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Role of arbuscular mycorrhizal fungi in soil and
water conservation: a potentially unexplored
domain

Trisha Roy, Uday Mandal, Debashis Mandal* and Devideen Yadav

There is a general consensus that nature-based biological measures can be used as a valuable tool
to improve land quality. Microbial technology, e.g. use of mycorrhizal fungi, has been considered a
beneficial option in the rehabilitation of disturbed and degraded lands. Mycorrhizal fungi are
extremely important to improve soil aggregation and in turn the porosity, erodibility and even soil
fertility. This article provides an insight into how mycorrhizal fungi might play a role in reclama-
tion and revegetation of degraded lands with special focus on soil and water conservation. External
hyphae of arbuscular mycorrhizal fungi (AMF) can bind the small soil particles into micro aggre-
gates by producing a glycoprotein (glomalin) which alone can account for 30-60% of carbon in
undisturbed soils. Glomalin is derived specifically from the hyphae of AMF and has not been
reported in any other fungal species. Besides agriculture, the presence of AMF in the grassland and
forest ecosystems is also of great significance as it helps in establishment of native plant species,
soil improvement and carbon storage. The increasing interest of soil conservationists in this glyco-

protein is also highlighted in this article.
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SoIL degradation has serious consequences on biomass
productivity and environmental quality. Soil being a non-
renewable resource and the basis for 97% of all food pro-
duction, strategies to prevent its depletion are critical for
sustainable development'”. In the past, natural environ-
ments were full of mycorrhiza that were associated with
roots of most plants naturally. However, over time, due to
soil erosion, drought, soil compaction, depletion of
organic matter and other degradation factors, these sym-
biotic fungi have become less prevalent in soils, and their
ecosystem benefits have reduced significantly. Accele-
rated soil erosion is also among the most pressing
environmental problems, resulting in degradation of eco-
system function, decreased productivity and agricultural
sustainability’. The primary importance of mycorrhizal
association in restoration and revegetation of degraded
lands has been well recognized, and its reintroduction is
essential to reverse degradation®.

The association between plant roots and mycorrhizal
fungi is almost 450 million years old. This symbiotic as-
sociation is one of the most important components of the
sustainable soil plant system’ and is present in majority
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of plant species, barring a few®. The fungal hyphae act as
an extension of the plant root system and help in better
acquisition of nutrients through exploring more soil
volume. The plant gets benefitted in terms of higher
nutrient availability, whereas the fungus derives food
from the plant and coexists along with the plant roots.
The nutrient-supplying capacity of vesicular—arbuscular
mycorrhiza (VAM) can reach up to almost 80% for phos-
phorus (P), 25% for nitrogen (N) and zinc (Zn), 10% for
potassium (K) and 60% for copper (Cu)’. This helps in
improving plant growth and productivity, as well as
alleviating drought stress and reducing the incidence of
pathogen infections'. Besides the direct impact, VAM
also modifies the rhizosphere soil. The hyphae act as
extended plant roots forming a mesh-like structure. This
is capable of binding the soil particles and enhances
aggregate formation. This active role of VAM in soil
aggregation makes it a potent soil conservation agent
with multitude of benefits being derived from it.

Arbuscular mycorrhizal fungi and soil
aggregation

Soil erosion involves breakdown of aggregates and sepa-
ration of soil particles (disruption of soil structure), fol-
lowed by relocation and deposition of sediments. Each
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erosion process has a strong influence on the state and
dynamics of soil organic carbon (SOC)', as it is closely
associated with soil structure. The soil structure is also
central to various soil functions like nutrients, moisture
and gaseous fluxes'?. Thus for soil conservation, healthy
soil structure is a prime prerequisite. Soil structure is
simply defined as the arrangement of soil separates (i.e.
sand, silt and clay) into micro (<0.25 mm diameter) and
macro (>0.25 mm diameter) aggregates. The micro
aggregates are bound further with the help of different
primary mechanisms, of which the arbuscular mycorrhizal
fungi (AMF) hyphae play a crucial role. Micro aggregates
are glued to each other by transient binding agents such
as polysaccharides and polyuronides to form macro
aggregates. The contribution of the fungal hyphae in soil
formation, however, varies with the position of the soil,
i.e. rhizosphere or non-rhizosphere. The rhizosphere soil
is more effectively bound by AMF hyphae, but its influ-
ence reduces greatly in the nonrhizosphere soil. This is
because AMF is an obligate symbiont and cannot survive
in the absence of host plant roots. The contribution of
AMEF in the soil aggregation process can be described by
three steps as follows'”.

e The hyphae may act as a structural support to hold the
sand, silt and clay together to form the aggregate.

e The hyphae along with plant roots provide a condu-
cive environment for the formation of micro aggre-
gates.

e The hyphae act as a mesh and help in entangling the
micro aggregates together to form macro aggregates.

These three steps are not exclusive, but occur simulta-
neously within the soil. The hyphae play a major role in
bringing about soil aggregation and improving soil stability.
Thus using AMF for soil conservation provides double
benefit through the production of extracellular polymeric
substances as well as hyphae for soil aggregation'.

Factors affecting the growth of AMF vis-a-vis
conservation

Nutrient concentration in soil

Nutrients in the soil have a strong influence on the
growth, sporulation and efficiency of AMF. One of the
widely studied nutrients in relation to AMF is P. AMF
play an important role in increasing P availability to
plants by exploring larger soil volumes and mobilizing P
through extended hyphal network. Contrasting reports
related to the effect of P fertilization on AMF coloniza-
tion exist in the literature. Root colonization by AMF is
reported to increase under continuous P fertilization'’,
whereas reduction in spore density due to P fertilization
in comparison to P non-fertilized plots has also been ob-
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served'®. Generally P deficiency activates AMF sporula-
tion leading to higher spore densities under non-fertilized
conditions. However, irrespective of the soil P status,
presence of AMF enhances P supply to the host plants.
With respect to N, no singular trend exists in the litera-
ture. Reduction in the colonization of roots due to long-
term application is reported in some studies'’, while
others indicate an increase in AM hyphae and glomalin-
related soil protein (GRSP) due to N fertilization'®.

Soil temperature

Soil temperature plays an important role in determining
the colonization of plant roots by mycorrhiza. Generally,
temperature lower than or equivalent to 5°C effects colo-
nization and the plants are not able to be inoculated'’.
With increase in soil temperature between 10°C and 30°C,
increasing colonization of the roots occurs. Overall, a
temperature between 6°C and 18°C reduces the transloca-
tion of C from host plants to AMF and reduces their
growth®. However, P translocation to plants via AMF
hyphae is not affected in the temperature range 10°C to
25°C (ref. 21). Overall, care should be taken to avoid
applying inoculum if soil temperature is <7°C (ref. 22).

Soil moisture and aeration

The importance of soil moisture in AMF inoculation
depends on both the plant species and AMF species, and
cannot be generalized”. Commonly inoculation with
AMF can provide tolerance against extreme drought con-
ditions as well as waterlogging situations®**’. Increased
soil moisture content up to field capacity or higher
enhances AMF colonization by plant roots”®. AMF help
in alleviating drought stress through their indirect influ-
ence on water-stable aggregates®’. AMF are aerobic in
nature, and highly waterlogged soil conditions adversely
influence their growth and colonization”*’. Highly
waterlogged soils show poor vertical distribution of AMF
as well as surface concentration of fungi population, indi-
cating poor colonization™.

Soil pH

Soil pH plays an important role in determining the inocu-
lation of AMF in plants. The different AMF species
respond differently towards soil pH. Though there is no
optimum pH range favourable for AMF colonization,
neutral to slightly alkaline pH is preferred by AMF>,
Infestation with Glomus fasiculatum occurs extensively
between pH 5.3 and 7.5, whereas Glomus sp. (WUM16)
is able to colonize clover roots only at higher pH*'. A pH
drop beyond 5.5 reduced infestation in oats®’, whereas
chia plants showed highest inoculation when grown under
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P-limited alkaline conditions (pH 8.2)*°. On the contrary,
AMF associated with forest tree species like pine, oak,
etc. which are acidophilic in nature, cannot survive in
neutral to alkaline conditions®.

Crop rotation and tillage

Different crops have varying capacities to colonize with
AMF, and crop rotation strongly influences AMF popula-
tion in the soil. A rotation of wheat—chickpea witnessed
60% higher AMF colonization in wheat when grown after
chickpea compared to wheat—canola crop rotation™.
Since AMF are obligate symbionts, presence of a host
plant is essential for their survival. Rotation of a host
plant (like cowpea) with a non-host plant (like mustard)
resulted in 13% decline in AMF population, while keep-
ing the land fallow reduced AMF up to 40% (ref. 36).
Therefore, to maintain a healthy, inherent AMF popula-
tion in the soil, suitable host crop species are essential®’.

Intensive tillage operations disrupt the growth of roots
as well as fungal hyphae, and AMF population reduces
under heavy tillage practices. Thus, conservation tillage,
minimum and reduced tillage which causes minimum dis-
turbance of the soil, enhances growth and development of
AMF propagules.

Soil organic matter

Higher organic matter positively influences AMF popula-
tion. Long-term fertilization experiments, including addi-
tion of straw and farmyard manure (FYM) encourage the
growth and biodiversity of AMF*®.

Impact of AMF on soil and water conservation

AMF actively participate in the process of soil and water
conservation through improvement in soil aggregation,
increase in the water-stable aggregates and protecting the
SOC. With the discovery of glomalin, a protein of AMF
origin®**’, the role of AMF in soil conservation is being
refurbished.

AMF hyphae, soil aggregation and conservation

The association of AMF with host plants has a positive
impact on root architecture and influences the moisture
regime in the rhizosphere. AMF offer more efficient
water utilization, thus leading to stronger wetting—drying
cycles and stronger aggregates''. AMF association mod-
ifies host C metabolism, bringing about qualitative and
quantitative changes in root exudates, and subsequently
influencing aggregate formation*”. There has been effec-
tive reduction in soil loss due to surface-water flow when
AMEF inoculation was used in a greenhouse experiment to
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grow Achillea millefolium®™. The AMF inoculation was
instrumental in river-bank slope stabilization and restora-
tion of ecological functions when inoculated along with
native plant species as a vegetative measure of soil
conservation**. Increased mean weight diameter and
geometric mean diameter of soil due to inoculation with
AMF***® confirm the role of fungal hyphae in improving
soil structure and their contribution towards soil conser-
vation.

Role of glomalin in soil conservation

The discovery of glomalin has led to many new avenues
of contribution of AMF in soil conservation’>*’. The in-
creasing interest of soil conservationists in this glyco-
protein is mainly attributed to two factors'?:

(a) The technique of C dating has proved the age of
existing soil glomalin to be over several years to
decades, indicating that it remains intact in the soil
even when the AMF growth is arrested/restricted.

(b) The contribution of glomalin C and N to the total
soil C and N is almost 4-5% in the older soils,
which is higher than the contribution of microbial
biomass C.

In some undisturbed soils, glomalin can exclusively
account for 30—60% of soil C (ref. 47).

The high stability of glomalin at temporal scale and its
contribution to the total C pool makes it a prominent
player in the mechanisms of C storage and stabilization,
C sequestration and consequently mitigation of the
impact of climate change. Generally, all C products
derived from AMF hyphae are placed under the umbrella
of GRSP to distinctly define their source and origin.

Under the climate change scenario, elevated CO, con-
centration might trigger the production of more glomalin,
increase aggregate stabilization and protection of aggre-
gate-associated C (ref. 48). On the other hand, increased
temperature and moisture stress can negate such impacts.
In general, GRSP is found to be effective in the protec-
tion of C in deeper soil layers, and the ratio of glomalin
to soil organic C was 1.34—1.5 times higher in 80—100 cm
soil layers in comparison to the surface layer of 0-20 cm
(ref. 49). Also, GRSP is more closely associated with C
protection in grassland and forest soils than arable land’.
It is estimated that erosion control would reduce C emis-
sion to the tune of 1927 Tg C yr' (ref. 51), and GRSP
can play an important role in this regard.

Conclusion

The omnipresent nature of AMF in the ecosystem makes
them a significant contributor towards crop production
and maintenance of agricultural systems in a sustainable
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manner. The use of AMF in the cropping system holds
great promise in improving crop growth, alleviating P and

moi

sture stress, improving soil aggregation, and soil

structure. The impact of AMF in stabilizing the aggre-
gates proves encouraging for soil conservation. However,
several management practices have a negative impact on

the

AMF, which should be minimized to maintain the

native or externally inoculated AMF population.
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