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Abstract 

Rhizosphere is a unique habitat, developed as a transfer interface of nutrients 

between microbial functional groups with highly specialized activity and the roots of 

higher plant. Due to the lack of study techniques for in situ the potential for microbial 

communities’ analysis at the cellular level is reduced, restricting current information to 

a small number of ecosystems or functional groups. The conversion of grassland 

ecosystems or changes in applied management act towards a strong modification in 

structure of microbial communities, their potential reaction being a good indicator of 

disturbance. The decomposition of organic matter may be used as a measure of the soil’s 

diversity and the oxygen level defines the dominant functional group. Nutritional 

heterogeneity specific to grassland soil stimulates the emergence of specialized 

functional groups with a much higher diversity than the above-ground, cyclical changes 

providing premises for small-scale fluctuations and successions, with high predictive 

potential. 
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INTRODUCTION 

 

The wide diversity of 

organisms living on Earth was a 

fascination and constant concern of 

ecology researchers. In general, 

research on understanding the 

functioning of ecological 

communities and deciphering the 

patterns of diversity were focused on 

studies on  soil surface without 

connecting belowground 

components with the aboveground 

ones (BARDGETT, 2005, FISCHER 

et al., 2010, LOREAU, 2010, 

GRACE et al., 2010, THOMPSON 

et al., 2015, ROTAR et al., 2012). At 

this point scientific information is 

reduced to a series of specific 

ecosystems and a reduced number of 

functional groups, soil biodiversity 

being poorly  explored due to the 

difficulty of studying the soil 

communities (WARDLE, 2002, 

PUTTEN, 2012, DICKIE et al., 

2013, YANG, 2015, MCHUGH and 

SCHWARTZ, 2015). Plant roots-

soil interface is a unique habitat, root 
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exudates stimulating the installation 

of active microbial groups. The 

interactions and capacity for 

colonization of microorganisms act 

either for promoting plant growth or, 

conversely, in absence of 

rhizosphere filter, to disturbances 

while installing pathogens 

(CARDON and WHITBECK, 2007). 

The requirement for nutrient 

solutions in the rhizosphere leads to 

competition for microbial 

colonization of this area with the 

strong mobilization of nutrients and 

nutritional limitations appearance 

(HUANG, 2005, NANNIPIERI et 

al., 2007). 

The major limitation in 

exploring the structure and 

functionality of rhizosphere 

populations is mainly due to the lack 

of in situ analysis techniques of 

populations at a small-scale or 

observing cellular level of activity 

(VARMA et al., 2007). In contrast 

with the knowledge regarding 

macroorganisms, biogeographical 

zonation of microbial communities is 

mainly due to the soil conditions, in 

particular pH (BERG and SMALLA, 

2009), in addition to those 

limitations including also the 

rhizospheric deposits created by 

plants in soils, which favors the 

installation of specialized microbial 

functional groups (MENDES et al., 

2013). Evaluation of rhizosphere 

microorganisms behavior is a 

necessity for understanding the 

ecosystem’s functioning and 

balance, connecting the level of 

above- and belowground diversity in 

grassland ecosystems (MILLARD 

and SINGH, 2010, VIDICAN et al., 

2013), simultaneously with 

discovering the direction gradient for 

signals and nutrition in plant-soil 

interface (DINI-ANDREOTE and 

van ELSAS, 2013). 

In grassland soils from 

temperate areas, nutritional 

limitations of microbial groups is 

mainly due to nitrogen, amino acids 

playing an important role in the 

metabolic processes of 

microorganisms, and the evaluation 

of amino acids footprint being an 

indicator of the level of biodiversity 

(SAUHEITL et al., 2010).   

Conversion of grassland 

ecosystems and their management 

alter the structure of microbial 

communities, even under the control 

of applied technologies (JACKSON 

et al., 2012).  

Phosphorus fertilization 

correlated with existing species in 

the ecosystem determines microbial 

community structure, while long-

term fertilization with nitrogen 

modifies the community’s 

dominance from fungi to bacteria 

(VERESOGLOU et al., 2011). 

Discontinuation of applied 

management on grasslands leads to a 

change in the microbial community 

in the soil to a fungal dominance 

(MAHARNING et al., 2009). All 

these aspects impose the 

identification of microbial activity 

potential in the rhizosphere and the 

establishment of management 
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systems for effective areas from an 

ecological perspective.  
MICROBIAL METABOLISM - AN 

INDICATOR OF SOIL DIVERSITY 

The internal circuit 

elements in grassland ecosystems 

sustain the natural fertility of the soil, 

climate acting to limit the activities 

of flora and fauna (REGAN et al., 

2014). By compensating with 

organic fertilizer the nutrients 

removed from the ecosystem through 

production, lead to the introduction 

in the ecosystem of organic materials 

with varying degrees of 

decomposition (RYALS et al., 2014, 

DELONGE et al., 2013). Recycling 

of nutrients in the soil is the principal 

microbial process in soil, particularly 

mineralization of organic carbon by 

a variety of respiration and 

fermentation processes, which may 

result in high losses to the 

atmosphere in the case of improper 

management techniques (MORI and 

HOJITO, 2015). 

Organic matter introduced 

post-harvesting into the ecosystem, 

along with crop residues represents a 

complex nutritional source necessary 

to complete the microbial metabolic 

processes, during the first year 

degrading about 70% of the total 

amount of plant residues in soils 

from temperate areas (BENCKISER 

and SCHNELL, 2006). Compost and 

manure release into atmosphere 

volatile compounds - fatty acids, 

phenols, indoles, acetone (BERG, 

2009, WENKE et al., 2009, INSAM 

and SEEWALD, 2010), alcohols, 

ketones, aldehydes, sulfides and 

ester with signal role in soil for the 

start of mycorrhizal colonization, 

stopping fungal enzyme activity and 

capacity regulation of competition 

between microbial groups 

(EFFMERT et al., 2012). Microbial 

decomposition capacity is reduced 

for protein, lipids and aromatic 

compounds due to the absence of 

specialized extracellular enzymes or 

uptake mechanisms at the cellular 

level (PANDEY et al., 2011, HU et 

al., 2005, CHEN et al., 2004). 

Strategy of reaction of soil 

microorganisms to limitations 

imposed by substrate availability is 

channeled either to a reduced affinity 

towards the substrate (concomitant 

with proliferation of populations) or 

the efficient use of substrates with 

low population growth (HOBBIE 

and HOBBIE, 2013, KJELLEBERG, 

1993). In grassland ecosystems, 

microbial communities live in a mix 

of substrates, implying an increased 

metabolic flexibility and high 

competition capacity of individuals 

(JIN et al., 2010, TIEMANN and 

BILLINGS, 2010, GOLDFARB et 

al., 2011). 

Cellulose is the most 

common organic substrate in nature, 

synthesized by plants and 

microorganisms, in order of 

importance, followed by 

hemicellulose and chitin, 

degradation is an aerobic 

extracellular process (with the 

release of CO2) and anaerobic (with 

the release of CO2 and CH4) using 
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cellulase excreted by bacteria and 

fungi (ŠTURSOVÁ et al., 2012, 

BERLEMONT et al., 2014, 

EICHORST and KUSKE, 2012). 

The sugars are decomposed either by 

glycolytic pathway (Embden–

Meyerhof–Parnas) under aerobic 

conditions by fermentation bacteria 

or by an alternative Entner–

Doudoroff pathway (GUNINA and 

KUZYAKOV, 2015, BENCKISER 

and SCHNELL, 2006, MONARD et 

al., 2008, ANTONI et al., 2007). The 

lipids are hydrolyzed by lipase in 

mono- and di-glycerides, glycerol 

and fatty acids, and hydrocarbons are 

directly aerobic degraded by cyclic 

alkanes, and simultaneously with the 

anaerobic processes of 

denitrification, sulphate reduction 

and methanogenesis (DENEF et al., 

2007, RINNAN and BÅÅTH, 2009, 

FENG and SIMPSON, 2009, 

MUTABARUKA et al., 2007, 

ÁLVAREZ-BERNAL et al., 2006, 

AISLABIE et al., 2013). The 

aromatic compounds are subject to 

bacterial aerobic degradation 

through hydroxylation reaction and 

anaerobic during the nitrate 

reduction and fermentation process, 

lignin and humic compounds being 

decomposed only in the presence of 

oxygen - anaerobiosis acting as 

preservative (DE BOER and 

KOWALCHUK, 2001, Zhou et al., 

2012, PARK and KIM, 2015, 

BAUMANN et al., 2013, 

KAŠTOVSKÁ et al., 2012, BUGG 

et al., 2010, YASSIR and 

BUURMAN, 2011, GARCÍA and 

CANO, 2012, SHUKLA and 

VARMA, 2010). 

The evolution of 

microorganisms in soil has led to a 

high number of means in autotrophic 

CO2 fixation, the oldest system being 

3-hydroxypropionate cycle present 

in non-sulphur green bacteria and 

representatives of the aerobic group 

Archaea (LENGELER et al., 1999, 

OVERMANN and GARCIA-

PICHEL, 2013, YUAN et al., 2012). 

Autotrophic CO2-fixing bacteria are 

incapable of using other organic 

compounds, while the facultative 

autotrophic fixation of CO2 is 

stopped in the presence of other 

organic substrates available for 

metabolic decomposition. The only 

organisms capable of using organic 

carbon sources while fixing CO2 are 

mixotrophes. Photoautotrophs 

preferentially use organic substrates 

as carbon source but are capable of 

CO2 fixation in accordance with the 

availability in excess of reducing 

equivalents in soil. 

The microbial metabolic 

diversity in soil is an indicator, 

correlated with the size of climate  

impact , soil type, the availability of 

substrates and agronomic techniques 

applied, for this reason is useful in 

assessing the percentage of humus, 

microbial biomass, enzyme activity 

and the level of metabolites formed 

following anabolic and catabolic 

processes in soil (NIEDER and 

BENBI, 2008, KÖRSCHENS, 2006, 

SCHULZ, 2004, WEIGEL et al., 

2011, GEBEL et al., 2010). The 
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current research context on the 

dynamics of microbial activity in 

soils focuses on identifying the 

involvement of microorganisms in 

nitrogen cycle phases, the 

degradation of specific organic 

compounds and metabolites 

exported in soil – connecting the 

specificity of microorganism-

substrate with the roles of each 

functional group in the soil ‘s 

equilibrium.  

  
MICROBIAL DIVERSITY - ROLE 

IN TRANSFORMATION AND 

FUNCTIONING OF GRASSLAND 

ECOSYSTEMS 

Soil of grassland 

ecosystems is a huge reservoir of 

diversity, but information on the 

composition of communities is 

scattered and incomplete, 

particularly because of the difficulty 

of cultivating the microorganisms in 

the laboratory (LEMAIRE et al., 

2011). The small size of 

microorganisms in the soil of 

grasslands, compared to the plants 

and animals from the same area, 

along with the heterogeneity 

resources at specific scale of each 

ecosystem makes the diversity of 

belowground microflora to be a few 

units higher than the above-ground 

(BARDGET, 2005, LAVELLE and 

SPAIN, 2002, LAVELLE, 2002, 

PAUL, 2014, WAGG et al., 2013, 

BOWKER et al., 2013).  

The high amount of organic 

matter, soil porosity and particles in 

grasslands provides a complex 

habitat for co-existence of a large 

number of functional groups with a 

high number of individuals capable 

of resource exploitation 

(BARDGETT et al., 2005, 

GESSNER et al., 2010). Succession 

of microorganisms is mainly due to 

climatic conditions and nutrition, 

with latency stages overlapped on 

strong proliferation, releasing soil 

metabolite in exchange for energy 

consumption (BARDGETT et al., 

2008). The rate of emergence of new 

microbial generations, from several 

hours to several days, horizontal 

transfer of genetic material and 

spatial dispersion of species lead to 

an ongoing transformation of 

biodiversity in soil grasslands, 

cyclical transformations creating the 

premises for seasonal fluctuations 

and successions (FABER et al., 

2013; DIAZ et al., 2003).Coherent 

functioning of grassland ecosystems 

depends directly proportional to the 

level of functionality and diversity of 

soil microflora, the number of 

species being an indicator of 

ecological niches size and 

overlapping of groups in soil space 

(VAN DE HEIJDEN et al., 2006, 

GRIFFITHS and PHILIPPOT, 2013, 

KIVLIN et al., 2014). Progressive 

erodation of native soil’s 

biodiversity affects ecosystems 

functioning only in terms of species 

number, ecological niches being 

more restrictive to microbial 

functional groups, decomposition 

processes or nutrient cycles suffering 
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insignificant reductions (FIERER et 

al., 2009, SALLES et al., 2012). 

The response of soil’s 

microflora to disturbing inputs is 

reflected by the emergence of 

tolerant microorganism, or those 

capable of decomposing hazardous 

substances, but successional changes 

over time are difficult to forecast 

(WERTZ et al., 2007, SAGAAR et 

al., 2013, SHADE et al., 2013, 

RAYNAUD and NUNAN, 2014). 

The abundance of microbial 

species in soil can serve in 

forecasting actions of changes in the 

context of functional groups 

integration with the climatic 

conditions and nutrient reserves, 

complex models being more 

susceptible to this type of interaction 

(KARUSE et al., 2014, GRIGULIS 

et al., 2013, GRAHAM et al., 2014, 

ZHONG et al., 2014). 

Integrated approaches of 

specific abundance – activity type at 

the subgroup level - are viable 

solutions for predicting the temporal 

transformation of ecosystems 

(TRESEDER et al., 2012, 

VEREECKEN et al., 2014). 
 

CONCLUSIONS 

 

Absence of connections 

between the belowground microflora 

and the aboveground diversities 

makes difficult the interpretation and 

analyze of the potential exchange of 

information and transfer of nutrients 

in the soil interfaces. The 

degradation potential of specific 

functional groups is a good indicator 

of microbial diversity in soil of 

grasslands, the metabolic activity on 

substrates having different values 

depending on the applied 

management of these ecosystems. 

Microbial diversity is an indicator of 

heterogeneity of nutrient resources, 

playing an important role in the 

transformation and coherent 

functioning of grassland ecosystems 

and capable of forecasting 

fluctuations and potential 

successions. 
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