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THE STUDY OF VEGETATION FOR A DIAGNOSTICAL EVALUATION
OF AGRICULTURAL LANDSCAPES. 

SOME EXAMPLES FROM LOMBARDY
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ABSTRACT - Considering that a landscape is much more than a set of spatial characters, I tried to focus
its ecological elements and processes, proposing (a) new concepts (e.g. ecocenotope, ecotissue),
(b) new functions (e.g. biological and territorial aspects of vegetation) (c) new applications (e.g.
evaluation of vegetation, etc.). To verify these applications, a study on the landscape agricultural
units of the hinterland of Milan (about 45° 26’N - 09° 17E, 100 m osl) is in process in these years.
The characters of some forested tesserae along a transect between the Adda river and the Ticino
river (East to West, passing through Milan) have been expressed, using the biological integrated
method of vegetation survey proposed by Ingegnoli (2002). An example of how to use the eco-
logical characters of all the different types of vegetation existing within a landscape unit is given
by the study of corridors and crop fields. A comparison among 3 landscape units has been done,
to demonstrate the diagnostic evaluation method, after a parametric analysis based on landscape
ecological indexes.

KEY WORDS - agricultural landscape, vegetation, landscape ecology, landscape diagnosis, Landscape
Biological Survey of Vegetation.

INTRODUCTION: WHY DOES LANDSCAPE ECOLOGY STUDY VEGETATION?

The theory of landscape ecology has to relocate its different approaches in a
deeper biological vision. The comprehension of the landscape and of its main com-
ponent -the vegetation mosaic- needs to underline that both of them are biological
systems (Ingegnoli, 2002). Therefore a landscape is a living entity. We have revised
landscape ecology according to new scientific paradigms (Ingegnoli, 1993; Pignatti
et al. 2002) ranging from the Principle of Emerging Properties to the System Theory
to the ‘order through fluctuation’ processes (Prigogine, 1996). Considering that a
landscape is much more than a set of spatial characters, we tried to focus its eco-
logical elements and processes, proposing 

– new concepts (e.g. ecocenotope, ecotissue), 
– new functions (e.g. biological and territorial aspects of vegetation)
– new applications (e.g. evaluation of vegetation, etc.).



We will present an example: the study of Agricultural Landscape Units (LU)
near Milan. A comparison among the chorological spectra of some woods in this
territory and the two phytosociological alliances of Carpinion and Quercion robori-
petreae (Biondi & Baldoni, 1994) are exposed in Fig. 1. Note the Carpinion choro-
logical spectrum vs the Cusago forest tessera: it is a good ecological status, con-
firmed by phytosociological relevées.

Anyway, many questions arise:

– how to consider the contribution of this tessera to the metastability of the LU ?
– how to compare the data of the forest patch with those of other vegetation ele-

ments in this landscape unit (LU)?
– how to use the ecological characters of all the different types of vegetation exist-

ing within a LU to arrive to a diagnostic evaluation of the entire landscape? 
– how to integrate the other main ecological parameters of the LU , like HH (human

habitat) or SH/SH* (carring capacity)... ?
– what might be the role of this tessera within an ecological network?

So, I need to introduce at least (i) a new ecological function (BTC) and (ii) a new
survey method in a clinical-diagnostic methodology context.

A NEW ECOLOGICAL FUNCTION: THE BIOLOGICAL TERRITORIAL CAPACITY (BTC)

The Biological Territorial Capacity, or BTC (Ingegnoli 1991, 2002), is a syn-
thetic function, referred to the vegetation of an ecocoenotope, i.e. the ecological
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FIGURE 1 - Comparison among the chorological spectra of some woods in Lombardy, near Milan and
the two phytosociological alliances of Carpinion and Quercion robori-petraee (Biondi & Baldoni,
1994). Note the Carpinion chorological spectrum vs the Cusago forest tessera: it is a good ecological
status, confirmed by phytosociological relevées.



system, composed of the community (biotic view), the ecosystem (functional view)
and the microchore (sensu Zonneveld 1995). It express the flux of energy a system
must dissipate during a year to maintain its degree of organization and metastabili-
ty. It is based on: (1) the concept of resistance stability (Odum, 1971); (2) the prin-
cipal types of ecosystems of the ecosphere (Whittaker, 1975); (3) their metabolic
data (biomass, gross primary production, respiration, R/PG, R/B) (Duvigneaud
1977, Piussi 1994, Pignatti 1995). 

Two coefficients are present within this function:

ai = (R/GP )i/ (R/GP )max bi = (dS/S )min/(dS/S )i

– where: R is the respiration, GP is the gross production, dS/S is equal to R/B and
is the maintenance/structure ratio (or a thermodynamic order function; Odum
1971, 1983) and i are the principal ecosystems of the ecosphere. 

The factor ai measures the degree of the relative metabolic capacity of the prin-
cipal ecosystems; bi measures the degree of the relative antithermic (i.e. order)
maintenance of the principal ecosystems. We know that the degree of homeostatic
capacity of an ecocenotope is proportional to its respiration (Odum 1971, 1983). So
through the ai and bi coefficients, even related in the simplest way, we can have a
measure which is a function of this capacity: 

BTCi = (ai + bi )Riw (Mcal/m2/y)

A NEW SURVEY METHOD

The method proposed here (Ingegnoli, 2002; Ingegnoli and Giglio, 2005) can be
named as “landscape biological integrated survey of vegetation” or LaBISV. It is
able to integrate three different criteria (a biotic one, an environmental one and a
configurational one) with different temporal and spatial scales.

It uses a parametric standard form (a proper one for each type of vegetation) for
the analysis and evaluation of a vegetated tessera. It helps in the definition of the so
called “normal state” for each specific type of tessera.

The standard form (or schedule) has been designed to check the organisation
level and to estimate the metastability of a tessera considering both general ecolog-
ical and landscape ecological characters: A = landscape element characters (e.g.
tessera, corridor); B = plant biomass above ground; C = ecocoenotope parameters
(i.e. integration of community, ecosystem and microchore); D = relation among the
elements and their landscape parameters. 

The evaluation classes are four, the weights per class depending on an evalua-
tion model, one for each of the main types of vegetation ecosystems (Ingegnoli,
2005). It is possible to evaluate the quality of vegetation per parametric set of data.
The degree of metastability of vegetation can be estimated through BTC equations,
calibrated per vegetation type. Results may be represented through ecograms.
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THE CASE STUDY OF SOME AGRICULTURAL LANDSCAPE UNITS NEAR MILAN

When I need to apply the method to our case study, what can I gather now con-
cerning forested remnant tesserae? First of all: (i) a total quality for the considered
tessera, (ii) partial qualities related to the 4 groups of parameters, (iii) a BTC esti-
mated value. Let us see, for instance Table 1, in which are summarized the charac-
ters of some forested tesserae along a transect between the Adda river and the Ticino
river (East to West, passing through Milan). 

These tesserae are remnants in the agricultural landscape and their fittest vege-
tation (sensu Ingegnoli, 2002, 2005) pertains to the alliances shown in Fig.1, even
if often invaded by Robinia pseudoacacia, Quercus rubra, and Prunus serotina.
The values of the BTC function are medium-low, from 3.48 to 7.44 Mcal/m2/year.
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TABLE 1 - Transect from Adda to Ticino rivers, surveying forest et tessera as remnants in Agricultural
Landscapes and/or in Regional Parks near Milan.



The mean values of the transect presents a BTC = 5.40, that means a medium qual-
ity of vegetation of about 53%, not dissimilar from the other qualities of the param-
eters of tessera (QT), plant biomass (QF), ecocoenotope (QE), and landscape unit
(QU). The mean of the heigh of the canopy (20.7 m) and the volume of plant bio-
mass (335 m3/ha) are not a reason able to justify the medium-low quality standard
of these remnant forests: the comparison with a good example of Oak-Spruce for-
est demonstrates that – in similar condition of heigh and volume- it is possible to
reach about 80% of the threshold of maturity.

An example of how to use the ecological characters of all the different types of
vegetation existing within a landscape unit is given by the study of corridors and
crop fields, always in agricultural landscapes near Milan, as shown in Fig. 2 and 3.
Note that the main measures are: (a) the mean total quality (Q) of vegetation tesser-
ae (Cfr. the mentioned method) and (b) the ratio BTC/BTCs, being BTCs the value
at the maturity threshold. In Figure 2 we compare 4 case studies in which the char-
acters of vegetation corridors are quite low: the only acceptable situation is in the
municipality of Cusago, due to the presence of semi-natural fountains canals (aste
di fontanile). In Figure 3, the evaluation of the fields of mais are compared in 5 case
studies. As in Fig. 2, it is possible to note different situations presenting a very het-
erogeneous ecological quality.

The possibility to analyze and to evaluate forested tesserae and other ecological
elements, like corridors or crop fields are in any case very important, because they
allow a true diagnosis of the ecological state of different landscape units. 

An ecological diagnosis of a complex living system like a landscape depends on
the comparison between the conditions of the examined system and the conditions
of the state or behavior considered as a normal one for this type of ecosystem. This
is a clinical-diagnostic method.

115

TABLE 2 - Comparison among some agricultural landscapes of the hinterland of Milan.



An other example on how to compare the data of the forest patch with those of
other vegetation elements in a landscape unit (LU) and to integrate the other main
ecological parameters of the LU, like HH (human habitat) or SH/SH* (carring
capacity) can be given by the study of a transect among the agricultural, rural-sub-
urban, and urban landscapes from the Center of Milan towards the West, arriving
near the Ticino river (Fig. 4). This assessment needs the integration of local and
species parameters and of new functions: the new method presented in this paper
enhances the diagnostic evaluation of the ecological state of the examined systems.
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FIGURE 2 - Comparison among 4 case studies of vegetated corridorsin agricultural landscape units near
Milan. Only in Cusago the vegetation quality is over 50%. Note that the main measures are: (a) the mean
total quality (Q) of vegetation tesserae (Cfr. the mentioned method) and (b) the ratio BTC/BTC *, being
BTC * the value at the maturity threshold.

FIGURE 3 - Comparison among 5 case studies of cropfields in agricultural landscape units near Milan.
Note that the main measures are: (a) the mean total quality (Q) of vegetation tesserae (Cfr. the men-
tioned method) and (b) the ratio BTC/BTC*, being BTC* the value at the maturity threshold.
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In Figure 4 we can see the sharp difference between the remnant patch of natu-
ral forest in Cusago and other vegetation patches representing the urban parks in
Milan. Other differences between the agricultural-rural landscape and the suburban-
urban one is done by the decrease of the BTC values and the increase of the tem-
perature over the town, with some breaks for the presence of vegetation patches. In
the same transect, it is possible to show an example of how to use the chorological
aspects of all the different types of vegetation existing within a LU to contribute to
a diagnostic evaluation of the entire landscape. Figure 5 presents the changing in
allochthonous species presence within the remnant wood patches and urban parks
from the countryside toward the city.

FIGURE 4 - Note the sharp difference between the remnant patch of natural forest in Cusago and other
vegetation patches representing the urban parks in Milan. Other differences between the agricultural-
rural landscape and the suburban-urban one is done by the decrease of the BTC values and the increase
of the temperature over the town, with some breaks for the presence of vegetation patches (from
Ingegnoli and Giglio, 2005).

FIGURE 5 - Transect among the agricultural, rural-suburban, and urban landscapes from the Center of
Milan towards the West, arriving near the Ticino river. Allochthonous species are measured, and acor-
relation curve is plotted. The increase of exotic species stars from the Milan border.
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In the Ticino river Regional Park forests it is possible to register about 10% of
allochthonous species; in the countryside between the Ticino river and Milan in
some cases this percent can decrease (7.9 % in the Cusago municipality); in the sub-
urban belt (e.g. Parco delle Cave) the exotic species reach about 15-20%; then in
the urban parks the level of allochthonous specie is extremely high, from 65 to 75%. 

THE DIAGNOSTIC EVALUATION OF SOME AGRICULTURAL LANDSCAPE UNITS

The study of vegetation for an ecological characterisation of different types of
agricultural landscapes can be made through many ecological parameters
(Ingegnoli e Giglio 2005). In this paper, Table 3 shows a comparison among 3 typ-
ical agricultural landscape units of the hinterland of Milan: Besate (near the Ticino
river, south to Abbiategrasso), Cusago (near the West side of the suburban ring of
Milan) and Adda Nord (near the Adda river, North to Trezzo).

These parameters, as exposed in Table 3, are: (1) Productive subsystem PRD (%)
of the examinedterritories; (2) Agricultural ratio PRD/HH, (3) Biological territorial
capacity of vegetation BTC (Mcal/m2/yr); (4) Landscape Metastability (LM = � *
BTC); (5) BTC standard classes; (6) Crop quality Q (%) (sensu Ingegnoli 2002); (7)
Vegetation corridors connection (�+�) (sensu Forman 1995); (8) Exotic floristic
species (%); (9) Protective subsystem PRT (%); (10) Forest cover (%); (11) Forest
metastability BTC (Mcal/m2/yr). The landscape heterogeneity is low in all the case
studies, being the BTC standard classes only 4.3 and 2 respectively. 

TABLE 3 - Diagnostic evaluation of the examined agricultural landscapes.
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The forest cover is proportionally higher in the most crowded unit (Adda Nord),
while lower in Besana: 5.57% Vs 1.42%; but the forest BTC runs on the contrary at
the opposite, and similar is the decrease of crop quality and LM.

To arrive to a true diagnostic evaluation of the examined agricultural landscapes
it is necessary to consider the normal values of each parameter. The ranges of nor-
mal values are exposed in Table 4, according to a Productive Agricultural landscape
(of Central Europe).

For each case studies has been measured the distances (%) from the normal val-
ues, evaluating these percentages with the following scores: 0-10 = 2; 10-30 = 1;
30-60 = 0.5; > 60 = 0.

The sum of the scores gives the value of the diagnostic index. Note that only 2
parameters are good: the HH and the PRD. As shown in Table 4, all the results are
out of the normal ecological state, being these agricultural landscape units in alter-
ate conditions. The clinical-diagnostic methodology needs also to link the diagnos-
tic index with physio-pathological notes, ranking the landscape health in at least
five classes of diagnosis: (i) normal, (ii) alteration, (iii) disfunction, (iv) high dis-
function, (v) extinction.

The diagnostic index of Besana is in the II class, indicating an alterated condi-
tion, thus a need of compensation; similar is the condition of Cusago. The diagnos-
tic index of Adda Nord landscape unit indicating a disfunction, needs interventions.

CONCLUSION

The necessity to preserve agricultural landscapes is increasingly important,
especially in very urbanized territories, in Europe. For instance, in only 33 years
(1969-2002) the hinterland of Milan (about 2,150 km2) reduced its agricultural
landscape units from 45.2% to 13.5%, while the urbanized landscape grown from
45.3% to 78%. First of all it is necessary to integrate the traditional methods of veg-
etation survey (e.g. phytosociology) with other new methods; in this case with the
landscape biological integrated one (proposed by Ingegnoli). Moreover, it is essen-
tial to reach a diagnostic evaluation of the landscape units.

TABLE 4 - Diagnostic evaluation of an agricultural landscapes in a central European plan.
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