
























































































































































































































































Applications of cheese whey (the liquid by-product of cheese production) to agricultural soils
has been shown through repeated applications to increase root zone salinity, decrease water
infiltration rates (by up to 67%) and when surface applied without incorporation cause a
considerable odour problem (Lehrsch and Robbins, 1996). Developing soil salinity and the
considerable effects this may have on crop growth is also thought to be a major concern with the
repeated application of distillery wastes (Pathak et al., 1999).

One of the most commonly encountered problems associated with the application of organic
wastes to agricultural land is the transient imbalance in macronutrients, especially N, in the
receiving soil. This may occur with the application of wet olive husks (a by-product resulting during
olive oil extraction) (Bedini et al., 1998), corrugated cardboard, wood chips and papermill sludge
(PS). An estimated 1 million tonnes PS is produced in the UK per annum, of which just under half
is recycled to agricultural land (Aitken et al., 1995). One of the greatest restrictions to the disposal
of PS to agricultural soils is the relatively high carbon to nitrogen (C/N) ratio (e.g. 60–225:1),
which can result in significant decreases in crop yield, due to nitrogen deficiency (Edwards, 1994;
Elvira et al., 1995; Evanylo and Daniels, 1999). The carbon to nitrogen ratio is a characteristic of
all organic wastes applied to soils that is often considered to be an integral to the rate of
decomposition and release of ammonium and nitrate. When residues having high C/N ratios are
added to soils intense competition occurs among microbes for available N, so much so in some
cases that higher plants will suffer N deficiency (Figure 5.7) (Brady and Weil, 1999). Furthermore,
if there is not sufficient N, the degradation of the added organic substrate will be hindered and
potential beneficial breakdown products not released. A C/N ratio in the added organic waste of
20 is thought to be the approximate cut-off value, above which microbial action will not release
available N due the decomposition process (Hill and James, 1995).

A common solution to the issue of non-agricultural organic wastes with C/N ratios greater than
20 is to delay planting after amendment or by applying inorganic nitrogenous fertiliser (Logan and
Esmaeilzadeh, 1985; Bellamy et al., 1995). 

Many of the non-agricultural wastes applied to soils are relatively low in trace metals, certainly
when compared to some of the other sources of metals to land (Box 5.2). While it is thought that
20% of all of the Zn recycled to soils through non-agricultural organic wastes is contained in 75,
000 t of deinked PS (Carrington et al., 1998), Zn concentrations in PS are often below 40 mg kg−1

(Merrington and Madden, 2000). Papermill effluents, produced during the paper production
process may also be recycled to land and contain a range of organic micropollutants such as
chlorophenols and possibly dioxins. However, while limited research has been undertaken on the
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Table 5.10 General characteristics of a range industrial wastes applied to agricultural land (CEN,
1999).



potential impacts of these chemicals from this source, it is thought that their environmental
impact would be minimal (Kookana and Rogers, 1995; Hawrelak et al., 1999).

In the UK, the utilisation of materials classified as wastes on agricultural land is controlled by
the Waste Licensing Regulations (1994), which implement the EU Waste Framework Directive
(91/156/EEC) and the Environmental Protection Act (1990). Under the terms of these regulations,
the wastes must be recovered to land without endangering human health and without using
processes or methods that could harm the environment. In particular, there should not be risk to
water, soil, plants or animals and there should be no nuisance through odours. An important feature
of these regulations is that the material recovered to land must result in a benefit to agriculture or
ecological improvement. In order to assess such benefits, it is necessary to analyse soils where wastes
are being applied such that nutrient or physical benefits (e.g. improvement of soil structure) can
be demonstrated.

5.4
PRACTICAL SOLUTIONS

Pollution incidents involving organic wastes on the farm are usually caused by poor management,
such as:

• spillages;
• run-off due to over-application in the field;
• run-off from yards;
• inadequate storage capacity, structure and management;
• leaking/unknown drainage systems;
• application of slurries when land is frozen or waterlogged.

Figure 5.7 The effect of adding organic residues with high C/N ratio on nitrate availability and microbial
activity (adapted from Brady and Weil, 1999).
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Various Codes of Good Agricultural Practice (MAFF, 1998a,b,c) have been published by the UK
government with the intention of encouraging farmers to manage farm resources effectively,
whilst minimising the risk of pollution and keeping within the law. The Code of Good Agricultural
Practice for the Protection of Water (MAFF, 1998a) addresses most of the problems associated
with organic waste, notably in relation to their threat to watercourses. The Code includes
recommendations on the appropriate design and structure of storage and handling facilities. For
example, in accordance with the Control of Pollution (Silage, Slurries and Agricultural Fuel Oils)
Regulation 1991, silage must be contained within a properly designed and constructed clamp at
least 10m away from a watercourse or field drain. The Code also recommends how waste should
be handled and disposed of safely; guidelines which have now also been incorporated into a
practical farm waste management plan for farmers (ADAS, 1994).

Farm waste handling, storage and disposal

Because of their potential to cause pollution, it is important that all farm wastes are handled and
stored safely. The ultimate fate of wastes is usually disposal to land, but prior to this there is often
a storage period. Nicholson (1994) identified the objectives of storage as:

• avoidance of water pollution hazards;
• avoidance of damage or contamination to growing crops;
• to optimise use of plant nutrients contained in the waste;
• avoidance of damage to soils by machinery;
• avoidance of requirement for daily spreading.

The way in which the waste is stored and handled depends upon its type. The Code of Good
Practice includes the following recommendations for the storage and disposal of different types of
farm waste (MAFF, 1998a).

Solid manures

Solid manures (e.g. farmyard manure from traditional covered yards and poultry litter from
battery and broiler systems) are less likely to cause pollution than slurries because they are
relatively easy to store and handle. However, even with solid wastes there is a liquid fraction, often
with high BOD, so they should still be considered a threat. Farmyard manure and other deep litter
is typically removed from a farm building using a tractor-mounted fork (Culpin, 1992) and should
ideally be stored in a concrete-based structure with up to three walls (2–3 m high), 10 to 15 m
wide (MAFF, 1998a) and a below ground tank to store liquid waste. Provided that there is no risk
of contaminating adjacent watercourses, an alternative is to put the manure into temporary field
heaps.

Several important changes occur during the storage of manures. Aerobic breakdown of organic
material leads to a natural composting process, generating carbon dioxide, ammonia and methane.
Turning manure heaps during storage will accelerate this process, resulting in less manure to
spread, but with elevated nutrient concentrations. In organic farming systems, the storage of
manure for at least 3 months prior to application on land is advised (Soil Association, 1999). This
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storage period, together with turning on two or three occasions will result in manure volume
reduction of 50%, leaving in less material to be spread. Nutrients tend to be converted to organic,
stable forms, and the manure is more friable, making it easier to spread (Gibbs et al., 2000). Up to
10% of the total N in the manure at the start of the composting/storage phase can be lost by
ammonia volatilisation. In addition, manure heaps that are exposed to the elements will lose
nutrients in leachate, particularly nitrates and potassium. The speed of incorporation of manures
into soil can have a significant effect on the conservation of readily available N in the manures.
With slurries often needing to be incorporated within 6 hours of application if 50% of the available
N is to be conserved and not lost (Shepherd and Gibbs, 2001). Following storage, the manure can
be applied to the land when appropriate by using a spreader such as a rotary flail side-spreader,
whilst any accumulated liquid can be spread by tanker or a low-rate irrigation system.

Silage

Silage has traditionally been stored in a clamp or silo, baled silage has become increasingly popular
since the late 1970s. The design of a silo must intercept any effluent produced and MAFF
recommend that silos have concrete floors which are sealed to prevent liquid escaping and slope
from back to front (with a fall of 1 in 75) towards a drain across the front of the silo (Figure 5.8).
Effluent should be stored in an appropriate below ground tank and disposed of by tanker.

Patterson and Steen (1994) have shown that an alternative to disposal is to use the effluent as a
foodstuff. The study showed that with pigs and cattle silage effluent could make a protein and
energy contribution towards production. Big-bale silage is an alternative production method and
is claimed to reduce the risk of pollution from effluent by:

• carrying out baling at crop DMs of greater than 30%, thus reducing effluent production;
• containing any effluent produced within the wrapping of individual bales.

Slurry

Slurry is usually transferred from housing to store via a reception pit or tank, and is then stored in
one of a number of ways: above-ground circular stores, weeping wall stores or earth-banked
lagoon stores (MAFF, 1998a).

Above ground circular stores are usually made from coated steel panels, with a depth of up to
6m. A typical system has a reception pit next to the main store (Figure 5.9) with a pump which
moves slurry from the pit to the store. Slurry within the store is usually mixed to prevent gases and
odour problems, and to keep the slurry fluid. Slurry is then disposed of from the store by slurry
tanker or irrigation system. 

Weeping wall stores are above ground structures, typically 2–3 m high built on a concrete base
(Figure 5.10). Liquid weeps through gaps in the walls and is collected via channels to a storage
tank. As the liquid fraction is allowed to drain away, the solids dry out and have a consistency
similar to solid manure. The solid material can be disposed of by spreader, and the liquid by
tanker or irrigation.
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Earth-banked stores (Figure 5.11) are useful in storing solid, liquid or semi-liquid wastes. They
may be built below, above, or partly below ground, and are typically 3–4 m deep. The store can be
emptied by tanker or loader and manure spreader depending upon the type of waste. Slurry can
also be treated in a number of ways (MAFF, 1998a), including:

• mechanical separation, to give a liquid fraction that can easily be pumped and a solid fraction
for spreading as a solid manure;

• anaerobic digestion (treatment without oxygen);
• aerobic digestion (treatment with oxygen).

Dirty water

Dirty water is produced on the farm by cleaning work, including yard and parlour washing, and
the run-off from open areas (e.g. stock yards and outdoor silos). It can therefore be contaminated
with a range of materials, including livestock faeces and urine, silage effluent, milk and parlour
cleaning chemicals, with a broad range of BODs and other polluting effects.

Dirty water is usually stored in either an earth-banked lagoon or below ground store. A simple
way of separating any solids from this liquid waste is to have a series of  settlement tanks or
barrier ditches separated by H-section overflow pipes. Disposal of liquids is usually by tanker or
low-rate irrigation systems. Low-rate irrigation systems pump the dirty water from the settlement

Figure 5.8 A typical walled silo (MAFF, 1998a).
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tank or lagoon directly to the land via an electric pump, small bore pipes and sprinkler (or
travelling irrigator) in the field.

Good agricultural practice

The ADAS Farm Waste Management Plan

The ADAS Farm Waste Management Plan (ADAS, 1994 comprises five steps for farmers to take
(Box 5.4)):

STEP 1 Identifies how much land is available for spreading manures and where manure
should not be spread. A map is drawn of the farm which shows fields, watercourses
and boreholes, springs or wells. Areas are identified where manures and slurries
should never be spread. These include:

•   areas within 10m either side of ditches and watercourses;
•   areas within 50 m of any spring, well, borehole or reservoir; 
•    very steep slopes where run-off is a high risk throughout the year;
•    any areas where spreading is not permissible, such as a Site of Special Scientific

Interest (SSSI) or ESA.

Figure 5.9 An above-ground circular slurry store (MAFF, 1998a).
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STEP 2 Identifies restrictions on when manure should be spread
This step identifies those areas of the farm which may not be suitable for spreading
manure at certain times of year e.g. due to waterlogging etc. The remaining areas are
suitable for spreading manure at any time as long as the ground is not frozen or the
ground is so wet as to cause damage to the soil. A colour key is used to identify the
areas within the farm with their risk associated (Figure 5.12).

STEP 3 Calculates minimum area of land needed for spreading
From the livestock numbers and the number of months cattle are housed, the
minimum area of land needed for spreading animal manures and slurries is calculated
(Table 5.12). This ensures that the MAFF Code of Good Agricultural Practice guideline
of no more than 250 kg N ha−1 year−1 is not exceeded (Chapter 2).

STEP 4 Gives guidance on applying sewage sludge and other organic wastes
This step accounts for land required if sewage sludge or other organic wastes are
spread on the farm.

STEP 5 Calculates storage requirements for slurry and dirty water
If the farm produces slurry and dirty water, a calculation is carried out to ensure that
the existing storage capacity is needed to minimise the risk of pollution. This
calculation is based on existing storage capacity, months of the year when livestock
are housed, and an assessment of the volumes of waste produced.

Figure 5.10 A weeping wall slurry store (MAFF, 1998a).
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Figure 5.11 An earth-banked store suitable for solid, liquid or semi-liquid wastes (MAFF, 1998a).

Table 5.11 ADAS Farm Waste Management Plan areas of high risk for slurry or manure spreading (ADAS,
1994).
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• mandatory training of pesticide users and the testing/certification of spraying equipment to
ensure that safety standards are met, necessary records are kept and only the most efficient
methods of application are used;

• greater collaboration in policy making and implementation between the government agencies
that administer the programmes and farmers’ organisations and trade associations. These links
have also been used to increase the flow of information about the fate of pesticides in the
environment and to identify and promote more sustainable agricultural technologies and
practices;

• the availability of grants to help farmers cover the expense of adopting environmentally-
friendly practices, such as organic farming or the establishment pesticide-free buffer zones
adjacent to ecologically sensitive areas (Hurst et al., 1992; OECD, 1995).

The Swedish and Danish programmes are paid for by pesticide taxes, while the cost of the
programme in the Netherlands is shared by the government and agricultural industry under a
covenant signed in 1993. Matteson (1995) noted that there have been successes with the pesticide
reduction programmes in all three countries. In 1990, following the successful reduction of
pesticide use by 47% (without any decline in average crop yields) the Swedish parliament
introduced more restrictions to reduce pesticide use by a further 50% to 25% of the average use in
the period 1981–1985. Similar successes in progress towards the 50% reduction target have been
reported in Denmark and the Netherlands, but achieving reductions in the frequency of
application (notably in Denmark) has been more difficult. This seeming paradox is apparently
explained because reductions in pesticide use have mainly been achieved by improving the
efficiency of application (i.e. using less active ingredient per application), rather than substituting
pesticide application with non-chemical pest control methods (Matteson, 1995). In response to
this, the Danish government has implemented greater restrictions on pesticide applications,
mandatory record keeping and more attractive subsidies for low input farming systems. National
pesticide taxes have also been increased to provide more funds for environmental schemes and to
increase research on organic farming.

These examples from northern Europe are evidence of the potential to apply pesticide reduction
programmes without compromising the well-being of a country’s agricultural sector. According to
Mattesson (1995), some of the key lessons to be learnt are:

• The importance of setting measurable targets with strict deadlines in order firstly to stimulate
action amongst farmers, researchers and advisors, and secondly to preserve momentum in a
goal-orientated pesticide reduction process.

• The need to be cautious and choose realistic initial programme targets that have a high chance
of being achieved so that the programme is perceived as a success and thereby worthy of further
public and political support. For instance, both Sweden and Denmark have greatly reduced the
quantity of pesticides used in agriculture, but have yet to reduce the frequency of application.
However, whilst Sweden’s ‘Pesticide Risk Reduction Program’ is a great success according to
the targets it set for itself, Denmark’s ‘Action Plan to Reduce Pesticide Application’ appears not
to be.
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• The need to monitor the progress being made towards programme targets in order that policy
makers can identify weaknesses and gaps in the reduction programme and take appropriate
measures to improve its performance (e.g. allocate resources to new policy instruments).

• The importance of fully integrating the principles of pesticide reduction into all agricultural
policy. In some instances in northern Europe, for example, seemingly unrelated policies and
regulations which are valuable in another context have inadvertently promoted, continued, or
even increased, pesticide use.

Policies that have conflicted with pesticide reduction include first, the privatisation of agricultural
extension in Denmark and the Netherlands, making access to advice and services which were
previously free more difficult and expensive. This discouraged farmers from seeking technical
assistance and had a negative impact on pesticide use reduction because alternative pest
management practices are information and knowledge ‘intensive’. Secondly, the discontinuation
of funding in Denmark for a management economics programme developing techniques for
farmers’ evaluation of new pest management technology. Thirdly, environmental protection
measures in Denmark promoting an expansion of winter cropping to reduce nitrate leaching
caused an increase in pesticide use because winter wheat crops require more pesticides than
spring barley (Hurst et al., 1992).

9.5
FUTURE DIRECTIONS

Adoption of sustainable farming practices

During the last 10 years it has become apparent that there is a powerful case to be made for linking
production practices in agriculture with protection of the rural environment. Scientific evidence,
much of it reviewed in this book, now clearly demonstrates the link between inputs, management
practices and outputs from agricultural systems and their consequent environmental impact. The
widespread debate stimulated by governmental and non-governmental organisations regarding
the appropriate use of resources and land management practices is also driving the development of
environmentally sensitive farming practice. For example, LEAF (Linking Environment and
Farming) is one of a number of non-governmental organisations throughout Europe that actively
encourages the adoption of practical, integrated crop and farm management (ICM and IFM).
DEFRA now encourages discussion and adoption of target indicators for a more sustainable
agriculture (MAFF, 2000) which include conventional measures of environmental quality such as
nutrient and pesticide concentrations in rivers, as well as more general indicators of system health,
such as soil organic matter content. This process is being enhanced by the major retailers who,
through their quality protocols, encourage farmers to adopt more environmentally friendly, less
polluting farming practices.

To this end, the concept of increased sustainability within agriculture has emerged as an
important guiding principle that is shaping the outlook of governmental and non-governmental
organisations around the world. There is now a widespread consensus that food production
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systems are needed which are not only capable of feeding a growing population and generating
sufficient returns to maintain agricultural communities, but can also sustain these objectives by:

• avoiding heavy reliance upon any external inputs, notably those utilising non-renewable
resources, such as fossil fuels;

• maintaining and improving the means of production;
• producing minimal negative impact upon the natural environment.

The widespread adoption of agri-environment schemes throughout Europe following the
introduction of Regulation 2078/92 has made a significant step towards sustainability (EC, 1998).
By 1998 agri-environment contracts that deliver environmental services applied to over 20% of
European farmland. There is much evidence, summarised by the EC (1998) that shows the
substantial benefits that have accrued from these agri-environmental programmes. Many of these
directly or indirectly lead to reduced pollution potential, for example:

• many of the broad programmes to limit inputs use significantly less N-fertiliser and better
application techniques, resulting in a lower N surplus;

• strong evidence of positive activities for nature protection is available. This results from the
symbiotic link between European biodiversity and farming on which it depends;

• application of programmes has had some effects on changing attitudes, both of farmers and the
general public. Farming is increasingly seen as an activity consistent with environmental care.

Further monitoring and assessment is underway across Europe to evaluate the longer term
environmental benefits of the Agri-Environment and the Rural Development Regulation.

Legislative changes

The implementation of the Rural Development Regulation will continue the shift from production
subsidies to support for farming practices conducted in sympathy with the wider environment. It
is clear that scientific research has identified a number of solutions to pollution problems that are
caused by ‘inappropriate’ land management practices. Furthermore, the farming industry now
largely accepts that it has a responsibility to manage land in a more environmentally benign
manner. However, the process of technology transfer still remains frustratingly slow in some
cases. In addition, as was noted by EC (1998) there has been less progress in regions where
intensive farming produces high value crops. In these cases, yield reductions are often too
substantial for price support mechanisms to be able to fully compensate for lost profit associated
with reduced inputs. In such cases a stronger regulatory framework is more likely to achieve
effective pollutant reduction targets.

Several key articles of national government legislation have had a direct impact on pollution
issues discussed in this book. For example, the Water Act 1989 included the legislation that led to
the establishment of the NSA scheme. Similarly, statutes in the Environmental Protection Act
1990 led to the ban on straw burning in 1993. The Environment Agency, the government agency
that takes the lead in monitoring pollution in the rural environment, was set up following the
enactment of the Environment Act 1995. Further legislation will follow recent European
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directives. The introduction of the IPPC Directive (96/91/EC) represents a positive step to control
all potential emissions from industry. The main purpose of the IPPC Directive is to achieve
integrated prevention and control of pollution from listed activities. This is to be done by
preventing, or where that is not practicable, reducing emissions to the air, water and land by
potentially polluting industrial and other installations ‘so as to achieve a high level of protection of
the environment taken as a whole’ (NSCA, 2001). Within the directive, emphasis is placed in
identifying ‘best available technology’ and encouraging industry to adopt production technologies
that provide an acceptable balance between minimising environmental emissions and other
criteria including cost (Robinson, 1999). In the case of the agriculture industry, the directive
affects intensive pig units with more than 750 sows or 2000 weaners, and poultry units with more
than 40,000 birds. The Pollution Prevention Control Act 1999 enables regulations to be made
implementing the IPPC Directive. The Pollution Prevention and Control Regulations 2000
(Statutory Instrument No. 1973) fulfils the requirement of the IPPC Directive, and is significant in
that for the first time controls have been introduced over emissions to the atmosphere from
agricultural activities.

Further EU legislation is included within the Water Framework Directive (2000/60/EC), agreed
in October 2000, and will be progressively implemented in Member States over the next 5 to 10
years. The Directive sets the overall goal for surface waters as good ecological status, i.e. it is an
ecosystem-based approach, not one based on individual chemical parameters. It also requires
integrated management of waters and full inclusion of stakeholders in the process. The Directive
also requires that abstraction of surface and ground waters be managed to a sustainable level. The
directive does not include any specific pollution control powers, but will be an important vehicle
for the control of eutrophication. The directive will provide a framework for a coordinated
approach to sustainable water management on a catchment basis. Thus it will focus attention on
the issue of how to control diffuse pollution from agricultural sources, and may lead to
consideration of more specific legislation at national level to address diffuse pollution (Robinson,
1999).

While legislation will continue to push forward developments and speed up the adoption of less
polluting farming practices, effective steps can only be made with the full cooperation of the
farming community. As Webb et al. (2001) commented, in a review of the impact of farming
practices on soil fertility, ‘reduction in pollution is, for the most part, more likely to be achieved by
changing practices to conserve potential pollutants in the soil, rather than across-the-board input
reductions which may have little effect on losses but cause significant reductions in crop yields’.
Effective control of pollution from agricultural sources will depend on demonstrating both the
environmental and economic benefits to land managers. Only then will there be a widespread
adoption of more resource efficient farming practices.
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