
 
 

Department of Agricultural Science 

University of Naples Federico II  

 

 

Ph.D. Thesis in Agricultural and Food Sciences  

Maurizio Zotti 

 

Plant-litter feedback dynamics in terrestrial and 

aquatic ecosystems 

 

 

 

 

 

Ph.D. Coordinator: Prof. Guido DôUrso 

Supervisor: Prof. Stefano Mazzoleni 

Co-Supervisor: Prof. Giuliano Bonanomi 

 

 

XXXII Cycle 

Academic year 2019/2020  

 



Plant-litter feedback dynamics in terrestrial and aquatic ecosystems                                          Maurizio Zotti 

2 

 

Authorship statement 

I declare that this Ph.D. thesis is composed by scientific works carried out by myself in collabora-

tion with my supervisors S.M., G.B and co-workers specialized in particular scientific topics. 

1. Chapter 1 Synopsis. The general research question and its general scientific perspective were 

proposed by my supervisor S.M. I delineated the research question, described how it fits in the current 

scientific literature and described its potential impact. 

2. Chapter 2. I contributed to the writing, data analysis and graphical improvement of work. The 

work has been published in the international journal Soil Biology and Biochemistry in 2018. 

3. Chapter 3. I ideated and write the whole review at point 3.1. At point 3.2 of the thesis I defined 

the research question, proposed the methodology, discussed the methodology with my supervisors, made 

the experiments. Following, I made the data analysis and write the manuscript. Both works are un-

published. 

4. Chapter 4. My co-supervisor G.B. proposed me the topic, the review at point 4.1 has been 

ideated and written by myself, in exception of a section including mathematical modelling written by N.S. 

The work is unpublished. The experimental work at point 4.2 was proposed by my co-supervisor G.B. He 

defined the research question and methodology. I made experimental work, F.D.F and Prof. D.E help me 

in molecular and bioinformatic analysis. I made data analysis, and work with manuscript structuration and 

writing. My supervisor revise it and I made correction. The work is accepted with major revision in New 

phytologist. The work at point 4.3 has been ideated by myself and proposed to Prof. F.G.A that supported 

my scientific questions. I made molecular and chemical analysis, bioinformatics, multivariate data analysis 

and written the manuscript. Work is unpublished. The work at point 4.4 was ideated by myself. I proposed 

the experiment to S.A.G the helped me in laboratory work, I write the manuscript and made data analysis. 

Work is unpublished. 

5. Chapter 5. The work has been ideated both by my co-supervisor G.B. and me. We proposed 

the experiment to my supervisor S.M that accepted our experimental approach. I proposed field method-

ologies adopted in the work, GB suggested analytic methodologies, field work was carried out by me in 

collaboration with G.C., T.S. and M.I. me and GB made data analysis and write the work. Work is un-

published. 

6. Chapter 6 Conclusion chapter has been written by myself. My supervisor S.M and my co-

supervisor G.B. approved the manuscript.  

6. Date: 

7. Signature PhD candidate: 

8. Signature promotor for agreement: 



Plant-litter feedback dynamics in terrestrial and aquatic ecosystems                                          Maurizio Zotti 

3 

 

 

 

 

 

 

 

 

 

 

 

 

ñThere's something satisfying about getting your hands in the soil.ò 

ˈ E.A. Bucchianeri, Vocation of a Gadfly 

 

 

 

 

 

 

 

 

 

  



Plant-litter feedback dynamics in terrestrial and aquatic ecosystems                                          Maurizio Zotti 

4 

 

Summary 

1. Synopsis .................................................................................................................................................... 7 

1.1. Overview on plant community ecology and plant-soil feedback. ................................................. 7 

1.2. Mechanisms of plant-soil negative feedback. .............................................................................. 12 

1.3. Induction of phytotoxicity by litter decomposition ..................................................................... 13 

1.4. Litter decomposition mediate microbial dependent plant-soil feedback ..................................... 15 

1.5. Aims and contents of the thesis ................................................................................................... 16 

2. Linking bacterial and eukaryotic microbiota to litter chemistry: Combining next generation 

sequencing with 13C-CPMAS-NMR spectroscopy ...................................................................................... 18 

2.1. Introduction ................................................................................................................................. 20 

2.2. Material and methods .................................................................................................................. 21 

2.3. Results ......................................................................................................................................... 23 

2.4. Discussion .................................................................................................................................... 37 

2.5. Conclusions ................................................................................................................................. 41 

3. Role of Ectomycorrhizal symbiosis in litter-mediated plant soil feedback ...................................... 43 

3.1. A review on the rare case of monodominance in tropics. ................................................................ 45 

3.1.1. Introduction ............................................................................................................................. 45 

3.1.2. Mycorrhizas in tropical regions ............................................................................................... 48 

3.1.3. Ectomycorrhizal symbiosis and Plant-soil feedback ............................................................... 49 

3.1.4. Criticisms about the ectomycorrhizal dependent monodominant forests ................................ 50 

3.1.5. Concluding remarks ................................................................................................................. 51 

3.2. Interaction between ectomycorrhizal symbiosis, plant-soil feedback and soil microbiome. .......... 53 

3.2.1. Introduction. ............................................................................................................................ 53 

3.2.2. Material and methods. ............................................................................................................. 54 

3.2.3. Results. .................................................................................................................................... 58 

3.2.4. Discussion. ............................................................................................................................... 67 

3.2.5. Conclusions. ............................................................................................................................ 70 

4. Microbial succession in litter decomposition affecting plant community structure in grasslands. 72 

4.1. Reviewing A century of study on fungal fairy rings ....................................................................... 74 

4.1.1. Introduction ............................................................................................................................. 74 

4.1.2. FFRs classifications ................................................................................................................. 75 

4.1.3. Spatial dynamics of FFR growth ............................................................................................. 77 

4.1.4. Abiotic and biotic interactions of FFRs ................................................................................... 93 

4.1.5. Concluding remarks ............................................................................................................... 106 

4.2. One ring to rule them all: a killer fungus fosters plant and microbial diversity in grassland ........ 109 

4.2.1. Introduction ........................................................................................................................... 109 

4.2.2. Material and methods ............................................................................................................ 110 

4.2.3. Results ................................................................................................................................... 113 



Plant-litter feedback dynamics in terrestrial and aquatic ecosystems                                          Maurizio Zotti 

5 

 

4.2.4. Discussion .............................................................................................................................. 129 

4.2.5. Conclusions ........................................................................................................................... 133 

4.3. Cascade effect on soil microbiota by a Fairy ring fungus. ............................................................ 134 

4.3.1. Introduction ........................................................................................................................... 134 

4.3.2. Material and methods ............................................................................................................ 135 

4.3.3. Results ................................................................................................................................... 137 

4.3.4. Discussion .............................................................................................................................. 154 

4.3.5. Conclusions ........................................................................................................................... 157 

4.4. On the mechanisms of Plant-Fairy ring fungus interaction: a microbiological assessment of VOCs 

release. ....................................................................................................................................................... 158 

4.4.1. Introduction ........................................................................................................................... 158 

4.4.2. Materials and methods ........................................................................................................... 159 

4.4.3. Results ................................................................................................................................... 161 

4.4.4. Discussion .............................................................................................................................. 164 

4.4.5. Conclusion ............................................................................................................................. 167 

5. Li tter decomposition and water relations produce negative feedbacks in aquatic plants ............ 169 

5.1. Direct effect of phytotoxicity of differently decomposed litter on root of riparian species .......... 171 

5.1.1. Introduction ........................................................................................................................... 171 

5.1.2. Material and methods ............................................................................................................ 173 

5.1.3. Results ................................................................................................................................... 181 

5.1.4. Discussion .............................................................................................................................. 188 

5.1.5. Conclusions ........................................................................................................................... 190 

6. Conclusions and implications in plant community ecology ............................................................. 193 

6.1. Ectomycorrhizal symbiosis ........................................................................................................ 193 

6.2. Relation with water .................................................................................................................... 193 

6.3. Fairy Rings ................................................................................................................................ 194 

6.4. Evolutive implications of feedbacks mediated by litter. ............................................................ 194 

7. Bibliography  ......................................................................................................................................... 196 

Acknowledgements ...................................................................................................................................... 215 

 

  



Plant-litter feedback dynamics in terrestrial and aquatic ecosystems                                          Maurizio Zotti 

6 

 

Page intentionally left blank   



Plant-litter feedback dynamics in terrestrial and aquatic ecosystems                                          Maurizio Zotti 

7 

 

1. Synopsis 

1.1. Overview on plant community ecology and plant-soil feedback.  

Plant communities are dynamic biological entities. Their formation, decline and succession take place 

over a wide range of time scales in different biogeographical areas (Watt, 1947). A large body of literature has 

been published in the last century of research with the attempt to describe plant community dynamics in ter-

restrial ecosystems, showing that the magnification of these patterns relies on the interplay between environ-

mental drivers and plant evolutionary strategies (Czaran & Bartha, 1992; Cadotte et al., 2009; Pavoine et al., 

2011; Jim®nez Alfaro et al., 2016). The processes of formation, transformation and successional substitution 

in plant communities are described in a disparate number of ecosystems such as woodlands, grasslands, ripar-

ian and coastal areas and involve interactions changing at different spatial scales, from macro-ecological gra-

dients to site-specific environmental shifts (Bazzaz & Pickett, 1980; VAN ANDEL et al., 1993; Cesarano et 

al., 2017b). Accordingly, the objects of community dynamic assessment can range from the interplay between 

micro-environmental factors and seed germination or propagule establishment, to the environment-mediated 

feedback effects of a plant species presence on the structure and diversity of a plant assemblage (Watt, 1947; 

Mazzoleni et al., 2010). Several theories explaining plant community diversity were previously proposed 

(Chesson, 2000). Among the most cited, shared and criticized theories, i) the intermediate disturbance hypoth-

esis (IDH) states that dynamics in plant community are dependent by intermediate level of perturbation pro-

moting the establishment of a species that otherwise would normally be outcompeted by dominant ones (Fox, 

1981; Wilkinson, 1999; Bongers et al., 2009; Catford et al., 2012); ii) niche partitioning theory (Finke & 

Snyder, 2008), relies on the principle of competitive exclusion (Hardin, 1960), in which species are more likely 

to coexist when they tend to compete less strongly, thereby differentiating their niches by e.g. occupying dif-

ferent favourable locations or exploiting different resources avoiding overlap with other species (Cox, 1981; 

Ashton et al., 2010); iii ) the negative density dependence (NDD) hypothesis predicts that high local diversity, 

such as e.g. in tropical forests, is maintained by negative interactions at increasing density of conspecifics or 

between closely related plant species (Antonovics & Levin, 1980; Comita et al., 2010). The so-called Janzen-

Connell distribution, independently proposed half-a-century ago by D.H Janzen (1970) and J.H. Connell 

(1971) is a classic example of NDD, showing  a decrease of recruitment near fruiting conspecific trees in 

tropical forest, traditionally attributed to host-specific microbial pathogens or herbivores (Clark & Clark, 1984; 

Hyatt et al., 2003; Petermann et al., 2008; Mangan et al., 2010). iv) autotoxicity hypothesis relating the occur-

rence of plan-soil negative feedback to the accumulation of organic compounds released by the decomposition 

of plant litter (Mazzoleni et al., 2007).  

Over the last decades, the application of these theoretical frameworks to the variations observed in plant com-

munities has repeatedly induced diverging points of view and reciprocal exclusion between different ecological 

thoughts (Silvertown & Law, 1987; Fox, 2013; Huston, 2014). 

More recently, the needs of a solid and unitary concept explaining patterns of plant species distribution 

brought ecologists to the formulation of new conceptual frameworks, where plants are considered at different 

levels of biological organization and the soil as an interactive matrix in which vegetal communities develops. 
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Moreover, the need to explain patterns of plant establishment beyond the limitations imposed by differences 

in ecosystem characteristics led to the formulation of the plant-soil feedback framework (Bever et al., 1997). 

According to such conceptualization, a plant is capable to induce changes in the soil, at both biotic and abiotic 

levels, which in turn affect the plant progeny and hence the community to which it belongs  (Van der Putten 

et al., 2013). The feedback interactions can favour the establishment of heterospecific plants in the same soil 

space, or being favourable for a conspecific. The two cases, as explained, are known as negative plant soil 

feedback (as being detrimental for the future generation of the conditioning species) and positive plant soil 

feedback (as favouring the propagation of the conditioning species), respectively. Accordingly, a negative 

direction of the feedback promotes establishment of different species and hence the formation of species-rich 

plant communities (Bonanomi et al., 2005; Mazzoleni et al., 2010). On the other hand, positive feedback en-

hances the proliferation of conspecific seedlings, leading to communities dominated by one or few species. 

This is also the case if the negative feedback is continuously removed as happening in riparian vegetation such 

as mangrove forests (Mazzoleni et al. 2010)  

In the frame of plant diversity theories, the axiomatization of such interaction loops provides clear explanations 

for some previously observed patterns of plant community organization, consistent with niche partitioning as 

well as negative density dependence principles (Kulmatiski et al., 2008; Van der Putten et al., 2013). For 

instance, plant soil negative feedback can explain plant community successional patterns, where established 

plant species or assemblages can progressively lose competitive ability as a consequence of their conditioning 

effects on the soil substrate, leading to several species replacements along the successional dynamics (Kardol 

et al., 2006; van de Voorde et al., 2011). As such, the establishment of a new plant community would be the 

emergent property of a dynamic system undergoing negative feedback effects (Mazzoleni et al. 2010). More-

over, considering a plant community as a set of sub-communities, plant soil negative feedback can explain the 

cyclic disappearance and reappraisal of annual species in grassland (van der Maarel & Sykes, 1993; Vincenot 

et al., 2017). Such process is known as carousel distribution model and predicts that the negative conditioning 

locally built-up by plants to the underlying soil, acts at short time scale leading to the spatial displacement of 

the future community within zones characterized by sub-community replacement. Finally, the plant soil feed-

back concept consistently explains different plant distributional patterns at population and individual scale, 

such as the characteristic ring-like configurations of different clonal plants (Cartenì et al., 2012; Bonanomi et 

al., 2014). These plants generally form ring-like patterns after central die-back and incapability to recolonize 

the already conditioned soil. Preferably, the newly formed vegetative portion of the plant colonize uncondi-

tioned soil resulting in an outward migration from the older central zone (Cartenì et al., 2012; Bonanomi et 

al., 2014). The concept at individual level indicate that negative plant soil feedback involves self-interactive 

processes that determine the spatial organization of the plants themselves. This was finely proposed in agri-

cultural context (where species-specific plant-soil negative feedback conceptually correspond to the well-

known soil-sickness in agronomy) suggesting that root proliferation in soil is a self-repulsive process (Zucconi, 

2003). This rationale proposed by Zucconi is particularly suggestive within the conceptual framework of plant-

soil negative feedback in different contexts. First, it suggests important socio-economical implications in crop 
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productivity, with promising eco-friendly applications to agricultural crops; second, under an evolutionary 

perspective, it suggests that negative plant-soil feedback was not positively selected, but rather intrinsically 

constitutive of the plant-soil system, as still holding notwithstanding the pluri-millennial selective pressure of 

agricultural practices aimed to increase crop yield; third, it may also explain the self-repulsive organization of 

plant organs in the surrounding environment that is widespread in plant kingdom. In this perspective, obser-

vations and conceptualizations derived from the agricultural research field, fits well to interpret negative plant-

soil feedback effects in natural plant communities. Indeed, the need for a transdisciplinary conceptual frame-

work for plant-soil feedback research has been recently pointed out by Mariotte et al. (2018).  

In this context, the discovery that fragmented extracellular self-DNA (i.e. DNA originating from con-

specifics) produces species-specific inhibitory effects recently demonstrated by Mazzoleni et al. (2015) pro-

vided a new frame for the mechanism of plant-soil negative feedback in both agricultural and natural ecosys-

tems. Indeed, laboratory experiments reported that the inhibitory effect of purified conspecific DNA was evi-

dent on seed germination and root growth in both vitro- and soil- grown plants (Mazzoleni et al., 2014). Sec-

ond, the self-DNA inhibitory effect was found to be a generalized biological phenomenon by testing on several 

taxa including bacteria, protozoa, algae, fungi, and insects (Mazzoleni et al., 2015b). 
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Figure 1.1 Conceptualized contribution of plant-soil feedbacks to plant community organization. From: van der Putten et al. (2013). 

Central panel: plant direct and indirect feedback effects to themselves and neighbours, respectively; (a) species replacement contrib-

uting to (primary or secondary) succession. (b) plant species coexistence; (c) combination of positive and negative soil feedback re-

sulting in species abundance and rarity; (d) invasive species changing from negative to positive plantïsoil feedbacks moving from 

native to introduced range; (e) over time, plantïsoil feedbacks in the introduced range may become increasingly negative; (f) mild 

plantïsoil feedbacks in mixed plant communities opposite to monocultures; (g) above- and below-ground feedback through herbivory-

induced changes in the soil, influencing the subsequent plants, their aboveground herbivores, and the enemies of those herbivores. 

More details in the cited paper. 
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Figure 2.2: Overview of the plant-soil feedback framework integrating rhizosphere- and litter-mediated effects, driven by direct 

interactions between living plant roots and pathogens or mutualists, and by physical (e.g., litter layer thickness, litter physical 

traits), chemical (e.g., nutrient availability, secondary metabolites, allelopathy) or biotic (e.g., soil community composition, biotic 

interactions, home-field advantage) pathways. From: Veen et al. (2019). More details in the cited paper.  
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Figure 1.3: Conceptual representation of the self-DNA inhibitory effect as mechanism of species specific plant-soil negative feed-

back. From Carteni et al. (2016). 

1.2. Mechanisms of plant-soil negative feedback. 

The theoretical framework of plant-soil feedback has proven to be a powerful tool for scientists involved in 

the study of plant ecology worldwide. On the other hand, when focusing on negative feedback, that is appar-

ently more common than the positive (Kulmatiski et al., 2008; Cesarano et al., 2017b), the conditioning effect 

of the plant on soil can produce substantially the same results despite originated by different mechanisms, as 

related to the manifolds interactive processes occurring belowground. Indeed, such interactions involve not 

only a wide variety of abiotic factors, but also multiple scales of biological organization. Different underlying 

mechanisms of plant-soil negative feedback have been proposed, but their relative importance in different 

contexts has not yet been clarified (Mazzoleni et al. 2015a;(Bennett & Klironomos, 2019; Veen et al., 2019). 

Therefore, three main mechanisms are hereafter overviewed, with awareness that they are not the only ones. 

One mechanism speculate that plant soil feedback is originated by nutrient limitation and niche deple-

tion (Bonanomi et al., 2008; Smith Ramesh & Reynolds, 2017). The process well includes the niche 

patritioning theory and suggests that a focal plant species exploits nutrients available in the trophic niches it 

occupies. The nutrient immobilization in plant biomass bears two main consequences: first, nutrients are 

unavailable for plant species sharing the same trophic niche (including conspecific), which may be 

competitively excluded; second, the conditioning effect of the focal plant species modified the extant trophic 

niche, being potentially beneficial for heterospecifics with different nutritive requirements. 

Another documented mechanism of plant soil negative feedback is that involving pathogen accumula-

tion (Mills & Bever, 1998; Packer & Clay, 2000). Such process acts at both spatial and temporal scales and 

intermixes with species accumulation theories. Concerning spatial scale, a continuous monospecific spread 

corresponds to a metrical increase in the area occupied by a given species. Such trend leads to an increased 

probability for the species to encounter a natural enemy in its pattern of expansion or attracted from contiguous 

soil. In analogy to pathogen accumulation with spatial scale, the probability to accumulate enemies in the soil 

increases with plant age during its lifetime. The pathogen accumulation effect makes the conditioned soil in-

hospitable for the future generations or the extant population of conspecifics. As a consequence, the bottleneck 
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created by the soil-borne enemy on the targeted population opens the possibility for species non-sensitive to 

that specific pathogens to colonize free soil spaces or induces competitive advantages for heterospecifics. 

Finally, a third mechanism producing plant soil negative feedback is the release of allelopathic com-

pounds in soil. Release of allelopathic compounds has multifunctional aspects for plants. Primarily, phytotoxic 

compounds are waste products of internal catabolic and metabolic pathways, hence discarded  in the surround-

ing environment, and, secondarily, the different forms by which these compounds are released modulates cues 

and competitive relations in the external soil environment (Duke, 2003; Rice, 2012). The release of allelopathic 

compounds can produce different effects on plant communities, depending whether targeting at heterospecific 

or conspecific level the neighbouring plants. For example, the release of allelopathic compounds increases the 

competitive ability of the releasing species when the chemical compounds are  directly toxic or able to interfere 

the activities of competitors (Rose et al., 1984; Mallik, 1998). In other cases, the toxicity expressed by a plant 

can act at conspecific level in the surrounding environments (Singh, H et al., 1999; Mazzoleni et al., 2007; 

Mazzoleni et al., 2015a).  

All three mechanisms are identified as fundamental drivers of negative plant soil feedback. The at-

tempt to establish their relative importance in different contexts is still matter of debate between plant ecol-

ogist. However, the onset of one of these processes is likely to enhance the appearance of another one, thus 

resulting in a cumulative effect (Bonanomi et al., 2007).  

1.3. Induction of phytotoxicity by litter decomposition 

One of the most frequent mechanisms of plant soil negative feedback is connected to the release of allelopathic 

compounds in soil (Rice, 2012). As already mentioned, allelopathic interactions are originated from the depo-

sition of organic matter in soil in form of root exudates and litter. In some case, these products showed non-

specific and generalized impairment of growth for plants in their proximity. Posing the attention on leaf litter, 

inhibitory effects have been reported by a number of studies (Xiong & Nilsson, 1999) and are caused because 

litter acts as a physical barrier (Scarpa & Valio, 2008) or, more commonly, by a chemical interference effect 

(Rice, 2012). In this latter case, plant inhibition is the results of a combination of nutrient starvation and chem-

ical toxicity due to allelopathic compounds. Nutrient starvation mainly involve nitrogen (N) and is caused by 

microbial competition when decomposing organic matter had a C/N ratio above the threshold values of ~30 

(Hodge et al., 2000). In presence of N poor plant leaf litter, large root or wood debris, microbe outcompete 

plants for mineral N uptake, physically mobilizing nitrogen into the organic matter (Lummer et al., 2012) and, 

as a consequence, cause a deprivation of mineral N in the surrounding soil that may impair plant growth. The 

intensity and duration of N immobilization depends on the amount and C/N ratio of the considered litter, and 

may last from few weeks, as in case of leaf litter, to several years when large amount of wood is involved, as 

observed after disturbance (Zimmerman et al., 1995). Direct litter phytotoxicity is also widespread, with three 

studies that reported an inhibitory effect for 21 (Lopez-Iglesias et al., 2014), 64 (Bonanomi et al., 2011) and 

65 (Meiners, 2014) litter types in temperate and Mediterranean ecosystems. A wide array of phytotoxic com-

pounds have been isolated and identified, especially in water leachate of fresh litter and during the early phases 

of decomposition (Rice, 2012). The most common phytotoxic compounds in litter include short-chain organic 
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acids as propionic and butyric acids (Armstrong & Armstrong, 1999), tannins (Kraus et al., 2003), and low 

molecular weight phenols (Li  et al., 2010). In this regard, previous studies also clarified that litter phytotoxicity 

is largely affected by plant functional type and the stage of decomposition. In detail, leaf litter is usually more 

phytotoxic than root debris and, among plant functional types, tissues of nitrogen-fixing species are, on aver-

age, more inhibitory than forbs, woody species and grasses (Bonanomi et al., 2017b). Moreover, it is also well 

established that a rapid transformation and degradation of most labile allelochemical compounds into non-

toxic molecules causes a rapid disappearance, usually in the time-frame of weeks or few months, of the litter 

phytotoxic effect (Chou & Patrick, 1976; Bonanomi et al., 2006a; Dorrepaal, 2007). 

A notable exception to this general pattern is the inhibitory effect exerted by litter of conspecifics. In 

this case, plant debris have a species-specific autotoxic effect (Singh, H et al., 1999), with inhibition that is 

long-lasting, up to several years (Cesarano et al., 2017b). Such species-specific and persistent autotoxicity has 

been associated to the persistence and accumulation of extracellular DNA (exDNA) in the litter layer and 

underlying soil during decomposition (Mazzoleni et al., 2015a).  

Overly, these studies provided evidence litter mediates plant community structuration (Facelli & 

Pickett, 1991). The effect on plant community is widely described due to the release of phytotoxic compound 

acting at species specific level during litter decomposition. In light of this, is intriguing to understand the way 

in which some communities can magnify in a monodominated pattern and which is the contribution of litter in 

originating plant soil positive feedback.  

A thought-provoking example of is that of plant community in acquatic ecosystems. In these kinds of 

assemblages is common to find monospecific communities. Floating plants (Eichornia crassipes, Lemna spp., 

Pistia spp.), perennial species in wetlands and marshes ( Phragmites australis, Spartina spp., Typha spp.), 

gallery (Mora spp., Tabebuia spp. ) and mangrove forests (Avicennia spp., Nypa fruticans, Rhizophora spp.), 

and also seagrass (Posidonia spp., Thalassia spp., Zoostera spp.), seaweed and kelp forests (Fucus spp., Lam-

inaria spp., Macrocystis pyrifera etc) are low diversity phytocoenosis find in both, salt and freshwater condi-

tion and latitudinal level. In these cases, despite the absence or limited presence of soil, the conditioning effect 

of the plant on its own substrate appear to be undefective, maybe because removed by the motility of water 

that is able to displace phytotoxic agents from the proximity of plant or dilute them until ineffective concen-

trations (already proposed by Mazzoleni at al. 2007).  

Another useful example is that of monodominated forests in boreal, temperate and sporadically in 

tropical belts (Hart et al., 1989; Corrales et al., 2018). These community are normally dominated by a single 

plant species and are characteristic of the majority of the forested lands of the word (Brundrett, 2004). The low 

diversity of this community indicated that dominant plant species provide a positive conditioning of soil for 

conspecific renewal increasing their probability of survival. On the other side, classic negative feedback ex-

periment demonstrated that seedlings of that trees growing in soils conditioned by conspecific has suppressed 

growth (Wurst et al., 2015). This because those experiment scrutinized the effect of a conspecific conditioned 

soil on plant considering it as a singular biological entity, but not considering it as an holobiont units composed 

by more than one organism. As in parallel, actual insight in biomedical sciences consider that human organisms 
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are composed also by the microbiome hosted in the gastrointestinal tract, the missing piece for consideration 

of plant as a holobionts is the presence of their elective symbionts in plant root system (Simon et al., 2019; 

Thomashow et al., 2019). Indeed, monodominated forests are all characterized by the ability to form ectomy-

corrhizal symbiosis (Corrales et al., 2018). In this kind of relationship a mutualistic exchange of nutrients 

between the two counterparts modify the competitive relations between plant in community, favouring plants 

able to forms symbiotic relationships (Brundrett, 2004). The ability of ectomycorrhizal plants to persist to the 

effect of negative feedback was clearly described in experiment including ectomycorrhizal partner (Bennett et 

al., 2017; Teste et al., 2017). However, evidence that the recurrence of these symbiotic partner allows plants 

to exploit some fungal strategy to escape from autotoxicity released by its own litter is not present in literature.  

1.4. Litter decomposition mediate microbial dependent plant-soil feedback  

In the cases observed, the release of phytotoxic compound from litter induce effects of variable inten-

sity and direction for plants and this is dependent by the decomposition stage of the organic matter. These 

effects could take place and affect plant growth: i) with fresh litter being generalized detrimental; ii) with 

decomposed litter, that could be detrimental as well as in the case of autotoxic self-DNA; iii) again with de-

composed litter, but positive for heterospecific plant. 

Intriguingly, the results of the litter deposed by plants, and successive decomposition, could provoke 

the formation of particular microbiomes that in turn modify the structure of a stable plant community. During 

the process of litter decomposition, a series of microbial communities succeed according to the variation, de-

pletion and formation of different trophic niches in a time series (Purahong et al., 2016; Bonanomi et al., 

2019). Whether at the beginning of litter decomposition the microbial community increasing in abundance is 

specialized on the depletion of labile and firstly available compounds, the successive communities replace the 

first because of the rise of a new resource and because the first community suffer the exploitation of resources 

in the former niche. This process is continually repeated until the complete exhaustion of the decomposed 

substrate. Moreover, the successional series of communities will follow an increased gradient of recalcitrant 

property of the resources. Within the set of community formed has been assessed that those occurring at later 

stages evolved a wider set of strategies in order to scavenge resources. The most commonly example is that 

described for communities of Basidiomycetes fungi (Frankland, 1998). Most of Basidiomycetes are C-selected 

species with respect to other fungal phyla that are mainly composed by R-selected and S-selected taxa (Hiscox 

et al., 2018). The selective strategies for fungi suggests that C-selected species are characterized by slow 

growth rate, ability to adapt to diverse trophic resources and combative behavior with respect to competitors 

(Dix, 2012; Boddy & Hiscox, 2016). In physiological terms, the description of the C-selected strategies among 

fungi means that the species is able to defend itself and its resources through the synthesis of complex mole-

cules overcoming the disadvantages from the dependence of a single trophic resources. This is possible by the 

development of a wider arsenal of degrading enzymes (Baldrian, 2008; Spiteller, 2008). Presumably, the high 

energetic costs of this evolutive development leads Basidiomycetes to growth with slower replicative rates 

and, hence occurs in later stage of decomposition of the substrates (Frankland, 1998; Osono & Takeda, 2001a). 

The domination of the soil microbial community operated by Basidiomycetes has effect on the extant plant 
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community. In the case this process occurs in woodland floor the community is often dominated by the afore-

mentioned ectomycorrhizal guild leading to monodominated distribution of plant species (as previously 

stated). In the case the process take place in grassland ecosystems, with fungi belonging to saprobic Basidio-

mycetes guilds, the whole decomposition process can lead to the formation of patterns of changing vegetation 

also known as fungal fairy rings (Shantz & Piemeisel, 1917). Particularly, these processes are detrimental and, 

successively, stimulant for the plant communities. Moreover, the powerful interaction produced by the domi-

nant basidiomycetes can include it in the list of the ecosystem engineer species because reshaping the structure 

of a plant community (Bonanomi et al., 2012).  

1.5. Aims and contents of the thesis  

The present thesis has the propose to extend the analysis of the occurrence of the phenomenon of 

plant soil feedback derived by the litter decomposition processes. Despite the wide variety of forms in which 

plant-soil feedback interaction could manifest, the works composing the thesis are addressed to shed light on 

particular mechanisms that bring to low diversity plant community. Moreover, is proposed here to describe 

the extent to which modification of the microbial community, derived from the process of litter decomposi-

tion, can affect the structure of plant communities. In order to accomplish these challenging claims, the sci-

entific works composing the present document were conducted in different natural conditions and at different 

biological level. The ecosystem in which these processes are studied in the present thesis are: 

1- The monodominated ectomycorrhizal forests, where the interplay between litter, mycorrhizal symbiosis 

and the presence of a microbial decomposing community in soil has been studied to assess the modulation 

of plant-soil feedback. The study of how ectomycorrhizal symbiosis produce advantages for monodom-

inant plants has been realized by a classic biomass-based approach and later to elucidate the advantages 

produced by the relation between litter decomposition and the associated autotoxicity with the ectomy-

corrhizal symbiosis by assessing pattern of colonization of roots in soil. 

2- The grassland ecosystem to study the magnification of the effect of microbial dominance in the later 

stage of litter decomposition and the effect on extant plant community. In particular, the relationship 

between microbial dominance dynamics and vegetation was assessed in the context of occurrence of 

ñfairy ringsò created by Basidiomycetes fungus. 

3- Water ecosystems to assess the direct effect of litter phytotoxicity on plants without the impediment 

characterizing the complex soil matrix. This experimental setting was conceived to get insights on the 

inhibitory action of extracellular self-DNA inducing autotoxicity. 

Additionally, the first chapter of the thesis reviews how microbial succession works according to 

different litter species and the changes induced in microbial communities acting on it. 

  



Plant-litter feedback dynamics in terrestrial and aquatic ecosystems                                          Maurizio Zotti 

17 

 

Page intentionally left blank  



Plant-litter feedback dynamics in terrestrial and aquatic ecosystems                                          Maurizio Zotti 

18 

 

2. Linking bacterial and eukaryotic microbiota to litter chem-

istry : Combining next generation sequencing with 13C-

CPMAS-NMR spectroscopy 

 

 

 

 

 

 

  












































































































































































































































































































































































































