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Abstract

Agriculture in Italy has a conspicuous impact on the quality of surface and underground water bodies, that receive water from crops, on which farmers use chemicals for increasing  the productivity. The pollution level reduces the capability of meeting the demand for drinking purposes. A remarkable contribution to the contamination of receiving water is due also to the intensive animal farming. This problem is quantified in terms of nitrate and phosphorous concentration, together with chemicals of various composition, the effect of which on living organisms is not yet entirely known. Dairy and industrial activities related to the manipulation of agricultural products also contribute to  generate conspicuous amounts of polluting wastewater, as well as the final disposal of treated wastewater and sludge. To face the environmental impact of agriculture  several activities are in progress with the best available scientific support. Particularly important is the monitoring programme adopted by the responsible Authorities, following a large intensive survey, that has allowed a comprehensive picture of the actual status to be drafted. This underlines the role of research, particularly in the basic aspects of water management procedures.





1. Agriculture in Italy

Agriculture is traditionally a primary activity in Italy and deeply affects the national economy.  As shown in Table 1, more than 75% of the total area is dedicated to agriculture, almost equally distributed among the various regions. The minimum rates are relevant to those regions that host the largest urban and industrial concentrations. These figures refer to a 1990 census [1]; at the present time the area dedicated to agriculture should be lesser, as an effect of a continuous trend, experienced also in other EU countries, that aims at enhancing other economical sectors. Nevertheless, the predominance of agriculture in Italy is expected to hold for many decades.
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As synthesised in Fig. 1, the main feature of Italian agriculture underlines the importance  of  cultivation, both in terms of  sown land and permanent crops. The portion of the graph  classified as “others” includes the uncultivated land that cannot be separated from the agricultural activities. The indicated partition is in line with the Mediterranean characteristics of Italy and its climate.

Also in this respect it must be said that the Italian agriculture is undergoing a remarkable transition in favour of crops and cultivation techniques lesser and lesser dependent on man’s intervention. The portion of uncultivated land tends inevitably to increase.  





Table 1- Agriculture in Italy�������

Total regional area��              

          Area pertinent to agriculture��REGION�(ha)��(ha)��% of total area��Piedmont�2,539,900��1,776,367��69.94��Aosta Valley�326,400��202,011��61.89��Lombardy�2,387,200��1,591,222��66.66��Trentino - Alto Adige�1,360,700��1,107,829��81.42��Venetian Plain�1,836,500��1,298,318��70.70��Friuli - Venezia Giulia�784,400��491,102��62.61��Liguria�542,000��332,967��61.43��Emilia - Romagna�2,212,300��1,721,829��77.83��Tuscany�2,299,300��1,775,706��77.23��Umbria�845,600��688,553��81.43��Marques�969,400��792,598��81.76��Latium�1,722,700��1,244,197��72.22��Abruzzo�1,079,500��802,232��74.32��Molise�443,800��342,330��77.14��Campania�1,359,500��990,266��72.84��Apulia�1,936,200��1,596,574��82.46��Basilicata�999,200��845,782��84.65��Calabria�1,508,000��1,140,734��75.65��Sicily�2,570,700��1,913,040��74.42��Sardinia�2,409,000��2,048,700��85.04��ITALY�30,132,300��22,702,357��75.34��

Due to the predominance of cultivated land, and in line with the peculiar climatic conditions, the impact of agriculture on water resources is appreciable on the huge demand for irrigation, that still accounts for  the order of 74% of the total water uses. This underlines the peculiar Mediterranean situation, in comparison with the other European countries, in which,  except for Greece and Spain, the industrial and urban uses are predominant. 

In recent years, similarly to what is happening in the rest of industrialised world, the effect of agriculture  has become appreciable also on the quality of surface and underground water bodies. They  finally receive water from crops, on which farmers spread huge amounts of chemicals for the purpose of increasing  a productivity  that is day by day threatened by the competition with other activities. Moreover, the liberalisation of the market for the agricultural products, already in operation within the E. U. countries,  imposes more and more severe conditions on the agricultural activities, at the same time stimulating the farmers toward a more intensive use of chemicals.
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Fig. 1- Typical crops and their extension in Italy.



Worsening the water quality, together with the huge amount of water destined to irrigation, is the main obstacle to meet the demand for other uses. In general, the potable use, although having the highest priority, suffers now from shortage of usable water and, even in areas normally considered rich of natural water, the major threat for the future generations is the increasing pollution level, that causes severe difficulties to develop and maintain the urban and domestic supply schemes. Groundwater resources are in particular becoming more and more polluted in those areas where they make up almost the entire resource available for drinking purposes. 

The use of chemicals, in form of fertilisers, herbicides and insecticides, has become now very conspicuous and is not always performed according to  the rational criteria of an advanced agricultural practice inserted in the broader context of environmental protection. Consequently, agriculture is almost universally considered the main cause of water pollution,  further aggravated by the fact that such a pollution occurs normally in form of “non-point source”, thus it cannot be controlled.

In a way that is parallel and strictly related to agriculture,  animal farming has also increased in many Italian regions, adding another remarkable contribution to the contamination of receiving water. 

As shown in Table 2, animal farming is widespread all over the country, as an integration of the normal farming, therefore the number of animals is an indicator of the pollution load due to this activity. This happens especially in those areas where such a farming is carried out following “industrial” criteria, concentrating thousands of animals in restricted places.



Tab. 2. Animal farming (1990 census), in 1000 animals



REGION�Cattle��Sheep��Goats��Horses��Swine��Rabbits��Poultry��Piedmont�988��91��56��11��758��1,525��13,851��Aosta Valley�40��4��3��0��1��16��30��Lombardy�1,966��100��46��24��2,879��819��29,252��Trentino - Alto Adige�205��47��15��5��33��157��1,529��Venetian Plain�1,159��37��14��16��578��3,521��49,837��Friuli - Venezia Giulia�153��6��8��3��208��539��6,465��Liguria�22��27��12��3��4��256��547��Emilia - Romagna�868��94��15��17��1,904��1,217��26,114��Tuscany�151��718��33��23��285��1,465��5,492��Umbria�98��207��10��11��356��283��6,330��Marques�118��223��13��6��249��1,719��9,201��Latium�342��886��52��31��181��1,451��3,931��Abruzzo�116��461��22��11��134��547��4,073��Molise�66��135��15��4��56��152��4,010��Campania�318��241��69��7��165��505��4,058��Apulia�165��351��75��11��38��207��1,435��Basilicata�87��356��141��7��76��130��662��Calabria�144��331��231��6��146��167��1,509��Sicily�466��1,294��198��13��100��97��2,809��Sardinia�287��3,132��229��18��258��123��2,205��ITALY�7,759��8,739��1,259��226��8,407��14,894��173,342��

In Lombardy and Emilia-Romagna the number of cattle and swine is very high, but it cannot be referred in terms of heads per unit area like in the rest of the national territory: in the River Po catchment, of which the two regions are a conspicuous part, it is very common to have stables with more than 10,000 hogs. Vice versa, cattle is normally better distributed on the territory.

Wastewater coming from stables is spread on the cultivated land, according to a traditional practice. For the largest plants, being such a practice almost impossible due to the high number of animals, wastewater is often discharged in small water bodies in a quantity that is comparable with the natural flow. Frequently such a discharge is done with poor level of treatment, especially when it occurs in artificial ducts.

Strictly connected to the animal farming is dairy, frequently carried out in handicraft form inside the family-size farms. Large industrial plants process huge quantities of milk and are now equipped with adequate wastewater treatment plants. Dairy causes an amount of polluted wastewater whose impact cannot be always neglected in the general context of water resources management and environmental protection. 

Another worrisome cause of surface and groundwater pollution  is the discharge from the manipulation of agricultural products, like winery and preparation of tinned fruits and preserves, that  normally generate conspicuous amount of waste and polluted water, concentrated in a short time during the harvesting season. The olive oil production is very important in southern regions, where, following an old traditional practice not yet entirely obsolete, its huge amounts of polluting wastes are very often disposed directly into the subsoil. 



2. The use of fertilisers

The quantity  of fertilisers used in Italy is known yearly from the census of the National Institute of Statistics and from the estimates of the Ministry of Environment. Fig. 2 gives some comprehensive  figures in terms of the fundamental components (Nitrogen, Phosphorous and Potassium) of the most common products available in the national market.  

�OBJECTINSLUITEN 123Worksheet \s ���

Fig. 2. Use of fertilisers



The amount of synthetic fertilisers containing nitrogen as the fundamental component is particularly remarkable in those areas having high natural fertility, in which the competition for high quality products is great. Phosphorous is predominant in areas having specialised crops, like Liguria, where the main cultivation is flower and vegetables.

Chemical fertilisation is very important in all the Italian regions but the use of natural manure, very common in small farms and around the industrialised animal farming, is not included in such an evaluation. The effect of manure on water receiving water cannot be easily quantified,  because this kind of considerations is quite far from farmers’ mentality. To this aim the Water Research Institute has carried out some estimates of the amount of nitrogen and phosphorous attributable to the animal present all over the country. The estimates, although in aggregate form, have been successfully compared with the results of measurements in the field, in those areas where the responsible authorities have been able to perform a thorough monitoring activity.

The estimates of the Water Research Institute assume the specific load per animal indicated in Table 3 and for the entire national territory give the gross values of 673.526 t/a  for total nitrogen and 196.951 t/a for total phosphorous [2]. 



Tab.3. Specific load  per animal (kg/a)

���Nitrogen��Phosphorous�������Cattle�7,4��54,8��Sheep�0,8��4,9��Goats�0,8��4,9��Horses�8,7��62��Swine�3,8��11,3��Rabbits�0,17��0,48��Poultry�0,17��0,48��

To refer these values in terms of load per unit cultivated land may be a meaningless task, because, as mentioned above, animal farming is not uniform on the national territory. Nevertheless, comparing them with the total area pertinent to agriculture (22,702,357 ha, as shown in Table 1), significant values of 29.7 kg/ha for nitrogen and 8.7 kg/ha for phosphorous can be obtained. They are of the same order of chemical fertilisers.



3. The use of pesticides

The censuses of the National Institute of Statistics and the estimates of the Ministry of Environment provide also reliable data about the use of pesticides. Fig. 3 gives a comprehensive evaluation of the load in the various regions. Fungicides, insecticides, herbicides and “others” are the main items available in the market, and account for more than 22 commercial  products, with different chemical and biological principles. Many of these products still need to be verified in terms of toxicity, and their persistence in water and soil still has to be ascertained.

Several initiatives are now in progress to better understand the behaviour of pesticides. Worthy to be mentioned is that carried out by the Water Research Institute, in cooperation with Universities of Southern Italy. It consists of  an accurate analysis of all the chemicals  currently used in Apulia, pointing out, in an appropriate data-base, their  characteristics, in order to provide the responsible authority with the most useful information. Pesticides cover a very large portion of such chemicals and are listed and characterised in terms of their toxicity with particular emphasis to the specific cases observed in the region. 

Moreover, the research programme on herbicide transport from agricultural soil to groundwater, undertaken in the Po Plain by the Water Research Institute [4], is particularly relevant. The first results confirmed that the groundwater contamination is mainly due to preferential flow pathways, that can cause faster motion of both herbicides and their transformation products through the unsaturated zone. Such a phenomenon becomes critical if these chemicals can bypass the biologically and chemically active topsoil and reach directly the deep aquifer.
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Fig. 3 . Unit load of pesticides



The distribution of all over the national territory underlines the position of those regions in which the agriculture has achieved an advanced technological level, under the spur of the new commercial competition. Pesticides are in fact mostly used for those crops having high added value, like fruits and vegetables, with which all the Italian regions give a great contribution to the European market.





4. Monitoring the water quality

The assessment of surface and groundwater quality is mandatory of the technical structures of local administrations, that normally belong to the Regional Agencies for Environmental Protection (ARPAs), and act under the coordination of the National Agency for Environmental Protection (ANPA). They usually take care of more than 30 quality physical, chemical and biological indicators, and conduct  routine analyses of the most significant ones.

For the purposes of water management, to have a first-glance indication of water quality useful to appreciate the overall status of water bodies, some classification procedures have been worked out. For surface  water,  the classification proposed by the Water Research Institute is now largely adopted by the responsible Authorities. As shown in Table 4, it identifies four “classes”,  according to well-defined concentration limits of the most significant terms.





Tab. 4. Quality classification for surface water proposed by the Water Research Institute������������Quality parameter�Unit of measure�Class 1��Class 2��Class 3��Class 4��DO�mg/l�7.01�10.00��3.01�7.00��1.01�3.00��0.00�1.00��BOD�mg/l�0.00�3.00��3.01�7.00��7.01�10.00��>10.01��COD�mg/l�0.00�10.00��10.01�20.00��20.01�30.00��>30.01��N-NH4�mg/l�0.00�0.030��0.031�0.500��0.501�1.000��>1.001��P-PO4�mg/l�0.000�0.050��0.051�0.100��0.101�0.200��>0.201��Faecal Col.�n/100 ml�0�100��101�2000��2001�20000��>20001��N-NO3�mg/l�0.000�0.050��0.051�1.000��1.001�10.000��>10.001��



To assess the quality parameters necessary for such classification standard methods for sampling and analysis are also proposed.

The Water Research Institute has also proposed a similar classification scheme for groundwater, as reported in Table 5. It is also becoming common practice in groundwater quality evaluation.

More accurate and detailed monitoring procedures are under development by the responsible authorities. Worthy to be mentioned is that in progress at the Po River Authority, in a joint initiative with the Environment Agency of the United Kingdom. 

The classifications and the monitoring procedures mentioned above encompass a very large set of parameters, able to characterise the quality of a receiving body in respect to all kind of pollution sources. The main objective is to guarantee the availability of potable water, whose quality requirements are compulsory for any water management policy.

The concentration of nitrates, ammonia and phosphate is significant to identify and quantify the surface and groundwater pollution due to fertilisers and animal farming, even though such chemicals can originate from other contaminant sources. In such a way the procedures proposed by the Water Research Institute have become a promising tool to focus on the presence of a pollution level due to farming activities.







Tab. 5. Classification scheme for groundwater quality



�A) Parameters���1

(Chemical and physical)�2 

(Undesirable substances)��Judgement�Class�Th.

(°F)�Con. El.

(µS/cm)�SO4

(mg/l)�CL

(mg/l)�NO3

(mg/l)�Fe

(mg/l)�Man

(mg/l)�NCH

(mg/l)��Optimal�A�15°-30*�<1000*�<50**�<50�<10*�<0.05�<0.02�<0.05��Acceptable�B�30°-50�1000*-2000�50**-250�50-200�10*-50*�0,05-0,2�0,02-0,05�0.05-0.5��Poor�C�>50�>2000�>200�>200�>50�>0.2�>0.05�>0.5��°	minimum recommended value

*	indicative value detween the Maximum Acceptable Concentration (MAC) and the Guide Value (GV) (DPR 236/88)

**	double value with respect to GV��B) Judgement in connection with the use��A: suitable for potable use with no treatment, acceptable for the majority of industrial and agricultural uses

B. suitable for potable use with no treatment, with some limitation for industrial and agricultural uses

C: unsuitable for potable use with some limitation for other uses

C1: requiring some specific treatment

C2: requiring simple or advanced oxidation��

As a general remark, in several cases all over the country, the imposed limit of 50 mg/l for nitrates is trespassed, and in  some places a concentration above 75 mg/l has been frequently recorded, making almost impossible to supply potable water. Such a situation is almost entirely attributed to agriculture and at the present status cannot be controlled. In past years the situation has often become so exasperated that the responsible authority had been obliged to raise temporarily the acceptability limits for potable water, after ascertaining the level of potential harm.

Following these criteria several water resources have been analysed, both a the level of catchment and at regional aggregations. It is worthwhile to mention the investigation carried out in the main course of the River Po, using the monitoring stations indicated in Figure 4.

Several quality parameters have been measured, giving a complete picture for a reliable classification for the river stretches subject to various sources of pollution. For a first-glance evaluation of water quality with respect to agriculture, the concentration of ammonia is very significant, as it results from Fig. 5, in which, following a mapping criterion already known in previous EURAQUA communications, the quality classes are indicated in a clear correlation with the main causes of pollution.

The role of agriculture, including animal farming, is clear.

Quite different is the appreciation of pesticides in water. The high number of chemicals used for this purpose and the complexity of sampling and analytical procedures still hamper the adoption of synthetic classification schemes, even for the most common types of pesticides.
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1�Carignano�5�Mezzanino�9�Boretto��2�Brandizzo�6�Spessa Po�10�Borgoforte��3�Trino Vercellese�7�Senna Lodigiana�11�Pontelagoscuro��4�Isola S. Antonio�8�Cremona�12�Corbola��Fig. 4.  Monitoring stations in the main course of the River Po.



Consequently, this kind of pollution is detected only in restricted places, where in field measurement can be performed in a systematic way. The overall situation in Italy is somewhat worrisome, since the concentration of pesticides has been found very high in several significant places. Very often the limits of  0.1 mg/l for a single chemical and that of 0.5 mg/l for the total amount, imposed by the national legislation following the EU directives, have been trespassed





5. Assessment of agriculture impact

Scientific institutions and surveillance laboratories are now involved to point out the current level of surface and groundwater pollution, also to identify criteria and limits suitable for an ad-hoc legislation. This is the response of the scientific community to the most up-to-date environmental problems. Significant and representative water bodies are monitored and thoroughly examined, in order to point out the level of water contamination and focus on the mechanisms that binds together  pollution and its sources. 

Advanced investigation and analysis tools are used for this purpose. Among the most common tools, the GLEAMS model (Groundwater Loading Effects of Agricultural Management Systems), developed by the Agricultural Research Service of the US Department of Agriculture, has been repeatedly applied. As known, the model takes into account the complex interactions among soils, plants and agrochemical with the management practices, under particular climatic conditions. Its aim is to assess the effect on the field and at the bottom of the root zone due to the discharge of water, sediment, nutrients and pesticides. The time scale of the model can be day, month or year, and long periods can be simulated, also to compare variable climatic conditions. The model is used for comparative analyses  with different crops and soils, under various management schemes. 







�

Fig. 5. Classification of the River Po and its main tributaries according to the concentration of ammonia. Location of the monitoring stations is given in Fig. 4. Intermediate classes denote uncertain values.



.

From the numerous examples of application of such kind of tools it is worthy to mention the studies carried out by the Water Research Institute to assess the  potential risk of groundwater pollution, in terms of nitrate,  caused by the disposal on the soil of waste water  coming from olive oil production. As already mentioned, such an activity is very important. Olive is in fact one of the most widespread crops in the Mediterranean area and Italy, with more than 2,000,000 ha of land devoted this cultivation, is among the main producers all over the world. Over 40% of the Italian production of olive oil (that is approximately 10% of the world production) is done in Apulia, a coastal southern Region. The process of oil extraction from olives gives rise to considerable quantities of wastewater, which can be disposed on the soil because of its fertilising properties. Spreading this water has to be carefully done to prevent the risk of diffuse groundwater pollution, due to the high content of nitrates.

The main result of  the study consists in having checked that the disposal of olive oil waste water (even in quantities double than the maximum limit of 50 m3/ha, recently established by the Italian legislation) does not represent in itself a significant risk to groundwater resources as the nitrate concentration does not exceed the limit of 50 mg/l, which is the law limit for drinking water.

The same GLEAMS model has allowed  the consequences on groundwater to be assessed in case of spreading animal waste on different kinds of soil and with different  crop arrangements. An area in the Chiana river valley, in Central Italy [4, 5], has been taken as case study, where the modern intensive stock farms faces a great concern for the disposal of  the considerable amounts of produced wastewater. Commonly the application of this waste as fertiliser  is preferred to its purification,  because the latter, besides being extremely expensive, is responsible for the production of sludge that has in any case to be discharged. Furthermore animal wastes can be considered an important resource because they can substitute synthetic nutrients and improve soil structure.

Nevertheless, waste land disposal, particularly  from swine husbandry, if not properly performed, can cause water pollution, mainly because of the high content of  nitrates and phosphates. In the study  area this matter is of  great concern, both because of the high concentration of swine breeding farms and of the shallow aquifer.

Applications of GLEAMS model aims to assess  the maximum rate of waste that can be tolerated by the territorial system. The result of such an application leads to the definition of a capacity for the disposal of animal waste that is environmentally compatible (minimising water pollution risk) in the area of concern.

The same aspects can be investigated by means of other tools, among which the geostatistical models have been proved very efficient [6, 7, 8].

All these investigation tools are used to anticipate how expected changes in climate will effect the quality of freshwater resources in Europe. In the ambit of the EU Program "Climate, Hydrochemistry and Economics of Surface-water Systems (CHESS) applications of GLEAMS model are carried out at the catchment scale,  combined with SWAT (Soil and Water Assessment Tool) model, to estimate the non-point source component of riverine sediment and nutrient loads. The area study is the River Enza,  a tributary of Po at its southern bank with  a 884 km2 catchment area  at  an  average altitude of 630 m a. s. l. The hydrologic regime of the main stretch suits very well the requests of flow modelisations, as well as those of the interpretation of the whole water cycle and  the water quality measures, in a search aiming at the understanding of  the cause and effect mechanisms.

In all these investigations agriculture appears at last to be the main responsible of surface and groundwater pollution, particularly as concerns the presence of nitrogen.

 





6. Particular problems of the Po catchment

In the broadest context of research for the basin master plan,  the Po River Authority has promoted an estimate of nutrient's load due to non-point sources in the catchment. Such an estimate has been performed using the data base of the municipal administrations and is relevant to a total area of about 3,770,000 ha, of which 2,270,000 ha are effectively used for farming. The area belongs to the regional territories of Lombardy (37%), Piedmont (31.5%), Emilia-Romagna (30%) and Venetian Plain (1.5%). The resulting data are illustrated in Fig. 6, that confirms the existence of several areas with critical values of nitrogen and phosphorous.

For the purpose of this estimate,  the catchment has been subdivided into several territorial units, for which basic information was available from various sources. These units have been grouped into homogeneous areas according to specific conditions such as the grain size of soil, the depth of the root zone, the presence of a shallow aquifer and the value of water retention capacity.

Four different soil categories have been considered,  namely (1) gross-size soil, (2) medium-size soil, (3) clay-medium-size soil and (4) hydromorphic soil.

For the water balance, taking in due account that the minimum precipitation occurs either in winter or in summer, the total area has been divided into two zones having different rainfall regimes. The potential evapotranspiration has been calculated by means of the Thoronthwaite-Matter expression, adopted as the most significant in comparison with other common formulations, because the effect of temperature has been deemed  much greater than that of the latitude. Finally, following the Fourth General Census of Agriculture, information has been acquired on (i) the irrigable area, (ii) the area effectively irrigated, (iii) the watering procedure, (iv) the cultivation pattern and (v) the consistency of animal farming.

On the basis of the acquired information the following characteristics have been estimated:

a- the net load -total and per unit area- of nitrogen and phosphorous generated by animal farming, determined as the difference between the produced quantity and the quantity removed in the treatment processes and during the storage and delivery phases;

b- the load due to the fertilisers, resulting from the assumption of typical delivery amount of usual fertilisers for the most common crops.�� OBJECTINSLUITEN PaintShopPro  ���

Fig. 6. Critical areas for nitrogen and phosphorous in surface water of the Po river catchment due to agriculture and animal farming.

�The requested amount of nitrogen in the cultivated land of the basin is very high, more than 200 kg/ha in those areas where corn is the predominant crop. Only in the Alpine and Apennine highlands it is below 100 kg/ha. Similarly, the requested amount of phosphorous is in the range of  70 - 140 kg/ha in the 88 % of the area and lower than 70 kg/ha in the remaining part.

A more detailed analysis has pointed out that a conspicuous portion of the amount indicated above, sometimes up to one third for nitrogen and two thirds for phosphorous, does not reach the crop, but remains unused on the ground, becoming a potential polluter of the running water. As an average for the total basin's area,  it has been found that about 31 kg/ha of nitrogen is removed by the rainwater and seeps through the soil. This value becomes of the order of  55 kg/ha  in the areas characterised by an intensive animal farming  with conspicuous organic load, or having corn as the predominant crop, and subject to more intensive rainfall, or in areas on which  irrigation is usually carried out not in a rational form. Vice versa, in those areas having a low animal farming concentration, or with a limited irrigation practice, the amount of nitrogen removed by seeping rainwater can be less than 25 kg/ha.

Similar behaviour has been found for phosphorous.

As a general remark, the main cause of water contamination in the Po catchment has been identified in the animal farming, while fertilisation is particularly worrisome only in specific conditions, mostly related to  the irrigation practice. Traditional watering systems using large quantity of water on gross-grain soil are generally responsible of high release of contaminants  to groundwater,  while  systems using a limited water quantity and operating following rational rules appear to be beneficial also under the viewpoint of groundwater preservation.

More accurate analysis tools have been developed and tested, that take into consideration the inner mechanisms of advection and diffusion, as well as the behaviour of non-persistent pollutants. Such tools allows also the behaviour of unsaturated soils to be considered, in order to describe the nitrogen leaching in groundwater, at a given watertable level, with the possibility to reconstruct the soil moisture profiles related to known values of evapotranspiration, drainage and recharge.

By means of these tools a study has been carried out  in a typical area  of  the  Po catchment, located in the middle of rivers  Secchia and Panaro. This study focuses on the influence of the agriculture on the groundwater quality degradation, in  an area where the quality of surface and groundwater has already deteriorated during the last decades due to the intense utilisation of land for civil, industrial and agricultural purpose. Intensive cattle and hog breeding takes place on the high sector, resulting in high manure load and consequently in high nitrate concentrations.  Several management strategies can be applied to mitigate this adverse effect.





7. Directions and policies 

A quite general trend has been confirmed all over the country towards a more rational use of chemicals in agriculture. While the amount of fertilisers has remained almost constant in the last three years, pesticides have undergone a continuous reduction, that becomes of the order of 40 % if compared with the 1985 situation. Fungicides alone have recorded an 80 % reduction. This is due to several factors tied to economical and political constraints, but denotes an increasing general sensitivity in respect to the environmental problems.

The Po River Authority has worked out some general directives to promote policy and incentives for cultivation techniques having an acceptable environmental impact.

The main tool to identify such techniques is a repeated application of the GLEAMS  model, after its calibration with the existing situation. Given that the actual situation provides the best productivity, on the principle that it follows a long tradition of farming experience,  different techniques have been tested, able to keep their relevant productivity in the same range.

In selected and typical areas of the catchment,  the following possibilities have been examined:

a.	use only natural fertilisers (manure), that release less amount of nitrogen, better distributed among the various steps of the productive cycle;

b.	remove the parasite weeds, locally by means of chemicals or with the help of mechanical weeding

c.	develop irrigation according to rational criteria

The results have been encouraging, as the productivity undergoes, in the worst  cases, a reduction  at most of 5 to 15 %.

Another set of criteria has been examined by the Authority, on the assumption that a change in crop pattern can help to identify environmentally safe procedures, in spite of a small  reduction in productivity. 

As an example,  in selected and typical sites, starting from the actual partition of corn, soybean, wheat,  irrigated meadow and alpha-alpha,  the following alternatives have been examined:

i.	corn  and soybean,  each for 50 % of the total cultivated area;

ii.	corn and wheat, with the same proportion on the total cultivated area;

iii.	soybean and wheat, with the same proportion;

iv.	corn, soybean and wheat, each for 33.3 % of the total cultivated area;

v.	corn (16.67 %), soybean (16.67 %), wheat (16.67 %), meadow or alpha-alpha (50 % of the total cultivated area).

The above alternatives have been analysed and compared each other on the basis of the expected release of  nitrogen, phosphorous and residual of pesticides. As a general result from the various sites investigated, some overall criteria have been ascertained, that can be adopted without major damage to the economy of the interested areas:

improve the efficiency of irrigation, even on the meadow, in order to reduce the leaching of fertilisers and pesticides

reduce the extension of some predominant crop (mostly rice and corn), in order to reduce the amount of herbicides

keep the soil covered with crops for the longest possible period

adopt tilling procedures in accordance with the characteristic requirement of the specific crop

deliver fertilisers and pesticides in several steps, according to the crop requirement

change frequently the cultivation pattern, to reduce the need of fertilisers.

The above criteria must be adopted following an analysis of the specific soil characteristics.

Besides these measures,  that substantially consist of improving the ordinary agricultural practice, the Po River Authority has devised some more general management criteria that can help to better control the release of chemicals and improve the quality of receiving water bodies.

For the sector of cultivation, the Authority  strongly supports the opening of local structures able to assist the farmers developing rational fertilisation procedures,  following a detailed analysis of the specific soil and crop characteristics. Such structures should operate within the regional concern and promote a Code of Best Agricultural Practice, able to reduce the negative environmental impact due to agriculture. Change in the actual cultivation pattern,  improvement of irrigation practice and enhancement of the artificial field drainage are among the main tools to adopt for these purposes.

For the sector of  animal farming the Authority promotes the construction of joint wastewater treatment plants, mostly for  the large hog stables,  with the possibility to collect and transform the discharge into useful products for agriculture, to be delivered to large extents of land. This measure should accompany the technological improvement of animal raising, with the aim also to reduce the amount of solid and liquid wastes discharged and with a more rational distribution of the animal number over the interested territory.

For the achievement of all these measures the Authority proposes also some financing procedures,  in the framework of the cooperation with the regional administrations.





8. Other water-agriculture problems 

Water resources and agriculture have several other opportunities of contact and interaction, in the more general context of environmental protection. One of such opportunities, very important for Italian concerns, is in the use of urban wastewater for irrigation. Traditionally a common practice in the countryside, it is now included in many schemes for wastewater treatment and disposal.

Use of urban wastewater, after primary or secondary levels of treatment, can help to solve problems of water supply in areas scarce of natural precipitation. Typical is the case of Apulia, where the discharge of several urban agglomeration can provide irrigation water for several thousands of hectares, allowing a huge amount of pure freshwater to be deserved for potable purposes. A conspicuous project is to be realised, to collect the discharge of urban treatment plants and convey it to the field.

Obviously the goal of this project is to solve the problem of urban water discharge and in this respect agriculture plays almost an ancillary role, becoming a tool by means of which it can effectively contribute to the environment protection. Nevertheless, the  project can be effective only if all the agricultural activity is thoroughly controlled, including the way of managing water that can be partly polluted. As an overall effect there is the possibility to benefit from the nutrients already contained in the discharge and consequently reduce the load of chemicals necessary to improve the soil productivity.

Another important water-agriculture interaction is in the use of treatment sludge as fertilisers and soil conditioning. Estimates put up to  816,000 ton/a the total amount of sludge available at the outlet of the urban wastewater treatment plants in Italy, of which about 270,000 ton/a are already used for agriculture.

Urban sludge in agriculture can also reduce the amount of chemicals, as it contains normally useful nutrient. At the same time, this way of final disposal can help to solve the problems of environmental protection.

The above opportunity of using wastewater and sludge in agriculture entails an accurate revision of the most common cultivation practices, with the possibility of adopting crops more suitable to this kind of fertilisation. The problem is open, in the perspective of an improved agriculture, whose role in the environmental concern should not be only that of the main polluter of water resources, but eventually that of a subject which contributes to the environment protection.  





9. Research needs

Much toil in the research is left to the agricultural expertise, that has first to seek crops and cultivation practices more in line with the requirements of a safer environment. This is indeed a challenge in a larger perspective of changing physical, economic and political conditions. In the same agricultural reach there is also a need of chemicals having shorter persistance in soil and lesser environmental impact.

A possible climate modification, as already examined in previous EURAQUA reviews, will inevitably impose procedures less depending on water, at the same time complying with the need of reducing the amount of chemicals necessary to increase the productivity. On the other side, the new market rules, imposed especially by a more and more integrated European Union, will oblige the farmers to adopt not only cost efficient crops, but also techniques whose impact on the environment can be easily shared by the community.

All these commitments will have a close tie with the sector of water resources, because any new agricultural practice cannot be developed without taking into account the specific requirements of surface and groundwater, not only as a source for irrigation, but also as the ultimate receiving bodies of all agricultural activity.

The perspective of future development in the agricultural field will oblige to search for a more accurate knowledge of the quantity and quality behaviour of water, thus  involving all the water related disciplines to refine their own internal machinery, in light of the most advanced scientific  achievements.

One of the main challenges in management practice will be the improvement of monitoring criteria and procedures, both for surface and groundwater. There is still a need of reliable measurements, preferably in real time, able to give a complete picture of the quality of a water body, also taking into account how it varies with time and in relation with the pollution sources. They involve the revision of all the sampling and analytical techniques, especially as concerns those pollutants present in water at a very low concentration. Besides the quality indicators, also some hydrological terms must be considered, in relation to the runoff generation and flow propagation. Too often in fact a refined quality measurement in a river is vanished because there is no clear reference of the actual flowrate. To tackle such a problem the whole mechanisms governing the water bodies in terms of quantity and quality should be examined, with the possibility to focus on those aspects that could enable the development of more reliable measuring procedures.

In light of a thorough monitoring procedure a better use of the artificial collecting ducts can help to improve the dilution of chemicals, before they reach the natural receiving bodies.

Another subject that will call the attention of water experts is the reclamation of aquifers. Too many groundwater resources are contaminated and the necessity to provide potable water for the future generation will oblige to take in due consideration the opportunities of groundwater clean-up.

This will call in all expertise, from pure science to engineering practices. Fundamental for this purpose is an improved knowledge of the unsaturated-saturated interaction in groundwater, for which more accurate models should be developed.

The new research items should make benefit from the progress of information and computing techniques, without loosing the fundamental role of the various disciplines, whose importance appears more and more up-to-date in the general panorama of water resources problems.

The transport of herbicides from agricultural soil to the groundwater is mainly due to water infiltration following precipitation regime and irrigation. Leaching phenomena are hardly to be evaluated because of the spatial heterogeneity in the underground profile and to the occurrence of preferential flow.

Quantitative experimental studies are the most suitable tool to estimate leading rates and pollution risk for groundwater vulnerable areas under given precipitation regimes and common irrigation practise [9].

Among the numerous aspects, the leaching of selected herbicides like terbuthylazine and metalachlor [10, 11],  and their transformation should be studied under both saturated and unsaturated flow conditions. For this aim the experimental field can be very useful and the Water Research Institute has almost completed a test  site, equipped with a set of suction pressure-vacuum cups. It is located in a representative area of the Po River plain with predominant cereal crops,  characterised by a high degree of vulnerability of groundwater due to the occurrence of a shallow watertable in a highly permeable soil. 

 Promising for this purpose is the use of lysimeters to study the behaviour of herbicides in leachates, with the evaluation of breakthrough curves at different depths of the vertical aquifer’s profile and the herbicides degradation in their main metabolites present in leachates and detected in groundwater samples.





10. The role of water research institutions

The recent events involving water resources -unfortunately including several avoidable calamities- have underlined the importance of facing the water problems with an adequate scientific support. Analysing the causes that gave rise to the events requires a knowledge of fundamental aspects that  can be developed only within the most advanced scientific concern. This requires, in turn, a very close tie between research institutions and responsible authorities.

At the present time Italy is undergoing a great transformation in all the administrative structure related to water resources. The more recent legislation, particularly that regarding the protection of soil promulgated in 1989 ("Law 183/89"), still has to be completely implemented. There are still several constraints,  mostly bound to existing rules and structures.  An unexpected backlash persists in the full application of the management criteria based on the identification of the catchment as the territorial entity for the integrated use and protection of water resources. It seems quit obvious that, to overcome this plight, a close commitment of all the scientific community is the only way to a promising success.

Universities and other scientific institutions already provide their most qualified support to the administration and the government structures. The legislation activity benefits from consulting experts in the various fields of water problems.

Such a situation needs several improvements, as the complexity of the problems is so high and the necessity to find suitable solutions has become impellent.

The Water Research Institute has a long tradition, since its foundation, acting as an interface between the scientific community and the responsible administration. It has provided in the past some fundamental contribution to the Parliament in the promulgation of several important rules concerning the water policy in Italy. This means also that the Institute has a first-hand evaluation of the difficulties inserted in transferring the research output to the people who operate in the field.

In line with the above considerations, the following aspects deserve more and more attention for the development of research programmes in the next future:

strengthen the ties with the technical structures of the responsible Authorities

promoting an exchange of personnel among the research institutions and the responsible Authorities

stress the role of research as fundamental in supporting decision in the field

improving the confidence of Authority’s people in the research activity

promoting a general “research culture” among the people responsible of water resources.

The aspects listed above should lead, to one side, to have research institutions fully inserted in the management process and less bound to mere academic speculations, and, to the other side, to improve the efficiency of the responsible Authorities.
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