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Introduction 
Sustainable agriculture conserves ground water, soil 

structure, soil biodiversity and ecosystem services for future 
generations, factors that are threatened by modern industrial 
agricultural practices. A number of approaches to achieve 
sustainability have been proposed that include improving 
water quality by reducing nutrient overload and pesticide 
contamination, improving water-use efficiency by, for example, 
using reduced-volume irrigation to prevent run-off, minimum- 
and no-till culture methods to reduce disturbance of topsoil 
structure, and incorporating recycled waste organic materials 
(OM) into fields. Soil OM is a source and a sink for nutrients, 
improves soil structure, holds soil water and is a substrate for 
soil biotic activity. 

A dynamic ‘living’ soil is crucial if sustainable agriculture is 
to benefit from positive plant-soil feedback [1] status that could, 
in short-term agricultural production systems, encourage and 
sustain crop-plant establishment and growth, and simultaneously 
preserve rhizosphere microbiome [2] diversity. Further, such 
soils can promote multi-functionality which supports the 
beneficial effects of cover crops [3], and facilitate synergism 
in little researched interactions that occur in intercropping 
systems. Lareen et al. [4] suggest plant exudates may encourage 
“plant-beneficial microbial communities” in agricultural soils 
that could enhance disease suppression.

Arbuscular mycorrhzal fungi (AMF), phylum 
Glomeromycotina, evolved with plant roots and form a  

 
symbiotic association with most vascular plant families. 
A notable agricultural crop exception is Brassicaceae, but 
when incorporated into crop rotation, a traditional practice 
in sustainable agriculture, AMF population dynamics and 
rhizosphere microbiome diversitycan be maintained. There 
is abundant evidence that AMF stimulate growth and enhance 
nutritional quality of agricultural and horticultural crops [5,6]. 
Hyphae of AMF colonize plant roots and proliferate throughout 
the soil, particularly in the top 20-30cm. 

Soil disturbance and compaction can severely damage hyphal 
networks, ‘webs’ that connect inter-and intra-specific plant roots, 
radically reducingmycelial inoculum potential in subsequent 
crops, further justification for the practice of minimum-or no-
till culture methods. In exchange for photosynthate carbon (C), 
which is distributed throughout the hyphosphere, the hyphae 
forage phosphorus (P) [7] and nitrogen (N) [8], facilitating 
plant nutrient uptake from beyond the root depletion zone. 
Where soil P is deficient plants depend upon the mycorrhizal 
pathway, the fungi readily enhancing uptake. Species’ densities 
and diversity can then be high. Limited application of rock-
phosphate P fertilizers in agricultural soils can improve this, 
with corresponding plant biomass increase [9].

There is significant reductionin AMF biomass when 
artificial P fertilizers are copiously applied [10]. The P-exchange 
mechanism may be of particular importance where high-grade 
rock-phosphate reserves are a finite resource that will eventually 
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be depleted. Assessment varies from 50 years to the middle of 
the 23rd Century [11]. The AMF and N association is more 
complex. Unlike P, AM fungi do not enhance the acquisition of N 
when at low levels in soil. Johnson et al. [12] found that where 
the fungi are likely to be mutualistic in P limited systems, in N 
deficient soils they may be commensal or even parasitic. There 
is evidence that N deficiency ameliorated by artificial fertilizers 
can enhance AMF biomass but corresponding plant growth 
increase is inconsistent.

Johnson et al. [12] attribute this to variable N:P stoichiometry, 
a management problem that might be largely overcome 
by maintaining adequate levels of OM in soils. Arbuscular 
mycorrhizal fungal hyphae preferentially invade OM [13]. This 
suggests that a build-up of organic materials in soils could lead 
to increase in AMF diversity [14] and hyphal biomass [15],in 
functional efficiency [16], and in consequent plant growth [17]. 
Nuccio et al. [18] reported significant export of N from OMvia the 
AMF pathway and Köhl et al. [19] mention a number of studies 
of conservation tillage and direct seeding, organic agriculture 
practices, that have reported increased plant P uptake. However, 
the OM amendment itself can affect AMF. 

For example, Cozzolino et al. [20] found maturity of 
decomposed litter can increase or reduce AMF biomassand 
Leifheit & Rillig [21] reported decomposition of higher C:N ratio 
litter was stimulated by AMF, whereas in lower C:N ratio materials, 
decomposition was decreased by AMF. Considerable evidence 
describes a hydrophobicglomal in-related soil protein,rich in 
C, that is exuded from hyphae throughout the web, aggregating 
mineral particles [22] that, bonded with particulate OM, stabilize 
soil crumb. There are a number of further significant functional 
roles that AMF play. Plant micronutrients uptake is also facilitated. 
Species have been shown to reduce root invasion by microbial 
soil-borne plant pathogens and plant uptake of phytotoxic 
heavy metals. Improved host-plant water balance in periods 
of ample water and drought has been described, reduction in 
insect herbivory by AMF-induced plant response, increase in 
insect pollination and percentage increase in Fı generation seed 
germination. The fungi are also reported to have increased the 
density of insect herbivore parasites in trophic food webs. For 
a comprehensive review of AMF ecology see Willis et al. [23]. 
There is evidence of alteration in AMF community brought about 
by invasive plant exudates that directly assists plant success 
[24,25], a phenomenon often overlooked in plant-soil feedback 
enquiry. 

Evidence presented by Rillig et al. [26] & Toljander et al. [27] 
suggests AMF structure soil microbiota community. Nuccio et 
al. [18] demonstrated that one particular AMF species altered 
rhizosphere microbial community. More recent evidence by 
Zhang et al. [28] describes synergy between two species of 
AMF and a phosphate solubilizing bacteria (PSB) species, the 
authors suggesting the interactions observed may even indicate 
cooperative behaviour. Global food security is a serious issue. An 

estimated World population of nine billion by 2050 puts intense 
pressure on agricultural soils that are already being depleted, 
and on losses of forests and wet lands to agricultural cultivation 
in attempts to maintain commensurate food production levels.

Considerable effort is currently in progress to produce 
effective and widely accessible AMF bio-fertilizers in the 
form of propagules coated in materials that sustain viability 
during storage, and promote high percentage germination on 
application. Much more research in this field has yet to be done, 
including the efficacy of single-species applications as opposed 
to consortiums that might extend efficiency and function. Further 
research areas, for example, might be: 

a. Which plant growth promoting micro-organisms and 
PSB complement which AMF species’, and are there effective 
generalist combinations that might be applied as bio-
fertilizers? 

b. Which fungal species’ show preference to particular 
agricultural crop phenotypes-and, if it occurs, the opposite?

c. To what extent does variation in soil type, and the 
addition of OM to it, have an effect on these tri-partite 
relationships, plant-AMF-microbes?

d. Must AMF bio-fertilizer application be undertaken 
on a regular (say annual) basis? Horn et al. [29] described 
evidence of the ‘driver’ theory, i.e. plant community the 
determinant of AMF community, in anestablished species-
rich semi-arid grassland community. Can a phylogenetically 
diverse AMF hyphal web be established in agricultural soils 
that can withstand the short-term plant life-cycles of varying 
plant genotypes encountered in cropping systems?

It is clear that AMF biology has extensive effect on both 
above- and below-ground biotic communities. The phylum has 
been intrinsically involved in soil-plant relations since green 
plants first climbed onto dry land. It is not unlikely that the 
high functional diversity encountered in AMF [12] can make 
a considerable contribution to agricultural sustainability in 
“ecologically engineered” [30] soils [31,32].
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