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Soil bioengineering 

Soil bioengineering is a relatively recent discipline that uses low-impact measures 

which utilize live plants (or parts thereof) as building materials in combination with other 

materials (such as stones, soil, timber, steel, etc.) for soil stabilization. 

Hugo Meinhard Schiechtl (1922-2002), one of 

the leading exponents of soil bioengineering. Soil bioengineering work (Alpe Mola). 

Fonte: Bischetti et al. 2012 
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Soil bioengineering 

Bischetti et al. (2012) 
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Section I 

Application of floristic-vegetational indices for the analysis of soil 

stabilization works conducted in Val Camonica (Northern Italy) 

This research has led to the formulation of two floristic-vegetational indices: 

 

 1) Ecological Index of Maturity (EIM) (Giupponi et al. 2015) 

 

 2) Index of Ecological Success (IES) (Giupponi et al. 2017c) 

These indices are based on the study of the vegetation according to the 

phytosociological method 
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Ecological Index of Maturity (EIM) 

The Ecological Index of Maturity (EIM) (Giupponi et al. 2015) measures the level of 

disturbance affecting a plant community considering: phytosociological class, chorotype 

and coverage of each species present. 
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Ecological Index of Maturity (EIM) 

Giupponi et al. (2013) 

“Application of the floristic-vegetational 

indexes system for the evaluation of the 

environmental quality of a semi-natural 

area of the Po Valley (Piacnza, Italy)” 
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Ecological Index of Maturity (EIM) 

The Ecological Index of Maturity (EIM) (Giupponi et al. 2015) measures the level of 

disturbance affecting a plant community considering: phytosociological class, chorotype 

and coverage of each species present. 
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Ecological Index of Maturity (EIM) 
EIM is calculated using the following formula developed by Giupponi et al. (2015): 

where EIM is the ecological index of maturity, IM is the 

index of maturity, IE is the index of the exotic 

component and IL is the index of the endemic 

component. 

EIM values can range from 0 (high vegetation disturbance) to 9 (undisturbed vegetation) 

Giupponi et al. (2015) 
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Ecological Index of Maturity (EIM) 
EIM is calculated using the following formula developed by Giupponi et al. (2015): 

where EIM is the ecological index of maturity, IM is the 

index of maturity, IE is the index of the exotic 

component and IL is the index of the endemic 

component. 

The Index of Maturity (IM) measures the actual dynamic stage of succession in relation 

to the coverage and phytosociological class to which each species of a plant community 

belongs. IM is expressed by the following formula (Taffetani & Rismondo 2009):  

where IM is the index of maturity, ci is the coverage value of 

each single species, i (i = 1, 2, ..., n) is the number of species, m 

is the coefficient of maturity of the phytosociological class to 

which each species belongs, C is the total coverage value 

obtained by summing the values of c for all the species present. 
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The coefficient of maturity 

(m) is the value assigned by 

Taffetani & Rismondo (2009) 

and Rismondo et al. (2011) to 

the main phytosociological 

c l a s s e s o f E u r o p e a n 

vegetation according to the 

physiognomic-structural , 

synecological characteristics 

and the syndynamic role of 

the vegetation of each class. 

Coefficient of maturity (m) 



www.progetti.interreg-italiasvizzera.eu

Ecological Index of Maturity (EIM) 
EIM is calculated using the following formula developed by Giupponi et al. (2015): 

where EIM is the ecological index of maturity, IM is the 

index of maturity, IE is the index of the exotic 

component and IL is the index of the endemic 

component. 

The index of exotic component (IE) provides the percentage of exotic species of a 

plant community considering exotic species coverage compared to total coverage. It 

measures the degree of exotic contamination and artificiality of the plant coenoses in 

relation to human pressure (human disturbance) in the territory. 

IE is the index of exotic component, c(e) is the coverage value of 

each exotic species, i (i = 1, 2, ..., n) is the number of exotic 

species and C is the total coverage value 
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Ecological Index of Maturity (EIM) 
EIM is calculated using the following formula developed by Giupponi et al. (2015): 

where EIM is the ecological index of maturity, IM is the 

index of maturity, IE is the index of the exotic 

component and IL is the index of the endemic 

component. 

The index of endemic component (IL) gives the percentage of endemic species of a 

community considering their coverage compared to that of all the species present. The 

index of endemic component is calculated according to the following formula: 

where IL is the index of endemic component, c(l) is the coverage 

value of each endemic species, i (i = 1, 2, ..., n) is the number of 

endemic species and C is the total coverage value obtained by 

summing the values of c 
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Study areas 

EIM was applied to three study areas located in mountain areas of Lomardy affected by 

landslides. 

Location of the study areas: Azzone (a), Val Dorena (b) and Val Palot (c) 
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Study area: Azzone (a) 

Study area in Azzone after the landslide (1992), at the time of soil stabilization (1995) 

and at the time of vegetation monitoring (2014) 

The study area is located in Azzone (Scalve Valley, Lombardy, Northern Italy; 

coordinates: 45°58'34.1'' N, 10°07'15.5'' E), has an area of 13.000 m2 and is localized at 

an altitude which ranges from 1.000 to 1.150 m. It has undergone stabilization work 

using soil bioengineering techniques, following a landslide occurred in April 1992 
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Study area: Azzone (a) 

Study area in Azzone after the landslide (1992), at the time of soil stabilization (1995) 

and at the time of vegetation monitoring (2014) 

The study area is located in Azzone (Scalve Valley, Lombardy, Northern Italy; 

coordinates: 45°58'34.1'' N, 10°07'15.5'' E), has an area of 13.000 m2 and is localized at 

an altitude which ranges from 1.000 to 1.150 m. It has undergone stabilization work 

using soil bioengineering techniques, following a landslide occurred in April 1992 
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Study area: Azzone (a) 

Map of soil stabilization works of Azzone  

Upon completion of soil bioengineering 

works, vegetation was restored by 

planting some tree species and sowing 

various grass species (including exotic 

species). 

Composition of seed mixture 
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Study area: Val Dorena (b) 
Val Dorena is located within the municipality of Monno (high Val Camonica; altitude: 

1600 m a.s.l.) and has a catchment area of about 2.5 km2 of which 0.12 km2 still under 

active erosion. The area considered in this study includes only a part of the whole area 

of instability – the area in which the most recent works were carried out in 2000 

according to soil bioengineering criteria. 

Before soil stabilization work 

Fonte: Giupponi 2017 
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Study area: Val Dorena (b) 

Study area in the year 1988, 

1994, 2000,2006, 2012. Data 

source: Geoportale Nazionale 
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Study area: Val Dorena (b) 

Map of soil stabilization work 

In Val Dorena no exotic species were sown 

and further landslides occurred (and still 

occur) after soil stabilization  work. 

Landslide 

Soil stabilization work 

Fonte: Giupponi et al. 2017 
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Study area: Val Palot (c) 
Val Palot is located in the municipality of Pisogne in the Prealps of the province of 

Brescia (altitude: 1000 m a.s.l.). In 1993 it was affected by extensive instability over an 

area of approximately 4000 m2. Slope stabilization work was performed in 1996 using 

soil bioengineering techniques 

Map of soil stabilization work 

In Val Palot no exotic species were 

sown and no further landslides 

occurred after soil stabilization  work. 
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Materials and methods 

Data on the vegetation of the three study areas were collected by performing 

phytosociological relevés (15 in Azzone, 16 in Val Dorena and 12 in Val Palot) in 

accordance with the method of the Zurigo-Montpellier Sigmatist school (Braun-Blanquet 

1964). 

Vegetation data were analysed statistically using 

cluster analysis in order to highlight the floristic 

and physiognomic similarities of the relevés. 

Vegetation map of the study areas was drawn up 

using ArcGIS 10 software. 

 

The IE, IL, IM and EIM were calculated for each vegetation type using the above 

mentioned formulas. 
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Results: Azzone (a) 
The results provided by the statistical analysis (cluster analysis and PCoA) of the 15 

relevés conducted in the study area of Azzone identified six types of vegetation. 

Dendrogram of relevés (a) performed in the study area of Azzone provided by cluster analysis and ordering 
of the relevés according to PCoA (b). The numbers indicate the codes of each relevé and the letters in the 
boxes identify the groups of vegetation (clusters). Variance justified by the PCoA axes: MDS1 = 33,53%; 
MDS2 = 20,66% 
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Results: Azzone (a) 
Aa = montane Picea abies forest 
 

Ba = Festuca cinerea grassland 
 

Ca = vegetation dominate by 

shrubs and broadleaf trees 
 

Da = Calamagrost is var ia 

grassland 
 

Ea = Hieracium tenuiflorum-

Origanum vulgare community 
 

Fa = Lupinus polyphyl lus-

Fraxinus excelsior community 
 

r = rocks 
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Lupinus polyphyllus-Fraxinus excelsior 
community (Giupponi et al. 2015b) 
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Lupinus polyphyllus-Fraxinus excelsior 
community (Giupponi et al. 2015b) 

(Giupponi et al. 2015) 
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Results: Val Dorena 

Ab = Trifol ium repens-Festuca 
laevigata community 
 

Bb = Tolpis staticifolia-Poa glauca 
community 
 

Cb = willow shrubland 
 

Db = mountain meadow 
 

Eb = montane Picea abies forest 
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Results: Val Palot (c) 
Ac = montane Picea abies forest 
 
Bc = Matteuccia struthiopteris-Cirsium 
montanum community  
 
Cc = Fraxinus excelsior-Aruncus dioicus 
community 
 
Dc = Petasites albus-Impatiens noli-
tangere community 
 
Ec = young broad-leaved wood 
 
Fc = bramble shrubland 
 
Gc = mountain meadow 
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Results 
  
Comparison between the values of EIM of the three study areas 

Val Dorena (b) Val Palot (c) Azzone (a) 

EIM = 6,91 EIM = 6,67 EIM = 8,58 
Years elapsed after  

the end of the work: 19 
Years elapsed after  

the end of the work: 15 
Years after after  

the end of the work: 19 

The EIM does not considers the time elapsed after the end of the  works (vegetation 
dynamic). 
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Vegetation analysis of a chronosequence and EIM trend  

This study was conducted by analyzing the vegetation of five sites situated in upper Val 

Camonica. These sites have similar environmental characteristics and were subject to 

soil stabilization work (Giupponi et al. 2017a). 

Study area (latitude: 46°07'48,87''N, longitude: 10°18'38,59''E). The stars 
indicate the five sites where the phytosociological relevés were performed. 
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Vegetation analysis of a chronosequence and EIM trend  

The percentage of phanerophytes increases over time (years elapsed after sowing). 

The percentage of therophytes and hemicryptophytes decrease over time. 

Histogram of life forms indices of relevés and seed mixture (1*). IT = index of therophytic 
component; IH = index of hemicryptophytic component; IF = index of perennial non-
hemicryptophytic component (geophytes, chamaephytes, nano-phanerophytes and 
phanerophytes).  

Years elapsed after sowing 
- 3 2 5 9 14 

Seed  
mixture 

Fonte: Giupponi et al. 2017 
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Soil bioengineering 

Soil bioengineering is a relatively recent discipline that uses low-impact measures 

which utilize live plants (or parts thereof) as building materials in combination with other 

materials (such as stones, soil, timber, steel, etc.) for soil stabilization. 

Hugo Meinhard Schiechtl (1922-2002), one of 

the leading exponents of soil bioengineering. Soil bioengineering work (Alpe Mola). 

Fonte: Bischetti et al. 2012 
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Vegetation analysis of a chronosequence and EIM trend  

The graph in Figure 2.5 compares the time elapsed after sowing with the EIM values of 

the five phytocoenoses, and shows the model which describes the trend of the EIM 

according to time. 

Trend of the ecological index of maturity 
(EIM) over time (x) (years elapsed after 
sowing) of the chronosequence. Shown: 
relationship between the two variables, 
coefficient of determination (R2) and 
function trend line. The numbers refer to 
the relevés. Fonte: Giupponi et al. 2017 
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Vegetation analysis of a chronosequence and EIM trend  

Giupponi et al. (2017a) 
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Vegetation analysis of a chronosequence and EIM trend  

Trend of the ecological 
index of maturity (EIM) 
over time (x) of the four 
chronosequences:  

a , Va l C a m o n i c a 
c h r o n o s e q u e n c e 
( G i u p p o n i e t  a l . 
2017a);  

b, limestone quarries 
c h r o n o s e q u e n c e 
(Gilardelli et al. 2016);  

c ,  p r o g l a c i a l 
c h r o n o s e q u e n c e 
(D'Amico et al. 2014);  

d, abandoned fields 
chronosequence (Barni 
& Siniscalco 1999).  
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La dinamica di vegetazione 

Anni d'abbandono 

è “un processo attraverso il quale al passare del tempo 
comunità vegetali si sostituiscono l’una nell’altra in uno 
stesso luogo.”  
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La VEGETAZIONE è “Un sistema composto da piante 
disposte nell’ordine che esse spontaneamente 
assumono mediante un processo di auto-regolazione, 
in dipendenza dei fattori ambientali” (Pignatti, 1998) 

Suolo, disturbi (abiotici o biotici), clima … 

La vegetazione non è stabile nel tempo. Al variare di uno o più 
fattori ambientali la vegetazione cambia gradualmente secondo 
due meccanismi principali: 
 
1)  FLUTTUAZIONI: Variazioni “quantitative” che non portano ad un 
cambiamento stabile della comunità (es: variazioni stagionali) 
 
2) SUCCESSIONI (o serie dinamiche): Variazioni “qualitative” che 
comportano il succedersi di diverse comunità vegetali (stadi della 
serie) nello stesso luogo al passare del tempo. 
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Le SUCCESSIONI possono essere: 

1)  PRIMARIE: 
 
Hanno origine a partire da suolo 

s t e r i l e  d o p o  e v e n t i 
“zero” (colate laviche, morene 
glaciali ecc...) 

 

2) SECONDARIE: 
 
Hanno origine a partire da una 
vegetazione già presente in seguito 
all’intensificarsi o all’affievolirsi del 
disturbo (es: abbandono di colture, 
taglio bosco ecc...) 
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Le SUCCESSIONI SECONDARIE: 
 
Hanno origine a partire da una vegetazione già presente in seguito 
all’intensificarsi o all’affievolirsi del disturbo 

tempo 

Esempio di successione secondaria: l’abbandono di un prato 
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Situazione iniziale: 
Prato di monte (Trisetetum flavescentis) 
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Bosco:  
Faggeta (Aremonio-Fagion) 
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20/10/16 Fonte Giupponi 2010 
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Le comunità vegetali che costituiscono una successione possono essere anche 
distribuite spazialmente in un’area ecologicamente uniforme a formare una serie di 
vegetazione (o sigmeto), definita come: l’insieme di “tutte le associazioni legate 
da rapporti dinamici che si rinvengono all’interno di una stessa unità 
ambientale” (Poldini e Sburlino, 2005).  
 
Il sigmeto è l’unità fondamentale della fitosociologia dinamica (o sinfitosociologia) e 
l’insieme di sigmeti contigui presenti in un dato territorio (all’interno di una stessa 
unità biogeografica e piano bioclimatico) è detto geosigmeto (o geoserie) (Rivas-
Martínez, 2005). Il geosigmeto è l’unità elementare della fitosociologia integrata (o 
geosinfitosociologia)  

Fonte: http://www.prodromo-vegetazione-italia.org 
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la vegetazione non è un elemento statico, ma dinamico che interagisce con 
l’ambiente in cui si trova modificandone alcune caratteristiche (in particolare il 
suolo e il microclima) e di conseguenza ponendo le basi per un suo continuo 
cambiamento.  
 
 
 
 
L’ingegneria naturalistica deve innanzitutto conoscere e per quanto possibile 
assecondare tale processo, e secondariamente sfruttarlo indirizzandolo e 
accelerandolo per ottenere i risultati desiderati in un tempo inferiore a quanto si 
avrebbe con un processo completamente naturale.  
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Il substrato di partenza nelle opere di ingegneria 
naturalistica 

Il substrato di partenza è spesso costituito da detriti incoerenti 

con poca terra fine (suoli grezzi). Questo limita la crescita di 

specie erbacee e arboree esigenti. 

 

… SUCCESSIONI PRIMARIE! 
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La scelta delle specie vegetali 

Hugo Meinhard Schiechtl (1922-2002). 

Di particolare importanza nella scelta delle specie vegetali più adatte per la 

biotecnica naturalistica è la conoscenza delle associazioni pioniere su 

suoli grezzi e della loro successione…  

I risultati più precisi, che richiedono 

modesto impiego di tempo, sono 

forniti dai rilievi fitosociologici, 

eseguiti su stazioni vicine o per lo 

meno affini.  

Dall’insieme di tali rilievi otteniamo 

quelle specie che si dovrebbero 

impiegare nelle sistemazioni. 

(Schiechtl 1991) 
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Le piante dei  
ghiaioni Leuschner & Ellenberg 

(2017): Ecology of Central 

E u r o p e a n N o n - F o r e s t 

vegetation 
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Specie pioniere 
Linaria tonzigii, Hutchinsia alpina, Saxifraga moschata   
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Specie pioniere 
Aquilegia einseleana, Cerastium latifolium, Rumex scutatus 
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Carex firma 
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Dryas octopetala 
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Hedysarum exaltatum 
Rhododendron hirsutum 
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Megaforbieto 
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Prateria alpina dei substrati calcarei 
(seslerio-sempervireto) 
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L’analisi della vegetazione 

Schiechtl (1991). 

Accelerare la dinamica di 
vegetazione riducendo gli 
impatti agli ecosistemi e al 

paesaggio 

Te
m

po
 

Quale è il tempo con cui si 

esplicano questo t ipo di 

successioni? 
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Lo studio della dinamica della vegetazione 

1)  Metodo DIACRONICO (“quadrato permanente”) 
 

-  Pregi: Controllo diretto del fenomeno 

-  Difetti: tempi di analisi eccessivamente lunghi 

2) Metodo SINCRONICO (ricercare i legami dinamici tra le associazioni che 

si trovano in un determinato territorio in un determinato momento) 
 

-  Pregi: tempi di analisi relativamente brevi 

-  Difetti: analisi indiretta molto spesso basata su interpretazioni 
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Vegetation analysis of a chronosequence and EIM trend  

Trend of the ecological 
index of maturity (EIM) 
over time (x) of the four 
chronosequences:  

a , Va l C a m o n i c a 
c h r o n o s e q u e n c e 
( G i u p p o n i e t  a l . 
2017a);  

b, limestone quarries 
c h r o n o s e q u e n c e 
(Gilardelli et al. 2016);  

c ,  p r o g l a c i a l 
c h r o n o s e q u e n c e 
(D'Amico et al. 2014);  

d, abandoned fields 
chronosequence (Barni 
& Siniscalco 1999).  
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Section I 

Application of floristic-vegetational indices for the analysis of soil 

stabilization works conducted in Val Camonica (Northern Italy) 

This research has led to the formulation of two floristic-vegetational indices: 

 

 1) Ecological Index of Maturity (EIM)  

 

 2) Index of Ecological Success (IES) 

These indices are based on the study of the vegetation according to the 

phytosociological method 
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Index of Ecological Success (IES) 

IES is an index for evaluating the effectiveness of soil bioengineering works in mountain 

areas with particular reference to slope stabilization. The IES compares the EIM values 

of the vegetation of an area affected by soil stabilization work with the expected EIM 

value at a precise time after completion of soil stabilization work. The IES is defined as 

follows: 

EIMc is the value provided by the calculation of the EIM (ecological 

index of maturity) referring to the vegetation present in the study area 

at a certain time t (years since the end of the soil bioengineering 

works) and EIMe is the value of EIM expected for the vegetation of 

that area at the time t. 

IES values of around 1 mean that the calculated EIM (EIMc) is similar to the expected 

EIM (EIMe) and therefore that intervention has been successful. 
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Index of Ecological Success (IES) 

IES was applied to the three study areas (Azzone, Val Dorena and Val Palot). 

 

 

 

 

 

 

Trend of the ecological index of maturity (EIM) 

over time (x) 

In this case the EIMe value 

(expected EIM) was calculated 

using data published by Giupponi et 

al. (2017a): 
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Results  
Comparison between the values of IES of the three study areas 

Val Dorena (b) Val Palot (c) Azzone (a) 

EIMc = 6,91 EIMc = 6,67 EIMc = 8,58 
Years elapsed after  

the end of the work: 19 
Years elapsed after  

the end of the work: 15 
Years elapsed after  

the end of the work: 19 

EIMe = 8,65  EIMe = 8,12 EIMe = 8,65 

IES = 0,80  IES = 0,82 IES = 0,99 

The IES considers the time elapsed after the end of the  works (vegetation dynamic) 
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Giupponi et al. (2017) 
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Index of Ecological Success (IES) Alpe Mola 
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EIM  e  IES  sono  sta,  impiega,  per  studiare  la  dinamica  di  
un’area  interessata  da  opere  di  ingegneria  naturalis,ca  
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Alpe  Mola  
  
1700  m  a.s.l.  
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Alpe  Mola:  analisi  del  suolo  e  della  vegetazione  

B D2 

Comunità post semina Ricolonizzazione spontanea 
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In  conclusione  

•  Lo studio delle piante e della dinamica di vegetazione è tema 

fondamentale per l’ingegneria naturalistica e le opere di ripristino 

ambientale 

 

•  Durante la progettazione delle opere di IN bisogna porre più attenzione 

alla vegetazione (caratteristiche biotecniche + ecologia + corologia) 

•  Manca una normativa chiara ed efficiente 

•  le specie autoctone pioniere dovrebbero essere un punto di riferimento 

quando non si ha terra fertile ma: 

•  occorrono ulteriori studi ecologici e biotecnici 

•  occorre renderle reperibili sul mercato 



www.progetti.interreg-italiasvizzera.eu

2. Produttori di sementi autoctone in Europa  

De Vitis  et al., 2017 

Zone di 
provenienza 

del seme 
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Realtà produttive in nord Italia 

SemeNostrum    
di  Silvia  Assolari  

Centro  Flora  Autoctona    
di  Regione  Lombardia  

Flora  Conserva,on    
di  Lino  Zubani  
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60 95 9040 5 10
fiorume miscuglio	 SemeNostrum miscuglio	 commerciale

%	monocotiledoni %	dicotiledoni

composizione   %   PROV  
Festuca  rubra  L.   42,5   DK  
Bromus  inermis  Leyss.   1   A  
Festuca  arundinacea  Schreb.   14   DK  
Phleum  pratense  L.   5,5   DK  
Lolium  perenne  L.   15   DK  
Poa  pratensis  L.   5   DK  
Dactylis  glomerata  L.   6,3   DK  
Festuca  pratensis  Huds.   2   DK  
Lotus  corniculatus  L.   0,5   CDN  
Trifolium  hybridum  L.   1   DE  
Trifolium  repens  L.   2   DE  
Trifolium  pratense  L.   1   CDN  
Medicago  saLva  L.   1   I  
Onobrychis  saLva  L.   1   I  
Vicia  saLva  L.   1   ES  
Vicia  villosa  L.   1   H  
Sanguisorba  minor  L.   0,1   DE  
Plantago  lanceolata  L.   0,1   DE  
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Costi 

Costi elevati del materiale 
autoctono 

 
 
 
 

si acquistano sementi 
commerciali. 

 
La scelta delle specie 
autoctone deve quindi 

essere fortemente 
motivata o obbligata per 

trascurare l’aspetto 
economico. 
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Domanda di semi nativi in crescita 

De Vitis  et al., 2017 
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PunL  chiave:  

  

- Abbassare i costi delle specie autoctone. 

- Dare possibilità di reddito alle imprese e agli agricoltori. 

- Avere leggi che impongano l’uso di materiale vegetale autoctono e che ne 

agevolino la produzione, la certificazione e la commercializzazione.  

- Accrescere la conoscenza e la realizzazione dei ripristini ambientali attraverso 

l’elaborazione di basi scientifiche. 
  

Il futuro 
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Work  in  progress…Work  in  progress…  
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Work  in  progress…  

Grazie  per  l’aNenzione  
  
Luca  Giupponi  –  PhD  
luca.giupponi@unimi.it  
  


