interact with mycorrhiza in the mycorrhizosphere. 

Inoculation of Glomus faciculatum has shown a positive 

influence on actinomycetes population in tomato rhizosphere. 

The survival of Azotobacter paspali increasedin 

mycorrhizosphere [4]. Higher bacterial population and number 

of nitrogen fixer such as streptomycin were reported and it 

has been detected that plants in the presence of AMF and 

bacteria produced more Phytohormones [68]. The relationship 

between Phosphate-Solubilizing Bacteria (PSB) and AMF is 

well reported [5]. The PSB can survive longer in root’s 

mycorrhizosphere. A plant with higher concentration of P 

benefits the bacterial symbiont and nitrogenase functioning. 

Dual inoculation of AMF and PSB significantly increased 

microbial biomass and N and P accumulation in plant tissues 
[4, 5]. Mycorrhizae increased nitrogen nutrition in plant by 

facilitating the use of nitrogen forms that are difficult for 

mycorrhizal plants to exploit. Many rhizobium strains 

improve processes involved in AM formation (mycelia 

growth, spore germination) [6]. 

 

4 Examples of AMF-mediated plant disease control 
Soil borne pathogens were controlled by using several 

agricultural methods like resistant cultivar seed certification 

use of fungicides and crop rotation etc. there are many 

problems associated with controlling pathogens with long 

term persistant surviving structures due to difficulties in 

reducing the pathogen inoculum [1]. So now many workers 

were trying to use alternate approach based on either 

manipulating or adding microorganisms to enhance plant 

protection ad against pathogens [37]. The protective effect of 

mychorrhizal symbiosis against soil borne pathogen has been 

tested by many workers [24] etc. They concluded that AM 

association can reduce the ill-effects of soil borne pathogens 

through following mechanisms viz., enhanced plant nutrition 

uptake, damage compensation of plant, competition for 

infection or colonization sites, Anatomical and morphological 

changes in the root system and microbial changes in 

rhizosphere. 

 

4.1 Phytopathogenic fungi 
Plant pathogenic fungi contribute significantly to crop damage 

and hug amount of yield losses, followed by plant pathogenic 

bacteria and viruses. The potential of AMF to control various 

plant pathogenic fungi has been clearly demonstrated [7, 47]. In 

contrast, there are reports wherein AMF inoculation did not 

have any effect on disease severity [38]. In order for practical 

and routine use of AMF as protectors of plants against plant 

pathogenic fungi, AMF performance must be consistent, 

specific, and effective. Specificity of AMF for the control of 

crop diseases is crucial in order to mitigate any nontarget 

effects to beneficial micro-organisms.  

However, there are conflicting reports on the specificity of 

AMF. For example, inoculation of micro propagated banana 

with Glomus intraradices and a Glomus spp. isolate reduced 

rhizome necrosis and external disease symptoms caused by 

Fusarium oxysporum f. sp. cubense, but differences between 

the two AMF isolates were not noted, indicating that either 

both AMF species were equally effective against the pathogen 

or that they lacked specificity[45]. In contrast, eggplant and 

cucumber seedlings transplanted into soils inoculated with G. 

versiforme and subsequently challenged with Verticillium 

dahliae and Pseudomonas lacrymans alleviated wilt 
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symptoms caused by V. dahliae, but not G. mosseae, Glomus 

spp.-1, or Glomus spp.-2, indicating species-specific 

antagonistic symbiont– pathogen interactions [51]. Pozo et al., 
[64] demonstrated the expression of two new basic glucanase 

isoforms, a phytoalexin elicitor-releasing factor between G. 

mosseae and G. intraradices used for the control of 

Phytophthora parasitica var. nicotianae. Because of the 

potential of AMF as bioprotectors against phytopathogens, 

this is an area that needs further study. In order to enhance 

AMF efficacy, some researchers have used an AMF species 

mixture or a combination of microorganisms including AMF 

that act in concert to eliminate pathogens. For example, co-

inoculation of groundnut with G. fasciculatum, Gigaspora 

margarita, Acaulosporalaevis, and Sclerocystisdussii 

eliminated the damaging effects of Sclerotium rolfsii [49]. 

Also, tobacco inoculated with a mixture containing G. 

fasciculatum and Trichoderma harzianum effectively 

controlled damping-off caused by Pythium aphanidermatum 

and black shank disease caused by P. parasitica var. 

nicotianae [74]. 

In some cases, microbial mixtures act synergistically with 

pesticides to result in effective control of plant diseases. A 

combination of wheat straw, carbendazim, G. fasciculatum, 

and T. viride protected safflower seedlings from the root rot 

pathogen Macrophomina phaseolina, resulting in 100% 

seedling survival [65]. Sharma et al., [71] effectively managed 

ginger yellows disease caused by F. oxysporum f. sp. zingiberi 

using a combination of G. margarita, pine needles, and T. 

harzianum. The requirement of a fully established AM 

symbiosis for elicitation of bio protective activity by AMF 

has been disputed.  

The invasion of phytopathogenic fungi is said to be prevented 

by an aggressively root colonizing AMF species, indicating 

that AMF root colonization was satisfactory for control of 

disease. For example, Feldmann and Boyle (1998) [25] found 

an inverse correlation between G. etunicatum root 

colonization of begonia cultivars and susceptibility to the 

foliar pathogen caused by the powdery mildew fungus 

Erysiphe cichoracearum. However, it was not clear whether 

G. etunicatum colonization preceded infection by E. 

cichoracearum or whether pathogen suppression was 

accompanied by other mechanisms of biocontrol. Using an in 

vitro system, Filion et al. (1999) [6] demonstrated that extracts 

from the extraradical mycelium of G. intraradices reduced the 

conidial germination of F. oxysporum f. sp. chrysanthemi. 

Alternatively, alterations in the chemical equilibrium of the 

mycorrhizosphere may have resulted in pathogen control. In 

another study, pea mutants defective for mycorrhization and 

nodulation challenged with Aphanomyces euteiches required 

a fully established AMF symbiosis for protection against the 

pathogen [72]. 

Several researchers have been also demonstrated AMF 

mediated reduction of root rot disease in cereal crops [79] and 

take-all disease of wheat [31, 32]. Phytophthora spp., which 

cause diseases in a variety of plants have been model systems 

for AMF-mediated plant disease control. Using the AMF 

species G. intraradices and pathogen F. oxysporum f. sp. 

Lycopersici on tomato, Caron and co-workers have shown 

that the growth medium used (Caron et al., 1985) [16], the 

application of P (Caron et al., 1986a) [13], and pre-treatment of 

the growth medium with AMF (Caron et al., 1986c) [15]may 

influence disease severity. Despite proof of AMF potential in 

controlling plant diseases, few published reports have 

successfully demonstrated biological control of plant 

pathogens by AMF in the field (Bodker et al., [8] showed that 

pre-inoculating the annual grass Vulpiaciliata var. ambigua 

with an indigenous Glomus sp. and re-introducing the grass 

into a natural grass population extended a favourable effect 

against an indigenous F. oxysporum. Onion pretreated with 

Glomus sp. Zac-19 delayed the development of onion white 

rot caused by S. cepivorum by two weeks in the field and 

protected onion plants for 11 weeks after transplanting in the 

field and resulted in a yield increase of 22% [80].  

One of the first reports on the effect of indigenous AMF on 

the development of introduced A. euteiches infection and 

disease development on field-grown pea [8] showed that there 

was no correlation between AMF root colonization and 

disease incidence or severity, and emphasized the importance 

of field evaluations for authenticating the use of AMF as 

biocontrol agents. Although the indigenous AMF community 

composition was not described, this study underscores the 

importance of a richly diverse indigenous AMF community to 

defend plants from plant pathogens. Thus, there appears to be 

tremendous potential for AMF control of plant pathogens and 

the need for more detailed and well-planned and executed 

studies that will address problems of inconsistent and 

unreliable results. 

 

4.2 Plant pathogenic bacteria 
The AMF interact with functionally diverse bacteria such as 

diazotrophs, biological control agents, and other 

commonrhizosphere inhabitants (Nemec 1994) [59] that often 

result in significant changesin plant growth, yield, and 

nutrition. Interactions between mycorrhizal fungi and bacteria 

may have negative (Filion et al., 1999) [6] beneficial effects 

(Edwards et al., 1998), or have no effect at all on the plant 

pathogenic bacterium (Otto and Winkler 1995) [60]. Glomus 

mosseae prohibited the infection of soybean plants by P. 

syringae (Shalaby and Hanna 1998) [70], by suppressing the 

population density of the pathogen in soybean rhizosphere. Li 

et al. (1997) also reported that the G. macrocarpum reduced 

the infection percent caused by P. lacrymans in eggplant and 

cucumber, although no positive growth or yield effect was 

noted, indicating tolerance to the pathogen as a possible mode 

of action. Inoculation of mulberry with G. fasciculatumor G. 

mosseae in combination with 60–90kg of P per hectare per 

year reduced the incidence of bacterial blight caused by P. 

syringaepv. Mori (Sharma 1995) [71]. Inoculation of 

grapevines with AMF reduced the number of Pseudomonads 

fluorescent on the rhizoplane thereby reducing the incidence 

of grapevine replant disease (Waschkies et al., 1994) [85]. Otto 

and Winkler (1995) [60] Similarly result was also found that 

reduction in the colonization of apple seedling rootlets by 

actinomycetes causing replant disease was reported, while a 

proportionate increase in root colonization by AMF. 

 

4.3 Phytopathogenic viruses 
Viruses remain the least studied amongst all the plant disease 

causing target organisms listed for mycorrhizae-mediated 

biocontrol. The general response of mycorrhizal plants to the 

occurrence of viral pathogens is as follows: (a) mycorrhizal 

plants apparently enhanced the rate of multiplication of 

viruses in some plants (Nemec and Myhre 1984) [59], (b) more 

leaf lesions were found on mycorrhizal plants than on 

nonmycorrhizal plants [23], and (c) the number of AMF spores 

in the rhizosphere was reduced considerably [46, 59]. Enhanced 

viral multiplication and activity in mycorrhizal plants is 

speculated to be attributed to higher P levels compared to 

nonmycorrhizal plants. A similar effect was noted in 

nonmycorrhizal plants fertilized with plants. Some workers 
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found that host plants were more susceptible to AMF 

colonization following infection by a virus. For example, 

Schonbeck and Spengler (1979) [23] reported that following the 

inoculation of mycorrhizal and nonmycorrhizal tobacco 

(Nicotiana glutinosa L.) with Tobacco mosaic virus (TMV), 

mycorrhizal plants exhibited higher levels of AMF 

colonization. In contrast, mung bean yellow mosaic bigeminy 

virus reduced the AMF colonization and yield of mycorrhizal 

plants (Jayaraman et al., 1995) [46], while lack of response to 

viral infection by a mycorrhizal host was also demonstrated 
[78]. Early studies using electron microscopy revealed that 

mycorrhizae were not viral vectors because virus particles 

were absent in the AMF hyphae and around arbuscules, 

suggesting that AMF did not interact with viruses [44]. Thus, 

potential for the biocontrol of plant pathogenic viruses using 

mycorrhizae does not appear to be promising. However, it 

may be worthwhile to investigate the role of viruses in the 

reduction of mycorrhizal colonization and related host plant 

effects. 

 

5 Conclusions 

Literature presents a prosperity of evidence to indicate 

potential for AMF-mediated control of plant diseases. While 

it is generally recognized that mycorrhizae aid tree growth 

and that they probably are necessary for survival on many 

sites, the reasons for this benefit are not clear. It is usually 

ascribed to improved nutrition by the mycorrhizal, as 

compared to the nonmycorrhizal rootlet. Some workers, 

including the writer, believe that part of this benefit results 

from protection of delicate root tissues by the fungus 

symbiont from attack by parasitic fungi. This association of 

AM fungi with plants improves moisture and nutrient uptake 

efficiency of plant species resulting in increased vigor and 

endurance against biotic and abiotic stresses. It helps in 

establishment of plant species in nutrient and moisture 

deficient degraded soils. It reduces the vulnerability of plant 

species to pathogens by various protective mechanisms like 

(a) enhancing biochemical Défense mechanisms (b) 

production of plant growth hormones and antibiotics (c) 

altering root exudates as well as microbial population of 

mycorrhizosphere (d) utilizing surplus carbohydrates and thus 

reducing attractiveness of the root to pathogens, (e) serving as 

a physical barrier to infection, (f) secreting antibiotics, and (g) 

favouring. Visible aboveground symptoms often develop 

quickly following injury to roots. Forest soil, however, is a 

complex and variable ecosystem not easily studied. Disorders 

of fine roots, especially those involving delicate, un 

rubberized tissues, are difficult to discover and to inspect. 

Above-ground symptoms in older trees appear slowly and 

may escape detection until contributory factors hasten dying 

and obscure primary injury. Nevertheless, the pathologist 

must seek a better understanding of this important but long 

neglected segment of the root system. It is here that he may 

find the answers to many puzzling decline diseases 

confronting the forester today. In the future, 

mycorrhizosphere management must become one of the 

viable and well ecosystem friendly solutions to managing 

plant diseases and reducing pathogen inoculum. Thus, 

mycorrhizal incorporation can be considered as an important 

component of integrated disease management. 
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