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Abstract 

The paper deals with the evaluation of sustainability at farm level in a long term experimental farm organically managed since 1992 in Tuscany. The aim was to develop and implement a multi-objective organic agriculture, to establish new concepts of farming as result of long term research analysis and to provide a practical and easy understanding on what is necessary to change or improve in farming management. Soil fertility and biodiversity indicators are taken into consideration in the period 1992-2006: the weak points and the improvement obtained by the farm management are underlined. The values of indicators changed rapidly towards the desired ones in the first 6 years period. After 13 years, in 2005-2006, the situation appear almost stable, P balance is still a problem, some little discrepancies for C/N ratio and KAR indicate the need to re-examine some of the production methods. 

Introduction 

In the context of the promotion of sustainable agricultural models many studies have been conducted to evaluate the degree of sustainability at different levels, but only limited information is available for the precise assessment of a single sustainable farming systems able to provide adequate agronomical, economic, environmental and social benefits (Vazzana and Raso, 1997; Verejilken, 1997; Häni et al.,2003.). An European methodology developed since 1993 (Verejiken, 1997) adopted an holistic approach considering the farm as a complex unit in which any action has several or many effects. From this methodology an indicator-based conceptual framework has been derived and applied to many different farms in different social and pedoclimatic situations, using a selection of specific indicators as a tool to evaluate farm sustainability. The framework is organised in a number of sub-systems: for each corresponding agro-environmental indicators and processing methods are identified. In this paper we present the results of the framework application to evaluate the sustainability of an organic long term experiment .

Materials and methods 

The experimental area is located in the farm of the University of Florence (Montepaldi) situated in the municipality of S. Casciano Val di Pesa, Tuscany. A sustainability evaluation has been applied to the Montepaldi Long Term Organic Experiment (MOLTE) active since 1991. MOLTE includes three micro agro-ecosystems (Migliorini and Vazzana, 2007) and we examine here the performances of the organic microfarm, from 1992 to 2006. The micro farm covers an area of 5.2 ha, divided into 4 fields; each field covers 1.3 hectares (260 m x 50 m). The agroecosystem is surrounded by ecological infrastructures such as natural and artificial hedges. Following the local farm management, a four-year crop rotation is adopted in the organic agro-ecosystem: green manure+corn – hard wheat+red clover – red clover – barley. 

To measure sustainability different indicators were determined. For each single indicator, an optimal (desirable) reference value was selected from the literature, considering the territorial context and the threshold (minimal) level that is in compliance with the EU Regulations. The list of chosen indicators is described in Table 1 (Vazzana et al.,1997).

Tab. 1: List of indicators used to evaluate sustainability

	Acro

nym
	Name
	Description
	m.u.
	Desirable value

	EII
	Ecological Infrastructure Index
	% of farm area managed as a linear and non linear habitat and corridors for wild flora and fauna
	% area
	x > 5

	PSD
	Plant Species Diversity in the farm
	Number of species
	number
	x > 40

	SCIy
	Soil Cover Index year
	months of the year when the soil is covered with crops /12 months
	% month
	x > 50

	SCIc
	Soil Cover Index critical period
	months of the critical period for erosion when the soil is covered with crops /x months
	% month
	x > 60

	OMARs
	Organic Matter Annual Reserve in the soil
	OM in the cultivated soil layer
	%
	x > 2,5

	TNAR
	Total Nitrogen Available Reserve in the soil
	N tot in the cultivated soil layer
	‰
	x > 1,5

	PAR
	Phosphate Available Reserve in the soil
	P2O5 in the cultivated soil layer
	Ppm
	35 <  x < 25

	KAR
	Potassium Available Reserve in the soil
	K2O in the cultivated soil layer
	10 Ppm
	150 <  x < 200

	C/N
	C/N ratio in the soil
	Ratio between the quantity of organic C and the quantity of total N of the soil 
	number
	9 < x < 12

	PAB
	Phosphate Annual Balance
	P input/P output
	kg/kg
	> 1,20


Results 

Taking into consideration the subsystems “biodiversity” and “soil fertility “at farm level, we can follow the trend of the different indicators in the studied period (1992-2006). When the MOLTE started at Montepaldi farm after a long period of conventional management, soil characteristics were very poor. In fact, in 1992 low organic matter content in the soil, erosion problems, nitrogen and phosphorous imbalance, low C/N ratio were identified as major problems to be solved and top priority was given to the improvement of that component. The implementation of ecological infrastructure and biodiversity characteristics were also taken into consideration. Fig.1a reports the discrepancies of each studied indicators from the reference values considered equal to 1, at the experiment starting time (1992-03). Fig.1b, Fig.1c and Fig.1d show the changing situation after four (1996-97), six (1998-09) and thirteen (2005-06) years. 
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Figure 1: Evaluation of sustainability in an organic long term experimental farm in four period: at starting point (a-1992-03) after four (b-1996-97), six (c-1998-09) and thirteen (d-2005-06) years since conversion.

Before the experimental activity, the studied area was cultivated using chemical fertilizers; soil cover was poor during the critical period of the year. The farm was rich in ecological infrastructures, but the area covered by natural vegetation was under the reference limits both for ecological infrastructures (5 % of total area) and for species diversity (>40). After the period of conversion to organic management (b), a clear improvement resulted for many parameters (SCIcp, SCIy, C/N soil) but two of them gave a slow answer (PAB, PAR). The indicator EII reached the optimal value later on, with the plantation of a new linear element (edge). The inclusion of herbaceous strips with natural vegetation between the fields increased the biodiversity as measured by PSD. The situation was better for all the parameters, except for PAR after a period of 6 year of organic management (c). The planned agrobiodiversity (EII and PSD) was stable and at good levels; the soil was covered by vegetation during the year and especially during the critical period. The parameters referring to soil fertility showed a positive trend towards the optimal reference values except for PAR. 

At 13 years from the beginning of the experiment (d-2005-2006) the evaluation of sustainability of the studied microfarms confirmed the picture of 1998-1999, with some increased discrepancies (KAR, C/N soil). The problem of P imbalance resulted still unsolved.

Discussion

Soil fertility and agrobiodiversity indicators showed a rapid response time during the first period after conversion of the studied farm from conventional to organic practices. Some of the parameters concerning soil fertility are slow and the effect of changing management was significant only after 6 year. The P balance could be improved with a more critical estimation of farm needs, P input/output ratio, crop exportation and type of organic fertilizers in use. The agro-ecological indicators related to planned biodiversity respond very well to the changes realized in the farm (crop rotation, a new hedge and strips of spontaneous vegetation between the fields). After 13 years, in 2005-2006, the situation appeared almost stable, but some little changes for C/N ratio and KAR indicate the need to re-examine some of the production methods.

Conclusions 

From the data available it is clear that agricultural practices connected to organic farming are able to significantly improve soil characteristics and farm biodiversity.

A periodic evaluation of sustainability of farm management is an important tool to design and redesign the farming system. In our case the application of a set of indicators allowed to confirm the importance of long-term experiments (LTE) to evaluate and implement the management of organic farms. With the comparison of the indicators values, after 13 years since we began our research experience we can conclude that a minimum period of 6 year after the beginning of conversion to organic is necessary to reach the equilibrium and the stability of the majority of processes involved. That means that valid and applicable results from research can be obtained only if the experimental site is converted to organic since more than a minimum of 6 years. 
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