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Abstract : Fungi are plant like organisms that do not have chlorophyll also known for mutualistic 

association with plants. Fungi have recently attracted considerable interest worldwide due to their mutualistic 

nature along with advance in technology pique one’s interest in green technology. Green technology is cost 

effective, environmentally friendly, locally available, socially acceptable and sustainable technology. The 

motto of bringing fungal symbiosis with green technology is to minimize the negative impacts of human 

involvement, their synthetic procedures, accompanying chemicals and derivative compounds. The exploitation 

of different types of chemicals and fertilizer degrades the quality of soil as well as plant product. At this time, 

biological resources like fungi, bacteria, plants and composting fertilizer have been used for the production of 

low cost, energy efficient and nontoxic environment friendly plant products which is considered a valuable 

approach in green technology. Fungal symbiosis also opens a way to pollution free environment by playing a 

significant role in salinity, drought, nutrients water uptake and heavy metal contamination which can be also 

helpful in agriculture development. During the development stage of world, we continually destroying the 

natural habitat of world. So based on the available information, this review article describes the basic 

understanding of fungal symbiosis in association with green technology.  

 

Keywords: mutualistic association, sustainable technology, friendly plant products, nutrients, heavy metal 

contamination.  

 

(1) Introduction 

Earth would have been monochromatic without green patches and devoid of life in absence of interactions. Studies have 

unravelled how simple molecules interacted with each other to form complex compounds which acted as a raw material 

for biogenesis on earth. Unicellular organisms interacted with their surrounding environment and later evolved to 

complex multicellular forms that is plant and animal life. These events show that interactions- both inter and intra biotic 

is key driving force for evolution and sustainability on earth. Among that googol of interactions, fungal symbiosis holds 

key position due to its significant and productive impact on plant kingdom (mycorrhizal association) (Figure 1).  Most 

of the species of plant including crop plants depend on mycorrhizal symbioses for their numerous fruitful services. Fungal 

symbioses perform several productive functions such as decomposition of organic material, nutrient cycling, mineral 

channelisation, enhancing water holding capacity thus improving soil fertility and plants growth. They also suppress 

phytopathogen growth (Sommermann et al., 0218). Species of Trichoderma (T. asperellum, T. atroviride, T. harzianum, 
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T. virens, and T. viride) are frequently used in biocontrol and are known as biostimulants for horticultural crops (López-

Bucio et al., 2015). They play pivotal role in agroecosystems, quality and quantity of food production and the efficacy 

of cropping system (Begum et al.,0219). Many species of fungi act as an effective biosorbent of toxic metals such as 

cadmium, copper, mercury, lead, and zinc, by accumulating them in their fruiting bodies and thus keeping a check on 

soil toxicity (Fr ˛ac M et al., 2018). It is an established fact the fungal association with plants also enhances plant’s 

tolerance to various abiotic stress such as drought, salinity and fluctuation in temperature (Begum et al.,0219). 

Importance fungal symbioses in soil management is well studied as it prevents soil from erosion (Chen et al., 2018). 

Furthermore, mycorrhizal fungi keep a check on emission of greenhouse gas that is N20 and thus indirectly helps in 

protection of ozone layer (Bender et al. ,2014). These potential impact of the fungal symbioses on plant productivity and 

soil health gives a new direction to the management of agro-economics and agro-ecosystem by cultivating soil fungal 

biodiversity to augment soil fertility and productivity which maycome to be called “2nd green revolution” (Bagyaraj and 

Ashwin, 2017). In this review, we emphasised on the role of the mycorrhizal fungi as a potent tool for eco-friendly green 

technology to enhance agricultural productivity. ` 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Ecosystem function and plant growth regulation by mycorrhizal symbiotes 

Source: Fr˛ac M et.al (2018) 
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(2) Importance of fungi in aspect of plant. 

Recent studies have revealed that the early plant evolved from non-photosynthetic eukaryotes by engulfing 

photosynthetic cyanobacterium which further evolved to chloroplast (Ponce-Toledo et al., 2017). They 

required specific adaptations such as protection from high radiation, cuticle, vascular system and most 

importantly certain adaptations to facilitate plants to extract and absorb water and nutrient from the substrate 

in absence of well-developed root system which evolved later (Brundrett, 2002). Fungal symbioses may have 

played some crucial role in the settlement of land by descendants of freshwater algae (de Vries and Archibald, 

2018). Evidence from recent studies indicates that the appearance of mycorrhizal fungi in early land plants was 

a remarkable event and thus, mycorrhizal fungi appear to be a monophyletic innovation that may have 

facilitated the rapid colonisation of landmass by vascular plants (Delaux, 2018). Thus, it is plausible to 

conclude that early rootless plants were involved in  various fungal associations (Read et al., 2000) and are 

still observed today as the roots  coevolved with the mycorrhizal symbioses in vascular plants (Brundrett, 

2002). The mycorrhizal association effectiveness and productive services led to selection of this association 

by majority of the land plant in almost all the ecological niches. Most of the plant species including crop plants 

depend on mycorrhizal symbioses including ectomycorrhizae, ericoid and arbuscular mycorrhizae (Michaelson 

et al., 2008) for resource acquisition and defence. Among the most ancient and widespread of plant symbiosis 

are the mycorrhizal associations of plant roots and fungi (Brundrett, 2002). The term “mycorrhiza” is derived 

from the Greek words for “fungus” and “root”: attractive philological evincing of such biological interactions. 

The root of the plant releases specific compound for the selection of mycorrhizal coloniser in rhizosphere 

(Mendes et al.,2013). The mycorrhizal fungi can influence nearly every aspect of ecosystem function (Dighton, 

2003), especially processes that occur in soils such as decomposition of organic carbon, transformations of 

nitrogen and phosphorus and hence maintaining the soil health (Treseder and Lennon, 2015). The breakdown 

of organic matter is chiefly dependent on mycorrhizal fungi which are key drivers of nutrient cycle (Dahlberg 

and Bültmann, 2013). Furthermore, the extracellular enzymes released by the mycorrhizal symbioses 

Mycorrhizal 

Symbionts 

Figure 2: Ecosystem function and plant growth regulation by mycorrhizal symbiotes 
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breakdown organic phosphorus and nitrogen into simper forms and facilitate phosphorus and nitrogen cycle 

(Sinsabaugh, 1994). Studies have revealed that plant showing mycorrhizal interaction exhibit increased 

resistance to pathogen (Cameron et al., 2013). They enhance the resistance to pathogen generally through 

improved nutrient uptake which is known as systemic acquired resistance (SAR) or through preparing the plant 

for faster and stronger reaction to pathogen which is known as induced systemic resistance (ISR) (Conrath et 

al., 2006) and thus facilitating plant in healthy growth. The mycorrhizal fungi show cosmopolitan distribution 

and are found in mostly all the major ecosystems (Rosendahl et al., 2006) and plays pivotal role in protecting 

plants against abiotic stresses (Chitarra et al., 2016) therefore provide fruitful services to the host plant both in 

wild and in agriculture (Nadeem et al., 2017). The mycorrhizal symbioses facilitate improved plant nutrition 

as they aid in absorption and translocation of nutrients beyond the depletion zone of rhizosphere of the plant. 

Furthermore, they interact with the phytohormone of the host   plant and mediate the plant development 

(bioregulators) and induce tolerance to abiotic stress (bioprotector) (Rouphael et al., 2015) by promoting root 

system development (Gutjahr and Paszkowski, 2013). Figure 2 depicts the various fruitful services of 

mycorrhizal symbionts in respect to ecosystem function and plant growth. The beneficial services of the 

mycorrhizal fungi to the host and plant and its productivity are discussed further in detail.  

 

(a) Ectomycorrhizal fungi 

Ectomycorrhizal (ECM) fungi form association with plant of family Fagaceae, Pinaceae, and dipterocarpaceae 

found in temperate and arboreal forest and have economic importance (Futai et al., 2008). Ectomycorrhizal 

fungi (EcMF) are mostly belonging to Basidiomycetes with Ascomycetes and Zygomycetes. The Hartig 

network serves as the interface for metabolic interaction between the fungus and the root in the symbiotic 

association with host plant. The mycorrhizal mantle is connected to fungi filaments that extend into the soil 

(extraradical mycelium), and it is specifically involved in the recruitment, absorption, and translocation of soil 

nutrients and water to the roots. EcMF plays a significant role in the maintenance of forest ecosystems by 

colonising the roots of most plant species (Tedersoo et al., 2010). It has been documented from studies that 

EcMF plays an important role in seedling survival, establishment, and growth in various forest habitats (Smith 

and Read, 2008). Furthermore, studies have shown that EcMF act as in regulators of global carbon and nitrogen 

cycles in terrestrial ecosystem (Kumar and Atri, 2018) as enzymes such as proteases and chitinases secreted 

by EcMF breakdown the organic matter into simpler forms for assimilation (Nehls and Plassard, 2018). They 

also facilitate and enhance phosphorus availability as they secrete organic acids and phosphatases and also 

increases their mycelium input to improve phosphorus intake by the host plant (Plassard and dell, 2010). The 

EcMF colonisation of the root, on the other hand, provides defence to seedlings against soil pathogens 

(Laliberté et al 2015). Moreover, EcMF act as potential tool to mitigate the adverse effect of abiotic stresses 

such as salinity stress and heavy metal stress on host plant (Zwiazek et al., 2019; Luo et al., 2014). Under the 

effect of global climate change, meticulous research on correlation between the nutrient functioning of EcMF 

and their distribution pattern can give more precise and accurate information regarding the ecological impact 

of EcMF on the sustainability of forest ecosystem. 

 

(b) Endomycorrhizal fungi 

Endomycorrhizal fungi mainly belong to Zygomycota, Basidiomycota and Ascomycota. These endophytic 

fungi enter plants by spore formation and exist friendly within plant tissues and their emergence is observed 

during host tissue senescence. The major form of endomycorrhiza, arbuscular mycorrhiza, has been widely 

researched for its role in enhancement of plant productivity (Bonfante and Genre, 2010). The establishment of 

endophytic mycorrhizal association with the host occurs in successive stages (Genre et al., 2005).  The 

formation of endophytic mycorrhiza occurs in distinct stages through evolution and development of fungal 

hyphae during root colonisation (Harrison, 2012).  The endophytic fungi form mycelial network extending 

under the root of the plant symbiont and facilitates nutrient uptake by the plant. The mycelial network isn’t 

confined to single plant but invades roots of various plants irrespective of the species and forms a common 

mycorrhizal network (CMN) (Begum et al, 2019). The CMN formed by these symbioses is considered as the 
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key factor in fungal mediated channelisation of nitrogen and phosphorous to plant (Smith and Read, 2008).  It 

is well established fact that endophytic fungi increase the tolerance of host plant to pathogens and protect them 

from diseases (Ownley et al., 2008). Furthermore, the studies have revealed their ability to boost and improve 

soil characteristics subsequently vitalise plant growth in optimum as well as in stressful condition (Navarro et 

al., 2014). Fungal endophytes have ability to mitigate the abiotic stress on plant such as drought, salinity and 

heavy metal toxicity (Shukla et al,20120; Khan et al,2011; Li et al 2012) by regulating various changes in host 

plant morpho-physiological traits (Hashem et al, 2015). Furthermore, endophytic fungi particularly arbuscular 

mycorrhizal fungi are known to act as eco-friendly and natural growth regulator for various terrestrial plants. 

These arbuscular mycorrhizal fungi are used in horticulture and agriculture as bio-inoculants and are promoted 

widely by researchers as a potent biofertilizer for sustainable crop productivity (Barrow, 2012). Studies have 

shown that inoculated soil was observed with higher extra radical hyphal mycelium in comparison to non-

inoculated soil (Syamsiyah et al., 2018). The potency of these endophytic mycorrhizal symbioses as 

bioregulator and bioprotector has attracted researchers and several eco-friendly bioproducts for enhancement 

of the plant productivity and resistance to diseases are already available in market (Whipps and Lumsden, 

2001). 

 

(3) Fungal symbiosis and soil fertility 

Soil is a finite natural resource that is vulnerable to erosion, deterioration, and pollution. Apart from this, use 

of extensive agrochemicals for increasing the crop productivity has put adverse effect on soil health and 

fertility. Furthermore, excess application of these chemical-based fertilisers may lead to contamination and 

pollution of neighbouring water bodies and ground water. There is need of eco-friendly tools for maintenance 

and improvement of soil fertility. The plant-microbe interaction found is rhizosphere is considered as a major 

determining factor of soil fertility (Hayat et al., 2010). The fungal component regulates various crucial soil 

function such as decomposition of organic matter, cycling of nutrient, mineral channelisation, soil compaction 

and aggregation, enhancement of water holding capacity, plant growth regulation and keeping a check on 

phytopathogens (Neemisha, 2020). The mycorrhizal fungi facilitate carbon cycle (Fernandez et al., 2016) 

through reallocation of carbon either via priming the organic matter mineralisation pathway (Lindahl and 

Tunlid, 2015; Fernandez et al., 2016) or by fixing of carbon in recalcitrant organic compounds ((Sousa et al., 

2012). During development, fungal symbionts form extensive network from the mycorrhizal roots leading to 

formation of a mesh or complex with the surrounding soil (Wilson et al., 2009). This mycelial network of the 

mycorrhizal fungi is major contributor to total soil microbial biomass (Leake et al. 2004). The network formed 

by the mycorrhizal symbionts play a significant role in binding action on the soil particle and enhance the 

structure of soil. Furthermore, a hydrophobic proteinaceous substance that is glomalin (Rillig et al., 2002) 

which is secreted by the symbionts facilitate soil stability and improves water holding capacity of the soil 

(Bedini et al., 2009).  The mycorrhizal fungi are known to enhance the phosphorus uptake in plant growing in 

phosphorus deficient soil (Parewa et al., 2010). Studies have shown that mycorrhizal association can improve 

nitrate ion assimilation under abiotic stress such as drought (Azcon et al., 1996). Mycorrhizal symbionts have 

shown to boost supply and uptake of micronutrients such as nitrogen, phosphorus, zinc, magnesium, 

manganese and calcium to the root of host plant and thus aid in improving soil quality and fertility (Smith et 

al., 1994). It is well established fact that addition of biopolymers such as chitin can improve suppressive nature 

of the soil as it can destroy pathogenic fungal cell wall. The soil fungal and microbial diversity regulate the 

suppressiveness of the soil (Cretoiu et al., 2013) and can be used as an eco-friendly technique for eradication 

of soil pathogen. Moreover, studies have shown that mycorrhizal endophytic fungi can improve tolerance of 

host plant to biotic and abiotic stress via ethylene or salicylic acid pathways (Lahlali et al., 2014). The 

evaluation and determination of the soil fungal diversity can be used as an important indicator not only for the 

biodiversity indexes but also to analyse the significance of the fungal diversity in soil quality and soil health. 
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(4) Fungal symbiosis in Plant production 

The excessive use of chemical fertilisers to enhance the plant productivity especially the crop plants has led to 

deterioration of soil health and also has nettled the effect of abiotic stress on plant productivity (Begum et al., 

2019). The symbiotic fungi specially the arbuscular fungi come to the rescue as it acts as bio-fertilisers without 

having any ill-effect on soil ecosystem. Several studies have shown positive impact of fungal symbiosis on 

plant’s tolerance to abiotic stresses such as drought, salinity, herbivory, temperature, heavy metal toxicity and 

diseases due to pathogenic fungus (Abdel-Salam et al., 2017). They facilitate plant to grow vigorously under 

stressful condition by mediating a series of complex communication events between the plant and the fungus 

leading to enhanced photosynthetic rate and other gas exchange-related traits (Birhane et al., 2012).   

Most of the plant species including crop plants depend on fungal symbioses for resource acquisition and 

defence. Among the most ancient and widespread of plant symbioses are the mycorrhizal associations of plant 

roots and fungi (Brundrett, 2004). The term “mycorrhiza” is derived from the Greek words for “fungus” and 

“root”: an attractive philological evincing of such biological interactions. Fungi can influence nearly every 

aspect of ecosystem function (Dighton, 2003), especially processes that occur in soils such as decomposition 

of organic carbon, transformations of nitrogen and phosphorus and hence maintaining the soil health (Treseder 

and Lennon, 2015). Both partners benefit from the relationship: mycorrhizal fungi improve the nutrient status 

of their host plants, influencing mineral nutrition, water absorption, growth and disease resistance, whereas in 

exchange, the host plant is necessary for fungal growth and reproduction (Facelli et al., 2009). Soil fungi 

produce different types of extracellular enzymes which aid in decomposition of organic and soil components 

thus regulating the balance of carbon and nutrients (Zifcáková et al., 2016). The extensive hyphal network 

developed in the soil by the symbiotic fungi, termed as wood-wide web, connect the whole plant communities 

of that habitat facilitating efficient linear transfer of nutrients (Helgason et al., 1998) and thus enriching the 

soil quality and enhancing the plant productivity. Keeping in view the productive services of the fungal 

symbioses towards the plant productivity, we can hypothesise that the fungal symbioses can be an effective 

tool for eco-friendly and sustainable management of plant productivity with major emphasise on crop plant 

productivity. It has potency to enhance agricultural productivity to meet the growing demand of the population 

without having detrimental effect on the agri-ecosystem that is soil health and can serve as platform for the 

establishment of green technology.  

 

(5) Role of different type of fungi in plant productivity 

 

(i) Saprophytic fungi 

Saprophytic fungi are considered as initiator of decomposition process (Maltz et al., 2017) as they act as 

primary decomposer on cellulose, lignin and other complex organic macromolecules (Berg and McClaugherty, 

2014). The potent lignocellulolytic enzymes secreted by the saprophytic fungi helps breakdown of the complex 

organic compounds and plant litter into simple inorganic molecules such as sugars, amino acids, NH4
+, PO4

−3, 

H2O and CO2  which can be easily assimilated by the plants (Baldrian and Valášková, 2008). The complex 

hyphal network of the saprophytic fungi facilitates soil mineralisation and carbon cycling (Francioli et al., 

2020). Several studies have revealed that the hyphal chord of the saprophytic fungi have ability to translocate 

carbon, phosphorous and nitrogen thus helping in nutrient distribution in soil (Crowther et al., 2012). The 

mycelial system of the saprophytic fungi helps the plant to counteract the negative effect of the herbivory and 

grazers by increasing nutrient uptake through fine hyphae (Bengtsson et al., 1993). We can conclude that the 

saprophytic fungi enrich the soil with nutrient through decomposition and also helps in channelisation of these 

nutrients through their hyphal chord and thus enhancing the plant productivity. 
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(ii)  Pathogenic fungi  

Fungal pathogen are the organisms which can incite disease in its host. They are important agents in shaping 

structure, composition, succession, and landscape patterns of a particular habitat. Most of the fungal pathogens 

have detrimental effect on the plant productivity. But some of the pathogenic fungi share friend and foe 

relationship with the plants. Soil pathogens are considered an important part of the negative microbial feedback 

that helps to determine species richness over large environmental gradients. When looking at the complex 

niche level, negative impacts on one species can favour another by reducing competition or improving nutrient 

cycling. Mutualistic and symbiotic advantages (e.g., mycorrhizal fungi and endophytic antagonists contained 

in grasses) or useful attributes as biological control agents are often found in organisms with pathogenic 

conduct (Winder and Shamoun, 2006). For example, the wood-rotting fungus Phlebiopsis gigantea has been 

used as a biological control tool to check the spread of Heterobasidion annosum which is causative agent of 

annosus root and butt rot, (Roy et al., 2003). The chemical herbicides and weedicides used in agri-system also 

eliminates the useful microbes with the target leading to deterioration of soil health. Studies have revealed the 

potency of fungal pathogen as mycoherbicides which can be used to keep a check on growth of weed population 

(Wall et al., 1992) which can reduce the competition for nutrient thus improving the plant productivity of that 

particular area.  The comprehensive research studies of niche of pathogenic fungi could reveal more beneficial 

role of these pathogens.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(6) Fungal symbiosis and Soil management 

Soil management is a crucial step for enhancement of productivity of plant species especially the crop plants 

and also for the maintenance of soil health (Bhardwaj et al., 2014). Plant experience both abiotic and biotic 

stress such as drought, salinity, heavy metal toxicity, extreme temperature hampers the plant’s growth and 

productivity (López-Ráez, 2016). Dependency on chemical-based fertilizers as a soil management strategy has 

aggravated the negative effect of these abiotic stress on plant’s productivity and soil health (Begum et al., 

2019). Of the known fungal symbiotes, the arbuscular mycorrhizal fungi (AMF) play a pivotal role as 

bioengineer to maintain the soil structure and enhances the plant’s plasticity to the changing unfavourable 

Figure 3: Shielding effect of mycorrhizal symbiosis against various stresses. 
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external condition apart from enriching the soil with essential nutrients (López-Ráez, 2016). AMF has ability 

to regulate certain traits of the host such as growth, flowering and root structure thus helps the plant to enhance 

its plasticity to overcome abiotic and biotic stress (Pozo and Azcón, 2007) (Figure 3). During drought, AMF 

ameliorate plant’s sturdiness possibly by increasing surface area for water absorption through extension of its 

hyphal network (Smith, S.E) or by improving the apoplastic flow of water (Bárzana et al., 2012).  Evelin et. 

Al (2009) hypothesised that AMF alleviate the salinity stress by improving the ion homeostasis, enhanced 

phosphorous intake and hyperactivity of antioxidant enzymes. Under heavy metal stress, the colonisation of 

AMF with root of the host plant leads to expression of specific genes which regulate the synthesis of proteins 

(metallothionein) which increases the tolerance of the plant to the stress (Rivera-Becerril et al., 2005). 

Temperature is one of the most importance abiotic stress which can hamper the plant’s growth. Studies have 

shown that AMF improves the tolerance of plant to extreme heat or cold (Hajiboland et al., 2019) by increasing 

accumulation of osmolytes, enhancing the photosynthetic capacity and protecting the plant from oxidative 

damage (Zhu et al., 2011). The role of fungal symbioses particularly the AMF in different abiotic stress is 

discussed below.  

(i) Soil erosion  

Agricultural malpractices decrease the aggregation and stability of soil particles resulting in increased dispersal 

of soil particles and hence adversely affecting the soil structure (Cardoso and Kuyper, 2016). Studies have 

shown that the members of soil biota decrease the soil erosion by formation and stabilisation of soil aggregates 

(Rillig and Mummey, 2006). AMF improves the soil structure by creating a three-dimensional matrix through 

it dense hyphal network of highly branched mycelium which cross-links the soil particles (Rillig et al., 2002). 

Apart from forming the mesh to crosslink the soil particles, the AMF hyphae produce glomalin glycoprotein 

which also contributes to maintenance of soil structure (Singh and Tripathi, 2013). Glomalin in soil increases 

the carbon storage which affects the soil compaction and stability and hence, soil structure (Cardoso and 

Kuyper, 2016).  Glomalin related soil proteins (GRSP’s) play a vital role in aggregation of soil particles 

(Wilson et al., 2009). Thu the AMF plays a pivotal role in maintenance of soil structure and prevention of soil 

erosion.  The fruitfulness of AMF is especially important for plants growing in dry sandy soils in arid climates. 

Soil found in these regions are mainly low in fertility and extremely susceptible erosion caused due to wind 

and rain. In such regions, planting mycorrhizal plants may be a long-term solution for erosion control and soil 

fertility improvement. 

 

(ii) Salinity 

Soil salinity has become one of the most severe abiotic factors in many countries of the world (Pitman and 

Läuchli, 2002). The use of chemical fertilisers and improper irrigation techniques has intensified the salinity 

stress (Daei et al., 2009) posing a serious threat to the global food security. Salinity stresses supress the plant 

productivity by reducing the assimilation rate (Hasanuzzaman et al., 2013) and also promotes excessive 

formation of reactive oxygen species (Ahanger and Agarwal, 2017). Studies have shown the potency of AMF 

in mitigating the adverse effect of salinity on plant growth (Latef and Chaoxing, 2011). Plants show increased 

dependency on AMF symbiosis which indicates its significance in alleviation of salinity stress on plant growth 

(Tian et al., 2004).  AMF enhance the tolerance of plant to salinity stress by improving ion balance (Asghari 

et al., 2005) and also protects the soil enzymes (Giri and Mukerji, 2004). Recently, it has been reported that 

AMF have valuable effect on photosynthetic rate, stomatal conductance and leaf water retention of plants 

growing under salinity stress (Ait-El-Mokhtar et al., 2019). High sodium adversely affects the chlorophyll 

concentration in the leaf by inhibiting the magnesium absorption. AMF has shown capability to increase the 

magnesium absorption required for the synthesis of chlorophyll thus alleviating the adverse effect of sodium 

on photosynthetic rate (Miransari et al., 2009). The hyphal network of mycorrhizal symbioses prevents plant 

dehydration and turgor loss by increasing the water intake by plant (Latef et al., 2014).  Organic solutes such 

as proline, glycine, betaine and soluble sugars are accumulated in arbuscular mycorrhizal plants which 

contribute to adjustment of cellular osmotic balance, detoxification of reactive oxygen species and stability of 

useful enzymes (Sanchez et al., 2008). AMF inoculated plants have shown higher concentration of key growth 

regulators such cytokinin under salinity stress (Asiya et al., 2014).  Studies have also revealed that AMF 

http://www.ijcrt.org/


www.ijcrt.org                                                  © 2021 IJCRT | Volume 9, Issue 9 September 2021 | ISSN: 2320-2882 

IJCRT2109193 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b749 
 

inoculated plant show enhanced production strigolactone which mitigates the adverse effect of salinity stress 

on plants. The above-mentioned role of the fungal symbioses particularly the AMF shows that these symbioses 

can play crucial role in coping up with the salinity stress and have potency to increase the plant productivity 

by mitigating the adverse effect of the salinity stress. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(iii) Drought 

Due to irregular precipitation, drought is becoming one of the major abiotic stress which has deleterious effect 

on plant growth and productivity (Posta and Duc, 2020).  It has harsh impact on crop productivity and hence 

puts the global food security in jeopardy (Zhang et al., 2018). Drought or water scarcity stress act as constraint 

for enzyme activity, ion uptake and nutrient assimilation causing detrimental effect on plant’s growth (Ahanger 

et al., 2017). Water scarcity induces stomatal closure, which decreases CO2 influx and, as a result, reduces 

photosynthetic activity and carbon partitioning (Osakabe et al., 2014). Apart from these, drought stress can 

cause osmotic stress leading to turgor loss which results in inhibition of growth and development in plant 

(Selmar and Kleinwaechter, 2013). Several studies have also revealed that drought stress induces increased 

production of reactive oxygen species which leads to membrane damage and cell death in plants (Gill and 

Tuteja, 2010). Studies have provided strong evidence regarding the potency of the AMF to alleviate the stress 

caused to plant due to drought  (Moradtalab et al., 2019). The extended network of AMF hyphae increases the 

water absorption by providing efficient access to small soil pores or by improving apoplasticity (Auge,2001). 

AMF association with plant regulate certain key physiochemical processes such as osmotic adjustment (Dar et 

al., 2018).  Abscisic acid (ABA) is one the major stress phytohormonal signal which governs key physiological 

activities such as transpiration rate and aquaporin expression. The ABA responses control the stomatal 

conductance and cause closure of stomata leading to reduced water loss. The AMF symbioses regulate the 

stomatal conductance by controlling ABA metabolism (Ouledali et al., 2019). AMF also mediates 

modifications in some other phytohormones such as strigolactones and jasmonic acid which mitigates the water 

stress by improving hydraulic conductivity (Fernando lizaro and Moreno-Fonseca, 2016).  Plant with AMF 

colony show increased concentration of antioxidant such as superoxide dismutase, catalase and peroxidase 

which detoxifies the reactive oxygen species (Ruiz-Lozano, 2003). Sustainable agricultural practices and 

Figure 4: Process involved in alleviation of drought stress by mycorrhizal symbiotes (AMF). 

Source: Bahadur et. Al (2019) 

http://www.ijcrt.org/


www.ijcrt.org                                                  © 2021 IJCRT | Volume 9, Issue 9 September 2021 | ISSN: 2320-2882 

IJCRT2109193 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b750 
 

management of natural resources are catching attraction due to their eco-friendly nature and economic viability. 

AMF can be used as an effective tool to formulate cost effective and eco-friendly strategies to mitigate the 

adverse effect of drought stress on the plant and thus enhancing their productivity (Figure 4).  

 

(iv) Temperature extremities stress 

Anthropological activities such deforestation, fossil fuel combustion and emission of greenhouse gases from 

industries has put adverse effect on climate. These has caused abrupt seasonal duration and has led to 

fluctuation in optimum temperature range. The change in temperature beyond the optimum range has 

deleterious stress on plant growth (Zhu et al., 2011). Exposure of plant to low or high temperature stress 

disturbs many essential physiological and biochemical mechanisms (Zhu et al., 2017). Several studies have 

proven the efficacy of the AMF to enhance the tolerance of AMF inoculated plant to the extreme temperature 

(Caradonia et al., 2019). AMF protects the plant from the unfavourable condition by enhancing the water and 

nutrient absorption rate, photosynthesis efficiency, osmolyte accumulation and protective plant from oxidative 

damage (Zhu et al., 2017). The heat stress adversely affects the plant productivity by imparting retarded growth, 

wilting of leaves, abscission and senescence of leaves, discolouration of fruits, increased oxidative stress, cell 

death and reduced yield (Wahid et al., 2007). Studies have revealed that AMF inoculated plants show better 

growth under heat stress in comparison to the non-inoculated plants (Gavito et al., 2005).  Under heat stress 

AMF facilitate development of the plant’s root system which provides increased uptake of water and nutrient 

and protects the photosynthetic apparatus from getting damaged (Mathur and Jajoo, 2019). Cold stress severely 

affects the plant growth as it induces membrane damage due to dehydration related to freezing (Yadav, 2010). 

It was observed that low temperature leads to reduction of hydraulic conductance and impairment of stomatal 

control (Aroca et al., 2003). Plant also exhibit alteration in chlorophyll concentration and reduced chloroplast 

development (Farooq et al., 2009). Chen et al. (2013) in their study concluded that inoculation of plant with 

AMF can increase its tolerance to cold stress. AMF can absorb and retain moisture (Zhu et al., 2010) thus aids 

the plant in combating dehydration. The plant inoculated with the AMF show increased production of 

secondary metabolites which improves their immune system and also increases their protein content to tackle 

the cold stress condition (Latef and Chaoxing, 2011). Under cold stress, AMF symbiosis with plant have shown 

substantial increase in chlorophyll synthesis in the plant which help the plant to combat the unfavourable 

condition (Zhu et al 2010). Further research and advancement can aid in shaping the services of these fungal 

symbioses into an eco-friendly tool to tackle the reduction in plant growth and productivity due to extreme 

temperature. 

 

(v) Heavy metal contamination  

Metals such as copper, iron, manganese, zinc, nickel, cadmium and magnesium at lower concentration act as 

catalyst for different important biochemical mechanism or as a cofactor of several enzymes in plant physiology 

(Nies,1999). Heavy metals and metalloids can accumulate in soils due to contamination from increasingly 

developing industrial fields, mine tailings, dumping of high metal wastes, fertiliser application, sewage sludge, 

pesticides and coal combustion residues (Wuana and Okieimen, 2011) and thus increasing its concentration. 

The high concentration of heavy metal in soil has detrimental effect on its health, plant growth and can pose 

serious health issues in human as they can enter the body through various agricultural products (Yousaf et 

al.,2016). The contamination of soil with heavy metal can cause deterioration of soil function such as filtering 

and buffering (Vamerali et al., 2010). On the other hand, high concentration of heavy metal in soil when 

absorbed plant can interfere with structure of enzyme and hence disrupting their function by affecting the 

protein structure (Sajedi et al., 2010). Furthermore, interaction of heavy metal with plasma membrane of plant 

can lead to change in its permeability and functionality as these metals can alter the structure of intrinsic protein 

such H+-ATPases (Hall, 2002). In addition, the heavy metal toxicity can induce oxidative stress leading to 

appearance of toxicity symptoms such as chlorosis, growth retardation, browning of roots and cell cycle arrest 

(Schützendübel and Polle, 2002). The conventional strategy for remediation mainly relies on the physical 

displacement, transport and storage of contaminated which is however an expensive procedure also leads to 
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removal of soil microflora from the site. Several studies have shown that more than 80% of plants growing on 

mining sites exhibit AMF colonisation (Wang, 2017). AMF play a crucial role in bioaugmentation as it can 

alleviate the heavy metal toxicity stress on plant by soil remediation. Researcher have found that AMF has 

ability to mitigate adverse effect of cadmium on the plant growth by the process of phytostabilisation 

(Janousková et al., 2007). The roots of plant growing under heavy metal stress when colonised by AMF induces 

expression of certain genes which govern synthesis of proteins such as metallothioneins which alleviates the 

toxicity stress (Rivera-Becerril et al., 2006). The fungal hyphae have ability to immobilise the heavy metal in 

the cell wall by formation of vesicles or arbuscles (Weiersbye et al., 1999) which keeps heavy metals out of 

the plant or lowers its concentration (Hildebrandt et al., 2007). Arbuscular mycorrhizal association under heavy 

metal stress induces production of several antioxidant enzymes such as gluthatione S-transferase, superoxide 

dismutase, cytochrome P450 and thioredoxin which protects the plant from oxidative stress (Hildebrandt et al., 

2007). The extensive network of the AMF hyphae allows it to absorb excess nutrients even beyond the growing 

zone of the plant’s root (phytoremediation) (Leyval et al. 2002). The ability of plants inoculated with AMF to 

absorb high level of heavy metals provides a favourable platform for reduction of heavy metal from soil 

(phytoextraction) which contribute to positive soil health (Figure 5). These fruitful services of AMF can be 

used as potential tool to maintain good soil health (Christie et al. 2004) which consequently enhances growth 

and productivity of plant under heavy metal stress. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(7) The potential role of Mycorrhiza in Sustainable agriculture 

 Heavy dependence on chemical fertilisers to enhance crop productivity has adverse effect on soil microbiota, 

soil health and can also lead to groundwater pollution and eutrophication of waterbodies (Youssef and Eissa, 

2014). The agricultural malpractices have led to plateaued crop productivity due to soil degradation (Grassini 

et al., 2013). Exponential growth in population has placed unparalleled pressures on agriculture and natural 

resources. A billion people are  

Figure 5: Role of mycorrhizal symbiotes (AMF) in coping up with heavy metal stress in plants. 

Source: Göhre and Paszkowski (2006) 
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critically malnourished today, while the conventional agricultural practices degrade soil, water, diversity and 

climate on a global scale. To satisfy the world's food security and growing needs, food production must increase 

drastically and also agriculture’s environmental footprint must decline dramatically (Foley et al., 2011). 

Keeping in mind the significance of soil fungal diversity in enhancement of agro-ecosystem productivity as 

discussed above, the management of these soil fungal diversity can be an effective novel strategy for eco-

friendly acceleration of crop productivity to meet the growing demand (Ellouze et al., 2014). AMF symbiosis 

has got major attention from researchers around the world due it’s multifunctional services in plant nutrition, 

protection from pathogen, stress tolerance and soil structure stability service (Leafheit et al., 0214; Gianinazzi 

et al., 2010). Table 1 shows some widely used inoculant which are used as eco-friendly tool to mitigate the 

adverse effect of abiotic stress on plants. Biofertilisation that is improving the diversity and population of 

micro-organisms such as AMF using microbial inoculants (biofertilisers) can be an eco-friendly alternative to 

chemical fertilisation as it facilitates plants to effectively utilize essential mineral elements such as nitrogen 

and phosphorus (Alori et al., 2017). Studies have shown that AMF can be to harness to improve nutrient level 

in crop and biofortification and can influence crop quality (Lehmann et al., 2014). The beneficial services of 

the mycorrhizal association are not just limited to the facilitation of nutrient to plants. The extensive network 

of the mycorrhizal hyphae plays crucial role in maintenance of soil structure, increasing soil aggregation and 

consequently increases the soil pore size (Mardhiah et al., 2016). Soil rich in mycorrhizal symbioses have 

shown better water holding capacity and increased tolerance to drought stress (Ortiz et al., 2015). Studies have 

shown that agricultural malpractices and disturbance caused due anthropogenic activities leads to decline in 

mycorrhizal fungi population (Helgason et al., 1998).  In order to address the decline in mycorrhizal fungal 

population, researchers around the world are focused on applied research for the development of mycorrhizal 

technology for production and application of mycorrhizal inoculants (Vosatka et al. ,2012).  
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STRESS HOST PLANT FUNGAL 

SPECIES 

RESPONSE REFERENCE 

Drought Glycine max Arbuscular 

mycorrhizal fungi 

Enhancement of 

photosynthesis rate, 

relative growth rate 

and leaf area index. 

 

Pavithra and Yapa 

(2018) 

Drought Poncirus trifoliata Funneliformis 

mosseae, 

Paraglomus 

occultum 

Improved hyphal 

length, water 

absorption rate and 

leaf water holding 

capacity. 

Zhang et al. (2018a) 

Drought Triticum aestivum L. Glomus mosseae, 

Glomus 

fasciculatum, 

Gigaspora decipiens 

Increase in plant 

growth parameters 

total chlorophyll 

pigment 

concentration. 

Pal and Pandey 

(2016) 

Drought Pelargonium 

graveolens 

Rhizophagus 

intraradices, 

Funneliformis 

mossea 

Enhanced nutrient 

concentration, 

glomalin related soil 

proteins (GRSP) and 

essential oil content. 

 

Amiri et al. (2015) 

Heat Triticum aestivum L Rhizophagus 

irregularis, 

Funneliformis 

mosseae, 

Funneliformis 

geosporum, 

Claroideoglomus 

claroideum 

Increased nutrient 

channelisation and 

nutrient composition 

in root. 

Cabral et al. (2016) 

Heat Zea mays Rhizophagus 

intraradices, 

Funneliformis 

mosseae, F. 

geosporum 

Increased leaf length 

and number,plant 

height, chlorophyll 

concentration, 

photosynthesis rate, 

stomatal 

conductance and 

transpiration rate 

Mathur et al. (2016) 

Metal toxicity Sesbania rostrata Glomus mosseae Formation of root 

nodules, and 

increased N and P 

concentration. 

Lin et al.(2007) 

Metal toxicity Trigonella foenum-

graecum L. 

Glomus 

monosporum, G. 

clarum, Gigaspora 

nigra, and 

Acaulospora laevis 

Enhanced 

antioxidant 

enzyme’s function. 

Abdelhameed and 

Rabab (2019) 

Metal toxicity Cajanus cajan L. Rhizophagus 

irregularis 

Improved root 

biomass, nutrient 

status and proline 

synthesis. 

Garg and Singh 

(2017) 

Salinity Cucumis sativus L. Glomus etunicatum, 

Glomus 

intraradices, 

Glomus mosseae 

Improved biomass, 

enhanced 

photosynthetic 

pigment synthesis 

and antioxidant 

enzyme 

Hashem et al. (2018) 

Salinity Solanum 

lycopersicum L. 

Rhizophagus 

irregularis 

Increased leaf area, 

leaf number and 

levels of growth 

hormones. 

Khalloufi et al. 

(2017) 
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Mycorrhizal technology aims at enhancing the mycorrhizal services in context of yield improvement and 

sustainability of ecosystem within given socioeconomic constraints (Lamarque et al., 2014). Besides the 

advantages such as ease of production of inoculants, the long-term effect of these mycorrhizal inoculant on the 

native mycorrhizal fungal communities is still unknown (Schwartz et al., 2006).   It is likely that fungal 

inoculation encourage competition among the fungi within the soil which facilitates propagation of species 

likely to offer benefit to plant to which they associate and may lead to desirable outcome for sustainable 

agricultural productivity (Field et al., 2002). In other case, there could be possibility of incompatibility between 

crop plant and mycorrhizal genotypes which may result in parasitic behaviour of the fungi leading to increased 

carbon drain on host plant consequently causing reduction in yield (Klironomos, 2003). There is a need of in-

depth research and comprehension regarding impact of mycorrhizal inoculants on these factors, for analysis 

and assessment of the quality and efficacy of the inoculants and for formulation of proper standards and 

certification for such products (Schwartz et al., 2006). 

 

(8) Need, challenges and future perspectives of fungal symbiosis 

The mycorrhizal symbiosis draws key attention of the researchers due to its productive services. The major 

areas of mycorrhizal symbiosis include mechanism supporting the development of the symbiosis, the 

mycorrhizal biome, the extent and function of mycorrhizal network and depth comprehension of the role of 

mycorrhizal symbioses in nutrient dynamics. In recent years significant progress has been made in identifying 

the key elements such as plant symbiotic signalling pathways, root colonisation mechanism and host-microbe 

interface development involved at in establishment of symbiotic interaction between plant and mycorrhizal 

symbioses (Martin et al., 2017). These studies have deepened our comprehension about maintenance of 

mycorrhizal symbiosis and has aided in enhancing our pragmatic approach. Studies related to plant physiology 

conducted under the light of genomics and transcriptomics have revealed the significance of intraspecific 

variation in host plant and mycorrhizal symbioses in their interactions with one another as well as their 

responses to the abiotic environment (Gehring and Johnson, 2018).  Still, due to development of research on 

mycorrhizal symbiosis into separate disciplines has led to a void of partial understanding of mycorrhizal 

operations. The genes involved in establishment and maintenance of the mycorrhizal symbiosis are still 

ambiguous. Thus, the probing of symbiotic gene networks involved in the molecular cross talk between plant 

and fungus is a major challenge to comprehend their coexistence and elements involved in establishment of 

symbiotic interaction. Furthermore, advance research is required to associate molecular statistics and metabolic 

trails with eco-physiological and ecological processes to have deep insight about the mycorrhizal functioning 

(Van der Heijden et al., 2015). There is still void of information regarding the complete plant microbiome that 

is, all fungal species associating with plants (Hacquard and Schadt, 2014). With advancement in sequencing 

technology and bioinformatics, it might be possible to decipher precise mycorrhizal network and also their 

interaction in context of complete food webs (Tedersoo et al., 2014). The coevolutionary processes that occur 

between plants and mycorrhizal symbioses are still poorly understood, especially the physiological 

mechanisms underlying stability of mycorrhizal mutualism. Biological business models for describing plant-

mycorrhizal fungi relationships are appealing, but they need more refinement and expansion (Van der Heijden 

et al., 2015). In recent years, novel strategies and technology for mass production of AMF as inoculant (Ijdo 

et al., 2011) has been developed making its application cheaper and more reliable in agriculture and thus giving 

Salinity Aeluropus littoralis Claroideoglomus 

etunicatum 

Increased stomatal 

conductance, α-

amino acids and Na+ 

and K+ 

assimiliation. 

Hajiboland et al. 

(2015) 

Salinity Solanum 

lycopersicum L. 

Glomus intraradices Improved ion uptake 

and chlorophyll 

content. 

 Hajiboland et al. 

(2010) 

Table 1: Widely used fungal inoculant as eco-friendly tool to mitigate the effect of abiotic stress on plants. 
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higher output-input ratio (Ceballos et al., 2013). At present, there is need to develop biogeochemical model 

which can facilitate in prediction of correct timing for application of mycorrhizal technology. Furthermore, the 

novel mycorrhizal technologies require meticulous research support and research need for different mechanism 

of the technology.  Defining the parameters influencing the mycorrhizal effectiveness is needed to be prioritise 

as it will aid in preventing agricultural management practices from interfering with mycorrhizal mediated 

benefit. In recent years, despite expansion in mycorrhizal technology trend, the market value of mycorrhizal 

products is still far from its full potential.  Besides the technical hurdles, mycorrhizal technology product may 

face political and regulatory constraints, quality assurance and product efficacy (Chen et al., 2018). There is 

lack of regulatory bodies which can set quality assurance parameters to ensure its efficient application in 

agricultural production. There is void for information regarding formulation of optimum dosage of inoculant 

or propagule density. Furthermore, the customer awareness and acceptance are another major constraint in 

achieving full potential of mycorrhizal technology. Despite the increasing popularity of biostimulants and 

biofertilizers, the use of conventional chemical fertiliser products remains the most widespread practise among 

farmers. The strategy to tackle this case could be field trials to demonstrate the benefits of the mycorrhizal 

technology over chemical-based fertilisers for enhancement of production in agriculture and horticulture 

((Vosatka et al, 2008). At present, monetary support for the advancement of mycorrhizal technology is 

hindered by unreasonable assumptions or expectation and, on the other hand, a perception of repeated failures 

in context to its effect. There is an immediate need for dialogue aimed at clarifying the essential difference 

between uncertainty and variability (Lehmann and Rillig, 2014): as they are not same but are often viewed as 

such by both scientists and stakeholders. 

This is a great time for the mycorrhizal scientific community as availability powerful and precise instruments 

has eased the information collection and research. The scientist working on mycorrhiza can demonstrate the 

societal significance of their finding and research by emphasising on the role of fungi as biofertilizers, 

bioprotectors and as an eco-friendly tool enhance the agricultural productivity. The fungal fruitfulness to the 

crop productivity should be seen as gift and constructive measures should be taken for their efficient application 

and utilisation.   

 

(9) Conclusion and future Insight 

The statistical studies show that world’s population will exceed approximately to nine billion by 2050 

(Rodriguez and Sanders, 2015). In order to increase global agricultural production and to meet food security 

for growing population, global agricultural production is going to doubled. The agricultural sector heavily 

relies on the use of chemical-based fertilisers and pesticides for increasing the crop production. These practices 

have adverse effect on the soil health, ecosystem and cause biotic stress on plant. Abiotic stresses such drought, 

salinity, heavy metal toxicity and extreme temperature poses detrimental effect on the agricultural production. 

Anthropogenic activities such as heavy metal dumping from the industries contaminates the soil leading to 

metal toxicity. These heavy metals can also lead to ground water pollution and adverse health effect on human 

if it enters the food web. Thus, there in need to formulate strategies which are eco-friendly in order to achieve 

agricultural sustainability. The studies have revealed the significance of mycorrhizal fungi in coping up with 

both biotic and abiotic stresses in plants. Use of mycorrhizal fungal inoculant as bio-fertiliser is well 

documented. Furthermore, the capability of mycorrhizal fungi in mitigation of abiotic stresses is well 

established. The use of mycorrhizal technology as eco-friendly tool for enhancement of agricultural production 

is still in its infancy and requires more research and field demonstration. Research in the field of mycorrhiza 

has conventionally developed into separate disciplines addressing different organisational levels. This isolation 

has created a void for complete knowledge regarding mycorrhizal functioning (Ferlian et al. 2011). There is 

need to integrate the research on mycorrhizal research in order to have a deep comprehension regarding 

potential of mycorrhizal fungi as an eco-friendly tool for enhancement of agricultural production. Rodriguez 

and Sanders in 2015 stated that ecologist can help in effective utilisation of mycorrhizal fungi for enhanced 

agricultural sustainability in four different aspects. These aspects include determining the survival and 

infection capacity of inoculated mycorrhizal fungi among already existing indigenous mycorrhizal fungi 

populations, obtaining a better understanding of the adaptability of alien mycorrhizal fungi to a foreign climate, 

the importance of genetic diversity among mycorrhizal fungal species and its effect on plant development, and 
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determining whether there is a direct or indirect impact on crop productivity by inoculated mycorrhizal fungi. 

The future research emphasise should be laid on identification of genes and gene product which regulate the 

mycorrhizal fungal mediated growth and development under stress condition to mitigate deleterious effect of 

abiotic stress on crop productivity. Furthermore, there is need of exploration of mycorrhizal symbioses at all 

level to comprehend their role as bio-fertilisers for sustainable agriculture practice and also to formulate 

strategies to use mycorrhizal fungi as a fuel to propel green technology. 
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