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Aspects of the rhizospheric microbiota
and their interactions with the soil ecosystem

Belkacem El Amrani

Department of Biology, Faculty of Science Dhar El Mehraz, Sidi Mohamed Ben Abdellah University, Fes, Morocco
® elamranibelkacem@gmail.com

Abstract. Soil microbial communities play a key role in the evolution of the rhizosphere. In addition, proper explo-
ration of these microbial resources represents a promising strategy that guarantees the health and sustainability of
all ecosystems connected to the ground. Under the influence of environmental conditions, microbial communities
can change compositions in terms of abundance and diversity. Beyond the descriptive level, the current orienta-
tion of microbial ecology is to link these structures to the functioning of ecosystems; specifically, to understand
the effect of environmental factors on the functional structure of microbial communities in ecosystems. This re-
view focuses on the main interactions between the indigenous soil microflora and the major constituents of the
rhizosphere to understand, on the one hand, how microbial biodiversity can improve plant growth and maintain
homeostasis of the rhizospheric ecosystem, on the other hand, how the maintenance and enrichment of plant bio-
diversity can contribute to the conservation of soil microbial diversity; knowing that these microorganisms are also
controlled by the abiotic properties of the soil. Overall, understanding the dynamics of the rhizosphere microbiome
is essential for developing innovative strategies in the field of protecting and maintaining the proper functioning
of the soil ecosystem.
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AcniekTbl pu3ocdepHOi MUKPOOMOTHI
U X B3aMOJeJICTBIIE C IOUBEHHOI 9KOCUCTEeMOI

beaxacem aab-AmMpaHn

OtpeneHve bronoruu, pakynsteT Hayk, lap-anb-Maxpas, YHusepcutet um. Cugn Moxammvepa 6eH Abgannaxa, ®ec, Mapokko
® elamranibelkacem@gmail.com

AHHoTayus. MouBeHHble MUKPOGHbIE COOBLLECTBA UIPAIOT KITIOUEBYIO POJib B 3BOMOLMU prsocdepsbl. [TnaHomep-
HOE V3yYeHue 3TVX MUKPOOHbIX PecypcoB NpeAcTaBAeT coboi NepcnekTUBHYIO CTPATErnto, C MOMOLLbIO KOTOPOW
MOXHO OyfeT 06ecneunTb 340POBbE U YCTONUMBOCTb BCEX MOUBEHHBIX 3KOCMCTeM. o BO3AeCTBEM OKpY»Kato-
Len cpeabl MUKPOOHbIe cOOOLLeCTBa MOTYT MEHATb YNCIIEHHOCTb CBOMX MOMYNALMIA 1 BUAOBOM cocTaB. CoBpemeH-
Has MUKPOGHasA 3KOMOrUsa HaleneHa, MOMMMO OMNMCaTeNIbHOTO YPOBHS, Ha OnpefeneHne CBs3el 3TX CTPYKTYP C
bYHKUMOHMPOBaHVEM SKOCMCTEM, B YUaCTHOCTY AJISt OHVMaHWA PO OKPYXKaloLei cpefibl B XKM3HeAeATeNbHOCTY
MUKPOGHbBIX COOOLLIECTB B SKOCMCTEMaX. HacToAwmin 0630p NOCBALLEH OCHOBHBIM B3aUMOLENCTBUAM MeXay MecT-
HO NMOYBEHHOWN MUKPOQNOPOI 1 rMaBHBIMY COCTaBAALWMUMUN pr3ocdepbl. BaXKHO MOHATL, C OOHON CTOPOHBI, , Kak
MUKPOOHOE 6110pa3HOO6pa3Me MOXKET YYULLUTb POCT PacTEHWIA U NOJAEPXKaTb FOMeoCTa3 pr3ochepHoOi SKoCH-
CTeMbl, a C APYro — KaK COXPaHEeHMeE 1 NMOBbILLEHUE PAaCTUTENbHOIO 61MOPa3HO06Pa3NA CNOCOBCTBYIOT COXPAHEHNIO
NMOYBEHHOIO MUKPOBHOIo pa3Hoo6pa3us, 3Hasi MPY 3TOM, UTO AaHHbIE MUKPOOPraHN3Mbl KOHTPONMPYIOTCSA eLle 1
abroTnYeCcKUMI CBOMCTBaMM MOYB. B Lienlom NoHMMaHWe AUHAMUKU MUKpobroMa prusocdepbl HEOGXOANMO Asis
pa3paboTKV MHHOBALIMOHHBIX CTPATErnii B 0611acTu 3almThbl 1 NoAaepKaHNA HafeXXHOro GYHKLMOHNPOBaHMA MOY-
BEHHOW 3KOCMCTEMBI.

KnioueBble cfioBa: MOYBEHHbIE MUKPOOPraHM3Mbl; pru3ocdepa; MUKpobHoe pasHoobpasue; buopasHoobpasue pac-
TeHNN.
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Introduction

The rhizosphere, a narrow area of soil that surrounds the roots
of plants, harbors a number of microorganisms that interact
with plants and the surrounding soil, and is considered one of
the most dynamic interfaces on Earth (Philippot et al., 2013;
Kuzyakov, Blagodatskaya, 2015). In addition, since their co-
lonization of terrestrial environments, terrestrial plants have
formed symbioses with microorganisms (Fitzpatrick et al.,
2018). They have been accompanied by fungi, bacteria, viruses
and protists over millions of years, and those associations that
allow and accelerate the adaptation of plants to life on Earth
(Shekhar et al., 2019).

It has been estimated that the symbiosis between plants and
fungi was established early with arbuscular mycorrhizal fungi
more than 450 million years ago (Ma) during the colonization
of the Earth by plants, as the oldest and the most common
symbiotic association of plants with microbes (Field et al.,
2015). However, the structure and activity of soil microbial
communities are intimately linked to their roles in ecologi-
cal processes; the identity and abundance of species present
in an ecosystem determine the types of interactions in the
rhizosphere and subsequently constitute the key elements
of the ecological theories (Talbot et al., 2014). In addition,
the soil microbiome is divided into two distinct microbial
compartments, depending on their position in relation to the
roots of plants, the microorganisms surrounding the roots
being commonly referred to as rhizospheric or endophytes
(Fitzpatrick et al., 2018).

Interactions between the plant and its microbiota range from
parasitism to mutualism, and their results can be decisive for
the performance of the plant (Almario et al., 2017; El Amrani,
Amraoui, 2022). Endophytic soil microorganisms colonize
plant roots forming complex communities and perform benefi-
cial functions by improving plant growth, health and defense
against enemies. This association improves the adaptation of
plants to environmental constraints such as drought and nutri-
ent deficiency (Almario et al., 2017; Shekhar et al., 2019). This
beneficial effect of the root microbiota on plants is achieved
by the secretion of different growth hormones such as auxin,
cytokinin and gibberellic acid, or by reducing the production
of ethylene. This leads to the promotion of plant growth by
changing the architecture of the root system (Shekhar et al.,
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2019; El Amrani, Amraoui, 2020) and also by increasing the
acquisition of nutrients (Fitzpatrick et al., 2018).

Thus, the plant microbiota can be considered as an extension
of the plant, in the sense that it can increase the plant’s access
to nutrients in poor soils (Vandenkoornhuyse et al., 2015). It
has been estimated that 80 % of vascular plant species receive
phosphorus (P) and other nutrients from fungi in exchange
for photosynthesis (Almario et al., 2017) (see the Figure). In
other words, microbial biodiversity is essential to enhance the
sustainable growth of plants through improved nutrition, root
architecture, defense mechanisms and the competition with
pathogens as well as through participation in the adaptation
of plants to abiotic constraints.

The concept of microbial biodiversity

Bacteria are the most diverse organisms among living things
(Whitman et al., 1998). Their activity, richness and composi-
tion play a major role in the functioning of an ecosystem, either
free-living or associated with other host organisms (Walters,
Martiny, 2020).

Microbial biodiversity studies use several methods depend-
ing on the objective. Species diversity is the most studied
concept despite it being a single dimension of biodiversity
(Latimer, 2012). This is due to the fact that species is the
basic unit of ecology and the evolution of ecosystems, hence
the importance of this concept for evaluating and conserv-
ing biodiversity. However, definitions and formulas have
been developed to fully understand and control microbial
communities (Fontana et al., 2020). These notions include
the measurement of biodiversity at spatial scales; according
to Whittaker (1972), this notion is based on three scopes:
(i) alpha diversity refers to the diversity within a particular
ecosystem (number or relative abundance of taxa); (ii) beta
diversity expresses the total number of species unique to each
of the ecosystems compared; it makes it possible to examine
the evolution of the diversity of species between several eco-
systems; (iii) the total or gamma diversity of a landscape, or
geographical area, is the product of the alpha diversity of its
communities and the degree of beta differentiation between
them. Among these three parameters, alpha diversity is the
key element in conservation work because it quantifies the
biodiversity of a particular ecosystem through measurement
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based on the notion of presence/absence and abundance of
taxa within a local community.

Despite the diversification of these mathematical tools, they
fail to reflect the added value of diversity within the ecologi-
cal whole. In this regard, the notion of functional diversity
versus specific diversity appeared (Biswas, Mallik, 2011).
This functional diversity is based on a metric for quantifying
the diversity of functional traits (Diaz et al., 2007). This calls
into question the philosophy of conservation biology, which
recognizes that the great diversity of species ensures great
functional diversity and maintains the functional stability of
the ecosystem (Mayfield et al., 2010).

Factors and interactions
of soil microorganisms
Soil microbial communities are vital for an ecosystem to
maintain the sustainability of long-term ecological interactions
(Changetal., 2017). They are essential to the plant due to their
contribution to its growth, its development and its productivity
(Trivedi et al., 2013) through the maintenance of soil fertility
thanks to the important roles they play in the availability of
nutrients (Chang et al., 2017). Soil microbial communities
also play a fundamental role in soil biogeochemical cycles
(Rousk, Bengtson, 2014) because the dynamic structure of soil
largely depends on the interaction between microbial biology
and the roots of plants living in the soil (Jin K. et al., 2013).
However, there are a variety of factors that can significantly
affect soil microbial communities and predict the abundance
and diversity of these communities. Among these factors,
there are biotic factors such as root respiration and the nature
of forest formation (Chen et al., 2015b; Schmid et al., 2019);
and abiotic factors such as temperature, climate, soil pH,
moisture, organic matter also including nutritive elements
such as nitrogen and phosphorus (Cao et al., 2016; Wang et
al., 2018; Chernov, Zhelezova, 2020). These biotic and abiotic
factors are very dynamic and consist of many elements that
can interact and influence microbial communities in the soil.
Some studies have elucidated that the interaction between
microbial communities and soil biotic and abiotic factors
functions as an integrated impact of climate-soil-plant factors
on the soil microbiome (Jiménez et al., 2019; Pingel et al.,
2019). More so, soil microbial communities react primarily
in response to changes in plant-soil interactions (Yao et al.,
2018). Therefore, these microbial communities are essential
in order to maintain homeostasis of the entire rhizospheric
ecosystem (Raaijmakers et al., 2009).

Afforestation and soil microorganisms

Afforestation has a very important role in the functioning
of rhizospheric ecosystems, it improves soil conditions and
promotes soil development, especially in degraded ecosystems
with an extremely poor environment (Ren et al., 2017; E1 Am-
rani, Amraoui, 2018). In addition, soil microbes react quickly
to afforestation, which causes a huge increase in microbial
proliferation (van der Wal et al., 2006). Dominant bacterial
phyla, both Proteobacteria, Bacteroidetes, have been shown
to be significantly more abundant in woodland than in aban-
doned land (Baldrian, 2017; Ren et al., 2018). In addition, the
development of fungal communities also shows a significant
increase after afforestation (Wallander et al., 2013; Gunina
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et al., 2017) in response to the improvement of the chemi-
cal properties of the soil as in the case of the conversion of
abandoned land into forest (Yang et al., 2018).

However, natural forest ecosystems maintain greater soil
microbial diversity than monoculture afforestation (Monkai
et al., 2018). Some studies have shown that Ascomycota re-
sponded positively to land use change while Basidiomycota
responded negatively (Ren et al., 2018). Also, ecosystems that
contain a mixture of different plant genera have the potential
to exhibit greater microbial community heterogeneity than
single species plantations (Carnovale et al., 2019). From this
proposition, it can be concluded that changes due to afforesta-
tion type may be related mainly to fungal phyla. Finally, this
shows that maintaining the variability of plant species during
afforestation greatly contributes to the conservation of the
microbial diversity of the soil.

Plant species and soil microorganisms
The effect of afforestation on microbial communities may be
due to the nature and diversity of plant species. In addition,
plant species have been shown to significantly influence the
composition and microbial structure of the soil (Yang et al.,
2018). Therefore, the structure and function of the soil micro-
bial community are often shown to be spatially associated with
the composition, richness and biomass of plant communities
(Gomoryova et al., 2013; Carnovale et al., 2019), as well as
with stages of plant growth (Sheng et al., 2017). In addition,
it has been believed that the soil microbiota responds quickly
to variations in plant species (Yang et al., 2018) due to direct
interaction between plant roots and soil microorganisms
(Gomoryova et al., 2013). But this effect is not homogeneous
and it is more pronounced on fungal communities than on
bacterial communities (Carnovale et al., 2019). However, in
addition to the direct effect of plant species on soil microbial
communities, the structure and function of plant communities
can indirectly influence (inhibit or stimulate) these microbial
communities by altering the physical and chemical properties
of the soil (Shen et al., 2013; EI Amrani, 2017; Yang et al.,
2018). Therefore, plant roots exert a strong impact on soil
pathogens and beneficial microorganisms in the rhizosphere
by producing exudates as well as secondary metabolites (Feng
et al., 2019). Therefore, the enrichment of plant biodiversity
plays a vital role in maintaining the microbial composition of
the soil, which is not the case with monocultures. This conclu-
sion is confirmed by the works of Schmid et al. (2019) who has
tested, over the course of 11 years, soil bacterial communities
developed under plant monocultures and mixtures. These
works confirm that richness in plant species positively affects
the composition and diversity of microbial communities.
Rhizospheric bacterial communities are considered cos-
mopolitan and colonize all biogeographical regions (Hanson
et al., 2012). However, their activities and their diversities as
well as their distributions are controlled by several parameters
of the environment; among these factors, the plant figures as
the major factor that controls them (Kumar et al., 2017). Some
research has found conflicting results regarding prediction of
microbial diversity by plant diversity when examining their
relationships at large spatial scales (Liu et al., 2020). However,
microbial communities are composed of groups that differ in
their behavior. In this regard, we cite the obligate pathogenic
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or symbiotic microorganisms, the life cycles of which can
only be completed in the presence of their specific host such
as obligate endophytes (Sally, David, 2008; Nair, Padmavathy,
2014; Glick, 2020). Another example can be seen in the case
of ectomycorrhizae, most of which present host-symbiont
specificity (Kernaghan et al., 2003). According to these two
examples, we can only admit that parental control exerted by
plant diversity influences the activity and microbial diversity
of the rhizosphere. However, the degree of this control differs
by several parameters mainly including the nature of microbial
groups, plant species, and also soil and climatic conditions
(Bargali et al., 2018; D’Acunto et al., 2018; Malard, Pearce,
2018). This explains the sometimes modest correlations be-
tween microbial richness and plant diversity (Liu et al., 2020).

Bulgarelli et al. (2015) used the term ‘domestication’ of
bacterial communities by plant roots to explain the dominance
of three bacterial families Comamonadaceae, Flavobacteria-
ceae and Rhizobiaceae in the barley root microbiota. On the
other hand, a broad conservation of the composition of the root
bacterial microbiota has been found in Arabidopsis thaliana
and related species extending over 35 Ma within the family
Brassicaceae (Schlaeppi et al., 2014). These results mean that
the host plant determines and maintains its bacterial proces-
sion. This control of the soil microbial diversity by the plants
is carried out mainly by the process of rhizodeposition (root
excretion of photosynthesis-derived organic compounds)
(Jones et al., 2009). These exudates can influence this mi-
crobial community either through trophic selection (trophic
substances used by specific microbial groups) (Mansouri et
al., 2002), biochemical selection (substances that stimulate or
inhibit the proliferation of a given microbial group) (Rosier et
al., 2018) or by chemotaxis (substances that attract targeted
microbial groups to the roots of the plant) (Scharfet al., 2016).

Litter and soil microorganisms

The main methods by which plant communities affect soil
chemical properties and subsequently microbial communities
are primarily root and leaf litter, and root exudates (Zverev et
al., 2016). Trees produce the majority of the waste deposited
on the ground, in addition to a very large part of root exudates
and dead roots under the ground (Gomdryova et al., 2013),
which provides different inputs in quantity and quality (Yao
et al., 2018). It is essential to claim that trees influence the
soil microbiota basically in the same way as other plants, but
their effect is potentially stronger due to the greater input
biomass (Gomoryova et al., 2013). Therefore, the difference
in the quantity and quality of litter and exudate inputs, dif-
ferent species and plant communities, modulates and causes
a change in soil microbial communities (Santonja et al., 2018)
even at the regional scale (Chen et al., 2015a).

Likewise, several previous studies have reported that dif-
ferences in litter quality between tree species affect the abun-
dance and composition of bacterial and fungal communities in
the soil (Santonja et al., 2018; Pingel et al., 2019). In addition,
differences in the quality of the litter occur in the nature of
the inputs; such as the leaching of dissolved organic matter
and nutrients, and the exudation of different kinds of ions and
organic compounds (Yang et al., 2018). These variations can
alter the rate and speed of fundamental soil processes, such as
nutrient cycling and carbon dynamics, differently (Carnovale
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et al., 2019). Consequently, the greatest effect of plant spe-
cies on the chemical properties of the soil is observed in the
topsoil corresponding to the greatest amount of organic matter
introduced (Kooch et al., 2017). From these results, it is clear
that the quality and quantity of litter entering the soil are a
determining factor in the existence of microbial communities
and needs to be further investigated.

Secondary metabolites and soil microorganisms
Secondary metabolites are another component of plant litter of
particular interest to soil ecosystems and exert a major effect
on their edaphic microflora, especially in forest soils where
complex phenol content is significantly higher (Yang et al.,
2018). Similarly, Santonja et al. (2018) showed a contrasting
activity of bacterial and fungal communities in response to
the diversity of plant litter in a Mediterranean forest. These
authors and others have shown that secondary metabolites
repress biomass and the activity of microbial communi-
ties (Chomel et al., 2016; Santonja et al., 2018). Likewise,
Chomel et al. (2014) showed a strong inhibitory effect of
phenolic compounds, depending on the concentration, on
fungal biomass in a Mediterranean pine forest. On the other
hand, Amaral and Knowles (1998) reported the presence of
monoterpenes negatively affecting the growth and activity of
certain soil microbial groups while having a positive effect on
other groups. However, knowledge of the effects of second-
ary metabolites on the activity and richness of soil microbial
communities is still very limited.

Soil pH and microorganism communities

The change in pH is also a consequence of the biogeochemi-
cal interaction and has a major effect on the composition and
activity of the soil microbial community. Therefore, the pH
represents the primary metabolic control of microbial com-
munities (Zhalnina et al., 2015). This control can be direct,
by modulating the thermodynamics and kinetics of redox
reactions and microbial respiration thereafter; or indirect by
determining salinity and nutrient bioavailability through deter-
mination of proton chemical activity, mineral dissolution and
precipitation, and other geochemical reactions (Bethke et al.,
2011). On the other hand, soil pH describes the extracellular
enzymatic activities and the rate of decomposition of organic
matter (Jin Q., Kirk, 2018).

It has been reported that changes in the composition and
diversity of microbial communities are positively correlated
with variation in soil pH and that this variation controls their
spatial distribution in the rhizosphere (Shen et al., 2013).
This distribution was lower in monoculture plantations than
in natural forests (Monkai et al., 2018). As reported in the
study of Chen et al. (2015b), soil acidification decreased soil
microbial respiration in forest ecosystems. These results sug-
gest that reducing soil pH can lead to decreased biodiversity,
rates of biogeochemical cycling, and ecosystem functioning
(Chen et al., 2015b). Unlike bacterial communities, soil
acidification has a slightly favorable effect on the richness
of fungi in forest ecosystems (Rousk et al., 2011). Thus, the
advanced knowledge of these interactions (pH-fungi-bacteria)
can be a very powerful tool to mitigate negative effects caused
by pathogenic fungi or bacteria by increasing or decreasing
soil acidity.
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Climate and soil microorganisms

The climatic conditions of soil ecosystems constitute one
of the most determining parameters of the distribution of
microbial communities. Previous research has confirmed
that the spatial variation of soil microbial biomass depends
on the spatial heterogeneity of climatic conditions (Xu et al.,
2018). This justifies the use of microbiological properties as
better indicators of soil quality, in particular the great capacity
of microbial communities to react quickly to environmental
changes (Marinari et al., 2006). As an example, several studies
have reported that the mean annual temperature and mean an-
nual precipitation show a positive correlation with microbial
abundance and diversity (Cao et al., 2016; Tu et al., 2016).
Also, low soil moisture and dry conditions during the summer
drought period have a negative effect on microbial diversity
and richness. These types of conditions can make a specific
selection through the selection of drought resistant taxa such
as fungi with lower nutritional requirements and higher water
acquisition capacity or Gram positive bacteria (Manzoni et
al., 2012; Xi et al., 2018).

From these results and the fact that soils belonging to the
same climatic types have similar properties, we can conclude
that climatic factors are of great importance for biodiversity
and the richness of microbial biomass in the soil. It also
suggests that soil microbes could be used as a more precise
indicator of soil ecosystem characteristics.

Soil depth and soil microorganisms

Little is known about the effects of the physical properties
of soil on the plant-microorganism interaction. However,
the physical properties of soil have been reported to cause
profound changes in soil microbial communities (Thoms et
al., 2010; Xu et al., 2018). In addition to the physical proper-
ties of soil, the biomass and activities of fungal and bacterial
communities also change at different depths of the soil profile
(Carnovale et al., 2019). This vertical distribution reveals
that fungi predominate in the topsoil of the soil, generally
between 0 and 10 cm deep, and bacteria and actinomycetes
predominate deep soils between 40 and 100 cm deep (Yao et
al., 2018).

Nevertheless, it remains necessary to understand how physi-
cal properties, especially mechanical ones, can influence the
microbiome residing in the soil and what mechanisms the
microbiome can use to combat these types of stresses.

Conclusion

Microbial biodiversity is essential for improving sustain-
able plant growth and maintaining homeostasis of the entire
rhizospheric ecosystem. In return, maintaining and enriching
plant biodiversity greatly contributes to the conservation of
soil microbial diversity. However, this balance depends and/or
at the same time affects the biogeochemical cycle of the soil.
Taken together, these interactions explain the complexity of
understanding the dynamics of the rhizospheric microbiome.
Hence the importance of such a study that could inform future
work aimed at researching the interactions between microbial
communities and other soil components in order to improve
the management of resources and the productivity of rhizo-
spheric ecosystems.
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