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Signal transduction in edaphic ecosystems governs sustainability
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A B S T R A C T

Sustainability of natural and agro ecosystems is governed mainly by soil processes. In these,
contributions of the biotic or living constituents are much important. The biotic part is represented
by soil food web. Here, I argue that the sustainability of the ecosystems is an outcome of chemical
signaling in the food web. Then, I show that it is the microbes living mainly endophytically and in the soil,
including fauna, which contribute to ecosystem balance through signaling in complex network
interactions. Sustenance of edaphic or soil ecosystems collapses when the signaling is retarded due to
human impact and global change. This issue can only be addressed by manipulating soil microbes. I
introduce a new term edaphic ecosystem signal transduction (EST), which can summarize the concept
explained in this article.
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1. Ecosystem sustainability

Sustainability of natural and agroecosystems is governed
mainly by soil processes of biotic and abiotic components.
Amongst, contributions of the diverse biotic or living constituents
towards functional equilibrium are much important (Singh, 2015).
Soil food web represents basically the biotic part. It determines
cycling processes of major elements across ecosystems, and it is a
better predictor of those processes than land use (de Vries et al.,
2013). It is now revealed that microbial species interactions in the
soil food web could be more important to the soil processes than
just species richness and abundance (Lupatini et al., 2014). Such
interactions and also nestedness of the soil food web have been
reported to reduce interspecific competition and increase the
number of coexisting species, and hence biodiversity (Bastolla
et al., 2009). Here, I argue that the stability and balanced responses
of a large number of individuals in the food web, being such a
complex network are attributable to chemical signaling. Because
signaling compounds function as messengers for communicating
among organisms in the ecosystems for cooperative existence. This
idea of the linkage between ecosystem sustainability and chemical
signaling has not been established yet. Numerous chemical
compounds that act as signaling molecules in the soil-plant
system have been identified to date. Cytokinins are one such group
of compounds (Giron et al., 2013). They are the key regulators of
intricate plant–microbe–insect interactions, and contribute to
plant growth-defense compromise in facing to mutualists as well
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as invaders. Other signaling molecules that have been recognized
include indoles, which play an important role in intercellular
signaling in microbial communities, plant–microbe interactions
and plant growth, ecological balance and possibly human health
(Lambrecht et al., 2000; Lee and Lee, 2010; Mabood et al., 2014). As
such, chemical signaling plays an essential role in sustenance of
ecosystems.

2. Microbes in complex network interactions

In soil bacterial communities, it is a long known fact that
bacteria use species specific quorum sensing signals or auto-
inducers to coordinate gene expression according to the density of
their local population. However now, non-species specific auto-
inducers that are capable of mediating intra- and inter-species
communication among different bacteria have been identified
(Galloway et al., 2012). Recent evidences demonstrate the roles of
those autoinducers, even in plant defense responses and root
development (Bai et al., 2012). On the other hand, some higher
plants were observed to produce the bacterial autoinducer signal-
mimic compounds which mediate interactions between the higher
plants and soil bacteria (Teplitski et al., 2000). However, it is
reported now that it is the microbes living endophytically in higher
plants, which are responsible for producing the mimic compounds
and other metabolites (Bérdy, 2005). Therefore, it seems that
endophytes are tightly bound to biosynthetic pathways of
secondary metabolites in the hosts. A common role of the
secondary metabolites in plants is defense mechanisms. As such,
I suggest that there could be a close communication between the
plants and their endophytes for producing the secondary
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metabolites, when need arises, for example in a pest or pathogen
attack. Flavonoid pathway in plants produces a diverse array of
compounds with functions in defense against pathogens, signaling
in symbiosis, auxin transport regulators and as antioxidants and
pigments (Hassan and Mathesius, 2012). In alfalfa, chemotaxis
towards the host plant by symbiotic Sinorhizobium meliloti has
been reported to mediate from sensing of proline secreted by roots
(Webb et al., 2014). In the presence of host plant physiological
stress, many eukaryotic signal molecules are released and detected
by Gram-negative pathogenic bacteria which in return rapidly
adapt their physiology for virulence (Lesouhaitier et al., 2009).
Here in pathogenesis, plant immune signaling network balances
two conflicting demands, vigor against pathogenic perturbations
and moderation of negative impacts of immune responses on plant
fitness (Sato et al., 2010). Thus, it seems that it is the microbes
living endophytically and in the soil, which contribute to
ecosystem balance through signaling in complex network inter-
actions.

Recent findings provide further evidence for above, showing
intriguing complex interactions mediated by signaling among
plant–insect–microbes. Aphid-mediated plant immunity against
pathogen infection, particularly the priming of defense responses
against different pathogens through hormonal signaling has been
found to help prepare the plant for subsequent pathogen attacks
(Lee et al., 2012). Further, an exciting study reports that plants can
exploit common mycorrhizal networks in the soil for herbivore-
induced defense signal transfer and interplant defense communi-
cation to activate defense responses more rapidly and aggressively
upon insect attack and to increase their insect resistance (Song
et al., 2014).

3. Microbes: interface between biotic and abiotic environment

In addition to above, induction of common signaling compo-
nents in organisms challenged by a change in the environment has
been reported. For example, plant rootlets starved of soil nitrogen
have been observed to secrete small peptides that are translocated
to the shoot and received by specific receptors so that the signaling
from the root to the shoot helps the plant adapt to fluctuations in
local nutrient availability (Tabata et al., 2014). In this instance, the
Fig. 1. Interactions among biotic counterparts in edaphic ecosystems. In undisturbed eco
the center of which is represented by microbes. Their cascading effect and chemical si
ecosystems. This concept is introduced as edaphic ecosystem signal transduction (EST). H
the interactions through collapsing the signaling networks, consequently breaking the
signaling may induce the action of endophytic nitrogen fixers for
compensating short supply of soil nitrogen to the plant. Moreover,
in response to high doses of UV-B radiation, signaling molecules
such as abscisic acid (ABA), nitric oxide (NO) and Ca2+ in plant and
animal cells are induced for stress tolerance (Tossi et al., 2012).
Also, NO can modulate the activities of cellular and extracellular
proteins in various groups of organisms, implementing significant
physiological functions (Medinets et al., 2015). Further, NO can
play a signaling function to enhance microbial biofilm formation in
the soil (Medinets et al., 2015), which renders numerous
biochemical and physiological benefits to plant growth (Qurashi
and Sabri, 2012). And also, biofilm formation improves soil fertility
through aggregate formation (Qurashi and Sabri, 2012) and carbon
storage (Seneviratne et al., 2011). It is now known that microbes
are an integral part in plants and animals. Microbes in macro-
organisms provide their metabolic activity producing an amazing
diversity of compounds and signaling molecules for nutrition,
protection and development of the hosts (Selosse et al., 2014).
Thus, the soil-derived host microbiome acts as the interface
between biotic and abiotic environment.

Taking everything into consideration, I introduce a new term
edaphic ecosystem signal transduction (EST), which can summa-
rize the facts and the concept explained in this article. The EST is
defined as chemical signaling from signaling molecules to trigger a
change in the activity or state at and within the edaphic ecosystem,
taking the ecosystem as a one unit, like a cell. The EST is mediated
by receptors of microbes in soil, plants and animals in the
ecosystem through signal-receptor-process-response cascade
(Fig. 1). The response could be a signal which again triggers
receptors of other counterparts of the ecosystem. This leads to
establish a signaling network. However, sustenance of edaphic
ecosystems collapses when the signaling network is disrupted due
to human impact (e.g. chemical inputs in agricultural practices (e.g.
Fox et al., 2007), tillage etc.) and global change. This can further be
explained by the case discussed below.

Nitrogen fixers play a key role in the growth and persistence of
effective microbial communities in the soil by supplying nitrogen
through biological nitrogen fixation (Seneviratne et al., 2011).
However, nitrogenous fertilizers in agriculture and forestry
suppress the action of microbes, particularly nitrogen fixers in
systems like forests, there is a delicate balance among the interacting counterparts,
gnaling networks, as indicated by arrows support the balance and stability of the
owever, in disturbed ecosystems like croplands, particularly chemical inputs weaken
 delicate balance of the ecosystem.
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agroecosystems through disruption of the signaling networks. This
tends to produce nitrogen-deficient, weak microbial communities
with low biomass and activity, due to diminished nitrogen supply
from the repressed nitrogen fixers. That leads to collapsed
microbial diversity and ecosystem functioning. Under this
circumstance, 1) reduced soil fertility and organic matter buildup
(Scholes and Scholes, 2013; Bi et al., 2015) leading to low soil
moisture retention, and hence drought stress, and also 2) yield
decline (e.g. Kumar and Yadav, 2001), possibly due to lack of
rhizoremediation, resulting in phytotoxin accumulation
(e.g. Dams et al., 2007), which are prevalent in collapsed
sustainability, can be observed in the ecosystems. Thus, the
question arises here is that, how could the signaling networks be
reinstated for reviving the microbial diversity for sustainability?
This issue can only be addressed by manipulating soil microbes in
the ecosystems for re-establishing communication through EST,
but not solely by nutrients and water management, as suggested in
conventional agriculture and forestry.
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