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[Revision 14/10/97)

EXECUTIVE SUMMARY

1. This report presents the results of a study to examine and evaluate the economic,
environmental and social benefits of plant protection products (PPPs) in agriculture with
the main emphasis on the economic aspects.  The approach followed was to carry out four
case studies - each covering a single crop in a specific region of major production-
comparing standard, integrated and organic production systems.  The four crop/region
case studies selected were: apples (Trentino-Adige, Italy), ware potatoes (Flevoland,
Netherlands), wheat (Schleswig-Holstein, Germany) and wine (Bordeaux, France).

2. The study had four main phases: initial background “desk” research, local “field” research
for each case study, followed by analysis of the information collected and preparation of
a draft report.  The draft report was then circulated to both members of the steering
committee and a number of other experts, and the comments received were taken into
account in the preparation of the a revised draft report.  Further comments on the revised
version have been noted in the preparation of this final report.  In the initial phase every
effort was made to locate and use relevant previous research and to consult with
organisations interested in, and able to contribute to the project.  Details of the research
team are given in Chapter 1.  At Annex 1 there is a list of the organisations and
individuals consulted, and at Annex 2 there is a full bibliography.

3. In order to evaluate the benefits of PPPs we have had to consider what the hypothetical
position would be, chiefly in economic but also in environmental and social terms, if no
PPPs were used.  The chief parameters have been crop yields and revenues, production
costs, the extent of use of PPPs, land use, energy and labour requirements.  The central
assumption of the analysis is that the benefits of PPPs can be deduced from a
comparison between the performance of production systems using different levels
of PPPs:  standard, integrated and organic systems.

4. In our proposals we recognised that the four case studies divide into two pairs.  The first
pair are apples and wine, both the product of perennial crops; with these a change of
system does not have any crop rotational implications and they can each be assessed on
their own.  The second pair are potatoes and wheat, and with these a change of system
(especially to organic) has major rotational and wider farm management implications so
that the effects of a systems change has to be considered across the rotation as a whole.
 This means we need to evaluate the costs and returns for the whole rotation (which may
include forage crops for livestock).  So the case studies for potatoes and wheat examine
these crops both on their own and as components in a complete rotation.
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5. Important limitations of the case study approach became evident.  The first is the practical
difficulty (and indeed unrealism) of attempting to disaggregate the contributions of
fertilisers and of PPPs to the performance of standard and integrated systems.  These two
categories of chemical inputs are usually complementary and synergistic.  To achieve the
full benefits of each, both generally need to be used.  In attributing to PPPs the full gains
of a system which uses them over one that does not there is considerable exaggeration of
the specific benefits, but any effort to discount these would be arbitrary and artificial.

6. The second limitation is more contentious: the uncertainty of what would happen to the
prices of organic products if the organic system ever became the mainstream (or even a
significant) form of production.  At the present time organic products fill a small market
niche, mostly selling at a large premium over the prices for standard and integrated
products.  The report presents some (but by no means conclusive) evidence that in these
extremely unlikely hypothetical circumstances the organic premiums would rapidly fall
away, though it is unlikely that they would disappear altogether.  At the same time the
changes in product supply would influence the overall price level. In each case study we
have made assumptions about likely organic prices at different levels of market
share; different but not necessarily unreasonable assumptions would reduce or
increase the benefits of PPPs, but not sufficiently to change the main conclusions.

7. A third major difficulty (as far as obtaining and presenting quantified data are concerned)
arises from a lack of precision as to what exactly is meant by “integrated” production.
 Some experts argue that the term should only be applied to systems based on strict and
detailed protocols that lay down exactly what methods and products should be used;
others consider that one great strength of an integrated approach is its adaptability to
different site and crop specific conditions and needs.  EC directive 91/414 provides a
definition of “integrated” production susceptible to very wide interpretation. The rigid
boundaries of the organic system are at least partly motivated by the need to maintain the
distinctiveness of organic products in the market place (and hence their labelling and
premium prices) but arguably the organic movement has in consequence painted itself
into a corner when to comes to accepting technical innovations that are more
environmentally-friendly than their predecessors (the wine case study illustrates this
point).

8. What seems to be happening in practice is that the strict approach is followed where it
is market rather than production-driven, in other words where the producer, or producer
organisation or processor or retailer wants to exploit the use of an ‘integrated’ image or
label to differentiate the product for promotional purposes (e.g. with apples in Trentino).
Where the approach is production-driven and is motivated by a desire to save input costs
and/or to gain ecological benefits (e.g. with wheat in Schleswig-Holstein) then generally
one finds the farmer adopting elements of an integrated approach, but not necessarily
implementing the whole package.  The process of going ‘integrated’ is incremental and
its advocates envisage that there will be a convergence with the ‘standard’ system.
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9. In the case studies we have treated as “integrated” only those farmers following a fairly
strictly defined set of rules (albeit generally unofficial) which tend to vary from crop to
crop and from region to region.  The integrated concept, which attempts to balance
economic and environmental aims, is certainly having a far greater overall impact
on production methods, and hence on PPP use, than the crude data for the present
extent of integrated production would suggest.  There is certainly a concern among the
researchers working on the development of integrated farming systems (IFS) that
agrochemical industry support for integrated crop management (ICM) is at least in part
a public relations ploy designed to minimise the impact of the integrated approach on
agrochemical sales.  Clearly the industry will need to make a sustained effort to
demonstrate its commitment to the new approach, from the precise focus of its research
and development activities, to the way products are promoted and sold.

10. One crucial element in a comprehensive IFS approach (in addition to reduced
pesticide use, the  avoidance of plant nutrient losses and soil damage) is the specific
incorporation of ecological and landscape objectives.  These include in particular
such practices as reduced hedge-cutting, uncultivated field margins and the creation
of small conservation areas (ponds, areas of woodland and so on) on all large farms
and within groups of small farms.  This is, in a sense, a form of permanent set-aside
with specific conservation objectives.

11. The economic performance of the three different systems in each case study is
summarised in Table 7.1.  This shows the yields and gross margins at current prices, and
also estimates what they would be if the organic price premium fell (a) to 20 percent, and
(b) to zero.

YIELD INDICES :
Apples     Potatoes     Wheat    Wine    

 Standard 100 100 100 100
 Integrated 89 100 90 100
 Organic 70 59 48 73

The standard and integrated systems were found to have performed similarly; where the
integrated yields are a little lower, this reflects a reduction or elimination of prophylactic
treatments against diseases and pests, as well as of reduced fertiliser applications,
nitrogen in particular.  In contrast, yields under the organic systems are dramatically
lower, especially with arable crops grown in a rotation. With wine the yields in Bordeaux
under all systems are restricted to well below the technically feasible level, for quality
and market management reasons.

One important proviso is needed.  Data on the performance of the integrated systems
come generally from research projects and from farmers pioneering the alternative
approach.  The intensity and quality of the management involved may fall away as an
integrated approach is more widely adopted, with a consequent greater yield penalty.

12. The profitability of the various systems was compared chiefly at the gross margin level,
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for each crop studied and at the rotation level for the two arable crops.  The gross margin
indices at the case study price levels (data came mostly from the 1995 crop year) gave a
rather variable picture.

GROSS MARGIN INDICES :
Apples    Potatoes*   Wheat*   Wine     

 Standard                              100 100 100 100
 Integrated 140 100 93 100
 Organic 190 200 133 56

*rotation level

The economic performance of the integrated systems were fairly close to the standard;
the better performance of integrated apples reflects the price premium that apples from
Trentino obtain, which can only partially be attributed to the production system
(marketing factors are more important).  More significant is the worse performance of
the Schleswig-Holstein integrated wheat rotation.  First, the data are probably more
reliable; second, the interpretation of “integrated” is strict; third, this case study is the
most important by far in the context of EU agriculture as a whole.

It is likely that economic incentives are needed to persuade farmers to change from
a standard to an integrated system, and the Schleswig-Holstein (and Flevoland)
results suggest that this does not, at present, exist.  In addition, the results presented
are drawn from the relatively few farms following an integrated approach.  These
farmers are likely to be those willing to learn and apply a new system, and provide
the necessary increase in management time and attention.  There is also clearly
greater economic risk involved in a system that depends in part on better
forecasting of pests and diseases, avoiding routine use of preventative treatments.

13. The organic systems appear at present to be very much more profitable (except with wine)
than the standard and integrated systems;  owing largely not to reduced input costs but
to higher end product prices.  As the data below show, the prices for standard and
integrated products were found to be generally similar (except for apples, a special case),
whereas the premia for organic products were high, apart from wine.

FARMGATE PRICE INDICES :
Apples     Potatoes*   Wheat*   Wine     

 Standard 100 100 100 100
 Integrated 113 100 100 100
 Organic 200 204 298 107

* rotation level
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The small premium for organic wine produced in Bordeaux (which varies considerably
from one product to the next) is part of a price structure which reflects perceptions of
quality and long-established reputation, and where the production system used influences
very few buyers. In general, integrated production systems are not defined  precisely
enough to allow the products to be marketed under a separate label, at a premium. 
However, this is now beginning to change.

14. What would happen to the prices of organic products if production expanded
greatly is the big unknown.  The available evidence from consumer studies suggests
that, broadly speaking, only 20-25 percent of consumers are willing to pay any premium
at all for organic produce.  The study estimated the gross margins for the organic systems
on two different assumption (a) that the organic premium remained at 20 percent over
standard, and (b) that it fell to zero.  If the present very high prices for organic products
decline as much as seems likely, profitability will fall below that for standard and
integrated production.

GROSS MARGIN INDICES FOR ORGANIC PRODUCTION AT DIFFERENT LEVELS OF PREMIUM :
Apples     Potatoes*   Wheat*   Wine     

 Present level 190 200 133 56
 20% premium 80 (loss) 40 63
 Zero premium 40 (loss) (loss) 31

* rotation level

The economic cost of a large-scale switch to organic is quite probably
underestimated in the above table for two main reasons.  First, it does not allow for
the likely fall in livestock product prices that would follow as a result of the
increased production of these under most organic rotations (assuming that organic
stockless rotations prove unsustainable).  Second, the economics of organics at
present benefit from set-aside, which allows the set-aside area to be used for the
part of the fertility-building phase of the organic rotation.  Given the certain
disappearance of set-aside if there was any large scale switch to organic (because of
the production shortfall that would result), this would have a further negative effect
on the economics of organic systems.

15. The overall economic benefits provided by PPPs (in conjunction with fertilisers) at
national level for each case study crop have been estimated by calculating the differences
in output under organic and standard systems, and valuing these differences at the case
study farmgate prices for standard production, summarised below:

Apples
(Italy)

Potatoes
(Netherlands)

Wheat
(Germany)

Wine
(France)

Output gain
(‘000 tonnes) 589 1,474 9,204 15,015
Value
(ECU million) 62.4 154 1,243 1,747

Clearly theoretical estimates of this sort must have a large measure of uncertainty; they



EXECUTIVE SUMMARY / VI

also ignore the important secondary and tertiary economic effects, as well as the impact
on trade flows and the balance of payments - and hence on exchange rates.

In Table 7.3 we have estimated the annual benefits at national level of PPP use for all
arable crops in the Netherlands and in Germany.  The estimated benefits 0.51 billion
ECU in the Netherlands and 5.7 billion ECU in Germany;  the latter figure is almost
certainly a substantial underestimate.

16. The environmental benefits of PPP use fall into two main areas.  The first is on land use.
 We have estimated how much extra land in each case study country would be needed to
produce the same amount of each product as at present after a complete switch to organic
production; this is the amount of land that PPP (and fertiliser) use, in effect, saves.

LAND SAVED BY PPP USE :
Apples  
(Italy)  

Potatoes  
(Netherlands) 

Wheat  
(Germany) 

Wine   
(France)  

Land saved
(‘000 ha) 28.7 55.7 2,741.0 343.0

While it is conceivable that the extra land needed to maintain production of apples and
wine could be found (or would not be needed, allowing for the present structural
surpluses to disappear), it would be next to impossible for ware potatoes in the
Netherlands (for rotational reasons) and absolutely impossible for wheat in Germany (as
that much land suitable for the crop simply does not exist).  There would be a supply
shortfall that could only be made up by extra imports, assuming that other suppliers had
not also switched to organic methods.

The main positive environmental effect of PPP use is that it releases land for other uses.
 Under a system which did not use PPPs, there would be irresistible pressure to cultivate
every available square metre of land.  This would mean the destruction of woodlands,
copses, heaths and moorlands, bogs and other wetlands.  It is the destruction of
uncultivated habitats which has historically been the one very significant cause of loss
of biodiversity.  The higher yields obtained under PPP use have enabled (even required)
land to be set aside, with large potential ecological gains. The full environmental benefits
of PPP use have not been obtained because high product prices under the CAP have made
profitable the farming of much marginal land.  If prices were allowed to fall to world
levels, the environmental benefits of PPP use would become even greater, as marginal
land went out of production (unless, of course, area aid payments kept this land in
production).

Improved food security, by reducing the risks of serious crop losses from pests and
diseases is a major benefit of PPP use.  In part, because of PPPs Europeans have
forgotten about the threat of famine.  Use of PPPs also reduces post-harvest losses, which
can be 20-25 percent greater under systems that do not use PPPs.

17. Clearly the immense and real benefits need to be balanced against the perceived negatives
of present day PPP use, principally the pesticide residues found in food and water and the
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ecological impact of pesticides.  There is still a problem with incorrect use of pesticides,
though this is far less serious than it was 10-15 years ago.  Opinions vary greatly as to the
actual harm, if any, that these residues do, especially where they are below the permitted
levels, as they increasingly are.  Clearly these negatives, whatever their importance,
would be substantially reduced by a switch to integrated systems. This study found
that switching from standard to integrated systems reduced expenditure on PPPs by 25-
60%.  There are fewer data on the reductions in weight of PPPs applied though the
picture is similar to that on expenditure; however, any purely quantitative measure is
highly unsatisfactory, as different active ingredients have very variable environmental
impacts, but the trend to using less product and switching to products with better
environmental profiles will further reduce the negatives that need to be balanced against
the benefits of PPP use.

18. What is frequently overlooked or underestimated is the positive role of PPPs play in
regard to food quality.  This is difficult to quantify and we found little relevant numerical
data.  One benefit lies in the avoidance of disease and pest damage to crops which, if
untreated, can mean that much of a crop cannot be sold, stored for any length of time, or
processed.  Some fungal and bacterial contamination of food, and contamination with
weed, seeds and residues, that are avoided by PPP use, may have serious implications for
health (for example, some fungal infections are known to be carcinogenic). Another
benefit is in the actual chemical composition of the products; for example, the protein
levels of wheat, can be negatively affected by disease.

19. The social benefits of PPP use essentially derive from the economic and environmental
benefits.  If there was a general switch to production systems which use no PPPs, food
prices would rise sharply.  We have not attempted to calculate what the new
demand/supply equilibrium would be, but even to maintain farm profitability at just half
of its present level without PPPs, food prices would need to rise by at least 30 - 40
percent.  Food security and the year-round choice of products now available would
inevitably be seriously damaged.  There is also a clear danger with higher food prices that
the nutritional quality of the diet of poorer families in particular would deteriorate.

20. Organic systems use more labour than standard or integrated, though the extent of the
increase depends on whether there is a switch to a rotation with livestock or whether a
stockless rotation is adopted.  Overall, a complete switch to organic would probably
increase farm labour needs by 25 - 30 percent, but much of this would be seasonal,
and the likely low profitability of an all-organic situation could imply depressed wage
levels as well as low incomes for farmers.  In effect it would be a partial reversion to the
poor conditions which characterised farm labour before mechanisation and chemicals
transformed the farming industry.  The employment gains at farm level (in part seasonal)
would be partly balanced by job losses in food processing and distribution as well as in
the supply industries, and there would also be negative effects at tertiary level through
the overall decline in farm incomes.

21. There appears to be widespread acceptance within the research and policy-making
community that a complete switch to organic production is impractical, at least within the
foreseeable future.  Rather, the arguments hinge on whether it is or is not desirable to
achieve a switch of 10-20 percent of farmland to an organic system, or whether the



EXECUTIVE SUMMARY / VIII

resource costs of this could be more effectively deployed in other ways.  The report
analyses the likely consequences of various model ‘change’ scenarios, including a 20
percent switch to organic, and a 60 percent switch to integrated.  The conclusion is
unambiguous that the integrated option would be more effective in terms of:

t pesticide use reduction;

t land availability for ecological use/biodiversity conservation.

While there would indisputably be some ecological benefits from the 20 percent organic
scenario, they are likely to be greater under the alternative scenario of a 60 percent switch
to integrated; but it is clear that more detailed, comprehensive and long-term research is
needed to clarify this issue.

POTENTIAL OVERALL PPP REDUCTION*:
Apples     Potatoes     Wheat     Wine     

 Standard 100 100 100 100
Integrated 72 63 60 50
Organic 0 0 0 50

* expenditure

22. We were also asked to examine the implications of a switch to 80 percent integrated, 20
 percent organic.  If we take the German case study as the starting point, this would have
the following implications, compared with 100% standard production:

t reduction in production of wheat and other arable crops - approximately
18 percent;

t no land surplus available for conservation and other non-crop production
uses;

t 50 percent reduction in pesticide use;

t fall in average farm incomes (probably around 7-8 percent);

t higher average food prices (potentially 12-15 percent higher);

t deterioration in present day overall food quality due to contamination of
organic food with mycotoxins, bacteria and weed seeds.

The main uncertainty in estimating the impact of an 80% integrated : 20% organic
scenario lies in knowing what would happen to food prices.  If all non-organic food was
produced under strict integrated farming protocols, and the benefits of this were promoted
to consumers by retailers and others, then it seems logical to believe the willingness of
the general public to pay premium prices for organic produce would be much reduced.
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23. The issue of biodiversity gains and losses is particularly complex.  With a switch to
organic systems there would be some gains within the cultivated area;  however that
needs to be compared with the gains that could come from the effective planned used of
the land savings possible under an integrated system.  The point that needs to be
understood is that you cannot have both;  either the land is used for conservation (under
an integrated system) or it is used for food production (under an organic system) to
achieve the same total level of output.

24. As regards improvements in food and water quality (in terms of pesticide residues) an
analysis is given which suggests that it would be more beneficial (and more socially just)
to use available resources to ensure improvements to all supplies of food rather than to
subsidise only the 10 percent of food production that (approximately) would come from
a 20 percent switch of farmland to organic.  One view reported is that for this reason the
minority demand for organic food can and should simply be met by the market,
without any special and exclusive conversion or ‘maintenance’ subsidies for organic
production.

ENVIRONMENTAL IMPACT - PPP USE INDICES*:
Scenarios Apples     Potatoes     Wheat     Wine     

 Standard 100% 100 100 100 100
Organic 20%/standard 80% 80 80 80 90
Integrated 60%/standard 40% 83 78 76 70

* expenditure

25. The evidence in this study would appear to provide a convincing argument for the
encouragement of integrated farming.  How this should be done goes rather beyond this
study’s terms of reference but is clearly an important issue that deserves to be seriously
addressed, especially in the context of CAP reform.  The economic, environmental and
social arguments for any encouragement of organic farming appear to be weak or even
negative.

26. One major problem, highlighted by this report, is the lack of data on the eco-impact of
different systems.  To this extent policy making in this area operates in an information
vacuum, and in particular data are needed which allow the eco-impact of different PPP
active ingredients to be monitored, and hence the overall gains or losses from product use
and system changes.
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27. Finally, it is surely important to look ahead not backwards.  Evidence is given in this
report that new PPPs offer a progressive improvement in their environmental profiles, as
well as being more effective agronomically.  Thus we can expect in future for the benefits
of PPPs to increase and the disadvantages to diminish further.

The consultants have been explicitly instructed to leave out any detailed reference to the
future impact of biotechnology.  It should briefly be stated that any analysis of the likely
future evolution of farming systems that ignores biotechnology is the equivalent of
looking at industry and ignoring information technology.  Biotechnology is what will
make a comprehensive switch to integrated methods feasible in future.

It is the sensible, forward-looking contribution of biotechnology and chemical methods
within an integrated context that will further widen the economic, environmental and
social advantages of this approach compared with a reversion to the past.
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1. INTRODUCTION

1.1 Study aims

In our original proposals it was stated that the overall aim of this study should be to
provide a comprehensive, detailed and - as far as is feasible - quantified assessment of
the benefits of the use of plant protection products (PPPs) in EU agriculture.  Because of
the diversity of EU agriculture - in terms of soils, climate, crops grown, farming systems,
farm size and many other factors - an enormous range of crop disease, pest and weed
problems are found and hence a very large number of different PPPs are used.  To keep
the study within manageable dimensions the terms of reference limited the scope of the
research to four case studies, each covering one crop in a particular region where it is
important.  The selected case studies were:

t Apples in Trentino-Adige (Italy)

t Potatoes in Flevoland (Netherlands)

t Wheat in Schleswig-Holstein (Germany)

t Wine in Bordeaux (France)

In the terms of reference for this study equal emphasis was given to assessments of the
economic, environmental and social benefits of PPPs; however, at a review meeting at
EC-DGXI on 13 October 1996, the steering committee made it clear that they felt that
priority should be given to the economic dimension, so this has been the main focus of
the study.  Nevertheless, we have attempted to provide some analysis and assessment of
the environmental and social dimensions, albeit less comprehensively than the economic.

1.2 Important considerations

The basic assumption on which this study is based is that the benefits of plant protection
products can only be assessed by comparison between the present day “standard” system
with the alternatives which use less pesticides, namely integrated and organic systems.
 In particular the organic system provides the baseline in terms of yields and costs from
which the benefits of PPP use can be measured.  Thus this study provides an
assessment of the benefits of systems in which PPPs are used, rather than the gains
of PPPs use above for which data mostly do not exist.

In our original proposals we explained that the four case studies fell into two quite
distinct pairs.  Both apples and wine grapes are perennial crops, and in each case a change
in production methods from standard or conventional to integrated or organic does not
necessarily have any wider implications for agricultural production;  for example, in
Trentino-Adige many farmers who follow an integrated approach to apple production still
use standard methods in their neighbouring vineyards.

In contrast, with wheat and, to a somewhat lesser extent, with potatoes any switch from
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standard to integrated or, in particular, to an organic system inevitably has profound and
wide implications.  Firstly, an integrated or organic approach with annual crops inevitably
means that the whole farming system must be modified - rotations, the proportion of
different crops grown, cultivations and methods of disease, pest and weed control. 
Whereas a switch to an integrated system does not mean that a drastic restructuring all
aspects of the farming system must follow, a move to organic production certainly does;
for a start, it usually means converting the system to a balance between crop and livestock
production with all that entails (the exception is for some intensive organic horticultural
units). Though there is much talk of “sustainable stockless rotations”, yet in practice very
few organic producers follow such a system.

This means that in comparing the economics of standard, integrated and organic systems
for potato and wheat production we had to compare the economics of the overall
farming systems in which these crops are grown as well as the economics of the chosen
crop on its own.  This is a much more complex and difficult exercise than the case studies
on apples and wine, which can be analysed on a stand-alone basis.

This leads on to the other major difficulty we have faced.  Given that as yet neither
integrated nor organic methods represent more than a very small proportion of EU crop
production, there are obvious problems in attempting to extrapolate current input and
output prices to what they might be if a large percentage of EU farmers were to adopt one
or other method (or both) on their farms.  This difficulty is particularly serious in
attempting to assess the consequences of a large-scale or complete shift to organic as its
protagonists recommend.  For rotational reasons, the proportion of the farming area
devoted to crops and to livestock would change drastically, as would the areas devoted
to different crops.  Such production-driven supply changes would clearly have a major,
but to a considerable extent unpredictable, impact on product prices.

1.3 Study approach and methodology

The study has been carried out in four main stages:

(i) A comprehensive literature search to identify the available published data
relevant to the study.  This was supported by contacts with a number of
individuals and organisations able to provide useful information and guidance
for the study (a partial list of individuals and organisations who were
contacted is to be found at Annex 1).

(ii)  Planning and undertaking the four case studies, each one executed in the first
instance by a local consultant with relevant expertise on the crop and region
of the case study in question.  This work was supplemented by research
carried out by Landell Mills consultants.



 The case study consultants were :
 

Apples (Trentino-Adige, Italy) :  Giorgio DE ROS

 
Potatoes (Flevoland, Netherlands): Bas JANSSENS

 
Wheat (Schleswig-Holstein, Germany) : Cord STOYKE

 
Wine (Bordeaux, France): Alain BOUSQUET

(iii) Analysis and synthesis of the data provided by the case studies
to enable a wider assessment of the key issues, followed by the
preparation of this draft report.  This stage involved the major
participation of an experienced economist (David HALLAM)
with particular strengths in the modelling of production and
marketing systems for farm commodities.

(iv) The draft report was circulated both to members of the steering
committee for the project as well as to a number of interested
organisations and individual experts for review.  The many comments
received have been taken fully into account in report revision, and
some additional research (for example on food quality and biodiversity
issues) was carried out.

In carrying out the case studies by the four local consultants, the research
procedure was as follows :

(i) A written research brief was prepared by the project director
(John LANDELL MILLS) for each consultant which detailed the
aims of the research and set-out the expected content and
structure of each case study report; additionally, available
background material (including detailed PPP use data for the
crop/region concerned, taken from the Landell Mills’ 1996
study) was provided.

(ii) This was followed by a series of briefing meetings between the
project director and each local consultant to discuss the
research and to ensure the brief was properly understood.

(iii) Following the submission of the draft reports on each case
study, a discussion was held at the Landell Mills office
involving the project director/senior project consultant (Charles
CROSTHWAITE-EYRE), the project economist and the four case
study consultants.

(iv) Subsequently, the consultants for each case study were asked to
provide supplementary information on points arising from the
review of their draft reports.  ,W� VKRXOG� EH� HPSKDVLVHG�
KRZHYHU�� WKDW� WKH� ORFDO� FRQVXOWDQWV�DUH�QRW� UHVSRQVLEOH� IRU
WKH�FRQFOXVLRQV�RI�WKH�UHSRUW.
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Additional research was carried out by Landell Mills consultants to clarify key
issues where it was felt the information provided by the case study consultants
needed to be extended.  All useful material obtained was then (a) used for the
economic analysis under the project economist, and (b) incorporated in the report.

The main research problems encountered centred on the lack of truly comparable data for
integrated production, particularly because of the varying and often vague definitions
used for this type of production.  Nevertheless we feel that, overall, a clear picture has
emerged though the need for further research and analysis is evident.  The impact of any
new system on soils, pest populations and products often takes several years to become
apparent, but long term experiments tend to be complicated by changing technology. 
These issues are discussed further in later sections.

Finally, in addition to the case studies three special reports were prepared for this study.
 The first was a review of recent EU-wide research on integrated crop production,
undertaken by Dr Victor Jordan of the Institute of Arable Research, Long Ashton,
England.  This was complemented by the second study, covering research on organic crop
production, carried out by Christopher Stopes, an independent consultant on organic
farming.  The third was a study of current developments in biotechnology which are
likely to have an impact on the use of PPPs with the four crops concerned, by Charles
Crosthwaite-Eyre.  Edited versions of the first two reports are incorporated in this
document;  the consultants were asked to exclude the sections on biotechnology.

1.4 Exchange rates

The exchange rates used to convert the four national currencies in the report to ECUs
were as shown below:

Table 1.1 : ECU exchange rates 1992-96

1992
(24 June)

1993
(30 June)

1994
(30 June)

1995
(30 June)

1996
(28 June)

Dutch guilder 0.433 0.455 0.466 0.485 0.471

French franc 0.146 0.151 0.152 0.155 0.156

German DM 0.488 0.511 0.466 0.543 0.528

Italian lire (100
lira)

0.064 0.056 0.053 0.046 0.052

Source: Financial Times
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2. BACKGROUND AND KEY ISSUES

2.1 Overview

In this section we discuss the background to the study and general issues with which it
is concerned.  This is needed in order to understand the aims and approach of the
alternative systems, integrated and organic, which are reviewed in the case studies.  At
the present time the “standard” system prevails.  It involves the use of PPPs on crops to
achieve optimum economic results for the farmer, and is constrained only by the strict
regulations on the products sold, on their use by farmers and on permitted residues in
food and water.

Both integrated and organic methods are used to a much lesser extent, though in one case
study (apples in Trentino) the integrated approach is now the norm.  The pressure for
change remains strong, and in this section we review the issues behind this pressure.

2.2 Technical issues

2.2.1 Historical note

The rise  of PPPs can best be understood as one of the several technologies that have so
comprehensively transformed crop production over the last half century.  These include
mechanisation, chemical fertilisers, genetically-improved crop varieties and (for some
crops and in some regions) irrigation, coupled with radically improved crop storage and
processing which has greatly reduced post-harvest losses. It is difficult to disentangle
exactly what contribution each of these and other technologies has made, but the overall
impact has been to raise average yields of each of the major crops in Europe between two
and five fold since the mid 1940s.  Given the widespread nostalgia for old-time farming,
it is occasionally salutary to be reminded of just how extraordinary has been the
productivity gains of both labour and land over the course of a middle-aged European’s
lifetime.

The use of chemicals, such as sulphur, as PPPs can be traced back to classical Greece and
Rome (Hassall, 1987).  In the 16th century the Chinese began using arsenical compounds
as insecticides.  In Europe, a formulation of copper arsenite called Paris Green was
introduced in 1867, and was used for instance against Colorado beetle, while Bordeaux
Mixture (copper sulphate) was increasingly used from the mid 1880s on vines against
downy mildew.  Organo-mercury seed dressings were introduced in Germany in 1913,
and in the 1920s and 1930s various other products (fungicides, herbicides and
insecticides) were first used and gained widespread acceptance.
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The pace of discovery and introduction of new and more effective compounds increased
rapidly during the next two decades, with such landmarks as the development of the
phenoxyalkanoic acid selective herbicides, carbonate and organochlorine insecticides and
fungicides including captan and glyodin giving farmers new and highly effective pest
control tools.  It was also in this period that strong objections to the impact of these
products on wildlife (and on food and water) began to be heard.  The organic farming
movement in various guises in most European countries dates back to this period, though
“biodynamic” farming was advocated by Rudolf Steiner and his followers even earlier,
and was practised by a few farmers mainly in Switzerland, Austria and Germany before
the second world war.

Concern about the negative consequences of chemical PPP use grew in the 1960s and
gained increasing attention with the publication of Rachel Carson’s Silent Spring in 1962.
 Rising public anxiety and growing professional awareness of the hazards, prompted
more stringent regulation of the production, distribution and use of PPPs in the 1970s.
 In parallel this encouraged the gradual development of the integrated pest management
(IPM) concept as a means of ensuring the benefits of PPP use while reducing the
downside.  In turn this led to the emergence of the wider integrated crop management
(ICM) and integrated farming systems (IFS) concepts in the 1980s.

One important point that needs to be made about PPPs is the great gains which have been
made in their environmental-friendliness.  In its time DDT was a significant improvement
in effectiveness and safety over the earlier arsenicals, and each successive new generation
of PPPs has almost always been an improvement on its predecessors; this progress is
continuing and there is every reason to be confident that further advances are possible.

2.2.2. Present extent of PPP use

No reliable and comprehensive data on the size and breakdown of the world and EU
agrochem markets are publicly available so the figures given in this section are taken
from Landell Mills’ world agrochemical database.  As Table 2.1 shows, the world market
for chemical PPPs was worth approximately 23.1 billion ECU in 1995 at end user prices.
 The market in western Europe (including Switzerland) is estimated to account for
approximately 25 percent of the total, fractionally more than the North American share.
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Table 2.1 : Global agrochemical market by region (ECUm), 1995

Value 

Africa
CIS
Eastern Europe
Far East
Latin America
Middle East
North America
Western Europe

Total

448.9
645.1
574.6

6,557.2
2,679.7

511.7
5,847.9
5,875.6

23,140.8

Source : Landell Mills

The number of hectares treated and the value of the agrochemical market in the four
countries in which the case studies were carried out are shown in Table 2.2.  The
“product area treated” is the total number of hectares which were sprayed, multiplied by
the average number of treatments.  The average number of spray treatments per hectare
varies greatly from crop to crop and is high in particular for some perennial crops
including apples and vines.

Table 2.2 : Agrochemical market in four EU member states, 1995

Crop area 1

grown
000's ha

Product area
treated

000's ha

Product value
(end user)

ECU m 

France
Germany
Italy
Netherlands

14,371.0
9402.0
7739.0
6468.0

82,338.1
44,876.0
38,609.1
36,936.0

1,806.7
977.1
721.9
79.6

Total 337,980.0 202,809.2 4,288.1

Source : Landell Mills

The breakdown of the market for chemical PPPs by main product category in the four
countries is shown in Table 2.3.  It can be seen that, overall, herbicides accounted for
46.5 percent of the market in 1995, followed by fungicides with 33.1 percent.  In contrast
to other regions of the world, insecticides are relatively unimportant, accounting for only
12.8 percent of the market (it must be emphasised that the figures are for agricultural use
only).  However insecticides are relatively more important in Italy, for climatic and crop
pattern reasons, and account for 23.8 percent of the market.

                                                
1 Includes set-aside.
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Table 2.3 : Agrochemical market by product category (ECUm), 1995

Fungicides Herbicides Insecticide
s

PGRs
Seed-

dressings Total

France 683 752 217 62 93 1,807

Germany 235 581 73 22 67 978

Italy 302 285 190 12 6 795

Netherlands 206 380 70 19 46 721

Total 1,426 1,998 550 115 212 4,301

Source : Landell Mills

Table 2.4 below summarises the data on “product area” in the four countries for the four
crops covered in the case studies (the area sprayed multiplied by the number of
applications given).  It can be seen that wheat dominates the area treated, except in Italy
where relatively little of the cereals area is treated with fungicides.

Table 2.4 : Agrochemical use on case study crops (‘000 ha treated), 1995

France Germany Italy Netherlands

Wheat 30,847 16,094 3,772 1,012

Pome/stone fruit 2,517 834 5,068 440

Potatoes 2,091 2,448 511 1,883

Vines/grapes 14,012 1,367 13,483 0
Source : Landell Mills

Expenditure by farmers on PPPs in the four crop/country case studies is shown below.

Table 2.5 : Agrochemical market value for case study crops (ECUm), 1995

France Germany Italy Netherlands

Wheat 735 280 59 20

Pome/stone fruit 56 24 115 14

Potatoes 39 58 10 46

Vine/grapes 294 39 190 0

Total 1,124 401 374 80

Source : Landell Mills
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The data above summarises the extent and cost of chemical PPP use on the four crops in
the case study countries.  The remainder of this report attempts to evaluate what benefits
are provided by this by comparison with the likely consequences in economic,
environmental and social terms of alternative approaches.

2.2.3 Reasons for use

Essentially, PPPs are used by farmers for two main reasons.  The first is to improve
yields by eliminating or reducing the competition from weeds and attacks by disease and
pest organisms.  The second is to improve or protect product quality.  PPPs are used both
prophylactically to prevent anticipated problems, sometimes as an insurance measure
especially against pests and diseases whose severity may be difficult to predict, and
therapeutically or curatively when a problem has arisen.  In general the former is more
effective than the latter, though this means that PPPs are often used needlessly though not
unreasonably.  The focus of much present research and development effort is to improve
diagnostic and “threshold” analysis systems to reduce such wastage while ensuring PPPs
are applied when needed and most effective.

PPPs, by limiting disease and pest attacks, enable the crop to deliver its full genetic
potential.  Weeds compete for plant nutrients.  They ease the harvest which can be
hindered by weeds and they eliminate or reduce crop contamination by fungi, bacteria,
insectides and weed seeds which can spoil crops in storage and reduce their value for
processing.

The general issues can briefly and simply be illustrated by considering the apple crop.
 Weeds, if left uncontrolled, can cut yields by as much as 80 percent.  Their impact can
be much reduced or even eliminated by cultural methods but the cost of this is generally
much higher (and less effective) than using a herbicide.  Yields can also be drastically
reduced by various fungal diseases, notably mildew, though varieties vary greatly in their
susceptibility, and weather conditions are a big factor in the seriousness of attacks. 
Aphids and insect pests, such as red spider mite, can also reduce yields, though rarely by
as much as a serious fungal attack.  Natural predators will generally limit the severity of
an insect pest problem, unless these predators are removed or weakened for instance by
use of an insecticide against another pest.

The other reason why apple growers use chemical PPPs is to protect product
quality. Fungal diseases such as scab can to a greater or lesser extent ruin the appearance
of the fruit.  They also reduce its storage life, and may pose a threat to consumer health.
 Insects, notably tortrix and codling moths, can ruin the interior quality and lead to
rotting.  This can, and on untreated crops frequently does, mean that most of the crop is
unsaleable.  If chemicals are not to be used, alternative means of preventing such damage
are essential.
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It is sometimes assumed that PPPs only contribute cosmetically to the quality of products,
especially for fruit and vegetables.  Though freedom from blemishes is an important part
of the sales appeal of many products, the benefits are more than skin-deep.  They include
freedom from both fungal and bacterial toxins, insect residues and other contamination.
 Additionally, the nutritional quality of many crops can be adversely affected by disease
and pest attack.

The scope for both reducing the levels of chemical PPP use and, in some cases, finding
effective alternative non-chemical products and methods, is reviewed in sections 2.6 and
2.7 below, and is discussed further in the four case studies.

2.3 Economic issues

There is by now a wealth of economic information concerning costs and returns for 
conventional or standard farming in the EU. The economics of alternative farming
systems have been much less researched, and those studies which have been made,
especially of organic farming, have often been criticised as being advocatory and partisan.
The economics of integrated systems remain largely unresearched. While economic
comparisons between organic and standard systems have been made, there have been few
if any which have also considered the economics of integrated crop production. This
presumably reflects in part the difficulties of defining integrated systems. The situation
is further complicated by a tendency towards convergence between systems, as is
indicated by the Trentino case study: here the “integrated” system has largely become the
“standard”.

2.3.1 Comparing the farm-level economic performance of alternative
production systems

As noted above, comparisons of the farm-level economics of organic and standard
production systems are commonplace, although the relative economic performance of
integrated systems has so far received limited attention. Typically, comparisons of the
economic performance of different systems have relied on comparisons of yields
achieved, costs, and enterprise gross margins. The findings of some relevant studies are
reviewed briefly here. However, some caution is required in assessing the evidence of
such studies.

t It is necessary to consider the whole-farm setting over a period of years to
determine performance over the complete rotation. This is particularly important
where organic systems are concerned.  The frequency of cash crops such as wheat
and potatoes will be lower in an organic rotation, and it will normally include
forage crops for livestock.
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t More generally comparisons need to be based on a sequence of years to allow for
the inevitable year on year variation in yields due to circumstances beyond the
farmer’s control: results for one particular year may be atypical due to climatic
factors, for example, and different production systems may be affected differently
by these.

t There is a need to consider differences in use of fixed inputs, such as labour and
capital, which are not easily allocated to particular crops. Enterprise gross
margins alone may be misleading, especially where greater fixed inputs such as
labour substitute for heavier usage of purchased variable inputs such as
pesticides.

t Comparisons are further complicated by the typically different scale of operation
of different systems which may limit scope to secure economies of scale.

t Comparisons of costs and returns of systems in operation may not provide any
useful guidance as to whether switching between systems would be profitable.
There is also the question of the costs of conversion. Adjustment costs are high
and may continue after the conversion period until skills and expertise are
developed by the converting farmer. Taking such conversion costs into account
reduces the returns to organic production, for example, in the early years.

t It should also be remembered that for many of the early adopters of alternative
production systems profit is not the only motive. This would be particularly true
of the pioneer organic farmers. It may therefore be unfair, and not particularly
relevant, to compare systems on the basis of criteria which do not feature strongly
amongst the objectives of those practising them. However if adoption of a
particular production system is to spread beyond the enthusiasts, it will have to
be persuasive for economic reasons.

There are two further important limitations of an approach based on systems comparisons
if these are used as a basis for policy-making.  First, there may be significant off-farm
costs with the standard and integrated systems (i.e. for pesticide monitoring and
water clean-up) which are real though not at present carried by farmers;  second,
historic data alone may be an inadequate guide to future performance, and likely technical
and economic changes need to be included in the overall assessment.  For this reason in
this report we put considerable emphasis on technical innovation and its possible impact.

Similarly it is not impossible that further research will provide reliable evidence of
environmental and health damage by pesticides which will both have a cost and lead to
tighter restrictions.  However, while this may lead to bans on certain products, it is
unlikely to lead to a fundamental shift in the role of PPPs within the foreseeable future;
more likely it will lead to the replacement of older products with newer ones with an
improved environmental profile for use principally within an integrated context.

2.3.2 Yields in standard, integrated and organic systems
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Comparisons of yields under the three systems point to a ranking of standard, closely
followed by integrated followed quite a way behind by organic across all products.
Unfortunately, there are few comparative data covering integrated systems, and the data
relate primarily to standard-organic comparisons. The general findings are as follows.

t According to an earlier study by Landell Mills (1992), organic yields across the
seven European countries surveyed were consistently lower than in standard
systems. For cereals and vegetables and fruit, the farm output gap was 60-80
percent. However, there was substantial farm to farm variation.
A study of organic farming in Britain by Murphy (1992) found that: output per
hectare of cereals on partly organic farms was 8 percent lower; for general
cropping, output per hectare on partly organic farms was 9 percent lower; on
partly organic horticultural holdings, output was only 40 percent of that of
standard holdings; farm output of partly organic dairy farms was only about 60
percent of that of standard farms; output per hectare on wholly organic general
cropping farms was only about half that of standard farms; output per hectare on
wholly organic dairy farms was around 60 percent of that of standard farms. For
milk production the yield gap per hectare between organic and standard systems
indicated by the studies in Lampkin and Padel (1994) appears to be of the order
of 30-40 percent per hectare.

t The yield gap between systems is greatest where the standard system is most
intensive. Thus in Europe, the gap is greatest for crops such as winter wheat
where it can be up to 50 percent, and least for crops such as oats and beans.
Where standard systems are less intensive - in the US or Australia, for example
- the yield gap is much narrower at 10-20 percent.

t Even while yields in organic systems have increased, the yield gap between
organic and standard systems appears to be widening over time as standard
system yields have increased more rapidly (Lampkin, 1994).

2.3.3 Costs and margins

Again the evidence on costs and margins relates primarily to organic and standard
systems. The available evidence suggests the following conclusions.

t The corollary of lower yields is that variable costs in organic and integrated
systems are inevitably lower since there is less reliance on purchased inputs. At
the same time fixed costs for labour and machinery may be higher especially on
organic farms partly in compensation for the lower level of purchased inputs
which reduce variable costs. Lower variable costs alone, however, are insufficient
to offset the effects of lower yields on enterprise gross margins for organic
systems.

t The Landell Mills (1992) study covering seven European countries found that in
general higher prices for organic products compensate for lower yields so margins
similar to standard and lower purchased inputs compensate for higher labour use.
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The combination of low variable costs and premium output prices can mean that
enterprise gross margins in organic production systems are impressive. This study
found that in Germany organics outperformed standard systems in terms of
margins.

t The study of organic farming in Britain by Murphy (1992) compared organic
cereals, potato, and vegetable farms with their standard counterparts. While
output per hectare of cereals on partly organic farms was 8 percent lower, fixed
costs in general were found to be less as a result of lower machinery and land
costs, and net farm income per hectare was over 60 percent higher. For general
cropping, output per hectare on partly organic farms was 9 percent lower, but
again lower costs meant 25 percent higher income than on standard farms. For
livestock production the ranking of partly organic and standard farms was
reversed. Farm output of partly organic dairy farms was only about 60 percent of
that of standard farms, and while variable costs were significantly lower fixed
costs were similar and net farm income per hectare was only about a quarter of
that on standard farms. In the case of partly organic mixed livestock and arable
farms net farm income per hectare was virtually the same as on standard farms.
On partly organic horticultural holdings, output was only 40 percent of that of
standard holdings, but again low variable and fixed costs meant higher net farm
income per hectare.

However, the reward to management and investment was negative. In the case of
wholly organic farms, financial performance was generally worse. General
cropping farms achieved an output per hectare only about half that of
standard farms, and while costs were lower gross and net margins per hectare
were also only half those recorded on standard farms. Wholly organic dairy farms
achieved an output per hectare just over 60 percent of that of standard farms, and
again while costs were lower gross and net margins and farm income were still
only about half of the standard farm levels. For wholly organic mixed livestock
and arable farms cost advantages compensated for lower output per hectare
making net farm income similar. Wholly organic horticultural farms also had
lower income than their standard counterparts. In each of these partly or wholly
organic cases, taking farmer and spouse’s unpaid labour into account meant a
negative return to management and investment.
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t The studies collated by Lampkin (1994) which cover the Germany, Denmark and
the UK indicate that variable costs are 50-60 percent lower for organic cereals
and grain legumes and 10-20 percent lower for potatoes and horticultural crops.
Total variable costs for dairy cows are typically 20-25 percent lower since
purchased concentrate feed costs are less. Labour use is typically higher on
organic farms than on standard since it substitutes in part for purchased inputs
such as pesticides and sprays. Greater labour use also arises from the typically
larger number of enterprises on organic farms and greater effort involved in
marketing organic produce. The studies reported by Lampkin (1994) suggest 20
percent more labour used in Germany and Switzerland and twice as much labour
used in Denmark. Additional labour use was greatest for cereals and horticultural
crops while for livestock it appears to be little different from that on standard
farms. Lampkin’s study found that profits of organic farms were comparable to
those of standard farms in Germany and Denmark, but slightly lower in Britain.

t A recent study (Leake, 1996) considered each of the three systems of interest -
 stocked organic, stockless organic, integrated, standard with integrated rotation,
and standard with standard rotation - over a seven year period. The study found
that the average net margins for each system were comparable with the exception
of the stocked organic system which yielded £100 less per hectare. However, with
a longer rotation this system might be expected to show returns closer to the
others. This study also indicated that the availability of premium prices for
organic production was limited and that securing profitable markets required a
significant amount of management time. The integrated system in this study
achieved slightly higher net margins than the standard systems in spite of slightly
lower yields because of reduced input use and cultivation costs. Interestingly, the
integrated systems once established apparently did not demand more management
input for monitoring pest and weed populations.

t Whether organics are profitable or not depends very much on the premium which
organic produce can command in the market - without that premium organic
production is not as profitable as standard farming

t In the absence of premia, organic production would need to be subsidised in some
way to overcome its financial weaknesses. Subsidies have been paid in most EU
countries, through various organic aid schemes. The possibility of claiming set-
aside payments while growing fertility-building crops would also contribute
significantly to reducing losses during conversion.

2.3.4 Prices and markets

Other than the (occasional) use of special labels, marketing of integrated products
appears to follow similar procedures as standard products. Often, integrated products are
not distinguished from standard ones. Organic products tend to be marketed in rather
different ways, although the trend is towards more mainstream channels and methods.

The most significant recent development has been increasing insistence by various food
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retailer multiples on their food suppliers participating in “quality assurance” schemes.
 These tend to have two elements - “traceability” and production according to certain
fairly tightly defined “protocols”.

With meat, the great spur to this came with the BSE beef crisis, coupled with increasing
concern about animal welfare standards.  With crop products, and with fruit and
vegetables in particular, the main focus is on production using integrated methods, with
a restricted range of environmentally-friendly pesticides.

In general, premium prices are not offered to producers for sticking to these improved
standards. Rather, they tend to be a condition of getting the business.  While there is
obviously a danger of powerful food retailers abusing their market power, carried out
fairly and on a scientific basis this pressure from the distribution sector would provide
a major force in encouraging the expansion of integrated production; indeed there is
evidence of this already happening on a significant scale.

Marketing methods and channels for organic products differ according to the particular
product in question. Fruit and vegetables are obviously sold fresh primarily, while cereals
have found their way into major food processors. Organic foods began as narrow niche
products but have now gained wider acceptance. However, the extent to which they are
now mainstream is very limited.

A relatively high proportion of organic products, especially vegetables and fruit, is sold
direct from the farmgate or by the farmer at local markets, or through specialist
organic/wholefoods shops. This follows the traditional pattern where much of the trade
in organics was conducted by those involved in the organic movement. Organic foods
have gradually spread into the more standard marketing channels and outlets, especially
for fruit and vegetables. Marketing of organic livestock products is not as advanced as
fruit and vegetables and cereals, although again progress is being made. One factor
limiting organic meat sales appears to be that consumers of organic food appear to
consume below-average amounts of meat and meat products.  Most organic milk is sold
fresh, with limited production and sales of processed organic dairy products.

The advantage of direct marketing is that it has allowed the farmers themselves to operate
more profitably by gaining all the margin on produce sold right through to retail. This is
particularly important with low volume, premium-priced products.  Selling to wholesalers
means only a producer price is obtained. On the other hand, direct selling involves the
farmer in additional marketing costs.
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The study by Murphy (1992) of British organic production indicated that the bulk of
organic produce was sold by farmers wholesalers or cooperatives rather than direct to
retailers or consumers. Murphy did find that of the wholly organic farms in England and
Wales the highest level of output was achieved by the 23 percent of farmers selling 10
percent direct to the public. However, the costs involved in direct selling outweighed the
gains in output such that net farm income was not better than those selling primarily to
wholesalers or cooperatives. In Scotland those producers selling direct to the public
enjoyed the highest output levels and also the highest income levels. The effect of outlet
appears to depend upon the particular products concerned. Higher farm output appears
to be associated with higher income for horticultural farms but not for mixed farms.

There is a question of the efficiency with which the organic products market operates.
Volumes traded are typically small meaning economies of scale are limited. Quantity and
quality of products are variable. In general marketing costs are higher than for standard
products.

Supermarket penetration is needed for the more widespread availability of organic
products. This has been a constraint on consumption levels, but the situation is gradually
changing. In the UK, supermarkets now account for 60-70 percent of sales of organic
goods generally, and about 50 percent of organic produce. The problem for the
supermarkets is that organic fruits and vegetables tend not to meet their normal criteria
for consistency of quality, large volumes, regular deliveries and long shelf life. Farmers
can try to overcome some of these difficulties by cooperative or group marketing to
maintain larger and more regular deliveries. Although organic produce can command a
premium price, this will not matter where quality standards cannot be a reached and there
is a high rejection percentage. At the same time, the supermarkets’ decision to stock
organic products involves a certain amount of image consciousness as much as
considerations of profitability.

However, if organic products do not get into the supermarkets they probably will not
prosper since supermarkets are now so dominant in terms of market share for retail sales
of all food products. A recent interesting development has been the appearance of organic
supermarkets such as “Out of this World” in the UK.

Organic cereals have found their way into more mainstream marketing channels with
demand from food industries - bakers and millers and breakfast cereals manufacturers.
The cereals market has moved furthest in providing organic convenience products.

Price premia for organic products have been significant - up to 150 percent for organic
milling wheat in the UK, and up to 300 percent in Germany, for example. For livestock
products in Northern Europe, the organic premium is significantly less at 10-25 percent.
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Price premia carry through to the retail level, although these vary significantly. In the
earlier Landell Mills study organic product prices were found to be 20-60 percent over
standard product prices, with a typical shopping basket costing 50 percent more.
According to the Consumers Association in 1992, organic vegetables cost around 50
percent more than comparable standard produce, with the premium varying between 11
percent and 128 percent. The Soil Association has estimated that organic goods cost 20-
100 percent more than standard equivalents, with the greatest price differences being in
supermarkets.

For many organics purchasers, just as with organic farmers, price is a lesser concern, with
purchase decisions more to do with attitudes than economics. Market research indicates
that while there are exceptions and the picture varies according to the particular food
concerned there is some tendency for organics consumers to be typically younger, better
educated and more affluent than the average. On the other hand it appears that in
Germany organic food consumers are much more diverse.  There are no data on who buys
integrated products, in the exceptional cases when they are separately distinguished.

The market advantage of organics is their ability to allay increasing public concern about
risk and food safety. It is apparent that the general level of concern over food safety has
increased with recent highly publicised cases such as BSE. It is also clear that an
increasing number of consumers are concerned about the impact on the environment and
on animal welfare of modern farming methods and would prefer their food to be
produced in an environmentally friendly manner. Market prospects for organic and
integrated products are therefore potentially good.

The question is how much consumers will pay for this. A number of surveys have
suggested that consumers might be willing to do so, although the extent of the premium
they would be willing to pay is not clear. Such studies based on hypothetical questions
are always open to criticism, and the information set of most respondents is weak.

Research reported in the earlier Landell Mills (1992) study found that in Denmark
and Germany 20 percent of consumers were willing to pay a premium of 15-20
percent, but no more than 5 percent willing to pay a premium of 35-40 percent.

The much quoted Henley Centre survey (1989) in the UK found that most consumers
would not be willing to pay a premium of more than 10 percent, and that less than 2
percent of the sample would be prepared to pay a 35 percent premium. At the same time
it was apparent that the consumers interviewed had only limited awareness of the prices
they were actually paying for their food.

A survey by CENSIS in 1996 noted that 12 percent of Italian consumers would be
prepared to pay a premium of 30 percent for “clean” agricultural products.  The definition
of “clean” was left vague.
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While such figures are sometimes used to claim that there is a market willing to pay a
premium, they also indicate that the vast majority of people are not willing to pay the
premia currently charged. It is clear that there is a need to reduce that premium if more
widespread consumption to be achieved. The high prices of organic produce further
constrain consumption in that they can lead to low turnover and hence a poor freshness
image.

In spite of the limited demand for organic products domestic production is still far too
little to meet market requirements, and imports account for a significant market share. It
is claimed that the UK, for example, imports 70 percent of its fresh organic produce.
Much of this is imports of products such as citrus fruits which cannot be grown in
Northern Europe. There is, however, also a lot of intra-EU trade in other fruits and
vegetables, and in cereals, for example, from the major producers in Germany and
Netherlands. There is also a considerable volume of trade from Eastern Europe especially
into Germany.

2.3.5 The outlook for organic and integrated production

Recent years have seen an apparent expansion in the extent of organic and integrated
farming systems, although they remain small in absolute terms. Further expansion is
expected, and it appears that the open-ended prophecy that organic production will
ultimately capture 5-10 percent of retail markets for agricultural products is still current.
In 1996, the Economist Intelligence Unit predicted a 40 percent growth in UK sales of
organic foods by 1999: a 50 percent increase in vegetables and fruit; a 100 percent
increase in meat and dairy products; but little change in bread and other cereal-based
products.  

While such increases would not capture a significant share of food markets (an EC study
in 1994 spoke of a 2.5 percent market share by the year 2000), it would represent an
enormous proportional increase in the extent of organic production, and would require
organic methods to be adopted by a much broader group of farmers than the current
enthusiasts.

As noted above, the spread of organic production, or indeed integrated production, will
depend on perceived profitability. Apart from subsidies for conversion and other artificial
aids, this will depend upon the continuing possibility of prices obtained by organic and
integrated products to be sufficiently high to offset the lower yields. This in turn will
depend upon the balance between the growth of production and the growth of demand.
If the former exceeds the latter, then the price premium for organic and integrated
products will be eroded.
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The extent of any such price change will depend upon the elasticity of demand for
organic and integrated products. Unfortunately, these basic parameters are unknown.
Although for committed organic consumers price may not necessarily an important
consideration in which case elasticity may be low, for the generality of standard
consumers price is a major issue and presumably elasticity of demand for organic and
integrated products will be higher than for standard products.

A relatively high demand elasticity would mean that increases in the supply of non-
standard products to market will have a less depressing effect on prices. Obviously if the
market were confined to the original group of committed consumers then once their
demand was met prices would fall dramatically.

However, the question is not just about the elasticity of demand, it is also about the
position of the demand curve: ie the price range over which demand is elastic - it may be
that the demand curve lies below the range of feasible prices for organics which cover
production costs. The demand curve for organics is clearly shifting to the right as
consumer preferences shift, but the question is the speed of that adjustment. The shift
must be equal to or greater than the rightwards shift in the supply curve if the organic
premium is to be maintained or increased, unless prices are subsidised.

Also at issue is the proportional change in supplies of non-standard products which might
be expected. Given low levels of production small absolute changes can mean major
proportionate changes and hence price pressure. It should also be remembered that
availability of organics is dependent not only on domestic production but also on the
level of imports. It seems likely that if demand grows then this will attract imports adding
to price pressures on domestic markets

It may be that the marketing chain might absorb reductions in prices which would mean
that farmgate prices would not fall so much as retail. This has been suggested by Daw et
al. (1991). Marketing efficiency might be enhanced with larger volumes of non-standard
products. This might lead to lower unit marketing costs as economies of scale were
achieved. As more retailers stock non-standard products, so market power would
diminish with increased competition.

The scenario of general displacement of standard by organic farming has been explored
by Lampkin and Padel (1994). The broad effects would be reductions in the output of
cereals, potatoes, sugar beet and livestock products. Any such reductions in output would
raise the general level of prices for all products, whether organic or not. In general,
complete conversion to organic production is expected to lead to a 40-50 percent
reduction in cereals output with an accompanying shift away from wheat and
barley and towards rye and oats; large increase in output of forage crops, especially
grain legumes; a reduction in oilseeds production; a reduction in sugar beet
production; an expansion in production of potatoes and field vegetables; reduction
in numbers of grazing livestock; a substantial reduction in pig and poultry
production. The studies reviewed by Midmore and Lampkin (1994) do not consider the
effect of large-scale conversion on price levels.
Prices generally might be expected to increase as supply reduces, although increased
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supplies of rye and oats prices might well reduce their relative price. The organic
premium would be expected to “fall or disappear”. Predicting the effects of widespread
conversion more accurately is difficult in the absence of demand elasticity estimates for
organic and integrated products. In any case, as Midmore and Lampkin correctly point
out, widespread conversion would involve such an enormous proportionate change in
organic production that estimated elasticities would have little relevance.

Large-scale transition to organic or integrated systems would have economic implications
beyond the markets for the particular products concerned. Any reduction in use of
purchased inputs which would accompany conversion to organic or integrated systems
would have multiplier effects on employment, income and output in the input supply
industries.

2.4 The environmental issues

It is not intended in this section to attempt to detail the arguments and evidence on the
negative environmental effects of PPPs.  This has been done extensively and exhaustively
in many recent publications (e.g. Beaumont, 1993) as well as in the previous studies
under the present project.  In brief, these negatives are considered to include pesticide
residues in food, pesticides in ground and surface water, accidental poisoning of those
exposed to pesticides (both the users and the general public) and damage to fauna and
flora of every type.  These problems divide between those arising where the stringent
regulations on pesticides are broken, and those which occur despite observance of the
regulations.

There are substantial public, off-farm costs associated with pesticide use which must be
put into the balance when considering the benefits of PPP use.  Various recent estimates
(such as Heinz, 1997) have estimated that the average monitoring, prevention  and clean-
up costs for pesticides in drinking water are about 0.05 ECU per m³.  But the economic
costs of other unwanted side-effects of pesticides are virtually impossible to calculate.

Our purpose in this section is to put the other side of the argument, in other words to
identify what environmental benefits PPPs confer, if any.  Broadly speaking, two such
benefits which PPPs provide.  One is the better quality of food produced by PPPs (some
argue that this is a social rather than an environmental benefit).  The correct use of
pesticides ensures that the rots and toxins that previously contaminated so much of the
food supply can now be eliminated or greatly reduced.  This is a benefit now largely
taken for granted by present day consumers. The same standards can be achieved by
organic food producers but to do so they generally need to take exceptional measures
which often include strict grading to eliminate infected or contaminated products, and
which further increase the cost of organic products.
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The effect of organic (including biodynamic) and conventional farming systems on soil
conditions were studied in a Swiss experiment in 1978-91 (Mäder, P et al, 1996). 
Physical soil conditions were not affected by the farming systems.  Soil microbial
biomass was 25 percent higher under the organic treatments.  After 14 years, activity and
biodiversity of earthworms, carbides, spiders and staphylinids were enhanced on the
organic plots.  Yields were 20 percent higher on average on the standard plots.  Product
quality, in terms of its content of minerals, amino acids, protein and sugars as well as its
technological quality, was unaffected by the different treatments.

The other major benefit relates to biodiversity .  That there has been a major loss of
biodiversity worldwide is beyond dispute. Historically the prime cause in Europe as
elsewhere of this has been the loss of the habitats which particular species required to
survive.  This continues in regions, mainly in the tropics, where land previously unused
for agriculture is brought into cultivation (Myers, 1983).  But within Europe very little
unfarmed land is being brought into cultivation - the contrary is rather the case with set
aside and as marginal farmland is abandoned.  So much attention is rightly focussed on
losses of biodiversity on land used for agriculture, including extensive grazing.  Within
cultivated land, including pastures, the introduction and increasingly intensive use of
modern agricultural methods including fertilisers and pesticides greatly reduced the range
of fauna and flora, including microorganisms. that were previously present (McLaughlin
& Mineau, 1995).  If herbicides eliminate weeds in a field, that represents a loss of
biodiversity.  If these weeds would, if they survived, have fed insects which in turn are
the food of certain birds, then that is a further biodiversity setback.

Given present levels of human population (and without consideration of the impact of
forecast future population growth) what would be the impact of a return to farming
systems which exclude use of PPPs ?  Clearly there would be a need for an
enormous increase in the crop area to produce the same quantity of food.  In Europe,
stable populations and the potential to import any shortfall in food supplies might limit
this need.  But even in Europe, a return to organic methods on any significant scale must
inevitably mean that extra land would need to be brought into cultivation.  The
consequent loss of wildlife habitats -  of woods and forestry, heaths, bogs and other
uncultivated land would have and extremely serious negative impact on biodiversity that
might well exceed that caused directly and indirectly by pesticides on existing farmland.

The third environmental issue is soil erosion.  Globally this remains a major threat to
future food production.  Where it is found it is generally due to bad farming practices and
can be avoided.  PPPs can contribute to this by making possible no-tillage systems and
by reducing the soil damage done by frequent cultivations to control weeds mechanically.
 According to Aredy (1997) modern farming methods are reducing soil erosion by 50-98
percent.  It is now feasible to restore topsoil and soil structure on much degraded land.
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One matter often raised is the effect on landscape of modern agricultural methods.  But
PPPs cannot be blamed directly for loss of landscape quality.  The mergers of fields and
farms, the destruction of hedges and small woods, the loss of traditional farm buildings
and so on which are landscape negatives have been driven by economic pressures and
above all by the need to use machinery efficiently.  These negatives can at least in part
be removed by an integrated approach that uses surplus land for conservation and
landscape enhancement.

The high level of farmgate prices brought about by the CAP has undoubtedly encouraged
intensification and persuaded farmers throughout the EU to bring marginal land into
cultivation.  Lower prices, rather than direct action to reduce use of PPPs, might achieve
a movement in the opposite direction.

Conclusions about the net benefits (or losses) in environmental terms of PPPs most
balance the pluses and the minuses; but it is not a simple arithmetical calculation as with
the economic benefits.  They can mostly only be put in qualitative terms and attempts to
put monetary values on these are inherently flawed.  This does not mean they are
unimportant; it simply means that individuals must put their own values in each aspect.
Techniques for environmental cost-benefit analyses have been developed in an effort to
quantify such factors, but we found no published data on this relevant to the four case
studies.

2.5 The social issues

The adoption of modern agricultural methods is often perceived as having been
detrimental to traditional rural life and to the decline in the rural population. But whether
this development has been just a social negative is certainly not so clear.

Without doubt the use of PPPs has contributed to the improved labour efficiency of
modern farming, alongside mechanisation.  What would be the social consequences of
a return to a farming system which did not use chemical PPPs ?

There would certainly be some increase in farm employment.  The case studies will
examine the difference in labour use between standard, integrated and organic systems.
 But the loss of output which would follow from a wholesale switch to organic would
also have negative employment consequences. The lack of raw material would reduce the
extent of food processing.  It would also reduce (generally better paid) employment in the
ancillary industries involving fertiliser and pesticide manufacture and distribution.
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At present organic food is substantially more expensive than the equivalent standard
products.  Higher prices for organic are necessary to compensate for low yields, despite
the savings in chemical input costs.  Higher food prices would reduce consumers’
disposable income available for other forms of spending - including housing, clothing,
recreation and so on.  Admittedly, present day organic food consumers do not necessarily
spend much more on food, because their pattern of consumption changes.  Whether this
is socially a good thing or not introduces value judgements beyond the scope of this
study.

In these case studies we have limited our assessment of the social benefits of PPPs largely
to the employment issue.  Theoretically, a switch to organic methods could improve the
relative viability of small farms, particularly those run largely or entirely with family
labour.  This in turn should contribute to the maintenance of rural areas and villages by
sustaining the population at a higher level than might otherwise be the case.  But an
alternative argument is that it would be better to use the resources that would be needed
to convert and maintain a high level of organic farming to other policies for rural job
creation, for instance by pump-priming investment in eco-tourism and other expanding
rural-based industrial and service activities.

2.6 Alternative systems

2.6.1 Overview

Rising concern at the consequences of modern, mainstream intensive systems of
agriculture (and horticulture) have resulted in two main alternative approaches.  These
are broadly categorised as “organic” and “integrated” though within each category
considerable variations are found.  Below we give definitions of what qualifies as
“organic” and “integrated”, briefly summarise the history and recent development of each
system (including research in progress), and discuss the key issues that each approach
raises.

2.6.2. The organic approach

(i) BACKGROUND

The following information is based chiefly on a report prepared by Landell Mills in 1992,
updated to cover the changes since then.

At its simplest, organic farming is crop production without using synthetic chemicals and
pesticides and livestock production without using pharmaceuticals and intensive
methods. But to define the ideas of the organic movement merely in such limited and
negative terms would be neither accurate nor fair. The explicit aim is to develop a
sustainable system of farming which gives priority to ecology.
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Problems, inevitably, arise from the practical interpretation of this though a remarkably
large measure of agreement has now been reached within the international organic
movement as to what qualifies as organic. One can identify five main themes which are
central to the organic approach, for all the difficulties of interpretation and problems of
drawing boundary lines. All five relate to the central aim of sustaining the health and
fertility of the soil and the belief that healthy, fertile soil produces sound disease and pest
resistant crops, thriving livestock and health-promoting human food.

t Crop rotations:   Monoculture is the antithesis of the organic concept, and
even tree and vine crops are ideally intercropped with legumes or other
suitable complementary crops. While the exact rotations must obviously be
adapted to soils, climates and other local conditions, the idea is that each
rotation should include a fertility-building phase (such as a grass/clover ley)
and a cash crop exploitive phase. The fertility-building phase is intended to
enhance both soil organic matter and the soil nitrogen content. Use of
nitrogen-fixing legumes is a central feature of nearly all genuine organic
farming systems.

t Balanced crop and livestock production:   The need for each farm to maintain an
integrated balance between crop and livestock production has been preached by all
the founding fathers (and mothers) of the organic movement. This has been seen as
essential to provide animal manure for the cash crops and also to make use of the
herbage from the grass/ley components of the rotation. It also helps ensure that the
livestock are kept in reasonably small units, reducing disease and pollution problems.

t Use of composts and green manures:   Composting is intended to ensure
efficient nutrient recycling and the availability of organic matter in a form that
will enhance soil microbial activity and buffering capacity. Green manures are
intended to enhance fertility in the same way; if leguminous green manures are
used there should also be a nitrogen bonus to the following crop. Additionally,
green manures grown as a winter catch crop help to minimise the leaching of
nitrates and other nutrients, and reduce soil erosion.

t Natural methods of pest and disease control:   The overall aim is to grow
healthy crops which are better able to resist pests and diseases. Chemical
pesticides are eschewed to avoid the dangers of residues in food and water,
damage to wildlife and the destruction of natural predators. The use of disease
and pest resistant varieties is emphasised and so are biological pest control
methods, when available. However, various plant-derived pesticides are allowed,
and in some countries so are simple chemical salts such as copper sulphate and
minerals such as sulphur.

The organic movement is strongly opposed to the more intensive forms of livestock
husbandry, both for animal welfare reasons and also because keeping large numbers of
any type of animal on a single farm is likely to upset the proper, sustainable balance
between crops and livestock. Another more recent but important objection is to the
pollution commonly caused by large intensive units.
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The historical and intellectual background to the organic movement is surprisingly
different from country to country, especially in Europe.  In Germany and the Netherlands
the history goes right back to the beginning of this century, when ideas about “natural
living” began to gain popularity. This was given fresh impetus by the Austrian, Rudolf
Steiner, founder of anthroposophy, best described as a quasi-religious philosophical
movement.

In 1924 Rudolf Steiner gave a series of lectures on the application of anthroposophical
philosophy to agriculture. These led directly to the establishment of what was called the
“biodynamic” system of farming and gardening. Biodynamic agriculture can most simply
be defined as organic agriculture plus. The plus includes a particular focus on plant and
animal biorhythms, determined by astrological methods. Biodynamic farmers and
gardeners are encouraged to pay close attention to the conjunctions of the stars and
planets.

Biodynamic agriculture was initially almost the only, and until fairly recently the main,
form of organic production not only in Germany, but also in Austria, Switzerland and the
Netherlands. It has also played a significant though lesser role in Denmark and northern
Italy, but scarcely at all in either Britain or France. In the last few years, however,
non-biodynamic forms of organic agriculture have overtaken biodynamic in all seven
countries, including Germany.

Several other currents of thought can also be identified as having played a major role in
the history of the organic movement. One is the wider health foods and natural living
movement, dating from before World War One, represented by the “reformhaus”
movement in Germany and some neighbouring countries and similar support for
“natural” foods and herbal medicines in Britain, France and Italy. Parallel to this was the
growth of the “biological” movement whose founder was Dr Hans Mueller, active
initially in Switzerland in the 1920s and whose ideas spread to Germany and were further
developed by H P Rusch. Mueller put strong emphasis on Christian values of land
stewardship and political support for small farmers.

Another current, most powerful perhaps in France but a factor in all European countries,
has been the “alternative” ideas associated with the student radical movement of
self-sufficiency, communal living and generalised hostility to big business and centralised
institutions, of the  1960s and early 1970s. Finally, and perhaps most potent, has been the
green movement which, despite having some of its roots in the alternative politics of the
earlier decade, has grown to embrace a far wider spectrum of political and public opinion
concerned about environmental damage and dangers.

That group encompasses but clearly is much larger than the membership of the green
organisations. 
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What is noteworthy is the extent to which these diverse currents have fused in
recent years in the national organic movements. The remarkable impetus towards
unity seen of late has come from the economic imperatives of organic farming which
needs premium prices to compensate for low yields.

Both because of public concerns about the health and safety of food, and because of many
people's wish to support what they perceive to be an environmentally-sensitive form of
agriculture, there is a substantial demand for organic food reflected in a willingness to
pay prices substantially higher than for conventional products.  Without definitions and
enforced standards, pseudo-organic products grabbed much of this premium-priced
market. This led to the establishment of symbol schemes, identifying food produced
according to the rules of the organic organisations. These have now been mostly been
given official recognition on consumer protection grounds, reflected in the EC
regulation (2092/91) “on organic production of agricultural products and indicators
referring thereto on agricultural products and foodstuffs”.

The national organic regulations in EC member countries are based on the EC regulation
but in some instances go further, and in most instances are now properly and effectively
enforced both as regards conversion from non-organic to organic and in the on-going
farm operations and product marketing.  The use of an “organic” label is strictly limited
to those producers who follow the rules.

At the wider international level, there is collaboration between the national organisations
both to establish common standards and to promote organic ideas and methods
worldwide.  Organic organisations in more than 45 countries are members of IFOAM
(International Federation of International Organic Movements) though many are still
small and ineffectual. The IFOAM standards provide a detailed definition of the
generally-accepted minimum organic rules.

Within EU member states, organic agriculture is given several names. In Denmark and
the Netherlands, a distinction is made between biodynamic and non-biodynamic
agriculture which is also called “ecological” agriculture, though in Denmark the
description ecological is also used by the authorities to describe both types of organic
agriculture. In France, Italy and Spain the description biological agriculture is generally
used which includes biodynamic, a small sector in these countries, just as organic
includes biodynamic in the United Kingdom. Germany is the most confusing; the
non-biodynamic organic farming organisations use the descriptions “organic”,
“biological”, “natural” and “ecological”. The latter is now the widely used term to
describe the whole sector including biodynamic.
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(ii)  KEY ISSUES

At the technical level organic crop production methods are now well-established and
many, though by no means all, of the problems faced by the pioneers now have answers.
 The case studies provide information on the yields obtained by organic producers of the
crops in question.  As a generalisation, yields for organic crops vary between 50 and 90
percent of those obtained by producers using “standard” systems.

An important constraint on yields under an organic system is the availability of plant
nutrients, with nitrogen levels usually the single most important factor in explaining why
organic yields fall short of those on standard systems.  To overcome this, organic farmers
place heavy emphasis on nutrient recycling, to conserve the plant nutrients in livestock
manure and urine as well as to ensure that those in crop residues are not lost.  The
inevitable losses are replaced and supplemented by the nitrogen fixed by legumes grown
during the course of the crop rotation and by the use of mineral phosphate and potash.

There can be severe practical difficulties in avoiding losses of nitrogen especially when
a grass/clover ley with heavy legume content is ploughed up.  The leaching losses with
an organic rotation into the groundwater can exceed those under a “standard” system
especially when the latter is managed effectively.  Various techniques have been
developed by organic farmers to limit the problem (mainly the use of catch crops), but
weather conditions can often defeat their efforts.

The other principal factors in reducing yields under an organic system are diseases, pests
and weeds.  It is sometimes claimed that fungal and bacterial diseases are less severe
under an organic system, on the grounds that crops treated with nitrogen fertilisers are
“softer” and hence more vulnerable to pathogens.  The evidence suggests that this may
be true of some forms of mildew but is not true of most other diseases.  Additionally, it
is argued that the reduced area of arable crops in an organic rotation means that disease
is less likely to spread from one field to another.  There is no evidence or research of
which we are aware to prove, or disprove, this contention; in any case, disease is
frequently a yield limiting factor with organic crops.

With pests, there are many instances where, under an organic system, natural predators
limit the impact of an insect or pest attack, and there are also the possibilities of using
biological control methods.  It is difficult to generalise, except to say that on many
organic farms (especially with horticultural crops) insect pests continue to be a serious
practical problem.
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The situation with weeds is rather different.  Weeds can generally be adequately
controlled under an organic system, partly by the use of rotations and partly by
cultivations.  The difficulty lies in the cost and the need for very high husbandry
standards.  At certain times of the year, it may prove simply impossible with the labour
available to control a weed flush, and once the problem gets out of hand the old adage
applies : “One year’s seeds are seven years’ weeds”.  When farmers who have given up
organic production are questioned, the problem of controlling weeds (especially grass
weeds) without recourse to herbicides is often cited.

The use of an extended rotation is the key to most organic crop production; with the
exception of certain types of intensive horticulture (for which special rules apply,
allowing the use of bought-in animal manures and composts to replace chemical
fertilisers).  This means anything up to half the crop area must be used to grow
grass/legume leys to ensure sufficient nitrogen is available for subsequent cash crops.

One major problem then lies in the utilisation of this large area of forage.  Unless it can
be sold off the farm as dried grass, hay or silage, it must be converted  to meat, milk
and/or wool.  The smaller farm, the bigger the problem as it means the organic farmer has
to manage both crop and livestock enterprises, both of which are likely to be too small
to allow optimal use of machinery and equipment, and hence will involve higher unit
costs of production.

Linked to this is the much bigger question, economic rather than technical, of what
would happen if a significant proportion of EU farming converted to organic.  It
would imply a large switch on many farms from crops to ruminant livestock.  But
most livestock products are already in structural surplus.  Possibly the consequence
would be a partial substitution of non-ruminant livestock products (poultry and pigmeat
in particular) with beef and lamb, but this conclusion is not accepted by all economists
who have studied the issue (see section 2.3.5).  So long as organic farming remains at
under, say, five percent of the total farm area then there is probably no big problem, as
the demand for organic ruminant livestock products is likely to be sufficiently strong. 
But once it exceeds this threshold, the impact on the overall supply situation for different
crop and livestock products would be significant.

One possible answer to this would be to develop “sustainable” all-arable crop rotations
(or at least rotations with a much lower proportion of grass/ legume leys).  Research (see
below) is being undertaken to see to what extent crops such as field beans and annual
sowings of red clover, possibly grown as a green manure, can provide sufficient residual
nitrogen to maintain yields in the rest of the rotation.

Biotechnology developments (see section 2.7) could eventually provide many of the
answers, for instance by developing pest/disease resistant varieties and even possibly by
developing non-legume crops able to fix their own nitrogen, though this still seems far-
off and some scientists consider it will prove impossible.  But the organic rules explicitly
reject the use of crop varieties developed using genetic engineering, so it will be
integrated rather than organic farms that may eventually benefit.
Even so, it is reasonable to expect that research will in due course find many ways of
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enhancing the productivity of organic systems.  What is less clear is whether the present
productivity gap between standard and integrated systems on the one hand, and organic
on the other, will narrow or widen in future.  There is insufficient evidence to allow a
definite answer to be given.

(iii)  ORGANIC FARMING RESEARCH IN THE EU

Average annual growth rate of the area under organic management in the EU over the
past ten years has been 25 percent and over the past five years the rate has increased to
40 percent. However, the proportion of agricultural land devoted to organic farming is
still only a small proportion of the total utilisable agricultural area. The proportion is
greatest in Austria (7.2 percent), followed by Sweden and Switzerland (3.4 percent).
These figures compare with an overall average of 0.8 percent with Greece, Spain (0.1
percent) and UK (0.3 percent) being substantially below this (Lampkin, 1997).

There is similarly a wide variation in future growth prospects. Austria and Denmark
present an optimistic view of the potential. The Ministry of Agriculture in Denmark
predicts a 15-20 percent market share for organic produce within the next three years,
increasing to 20-40 percent by 2010. This can be contrasted with other countries (notably
the UK and southern European countries) where there is little obvious government
support for organic farming.

Research and development of organic farming systems has increased over recent years,
mirroring the trend of increased uptake of these systems by farmers. However, it remains
a small proportion of total agricultural R&D spend, particularly when the scale of
industry funded (private) research and development of agrochemical inputs is taken into
account. Commercially orientated research and development is becoming the most
important resource in R&D for standard agriculture. In contrast, organic farming, offers
few opportunities for product development.

There is wide variation in the level of resources committed to research and development
of organic systems amongst countries in Europe. Research is undertaken both by public
funded research institutes and universities, there are also six privately funded research
institutes in Europe and these are increasingly attracting funding from public sources for
research as well as advisory, education and demonstration activities.

The European Commission has identified organic farming as a priority topic within both
the 3rd and 4th Framework Programmes. Funding from the EU includes support for
research and technical development (RTD) projects and 15 projects are currently
receiving funding from the EU. Several Concerted Actions have also been supported,
including the research network: European Network for Research Co-ordination in
Organic Farming (ENOF). Recently commissioned policy research  by the EU includes
a detailed pan-European study on the impact of agri-environment measures and CAP
reform on organic farming.

Austria, Germany, Switzerland and the Scandinavian countries commit the greatest
resources to organic farming R&D (compared to the overall size of agricultural industry



Chapter 2 / 30

and research budgets). In the UK, the Ministry of Agriculture supports organic farming
research with approximately £1 million, with further support allocated to the provision
of free advice and conversion subsidies. However, the level of support in the UK is
considerably less than in other countries with Germany having over 200 advisers funded
from both public and private business sources. Denmark, where the Ministry of
Agriculture is currently considering a large-scale conversion to organic farming,  has
committed  125 million DKK (US$18.6 million) for organic farming research between
1998 and 2001 whilst Norway and Sweden are providing annual support at approximately
one-quarter this level.

A recent survey (Wynen, 1997) of European research workers in organic farming
revealed that the most important barrier to the development of research in organic
farming is perceived to be institutional rather than technical. Thus, there is the capacity
and the interest in carrying out such work, but there are barriers within the funding bodies
and research institutions which limits the opportunity for such work to be undertaken.
The situation is changing as professorial chairs are established specifically for organic
farming. There are currently six chairs in Germany (the first established as early as 1981),
also chairs have been created in the Netherlands, Austria, Finland and Sweden. Denmark
and Norway are also establishing professorial chairs for organic farming. This is clearly
indicating a greater degree of interest amongst research bodies.

There has been a tendency for research projects to focus on comparison of organic and
conventional systems, with a view to determining relative productivity and economic
performance, and this has persisted from the 1970s through to the 1990s. Niggli and
Lockeretz (1996) clearly indicate that more practically relevant applied research is
necessary to overcome identified production problems of nutrient supply, crop variety
selection, pest, disease and weed control as well as the development of rotational systems
for production without livestock. Only a small proportion of research has involved
livestock production issues.

t Development of arable organic crop rotations : For conventional arable
farms the uptake of organic farming is perceived to be limited by the
requirement to introduce a livestock enterprise, with substantial capital
investment required (Bulson et al., 1996). This has provided the incentive for
the development of sustainable stockless organic systems in Europe and
America. Rotations are the primary means of maintaining soil fertility and
achieving weed, pest and disease control in organic systems, and for most
organic farmers a mixed farming system is viable agronomically and
economically whilst also contributing to environmental protection and
enhancement.
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On a mixed organic farm the grass-clover ley accumulates sufficient nitrogen by
fixation to support subsequent arable crops (made available by microbial
decomposition of the plant matter following incorporation of the ley). A stockless
or all-arable organic system would not include the legume-based pasture phase,
instead relying on the inclusion of legumes either as “green manures” (legume
crops grown solely to accumulate nitrogen for subsequent crops) or as grain
legumes - for example beans or peas.

Few long term rotational studies have been undertaken on the nutrient supply and
cycling or weed, pest and disease incidence in stockless organic systems.  This
limited research experience has been supplemented by organic stockless farm
conversions in the UK as well as in other European countries (Germany, France,
Sweden) and in the US. The longest experiment, comparing organic mixed,
organic stockless and conventional rotations has been conducted by the Rodale
Institute in the US and started in 1981 with the organic conversion completed by
1983 (Wander et al., 1994).  Other work on stockless rotations in the UK at Elm
Farm Research Centre (Bulson et al., 1996); Terrington (Cormack and Elliott,
1997) and CWS (Leake, 1996) has been established for nine, six and seven years
respectively. The Terrington and CWS trials include organic and conventional
comparisons.

The inclusion of legumes in organic rotations is essential for maintaining a
balance of nitrogen supply and demand. However, the required proportion of
legume in the rotation is not easily determined. Of the 16 stockless trial rotations
in four countries, the rotations are between four to seven years duration with
between one-quarter and one-half of the rotation as legumes. This wide variation,
which does not obviously relate to differences in productive capacity, suggests
that there is scope for sustainable stockless organic rotations with only a relatively
small proportion of legumes.

In the farming system study carried out by CWS (Leake, 1996) the system
variants studied included an integrated farm system (with a conventional farming
control) as well as an organic stocked and stockless.  Financial analysis shows
that the mixed organic performed slightly better (+12 percent) and the organic
stockless slightly worse (-4 percent) than the integrated crop management
conventional system. At Terrington a conventional, stockless organic and pig
based mixed organic rotation are included in the study. Financial analysis has
taken account of fixed and other costs to derive Net Margin as well as Net Farm
Income (Cormack, 1997), the organic stockless system has consistently
outperformed the other two systems, in part because of the premium prices
obtained for the organic products.



Chapter 2 / 32

The economic viability of conversion to any organic system, when considered at
a whole farm level, must take into account the additional management input and
“commitment” required during the conversion period and beyond.  Leake (1996)
refers to the importance of considering the management cost involved in securing
markets, costs which are not included in the margin analysis presented in this
report.  If these costs are important, and the organic premium a prerequisite for
economic viability, then the uptake of all organic systems may be constrained.
 However, within the range of organic systems, the stockless conversion is one
which requires the least disruption to the conventional farm management system
- so it is possible that these costs (and the level of organic premium necessary)
may be less.  The current level of interest in stockless and predominantly arable
systems amongst organic and converting farmers supports this view.  The fact that
the financial performance of the stockless rotations studied is equivalent to
conventional farm system performance is obviously practically important. 

t Possible synergy between organic and integrated farming systems
research: There should be considerable opportunity for synergy in the
development of organic and integrated farming systems since both rely on the
optimisation of natural processes. Niggli and Lockeretz (1996) identify a
number of ways in which organic farming can impact on conventional
agricultural research including: alternative solutions to crop and livestock
production problems and providing a focus for the importance of biological
and environmental processes in mediating the productivity of agricultural
systems.

The view of those involved in organic farming research is that there appears to
be relatively little active synergy, due to a combination of circumstances. Firstly,
they feel that researchers and funding bodies generally recognise the greater
importance of conventional farming and hence integrated approaches in
overcoming the short term problems confronting agriculture (whether or not this
is actually true). Secondly, the prohibition of use of conventional agrochemical
inputs in organic systems excludes what is still generally an essential element of
any integrated system. Thus researchers interested in integrated approaches
inevitably lose sight of the potential (or real problems) of organic systems. 
Thirdly, the integration of long term, whole system approaches of rotation,
cultivation, soil fertility which are crucial to the success of organic systems are
difficult (i.e. expensive and long term) to research conclusively hence funding
bodies tend to find it expedient to support the apparently easier gains to be
derived from shorter term study of integrated systems.
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An exception to this lack of constructive linkages between organic and integrated
systems research is provided by the EU funded Network on Integrated and
Ecological Arable Farming Systems (Vereijken, 1996) already referred to in the
previous section. This brings together 15 projects (with a further seven in
preparation) which are implementing on-farm pilot projects and/or experimental
farm sites with a range of farming systems under development including some
which are organic. While the main focus of the network is on integrated farming
systems (IFS) and there is relatively little contact with established organic
research initiatives, in those countries (for example Denmark) with a substantial
commitment to organic farming activity within the Network is more equally
directed towards organic as well as integrated approaches.

The potential for the application of novel methods of crop production (for
example weed control machinery) developed by innovative organic farmers or
manufacturers has been exploited to a limited extent. It would seem likely that
there is further potential which should be more fully explored through an open
evaluation of what such non-chemical systems can really offer when considered
within the context of an approach which is primarily dependent upon the
operation of biological processes.

Detailed analysis of the dietary patterns of organic consumers has been completed in
the UK (Holt 1993).  This work has demonstrated different consumption patterns of
organic consumers as compared to the national diet revealed by the Office of
Population Census and Survey (OPCS) Dietary and Nutritional Survey of British
Adults.  The diet of the surveyed organic consumers showed a preference for
unrefined and unprocessed food; included less meat, more vegetables and the
incorporation of non-traditional vegetables foods (nuts, pulses and grains) into the
diet resulting in a greater diversity of protein and staple foods.  Interestingly the
survey also showed a greater retention of traditional British mealtimes and less
likelihood of “street grazing”.  Taken together, these trends suggest that if organic
consumption patterns were to become more widespread, there may be a differential
demand structure for basic food products and a reduced emphasis on processed and
“fast-foods”.

t Producer prices with expanding organic production : Hamm & Michelson
(1996) present clear evidence that where there has been a rapid expansion of
organic food production (for example, Denmark and Germany), farmgate
prices have reduced in line with the increased subsidy available for organic
production.  These authors identify three periods of market development:
supply induced, demand induced and policy induced.
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In Germany, the policy induced phase has almost exclusively been associated
with encouragement of the production base and little attention has been placed on
development of the market infrastructure.  Consequently a fragmented market has
developed with no common organic identification mark and more than 100 trade
marks for organic food.  This has been identified as one important reason why
there has not been a “breakthrough” in organic sales and instability in the
production sector.  This has been particularly apparent since unification where
large (more than 500 ha) organic farms in the former eastern bloc have
encountered difficulties in achieving organic market prices leading to
destabilisation of the price structure amongst all organic farms (felt most acutely
by the smaller organic farms) in the former West Germany.

This situation contrasts with that in Denmark where a national organic label has
been promoted with both the government and commercial support.  This has
allowed national promotion with consumers being able to clearly identify the
organic product.  The introduction of a national organic “green discount” of 15
- 20 percent by a major Danish multiple retailer (FDB) resulted in a substantial
increase in organic sales. In the case of organic milk national promotion led to
rapid market expansion such that organic milk now represents a 15 percent share
of the national milk market.  For products such as pork, where the price premium
for the organic product is substantially greater (due mainly to higher feed prices)
there is no doubt that such expansion would be more difficult to sustain.  In a
relatively new and small market (such as that for organic food), an increasing
supply base will lead to short term fluctuation in prices.  However it offers
potential for new markets to develop.  The contrasting experience in Demark and
Germany supports this view and emphasises the importance of market
development in parallel with incentives to increase production  to contribute to
the maintenance of adequate returns to the producer.

2.6.3. The integrated approach

(i)  BACKGROUND

The development of integrated pest management (IPM) can be dated back to the late
1960s when two related problems encouraged a fundamental rethink toward pest
control.  The first was the evidence of resistant strains of pest developing, particularly
in situations of intensive pesticide use.  For example, the development of strains of
whitefly resistant to most types of available insecticides caused serious difficulties
for glasshouse growers of tomatoes and other crops such as chrysanthemums;
similarly, on tropical crops such as cotton, coffee and cocoa pesticide resistance
became a central issue for growers.
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In parallel with this, especially with fruit and vegetables where pesticides were being
used increasingly heavily, residue problems forced growers and scientists to
reconsider their existing approach. This led in turn to a consideration of the
possibilities of biological pest control, initially using natural predators and natural
pesticides only but later supplementing and in some instances replacing these with
specially-selected and modified forms.

By the mid 1980s an approach based on IPM had been widely adopted in the
European glasshouse industry, and was also used with some tropical and semi-
tropical crops.  In general it has been found easier and more effective to use IPM
(with the main or entire reliance placed on biological pest control) within a closed
glasshouse environment; with some notable exceptions, it has proved far more
difficult to develop effective biological agents for use on field crops. 

The IPM approach, however, involves more than a switch to biological pest control;
in practice it has come to mean, as the FAO definition puts it :

“The use of all suitable techniques in a compatible manner to reduce pest
populations and maintain them at levels below those causing economic injury”

Thus, with IPM a battery of methods are or may be used, including the biological and
chemical pest control agents, trapping and the use of sterile males, combined with
cultural methods and the use whenever feasible of resistant or tolerant varieties. 
There is emphasis on maintaining conditions favourable to natural predators, on
disease and pest forecasting to anticipate correctly the need for preventative or
remedial measures, and on targeted and accurate spraying using (whenever feasible)
narrow spectrum pesticides.  This approach has gained ground, partly because of the
scope for reducing both fertiliser and pesticide use to maintain farm profits, and
partly because of public pressures for agricultural to pay more attention to
environmental issues.  In turn this has led to the integrated crop management (ICM)
and integrated farming systems (IFS) concepts, incorporating IPM but going further
by involving all aspects of farm operations and management.

(ii)  DEFINITIONS

In May 1992 a definition of  “integrated production” was approved by the Executive
Committee of the International Organisation for Biological Control / WPRS.  As a
statement of good intentions and sound principles it is fine, but for the purposes of
defining what is and what is not “integrated” production it is of limited practical
value.  The position in this respect is not much improved by the definition more
recently put forward by the Global Crop Protection Federation :
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“Integrated pest management is a system that in the context of the associated
environment and the population dynamics of the pest species, utilises all suitable
techniques and methods in as compatible a manner as possible and maintains the
pest population at levels below those causing economically unacceptable damage or
loss.”

The lack of strict rules comparable to those now applied to organic farms is both a
weakness and a strength.  The weakness is that the promotion of ICM in particular
can become a public relations exercise designed to thwart more stringent policies and
regulations on PPPs, with very little in practice actually changing.  The strength is
that the integrated approach is flexible; the methods can be adapted to suit different
crops, conditions and farms - and can absorb new methods and products as they are
developed and proven.  This avoids the kind of difficulty found with the organic
farming rules which permits the use of quite toxic products such as copper sulphate
(on the grounds that they are “natural”) while rejecting even the safest modern
pesticides.

The other great strength is that the integrated approach offers the prospects of
maintaining or even raising farm incomes while at the same time responding
positively to the whole range of environmental concerns.  Furthermore, it allows
production to be market-orientated, in that the range of crops (and livestock)
produced can be primarily determined by what the market wants rather than by the
needs of the rotational system to maintain soil nitrogen levels, which is a major
weakness of the organic approach.

In the EU member states what could be described as a formal and full-scale IPM
approach has been only adopted widely with protected crops under glass and to a
lesser extent with outdoor fruit and vegetable crops.  But certain elements of IPM,
and in particular the reduced use of pesticides based on both a better understanding
of the economic thresholds for PPP use and better technology (on forecasting pest
problems and in application methods), have been widely adopted by farmers using
a “standard” approach.

This point, about the gradual adoption of key elements in IPM by the mainstream, is
very important.  Often it is difficult to say whether a particular farmer is following a
“standard” or an “integrated” approach, as there is every graduation between the two,
with a considerable (and highly desirable) measure of convergence.

Integrated pest management (IPM) has led the way to integrated farming systems
(IFS).  This is partly because changes in cultural methods and rotations are important
if fertiliser and pesticide use is to be reduced without significant loss of yield, and
because of the desirability of a whole farm approach.
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Indeed, one powerful influence encouraging the adoption of an integrated approach
is pressure from the major food retailers.  They have learnt about the force of the
public’s emotions, often highly irrational, about food safety and for competitive
reasons want to be perceived as “green” or “greener” than their competitors. Several
of the leading chains - in Britain, Denmark, France, Germany and the Netherlands -
have established programmes to ensure the fruit and vegetables they sell come from
integrated production.  These programmes include in several cases detailed
production protocols, with severe restrictions in particular on the PPPs which
participant farmers are permitted to use, often limiting product choice without any
real scientific justification.

(iii) RESEARCH IN PROGRESS

The research underway designed to assist the wider adoption of integrated methods
and systems is focused on three main aspects.  The first is to develop cultural
methods, including crop rotations, which minimise disease, pest and weed problems
and conserve soil nutrients.  The second is to develop the tools to improve IPM and
fertiliser application efficiency.  The third is economic research, to evaluate the
relative economic and financial performance of integrated and standard systems so
as to generate the evidence that will persuade farmers to change their methods.

The researchers involved prefer to describe their work as designed to develop
effective integrated farming systems (IFS) rather than integrated crop management
(ICM) claiming that the former implies a stronger emphasis on ecological goals and
stricter ideas about the use of fertilisers and pesticides.

Agronomy and crop husbandry practices must be manipulated and integrated either
selectively or within whole systems, so that a range of diverse considerations can be
satisfied simultaneously. This requires the setting of vital but narrower concerns of
productivity and profitability in a suitably balanced context. Thus, successful
integrated farming systems must be built on a sound base of ecological research
aimed at understanding and optimising the ecological interactions within the system,
with effort focused on the need to resolve the conflicting requirements for control of
pests, diseases and weeds and the need to minimise the environmental impact of crop
production.

Within an EU-funded European network of research into integrated and ecological
(organic) arable farming systems a methodology to design and identify prototypes
was identified and elaborated. This involved listing a hierarchy of objectives
(protection and improvement of the abiotic environment; basic income/profit;
nature/landscape and food supply) and transforming these objectives into appropriate
parameters to quantify them and determine methods needed to achieve them.  In the
abiotic environment, soil protection was given high priority, especially against soil
erosion and accumulation and leaching of nutrients and pesticides. It was based upon
encouragement of beneficial organisms and processes, especially in the soil, in order
to conserve nutrients and reduce the need for external synthetic inputs.
Maintenance and enhancement of basic income/profit was supported by reducing the
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costs of production (fertilisers, pesticides and machinery). Pesticide inputs were
replaced in part by natural regulatory mechanisms for preventing severe outbreaks of
pests, diseases and weeds, and these mechanisms were enhanced by targeted
reductions in fertilisers and modified soil management. Improvements in nature
conservation and landscape focused on encouraging beneficial flora and fauna, by
improvements in farm infrastructure through the establishment of wildflower strips
and managed field margins and hedgerows as ecological reservoirs. For food supply,
the emphasis was placed upon quality and stability of crop production.

Within this collaborative research network, a range of parameters were identified to
encompass both Europe-wide commonality and individual country requirements. For
the abiotic environment, these included: nitrogen-available soil reserves, nitrate in
groundwater, P & K available soil reserves and P & K annual balances, organic
matter annual balance, soil cover index, soil erosion rate, epigeal fauna, earthworm
biomass and soil microbial activity. Parameters for basic income/ profit included: net
surplus, energy efficiency, pesticide index. Parameters for other objectives included
plant species diversity, ecological infrastructure, floral and faunal diversity, crop
quality parameters and targeted yields.

Opportunities to achieve these objectives and lower the synthetic input requirement
are expected to come from a whole-systems multi-goal approach involving
modification of crop rotations to increase crop diversity and decrease the carry-over
of pests, diseases and weeds, the use of tillage systems, and soil management
practices that minimise nutrient losses, improve soil structure and encourage natural
control of key pests, integrated nutrient management, the use of decision models,
alternative strategies and non-chemical methods for crop protection, and modification
of the farm mosaic to minimise diffuse pollution and encourage natural enemies of
key pests.

Thus, these farming practices: multifunctional crop rotation, minimum soil
cultivation, integrated nutrient management, IPM and ecological infrastructure
management are the key methods in integrated systems.
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t Multifunctional crop rotation :  This plays a key role in the
development of integrated systems in order to meet the goals of
efficient production, lower synthetic inputs and environmental
protection. Whilst crop selection is inevitably both market and
support price-driven, it is also influenced by location and soil-type.
Nevertheless, selection and positioning of crops in cropping
sequences offer the most effective indirect method for crop protection,
by decreasing pest and disease carry over from crop to crop, and
permitting rotational weed control strategies that allow more selective
control of troublesome weeds without the use of persistent herbicides.
A balanced crop rotation also permits preservation of soil biological,
chemical and physical structure and fertility (water holding capacity,
biomass potential, rooting capacity, soil cover index, nutrient off take
and nutrient transfer). Therefore, the most profitable, market-driven
crops for the location need to be identified and prioritised in order to
meet the multifunctional set of demands. Although multifunctional
crop rotation is the major method to achieve desired results in net
surplus, it is market-driven and, therefore, may not achieve its full
potential. Nevertheless, it is an underpinning method to achieve
desired results in soil-cover index, plant species diversity, pesticide
index and organic matter annual balance.

t Minimum soil cultivation :  Maintenance of healthy soil and water
and waste minimisation are fundamental to agricultural production
and central to the development of integrated systems. Soil
conservation tillage/ non-inversion tillage systems, which incorporate
in the region of 70 percent of crop residues in the topmost soil layers
and leave 30 percent on the soil surface, foster soil biota, provide a
food source for survival of earthworm populations, create semi-
natural habitats that favour increased numbers and species diversity
of beneficial soil surface fauna, conserve nitrogen in the system,
decrease soil erosion through improved aggregate stability, and
minimise emissions of nutrients into controlled waters. It also
provides ways of improving the integrated control of some pests and
diseases, which will reduce both synthetic inputs and costs, and
protect wildlife. Set against these advantages are the perceived
increase in weed problems from more synchronous germination of
weed seeds present in the uppermost soil layers which require
alternative strategies for control.
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t Integrated nutrient management :  Nutrients are essential to a
productive agriculture, but differences between supply and crop
consumption have resulted in imbalances which contribute to
undesirable environmental consequences. In integrated systems,
nutrient supply should not exceed demand by more than 10 percent;
therefore, it is necessary to balance nutrient supply with nutrient
removal. Phosphorus and potassium are usually supplied to maintain
recommended nutrient contents in soil, whereas nitrogen, usually the
most critical nutrient, may be applied in excess of need as it has a
dramatic effect on yield and quality, as input levels increase to the
optimum level. Furthermore, too much nitrogen promotes vegetative
growth and vigour, may make crops more susceptible to pests and
diseases and, in general, encourages weeds which have marked
implications for crop protection requirements.

Efficiency of nitrogen uptake is influenced by many factors, including
different crops, soil type, soil organic residues, the time-course of nitrogen
mineralisation and leaching losses. Research aims to meet crop demands by
adjusting applications to the crop capacity for absorption over a complete
rotation and conforming to quality and timing requirements. Therefore,
effective P and K balances can be achieved by rotational maintenance,
replacing only that removed by crop offtake.

For nitrogen supply in integrated systems, the aim is to meet crop demands by
utilisation of residual soil available reserves supplemented by appropriate
fertiliser amounts, in order to achieve targeted yields Integrated nutrient
management, therefore, not only permits the attainment of food supply and
quality production but also, through judicious use, supports reductions in
pesticide use by decreasing disease severity and weed competition. 

t Integrated pest management :   For crop protection, strategies need
to address ways to prevent, reduce or minimise risks of pollution of
air, ground and surface water, and protect terrestrial ecosystems from
direct and indirect contamination, by matching intervention to the
needs of both the production system and the environment. Therefore,
opportunities for lowering crop protection inputs will come from a
whole-systems multi-goal approach, involving rational manipulation
of crop husbandry practices in order to achieve an optimum balance
between crop, cultivar, sowing date, methods of natural regulation and
mechanical/chemical control. Effective pest and disease decision
support systems have been established, validated and successfully
implemented in many cases, with considerable reduction and savings
in pesticide inputs.
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t Ecological infrastructure management :  Maintenance and
continuity of a network of linear elements within the farm mosaic
(hedges of diverse components, field margins and ecological
reservoirs) provides greater plant species diversity, and acts as a
habitat and food source for beneficial fauna. It may also affect ingress
of problem weeds from field boundaries and minimise diffuse
pollution from farmland into controlled waters, thereby limiting off-
farm costs from agricultural activity. It is, therefore, a supporting
method for achieving reductions in pollution and pesticide use. 

Within this context, research into integrated systems in Europe has made rapid
progress in recent years. Building upon the first two on-farm projects in Germany
(Lautenbach) and the Netherlands (Nagele), a Working Group on Integrated
Arable Farming Systems was initiated by the IOBC in 1988 through which
researchers in Austria, Denmark, France, Italy, Switzerland, and the United
Kingdom joined these activities, and Guidelines for Integrated Crop Production
were formulated and published (El Titi, Boller & Gendrier, 1993). In 1992, the
European Commission financed a Concerted Action Programme to develop a
representative network of research teams, from all member states of the EU and
several associated countries, working on integrated arable crop production
systems.  Brief details of the research in each country are given below.

• DENMARK

Crops:  spring barley, fodder beet, oats, oilseed rape, clover/grass, winter wheat,
peas, maize.

Research began in 1987 with integrated and organic rotations in response to pressure
to develop production methods less reliant upon chemicals and to reduce nitrate
leaching and environmental pollution from agriculture. Furthermore, there was the
likelihood of new and severe pesticide restrictions being imposed as Danish policy.
The area with legumes had been increasing and, as many farms were mixed farms
with animals and fodder production with animal manure as part of the fertilisation
strategy, environmental research was given high priority.

Results showed that the use of catch crops minimised nitrate leaching and offered
better utilisation of organic manure, and also that inputs could be radically
reduced with little influence on yield; but this response was largely influenced by
crop rotation, the use of resistant varieties and variety mixtures.
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• FRANCE :

Crops: winter wheat; durum wheat; spring barley; oilseed rape; peas

Integrated farming in France was considered an alternative way to reduce
overproduction and declining farm incomes through extensification. Research
began in 1990, was extended to included four sites in contrasting regions of
France, and compared conventional production system with integrated systems;
an extensive system was also included in the early stages. After four years, a
significant reduction in the use of inputs and input costs was obtained, especially
for fungicides, insecticides and fertilisers; savings in herbicides were more
difficult to achieve due to high densities of competitive weeds at some sites.
Integrated systems resulted in yield decreases but economic results were slightly
better. However, many questions still need to be answered; intercrop
management, improved minimum tillage techniques and the consequent
requirement for weed control.

• GERMANY :

Crops:  winter wheat, winter barley, winter oilseed rape, winter beans, spring
wheat, spring barley; oats; sugar beet; vegetables

The first fully integrated farming systems experiment in Europe, the Lautenbach
Project, was initiated in 1977 due to concern over the impact of intensive farming
practice on wildlife, declining farm incomes and the limited success in
introducing IPM in European agriculture. Its objectives were to maintain pest
populations below economically damaging levels; to optimise and reduce the use
of off-farm synthetic inputs; to enhance biodiversity, environmental protection
and minimise pollution; to determine the impact of ecological infrastructure on
crop productivity, and to determine whether an integrated farming systems
approach was sustainable. A current conventional system was compared with an
integrated system in which inputs were reduced through manipulation of farming
practices over a six-course rotation.

This study demonstrated that the integrated farming systems approach was as
economically viable as the conventional system, despite overall yield reductions,
through substantial savings in fertiliser and pesticide inputs. The enhancement of
natural regulatory components below and above the soil surface, mainly attributed
to minimum soil tillage, reduced soil erosion, improved work-ability, minimised
the risk of potential pest outbreaks and regulated the density of facultative
species. Furthermore, the enhancement of bioindicators (earthworms, soil surface
fauna, mites and Collembola, nematodes and decomposition activity) led to
improvements in soil physical properties and agroecosystem stability.
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In 1989, a further project was initiated at Göttingen (INTEX) with the aim to
further develop IFS and examine the economic and ecological effects of
extensification in arable crop production. It compares four systems of production
(conventional, integrated, reduced input and extensive) at three sites in Lower
Saxony. Whilst there were response differences according to soil type,
considerable reductions in pesticides and fertilisers were achieved in the
integrated systems without affecting yield on some crops or profitability, whereas
the reduced-input and extensive systems were less profitable. The most diverse
fauna were found in the integrated systems.

IFS systems have been implemented and evaluated in commercial practice on
“pilot farms” in Germany (Baden-Württemburg and Nordrhein-Westfalen).

• ITALY :

Crops:  wheat, sunflower, durum wheat, field beans, spring barley

An integrated farming systems activity was initiated at three sites in the locality
of Florence in 1990 by UDSF.DAPE. Its aim was to identify functions fulfilled
by various farming techniques and to consider the ways in which these methods
and farming systems affect the environment and to define at regional level an
ecologically-sound agricultural system to maintain quality production. 
Reductions in agrochemical inputs of between 25-50 percent were obtained but,
as a consequence, yields and overall profitability were reduced. However, there
was much climatically driven seasonal variation in yields, thus longer term data
were considered necessary before full financial implications could be determined.

• NETHERLANDS :

Crops:  winter wheat; spring barley; potatoes; sugar beet; beans; vegetables

Following opposition to intensive agricultural production a farming systems
research project (DFS) was initiated at Nagele in 1979. Three farming systems
(conventional, integrated and biodynamic/organic) were compared, on a farm
scale, with the aim to maximise financial returns with the minimum level of
inputs through manipulation of crop husbandry practices.
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Results obtained during the 1980s showed, that despite reductions in yield, the
lower variable costs provided by the much reduced inputs of pesticides and
nutrients in the integrated system gave a higher net surplus, whereas the organic
system produced the lowest net surplus. This research was extended to other
regions to include a greater range of crops and soil types. Studies on two further
experimental farms in the north-east and south east were initiated in 1986 and
1989. Profitability of each system was much dependent upon the crop rotation.
At Nagele gross margins between conventional and integrated systems were
similar, whilst at Borgerswold the integrated root-crop dominated system
performed better. Extension of integrated farming is being pursued through many
commercial pilot farms.

• SWEDEN :

Crops: winter wheat, triticale, oats, rye, oilseed rape, beans, peas

The Logården Project, initiated in 1991, is concerned with research into the
development of organic and integrated arable farming systems with the aim to
achieve long-term persistent, sustainable and productive food supply in
combination with minimising the negative impacts on the abiotic environment.
Recent results show dramatic economic improvements in the organic production
system, due mainly to high area aid payments and increased public demand for
higher-priced ecological products. Although average yields from integrated
production with reduced agrochemical inputs were similar to those from
conventional methods, the economic results were worse, due to higher machinery
costs and additional production costs for crisis management. However,
conventional production inputs in Sweden are generally low compared to other
western European countries which provides little flexibility for substantial further
agrochemical reduction.

• UNITED KINGDOM:

Crops:  winter wheat, winter barley, winter oilseed rape, winter beans, spring
wheat, spring barley; winter oats; potatoes; sugar beet; vegetables

The Boxworth Project (1983-1988), a large scale study involving long-term
comparisons of different farming systems, was initiated to investigate the
environmental consequences of intensive pesticide use in cereals on a range of
farmland wildlife, and to make economic and management strategy comparisons.
Overall, densities of beneficial predators and parasitoids and the predatory impact
of invertebrate fauna were significantly reduced by the intensive pesticide (full
insurance) programmes. Although the full insurance programmes gave the highest
crop yields the less-intensive supervised programmes was equally profitable.

 To determine whether these results occurred more widely, SCARAB (Seeking
Confirmation About Results At Boxworth) was initiated in 1989 at a range of
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locations with different soil types and variety of crops. Results indicate that
current pesticide use in UK arable crop production was environmentally more
damaging than under reduced input systems.

The Less Intensive Farming and Environment Project (LIFE) was the first to
develop and investigate a fully integrated arable farming system in the UK.
Established in 1989, the project involved strategic and applied research to provide
fundamental information on the effects, interactions and ecological implications
underpinning the development of less-intensive integrated arable crop production
systems. The aim was to develop a scientifically-based formulation of options to
achieve appropriate reductions in inputs of fertiliser, agrochemicals and energy,
whilst providing high enough yields to maintain income and adequate crop
protection consistent with human health and environmental safety.

Data generated from the LIFE Project (1989-1996) has shown, through a fully
integrated, whole-systems approach, a positive trend in profitability, substantial
reductions in pesticide and fertiliser use and input costs, enhancement of
beneficial organisms and processes and reductions in diffuse pollution from
farmland. Furthermore, it has identified farming practices that can be selectively
modified and integrated to provide quality production without economic loss.
Integrated systems, based upon the findings of the LIFE Project are being
implemented, demonstrated and evaluated in practice on two commercial pilot
farms in south-west England. 

The LINK:IFS initiative was established in 1992 to investigate whether integrated
arable crop production was practical, economic and could deliver the
environmental benefits needed.

The project is seen as a development of integrated farming into different
geographical and climatic locations in the UK, and covering a wide range of soil
types. It concentrates on optimising inputs whilst maintaining profitability in
comparison with conventional production methods. To date, results show that
generally inputs can be reduced and profitability maintained, but husbandry
practices used to minimise leaching of nutrients and to replace agrochemical
inputs may increase management time and result in higher operating costs.
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Focus on Farming Practice (FOFP) initiated in 1993, is a uniquely practical
experiment in integrated production on a commercial farm. Research is conducted
on a field scale with fully costed comparisons made between conventional,
integrated and organic methods of production over an area of 200 ha. To address
the needs of mixed farms, grass is included in the rotation. Besides evaluating the
economic performance and practicalities of operating each farming system, an
extensive environmental monitoring programme is included to identify effects on
soil, water, wildlife and the countryside. Three years’ experience of the integrated
system has shown encouraging results with reductions in direct costs more than
offsetting lower income from reduced yields, but the overall impact and
sustainability can only be determined after full rotational sequences have been
completed.

• SWITZERLAND :

Crops: winter wheat, barley, rye, triticale, oilseed rape, sugar beet, potatoes,
maize

Development of sustainable agricultural systems whilst safeguarding the
environment began in 1981, by converting commercial farms to integrated
farming. The aims were to maintain and promote natural pest, disease and weed
regulation, to reduce external inputs and to maintain income, employment and
social structure. An extensive range of husbandry practices are used and 5 percent
of the land is left uncultivated to enhance ecological benefits.

The integrated systems involved higher labour costs but have shown that they are
economically feasible.

These initial research programmes (Table 2.6), with their positive economic and
environmental responses provided the catalyst and basis of further studies and
programmes initiated in other European countries and were guided, through
collaborative expertise, by the EC supported Research Network for Integrated and
Ecological Arable Farming Systems.

Integrated systems are being implemented, demonstrated and evaluated in
commercial practice on “pilot farms” in Germany (Baden-Württemburg and
Nordrhein-Westfalen); France (Ferté-Vidame); Netherlands (National Network
and Flevoland); Belgium (mid-Belgium); Denmark (National Network); Ireland
(southeast and midwest) and United Kingdom (southwest). 
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2.6.4 Summary   

Despite considerable integrated farming research achievements, and the data generated
within the European Research Network and associated research programmes, the wider
adoption of such systems in the broader European agricultural context is, nevertheless,
still very limited. Farmers, advisors, consultants and policy-makers still have difficulty
in overviewing the available data in order to make sound judgements regarding the
feasibility of an integrated approach under different regional conditions and at both farm
and field levels.

The research effort needs to be maintained, with increasing emphasis being given to
developing blueprints for systems adapted to particular locations that can be widely
adopted, backed by clear evidence of their economics. A current literature database (107
references) on research and developments in integrated methods and systems and
associated topics is included in the bibliography at Annex 2.

2.7 The technical scenario - the next 20 years

2.7.1 Overview

Of one thing we can be certain.  The technical goalposts will keep moving over the next
decade and beyond, and in considering the economic and other benefits of PPPs it is
essential to look ahead and to try to anticipate the changes (many of major impact) that
can be expected.  In this section we attempt to review briefly the key problems and
possible technical innovations that will effect the production of the crops covered in the
four case studies under three main headings.

Firstly, there is the introduction of new, more effective PPPs generally with an improved
environmental profile.  This will go hand-in-glove with the development of more
sophisticated, accurate and reliable disease and pest diagnosis and forecasting systems
and the more precise determination of the “thresholds” when use of PPPs is justified. 
Linked to this will be improved formulations that improve PPP performance and, in many
instances, reductions in the amount of active ingredients required.

Secondly, application technology has improved considerably in the past 20 years, and
further innovations and improvements can be expected. Indeed, the development of
“precision farming” techniques, designed to apply fertilisers and PPPs in accordance with
the specific needs of specific areas of each field, orchard or vineyard, is likely to be one
of the key technical innovations of the next decade, though its effective application is
likely to be linked to the larger farms and fields.

Thirdly, there is the broad area of biotechnology, with so much promise and so far such
limited delivery in the areas of plant breeding and the development of better biological
pest control products.

The innovations under all three headings, should greatly strengthen IPM and ensure that
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this approach becomes the mainstream method of pest control and crop protection in
future.  The fourth key area of research and development is to test, improve and promote
appropriate IPM and integrated farming systems that incorporate cost-effective and
environmentally beneficial technical innovations so that farmers can adopt them with
confidence.

2.7.2 Development of new PPPs

A comprehensive review of likely new chemical PPPs is beyond the scope of this study
but it is worth highlighting the trends that are apparent from recent product introductions.
 Three general themes are evident.  New products mostly have high activity, thus
requiring much lower quantities of active ingredients to be used to achieve the desired
levels of disease/pest/weed control.

Secondly, no new product will reach the marketing stage in future unless it has a highly
favourable environmental profile.  In addition to ultra-low mammalian toxicity, this
calls for the avoidance of significant residues in food, soil and water.

The third area is less certain.  IPM insecticides not only have the high activity and
generally good environmental profile cited above, but they need also be narrow
spectrum to ensure minimum impact on beneficial organisms.  The problem for the
agrochemical manufacturers has been a perception that the narrower the spectrum the
smaller the potential market.  This has now greatly changed, and R&D programmes are
increasingly focused on insecticides with high specificity.

One mainstream development in the past decade has been an increasingly sophisticated
approach to resistance management.  Avoiding the evolution of resistant strains of pest
organisms is vital if farmers are to maintain an armoury of effective products and for
manufacturers to avoid their products becoming prematurely obsolete.  In general
resistance management hinges on a rotation of products.  Unfortunately, it may
sometimes conflict with low level dose rates aimed at cost-effective control which can
be achieved with 80-90 percent kill of the target organism, but leaving survivors which
may have a measure of genetic resistance to multiply.

There is a trend towards products with a very good environmental profile and
considerable suitability for inclusion in IPM programmes.  Their availability, and other
new products in the registration process, substantially strengthens the choice of products
available to farmers to deal with particular problems, and reduces the resistance hazards
or over-reliance on only one or two products.  This strengthens the technical and
economic feasibility and attractiveness of integrated methods with the four case study
crops.  The attached table attempts to summarise the desirable characteristics of PPPs for
inclusion in IPM programmes.
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Group
Spectrum of control Persistence 5HVLVWDQFH�0DQDJHPHQW

Ideal Profile                     Objective    Ideal Profile                         Objective

Insecticides narrow as
possible

The spectrum of insects attacking
the crop at any one time is
limited.  Beneficial insects and
parasites must be protected as
long as possible.

Limited
persistence

Minimise the chance of resistance;
minimises not target impact; maximise
the survival potential of non target
insects.

The longer the persistence, the
greater the chance of resistance.
Rotation of AI’s minimises potential
for resistance development.

Fungicides Broad
spectrum

All fungi on the leaf surface are
potentially harmful to the plant -
there are no equivalents of insect
predators or parasites.

long leaf
persistence
resulting in
extended crop
protection

Some crops (cereals) there might be
only one or two fungicide applications
per crop; other crops
(vegetables/grapes) their are usually
multiple.
Long persistence and wide spectrum
minimises frequency of application;
reduces off target effect, crop damage
and environmental impact

Responsible manufactures of modern
long persistence broad spectrum
fungicides will make label
restrictions on the number of
applications per season of products
with the same mode of action.
(BASF and ZENECA are doing this
with strobilurin chemistry on crops
requiring multiple treatment)

Herbicides of
herbicide
tolerant
crops

Wide as
possible

Minimise the number of
applications and apply when
weeds are a problem i.e. curative)

Soil conditions and climatic factors will be key issues in
determining the profile and objectives for herbicide
persistence

Resistance management is a potential
problem.

Herbicides
without HR
crops

narrow
spectrum

minimise non target effect;
potential for pre and post
emergence weed control; narrow
spectrum minimise
environmental impact

Limited spectrum means it is
unlikely that the same product is
used to an extend likely to cause
resistance problems
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2.7.3 Improvements in application technology

There have been important developments in spray technology in recent years but their
adoption by farms and growers remains disappointing.  In particular the majority of arable
crop farmers continue to use relatively high volume hydrostatic systems.  In orchards and
vineyards, however, air-activated sprayers are now widely used and they are now being
gradually adopted for arable crops.  Their advantages include a reduction in spray drift
and better penetration of the crop canopy, achieving a 25-30 percent reduction in
application rates.

Other recent developments of importance include direct injection closed systems which
raise operator safety levels, avoid sprayer contamination and improve sprayer logistics
but do not reduce application rates.  In orchard crops tunnel sprayers have gained some
popularity and in glasshouses which have not switched heavily to biological control the
use of automated mist application systems can be found.

Potentially important for the reduction in application rates, but not yet as widely adopted
as many specialists had expected 8-10 years ago, are ultra low-volume atomisation and
electrostatic sprayer systems.  Reducing the spray droplet size optimises coverage and
penetration, and reduces the amount of active ingredient  applied.  Controlled droplet size
is vital to avoid excessive evaporation if the droplets are too small and run-off and
product wastage of the droplets are too large.  An atomising sprayer uses less water,
which improves sprayer unit productivity and needs less power; most important it reduces
spray drift.

The development of “patch” technology (also “smart” or “precision” farming) for both
fertiliser and PPP application is one of the more controversial current developments in
farming technology.  The Silsoe Research Institute in England has developed a “patch”
sprayer which takes data from a field map; this uses a variable dose system with low and
high volume nozzles. Other organisations are developing competitive systems. 
Considerable further testing and product development will be needed, but the key
problem is the creation of the field maps.  With fertilisers a field yield map produced by
signals from a combine via a satellite to a computer is relatively straightforward and is
already being used quite widely for variable fertiliser applications.  But the problem of
diagnosing the presence and density of disease organisms, pests and weeds, and mapping
these, is a difficult challenge, and the solution is not yet apparent.  However, once it has
been developed and applied, the potential PPP savings could be large.  This could form
a major element in future integrated methods, though inevitably it will work best and
probably only be economic on the larger and more level farms and fields, adding to their
existing competitive advantage.
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“Smart farming” has so far made the greatest progress in the United States, where firms
such as Farmer Software, Microtrack and Agleader have developed yield mapping
programmes.  Satellite signals to a global positioning system (GPS) are combined with
yield and/or soil data.  Weeds, disease and sometimes insects can be mapped by aircraft
video imaging though the technology is far from perfect.  In some US States such as
Minnesota precision techniques are now being applied to 70 percent of the crop area and
achieving savings in fertilisers and PPPs and higher margins for farmers.

2.7.4 Biological pest control, biotechnology and PPP use

The use of natural insect pheromones and similar products is still limited but does offer
considerable promise as means of trapping pests both for diagnostic purposes and as a
direct means of control.  For example, INRA in France is now developing the use of
pheromones as a control method for two serious vineyard pests, the vine moth and the
grape berry moth. Mating disruption is caused by the placing of 300 pheromone
dispensers per hectare in vineyards.  Some 600 ha was treated this year with BASF
products RAK 1 and RAK 2 at a cost of around 1600 FF/ha.  There are many other
examples. 

But the main possibilities for the future lie in two areas - breeding crop varieties with
enhanced disease and pest resistance, and developing more effective microbial pesticides.
 Optimism about the likely speed and extend of developments, whether based on
biotechnology or otherwise, likely to reduce the use of chemical PPPs needs to be
tempered with realism about the many technical and other problems still to be overcome.

2.8      Potential for an integrated approach

The use of PPPs in modern agriculture has its costs and benefits.  This study has
attempted to evaluate, and where possible quantify the key benefits.  In economic terms
they are enormous, but they are also real in environmental and social terms.  The
evidence suggests that an integrated approach would further reduce what limited hazards
the correct current use of PPPs under standard systems still pose.  The economic costs
would be small, particularly if CAP reform reduced the economic threshold for PPP use.

An integrated approach needs to be flexible.  No single set of rules can sensibly apply to
every crop and every location.  But equally, we need to guard against so much flexibility
that the concept is abused to the point of meaninglessness.  How the right balance can be
maintained between economic and environmental priorities is the key issue.  A wider
adoption of integrated production seems likely to be encouraged by the market place. 
The supermarkets are competing to be perceived as “green” with particular emphasis on
reassuring their customers that the product they sell, and in particular fresh fruit and
vegetables, have no unsafe pesticide residues.  There is much talk and some action on
“quality assurance” and “traceability” with the products coming from farms following
agreed production protocols; retailers are aiming to be able to claim that they can trace
every carrot, every cabbage, every potato right the way through the system from farm to
consumer.
In the Netherlands the leading chain, Albert Heijn, is aiming to achieve



Chapter 2 / 52

certifiedintegrated sourcing and traceability for all its fresh produce, both locally-grown
and imported within 2-3 years.  Similar action is under way or planned by many other
leading food retailers and processors in Europe.  If this is extended to processed products
including cereals then this will have a very powerful impact.  There is also considerable
concern among farmers in the Netherlands and elsewhere that this pressure from the retail
end may force them to obey protocols that are excessively severe and sometimes arbitrary
and lacking scientific validity.

The overall picture which emerges from this study is that farmers’ expenditure on
PPPs provides very large economic benefits, as well as significant and real
environmental and social benefits which need to be balanced against any costs or
losses which they may cause.  At the same time, a switch to integrated systems would
cost relatively little in economic terms, and would enhance the net environmental
benefits by reducing the amount of PPPs used. The big question is : how can farmers
be encouraged to switch to an integrated approach ? 

This is a policy issue which urgently needs to be addressed.  We hope the findings of this
study will contribute to this.



Chapter 3 / 53

3. CASE STUDY A : APPLES IN TRENTINO (ITALY)

3.1 Introduction

The autonomous province of Trento, or Trentino as it is commonly known, covers 6,287
sq. km (2.1 percent of the national territory) of which only 149,907 ha are agricultural
land (1.0 percent of the national total).  It is a mountainous region of mainly small farms,
but is an important producer of apples and to a lesser extent wine.  As Table 3.1 shows,
in 1994 Trentino accounted for 16.1 percent of the apple area and 19.6 percent of the
harvested crop in Italy.  Within Trentino itself apples are planted on 8.2 percent of the
agricultural land which indicates the crop’s importance within the region.

Table 3.1 : Apple production in Italy and Trentino

1990 1992 1994 1996

ITALY
Apple total area (ha)
Apple production area (ha)
Harvested production (t)
Yield (t/ha)

84,232
78,012

2,050,070
26.95

81,665
75,647

2,394,140
32.64

76,518
71,247

2,232,853
31.92

67,000
1,964,000

TRENTINO
Apple total area (ha)
Apple production area (ha)
Harvested production (t)
Yield (t/ha)

12,255
11,261

309,200
27.78

12,202
11,402

382,200
33.52

12,286
11,493

438,500
38.15

12,329
11,521

384,500
33.37

Source : ISTAT

In recent years there has been quite a sharp downward trend overall in Italy in the area of
apples grown,  with a 14 percent fall in the orchard area between 1990 and 1996.  Most
of this reduction has taken place in the lower areas, notably in the Po Valley, while the
mountainous areas where there are fewer alternative crops have maintained or even
increased their orchard area.  In Trentino the orchard area rose slightly by 260 ha (2.3
percent) in the 1990-96 period.

What is most significant for this study is that in 1996, no less than 87.4 percent of the
apple orchard area in Trentino was managed on an “integrated” system, in contrast to
much of the rest of Italy and, even more so, to apple production elsewhere in southern
Europe where integrated methods are only used in an small minority of orchards.

Trentino has long had a reputation for the quality of its apples, partly due to the excellent
climatic conditions for this crop.  Harvested yields are regularly somewhat above the
national average levels.  This in part reflects the skills of growers in an area of intensive
production together with the excellent local agricultural training and extension services.
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3.2.1 Number and size of apple-growing enterprises

The most notable single factor in Trentino apple production  is the very small average
size of the typical enterprise.  Out of the total of 12,329 ha of apple orchards recorded
by ISTAT in 1995, just over 75 percent (9,268 ha) were on specialist apple farms
recorded in the Albo degli Impredendita Agricole (ADIA), the provincial list of
agricultural entrepreneurs.  The remainder where on the farms where other enterprises
were more important.

It is useful to distinguish between the number of specialist apple growers and the
number of farms growing apples.  Given the very small average size of farms,  mainly
due to the division of farms between heirs, many apple growers manage both their
own orchards and other orchards, both family and non-family owned.  Table 3.2
shows, in 1996, the average area of apples grown by each producer was only 1.3 ha.

7DEOH�������6WUXFWXUH�RI�DSSOH�SURGXFWLRQ�LQ�7UHQWLQR

1993 1994 1995 1996

Total apple growers
Singe producers
Co-operatives
Apple area (ha)

7,403
0

33
9,027

7,708
146
33

10,047

7,571
154
34

10,026

7,482
53
34

9,713

6RXUFH���$327

These data cover only to integrated production, as no reliable recent data are available
for the total apple area, but this cover 90 percent of production.  The size of specialist
apple farms is little larger; data from ADIA show that in 1995 there were 3,101 such
specialist growers (i.e. farmers whose main enterprise was apples), with an average
farm size (net agricultural area of 2.71 ha).  These data reflect the actual management
arrangements, as opposed to the legal ownership of the land.

3.2.2 Varieties grown3.2.2

As the data in Table 3.3 show, the most important variety in Italy is Golden Delicious,
where it accounts overall for 36 percent of the orchard area.  This variety is even more
important in Trentino, where it is grown on no less than 66 percent of the orchard
area.

7DEOH�������$SSOH�DUHD�LQ�KHFWDUHV�E\�YDULHW\�JURZQ������

Italy Trentino

Golden Delicious
Red Delicious
Others

29,985
16,963
36,261

8,023
1,111
3,012

Total 83,209 12,146

6RXUFH�   



Within Trentino, the main variety in the “other” category is Renatta Canada,
grown on 1,337 ha; this robust old variety is well adapted to mountain areas
and yields well, but is prone to biennial bearing.  The only other variety grown
on a significant are is Morgenduft-Imperatore.

It is noteworthy that none of the several varieties that have gained prominence
elsewhere in Europe in recent years - Jonathan, Jonagold, Elstar, Royal Gala
and others, have yet found a place in Trentino. Growers there have preferred
to stay with the varieties they know.

  3.2.3 Age and intensity of the orchards

In Italy overall, as Table 3.4 shows, 73 percent of the orchard area is planted
with trees less than 15 years old, and only 11 percent are over 25 years or
more.  This picture of a relatively modern national orchard is confirmed by the
intensity of the orchards, with only a fifth of the orchards being planted at the
traditional densities of 200 trees/ha or less, while 68 percent of the orchards
have 600 plus trees/ha.

Orchards of Golden Delicious are planted more intensively than the average,
with 37 percent of the area of this variety planted at 1,200 plus trees/ha.  In
contrast a large area of Red Delicious (59 percent of the total) is planted at 200
trees/ha or less.  The orchards of Morgenduft-Imperatore are rather old, with
half the orchards aged more than 15 years.

In Trentino, the overall age structure of the orchards is worse than for Italy as
a whole, with 55 percent of the orchards aged 15 years of more.  Similarly, the
intensity of the orchards in the province is, on average, less with 46 percent of
the orchard area planted at less than 600 trees/ha.

This picture of ageing and low intensity orchards reflects the small average
enterprise size.  The owners often do not think it worthwhile to invest in
replanting, and may lack the specialist knowledge and equipment to establish
and manage a modern, intensive orchard.

Therefore orchards are planted mainly with Golden Delicious area though 38
percent is now 15 years old or more; in contrast a high proportion of the Red
Delicious area is relatively young and planted out intensively.
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TREES PER HA < 200 200 - 399 400 -599 600 -799 800 - 1199 1200 - 1599    > 1600      Total

AGE OF TREES

       < 5
  5 -    9
10 - 14
15 - 24
     > 25

4,406
3,210
4,673
2,196
2,248

668
1,028
1,584
2,318
3,950

862
1,991
2,024
3,071
2,014

1,003
1,711
2,074
2,243

388

2,475
4,674
3,904
1,645

271

2,752
4,211
3,058

988
156

5,953
5,120
3,212
1,077

52

18,118
21,944
20,529
13,538
9,079

Total 16,733 9,548 9,963 7,419 12,967 11,165 15,413 83,209

6RXUFH���,67$7
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TREES PER HA < 200 200 - 399 400 -599 600 -799 800 - 1199 1200 - 1599     > 1600      Total

AGE OF TREES

       < 5
  5 -    9
10 - 14
15 - 24
     > 25

10
29

608
53

754

14
79

152
658

1,479

80
192
301
725
416

189
247
353
501

46

270
345
385
129

26

565
759
282

42
1

995
903
530

26
1

2,123
2,554
2,612
2,134
2,723

Total 1,455 2,382 1,714 1,335 1,155 1,649 2,455 12,146

6RXUFH���,67$7
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3.2.4 Orchard renovation

The provincial government in Trentino has for many years offered subsidies for orchard
modernisation and replanting.  Until 1992 these subsidies were only available to full time
farmers with only one farm.  This restricted eligibility to assistance as many farmers only
work part-time on their farms.  In 1993 the provincial government introduced a further
scheme whereby 70 percent of the cost of planting material for orchard renovation would
be reimbursed to growers, provided the replanting was part of a project put forward by
one of the local apple growers co-operatives (this also served to encourage membership
of the co-operatives).

With this additional incentive, the area of orchards replanted each year more than doubled
from 158 ha in 1992 to 434 ha in 1994 and 335 ha in 1995.  Golden Delicious appears
to remain the favoured variety; between 1990 and 1993 over 90 percent of the renovated
orchards were planted with this variety, with 55 percent grafted on dwarfing rootstocks.
 Growers like the reliability of the variety, high and regular yields, perceived good quality
when grown under Trento conditions, and known marketability.

3.2.5 Output

The total crop of apples in Italy has remained stable in recent years, in the seven years
from 1989 to 1995 the quantity marketed fluctuated between a low of 1.85 million tonnes
in 1989 to a high of 2.37 million tonnes in 1992.  Similarly, in Trentino over the same
period the crop varied between 302,010 tonnes in 1989 and 438,500 tonnes in 1994,
falling back to 340,000 tonnes in 1995.  Thus the Trentino crop generally provided
between 16 and 20 percent of the Italian total.

Table 3.6 : Apple output by variety (‘000 tonnes)

Italy Trentino

1994 1995 1994 1995

VARIETY :
Golden Delicious
Red Delicious
Morgenduft
Annurea
Gala
Granny Smith
Jonagold
Renette
Ozath Gold
Stayman
Jonathan
Gloster
Elstar
Others

1,022
315
219

1,115
70
79
63
51
44
34
18
36
24
63

902
328
197
87
80
79
53
37
38
33
21
20
15
55

520
40
13
0
0
3
6

44
0
0
0
3
0
9

250
37
8
0
0
2
3

30
0
0
0
2
0
8

Total 2,153 1,947 438 340

Source : COO, Ferrara
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What is evident from the above is the relatively low production in Italy of the varieties
with a high quality reputation in the export markets which both Italy and its main
competitors are targeting, and in particular the low levels of production of the newer
varieties that markets especially in northern Europe now increasingly appear to prefer.

3.2.6 Marketing

The small average size of apple enterprises in Trentino has made it imperative that
growers band together into co-operatives to organise their packing and marketing.  There
are 34 such specialist apple growers’ co-operatives in Trentino with a total membership
of 7,482 in 1996.  Only a tiny minority of growers remain outside the co-operatives,
according to APOT (Associazona di Produttori Ortifrutticoli Trentini), which is an
umbrella organisation for the co-operatives.

These co-operatives have played a major role in the adoption of integrated
production.  This was done primarily for marketing reasons, with the aim of
defending the reputation of Trentino apples for quality and stealing a march on the
competition, particularly in the important German and Swiss export markets.

The strategy seems to have worked.  In the five years prior to 1989, when the main
change to integrated production was made, the average prices of Trentino apples were
lower than those for Italy as a whole.  In the following five years the prices for Trentino
apples were higher than the Italian average.  The data in Table 3.7 shows how prices have
evolved.
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Table 3.7 : Average annual prices for apples, 1980-94

Italy Trentino

Quantity
sold

(‘000 t)
Value

(M² lira)

Average
price

(lira/kg)

Quantity
sold

(‘000 t)
Value

(M² lira)

Average
price

(lira/kg)

YEAR :
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994

19,086
17,217
25,073
19,822
19,900
19,860
20,102
22,336
23,295
21,066
20,822
18,302
23,349
21,428
22,270

568,763
624,977
764,727
921,723
895,500
974,133

1,059,375
1,172,640
1,090,206
1,160,737
1,226,416
1,317,744
1,284,195
1,094,971
1,409,691

29,800
36,300
30,500
46,500
45,000
49,050
52,700
52,500
46,800
55,100
58,900
72,000
55,000
51,100
63,300

2,152,200
1,600,200
3,195,000
2,201,970
2,230,000
2,527,000
2,939,400
3,106,600
3,309,801
2,996,999
3,092,000
3,035,000
3,822,000
3,458,000
4,385,000

68,709
76,558
69,226

102,112
91,604

105,452
126,544
129,905
115,039
184,276
230,524
319,871
141,816
195,129
296,478

31,925
47,843
21,667
46,373
41,078
41,730
43,051
41,816
34,757
61,487
74,555

105,394
37,105
56,428
67,612

AVERAGES :
1980-84
1985-89
1990-94

37,620
51,230
60,060

37,777
44,568
68,219

Source : ISTAT, Servzio Statistico Provincia di Trento

However, caution is needed before jumping to conclusions about these price data.  First
of all, between 1989 and 1994 the Trentino co-operatives changed their marketing
methods.  Whereas previously each co-operative had marketed independently, with its
own brand and sales arrangements, a decision was made to use only three brands under
APOT co-ordination: Melinda (17 co-operatives), Trentina (14 co-operatives) and
Produttori del Trentino (around 150 independent producers).  Packing and grading
standards were improved, promotional budgets were increased and marketing overall was
strengthened.

Within this context, the adoption of integrated production with strictly enforced rules
certainly provided a distinctive and valuable marketing weapon.  It enhanced the overall
reputation of Trentino apples, and allowed in particular a strong bid to be made for sales
to such outlets as Migros in Switzerland which tend to pay slightly above average prices.
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3.2.7 Integrated, organic and standard production areas

With apples, it is less difficult to provide data on the breakdown of production between
standard, integrated and organic methods than it is with most other crops, because fairly
clear definitions of what constitutes “integrated” production have been quite widely
adopted.  Nevertheless it should be noted that these definitions are put into practice
through a wide range of different schemes.  A survey of integrated pome fruit production
in Europe, carried out by IOBC/ISHS in 1994, identified a total of 31 different integrated
fruit production (IFP) protocols in use.  Recently the GEIE Eurofru, which links the main
European apple producer associations, has laid down guidelines for “integrated European
production of apples”, and these are compatible with the rules followed in Trentino.

u Integrated production : In Trentino, as Table 3.8 shows, a remarkable 94.7 percent
of the apple crop was produced under the protocols for integrated production in 1996.

  Table 3.8 : Integrated apple production in Trentino

1992 1994 1996

Total production area (ha)*
Integrated production area (ha)
% integrated
Total harvested production (t)*
Integrated production (t)
% integrated
t/ha

11,402
9,457
82.9

382,200
325,000

85.0
34.4

11,493
10,047

87.4
438,500
397,500

90.6
39.6

11,521
9,713
84.3

384,500
364,000

94.7
37.5

    Source : APOT, ISTAT *

More widely within Italy, as elsewhere, there has been a very variable approach
towards integrated production in general and with apples in particular.  Some regional
co-operatives have taken initiatives towards encouraging an integrated approach -
notably in Emilia-Romagno, Veneto, Piedmont, Tuscany, Lazio, Puglia, Sicily and
Sardinia.  More effective, however, seem to be the efforts of certain food processors
and retailers keen to promote a green image for their products.  This has seen such
developments as the labels “Oasi ecologilia” and “Prodotti con amore” belonging to
the COOP chain.

This variety of labels is reflected in a confused consumer perception of integrated
production.  For instance, in a survey by CIRM carried out in Italy in 1994 with a
sample of 897 respondents, 24 percent declared they did not know the term
“integrated production” while another 24 percent responded that integrated
production means “products analysed and controlled before sale”, 21 percent
“products grown without using chemical inputs” and only 15 percent “products with
the lowest possible use of chemical inputs”.



Chapter 3 / 61

Labels of this sort involve an organised approach with farmers agreeing to follow
certain production rules, which includes lists of permitted insecticides and other
PPPs.  One aim is to reduce or eliminate pesticide residues, to follow what is claimed
to be a more environmentally benign system, and to back this up with research and
controls.  Generally, the rules are flexible and adapted to different crops and
production conditions.

There are no reliable data on the extent of integrated production for Italy as a whole.
 As far as apples are concerned, we estimate the total at approximately 26,000 ha
(1,534 ha in Emilia-Romagna, 10,026 ha in Trentino, and 13,050 ha in Bolzano). 
These three are the only provinces with protocols which apple growers sign and are
backed by controls and inspection.  The protocols in the three provinces vary in their
detailed regulations and it is accepted that the Trentino one is the most strict.  Thus
overall, we estimate that about 37-38 percent of the apple area in Italy is managed on
an integrated system.

u The European scene :  The survey of integrated pome fruit production by
I0BC/ISHS in 1994 gave rather higher figures for Italy.  The survey found that
integrated and “similar quality assurance” schemes were followed by 56 percent of
growers in Italy, and by 42 percent overall in Europe.  Though the schemes followed
permitted significant deviations from the I0BC/ISHS Euro-guidelines for IFP, in
many instances the regional rules were stricter than the Euro-guidelines.

While the I0BC/ISHS survey covered all pome fruits, including pears as well as
apples, this is unlikely to be an explanation of the discrepancy between our data and
the survey findings.  The matter could only be resolved by a survey of actual farm
practices with a nationally-representative sample, and is beyond the scope of the
present study.

u Organic production :  The organic sector is very small.  In Trentino organic farming
started under the initiative of Associazone Terra Vivente di Cles which opened the
first organic food store in the province in 1986.

The main development of organic production within the province was of vegetables.
 In 1989 the Associazione Trentina per l'Agricoltura Biologica (ATA Bio) was
founded, and this now serves as the local representative of the national organic
farming body, the Associazione Italiana per l’Agricoltura Biologica (AIAB).

Legislation recognising organic agriculture and enforcing the EC rules was
introduced, under provincial law number 13 of 10 June 1991.  This set up a list of
certified organic and in transition farms.  The policy of the local authorities is to
encourage organic apple production provided it does not exceed one percent of the
total apple area.
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At the end of 1996, the ATA Bio had 130 “partners”, of whom 34 were apple
growers.  Table 3.9 shows, the area both converted and in conversion to organic rules
covering under 100 ha at the end of 1996, and this accounts for only about 0.8 percent
of the total apple area in the province.  In addition, there are three apple growers in
the province who are members of a biodynamic farming organisation.

Table 3.9: Area of organic apples in Trentino, in hectares

1992 1994 1996

Fully converted
In conversion

60
0

63
4

72.5
14

Source : Assessorato all’Agricoltura

In Italy as a whole, compared to integrated production, organic farming has a well-
understood and precise image. The EC regulations 2092/91 and 2078/92 certainly
played a positive role. Apart from the subsidies that were introduced, the
establishment of a clear and correct definition contributed to market transparency
with advantages to the consumer who can be confident about the authenticity of the
product and for the producer who can count on a market which has clear rules and
regulations. Thus, this type of agriculture has been expanding, albeit very slowly, ever
since the eighties.

In 1991, 209 organisations (growers associations, “co-ordinations”, co-operatives
etc.) were registered. Of these 106 were agricultural co-operatives.  Statistics from
the Ministry of Agricultural Resources, Environment and Forests show that at the end
of 1993 there were 3,015 organic farms with a total area of 62,960 ha. At the same
time a further 1,656 farms with an area of 28,679 ha were in the process of
conversion. Major parts of the organic and in-transition areas were being used to
grow forage crops (33.2 percent) and cereals (31.6 percent). Orchard areas fully
certified for organic production and in transition amounted to around 9.6 percent of
the total organic area.

The data from the regional agro-environmental programmes instituted under
regulation EC 2078/92 throws further light on organic production in Italy. Measures
A3 and A4 of the regulation provide for financial assistance for the introduction and
maintenance of organic agriculture. In 1994 and 1995, 75,000 ha of agricultural land
were covered by the A3 and A4 measures.  However in Italy organic apple production
remains very limited. The region where the organic apple sector seems to be most
developed is the province of Bolzano/Bozen, which its strong language, cultural and
commercial links with Austria and Germany. In that province in 1996 the apple
orchards totalled 17,300 ha of which 174 ha were fully certified for organic
production and a further 117 ha were in transition.  Thus in this province organic
apple production with substantial subsidies is heading towards the two percent of the
total.
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u Standard production :  In effect, the area of apple orchards managed under a
“standard” system can be deduced by subtracting the areas managed under
“integrated” (37.5 percent) and organic (under 1.0 percent) rules and protocols.  But
this is misleading, in one sense, since this residual area will involve small and
neglected orchards which may receive little or no PPPs, but whose owners are not
interested in signing up for either the integrated or organic regimes.  With this
proviso, approximately to 60 percent of the Italian apple area is managed on a
“standard” system.

3.3 Current practices and problems

3.3.1 Overview

In Trentino apple growers face a number of disease, pest and weed problems against
which PPPs were for some years prior to 1989 generally seen as the answer.

According to the Landell Mills 1996 study, the main target weeds in Trentino orchards
are Convolvulus spp., a number of other broad-leaved weeds, and grass weeds - in
particular Cynodon dactylon, a difficult perennial to control without herbicide.  The key
target fungal diseases were scab (Venturia inaequalis) and powdery mildew
(Podosphaera leucotricha).  Scab was regarded as by far the most important disease
faced by apple growers.

The survey found that farmers considered that the most serious parts were aphids (various
species), codling moth (Carpocapsca pomonella), various tortrix moths and mites
(Panonchus ulmi) etc.

3.3.2 The standard approach

This involves regular prophylactic use of fungicides, and heavy use also of both
insecticides and herbicides.  The insecticides tend to be broad spectrum (i.e. synthetic
pyrethroids) and have a destructive effect on natural predators that would otherwise
provide an effective control of red spider mite in particular.

3.3.3 The integrated approach

(i) BACKGROUND

Integrated production became organised in Trentino in 1989.  The lynch pin of the system
has been the establishment and general implementation of a strict protocol which sets out
the production rules, specifies permitted PPPs and is supported by a comprehensive
inspection and control system.  Initially there were three different protocols for “guided”,
“integrated” and “organic” production, but the first and the last of these fell by the
wayside and today the “integrated” protocol is the one being followed by most growers.

As regards the use of PPPs, initially about 70 percent of the chemicals on the national
approved list but were excluded, and the permitted list has since been tightened further
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to eliminate products considered less environmentally-friendly or more likely to leave
residues.  Other developments since the protocol was first devised have included
revisions to the approved use of fertilisers, and the inclusion of new apple varieties.  For
further details of the actual products used and application rates, see Landell Mills 1996.

What these data show is that, despite the adoption of an integrated system, farmers were
still using quite high levels of PPPs.  In the survey year (1994) which was admittedly one
when climatic conditions made disease control difficult, farmers in Trentino used 33.73
kg ai/ha, compared with 41.44 kg ai/ha in Provence/Languedoc /Rhône Alpes, and 27.35
kg ia/ha in Levida.  Since nearly all Trentino growers followed an “integrated” regime,
the average for all growers must be close to that for integrated.  These data show that, in
quantity term, Trentino growers were using 81 percent as much pesticide as the many
“standard” growers in the French regions.

Most significant was that the Trentino growers used far less herbicide and insecticide
than growers in the other two regions, but nearly as much fungicide as the French growers
and more than double the quantity used by the Spanish growers.  In a more favourable
season the Trentino growers use less fungicide. The first protocols were signed by apple
growers, the co-operatives and by public bodies operating locally in the farm sector such
as ESAT Trentino (Ente per lo Svilippo dell’Agricultura), Instituto Agraria di San
Michelle all’Adige, and the province’s agricultural authority.

(ii) PRESENT PROTOCOL

The present integrated production protocol has four parts.   The first one is concerned
with orchard establishment by providing guidelines on varieties, clones, greenhouse
materials, rootstocks, preparation and resting of soil, planting methods and orchard
density.  In the second part orchard operations such as pruning, soil management,
nutrition, fruit thinning for weed control, irrigation and harvesting are covered.  For this
section, the use of permitted chemicals, thinning and rules on fertiliser application and
irrigation are also given. The third part refers to plant protection. In this section criteria
for the selection and use of plant protection products from the list of permitted products
is provided. The last part specifies the farm records which must be kept.

The protocol is signed afresh each year by every participating apple grower, the
co-operatives and the public bodies involved in the management of the system.  In
signing the protocol the apple grower accept obligations to :

t inform the co-operative before April 15 if he does not intend to adhere to the rules;

t adhere to the rules set out in the protocol;

t collaborate during inspections made by co-operative and control personnel;

t make records of operations undertaken in the orchard which must be
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submitted to the co-operative before 10 November each season.

Each co-operative in turn is obliged to:

t provide the Commission before 31 May with the names and addresses of
producers who intend to adhere to the protocol;

t keep producers informed of the latest production techniques and advise them
on relevant problems;

t distribute and collect farm record books before the deadline;

t keep records of production items delivered by the farmer;

t keep separate the apples grown under the integrated protocols from the
remainder;

t stick to guidelines for apple storage, grading and packing;

t collaborate with the inspectors of the Control Commission;

t establish sanctions against producers who fail to follow the protocol rules.

The Association of Producers (APOT) is required to :

t continue to serve fruit growers who do not sign the protocol (i.e. those who follow
the standard system);

t impose sanctions against any co-operative which fails to implement the protocols
correctly;

t ensure that apple growers who break the rules either pay a penalty or are excluded
from participation in the integrated scheme;

t provide information internally and externally on results obtained.

The Control Commission is made up of technical advisors from the Provincial 
Agricultural Authority, the Instituto di San Michele all'Adige and APOT. This body is
responsible for :

t an annual survey of orchards and control of growers’ field records;

t sampling of fruits and analytical determination of residues in accordance with
sampling methods framed by the Department of Economics, University of Trento;

t post-harvest checks.
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The Management Commission is responsible for :

t approving the regulations which may be adjusted from year to year to accommodate
new technical knowledge or problems that may have arisen during the previous
season;

t approving the control programme and organising its implementation through third
parties.

Apart from its general responsibilities, the Provincial Agricultural Authority intervenes
to :

t organise follow-up checks on the reliability of the control system; and

t organise a publicity campaign for Trentino apples.

(iii) CONTROLS AND INSPECTIONS

The control organisation is very important which checks the final product after several
visits to each orchard.  Controls on apples are organised on two different levels.  Firstly,
it aims to check that the farming business complies with the protocol.  These checks are
conducted on behalf of the protocol commission by expert scientific consultants.  The
commission is responsible for the following :

t selecting the type of controls and the their implementation;

t selecting the PPPs to be monitored and organising a delivery of samples to the
laboratory;

t isolating samples on a strictly random basis and appointing an external body to
undertake the collection of samples;

t appointing the laboratories where the samples are  analysed

The main aim of the second level controls is to ensure that the first level ones are
conducted properly. This concerns both the collection of samples and the results of
chemical analysis. As far as sampling is concerned periodical checks are made to ensure
that the procedure adopted matched the original objectives.  Moreover, in order to ensure
the reliability of the chemical analysis, 5 percent of samples are collected twice.
Field controls during the growing season follow two approaches.  The first includes only
the checking of the growers’ own field records; the second is stricter, and may involve
taking samples of leaves and fruit to check that chemicals which are not on the permitted
list have not been used.  The selection of farms for inspection is done on a random basis.

(iv) TECHNICAL ISSUES AND PROBLEMS

In general, it is fair to say that the very healthy climate of the Trentino regions means that
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disease and pest problems are usually not particularly severe.  One exception was 1995
when heavy spring rains resulted in serious infections of Ventura inaequalis.  The same
year was also one when aphid attacks were extremely severe.  That fall in the number of
farmers (minus 1.5 percent) and the area of orchards (minus 3.0 percent) enrolled in the
protocol in 1996 was probably a consequence of these problems.

3.3.4 The organic approach

(i)  OVERVIEW

The number of organic apple growers in Trentino who follow the national and European
rules for organic farming, the latter set out in regulations 2092/91 and 2078/92 is too
small to allow any statistically reliable conclusions to be drawn but according to Dr
Giorgio de Ros, economist at the Instituto St Michele, the average yield is 30 to 50
percent less than that on integrated farms.  Data from a survey of 117  apple enterprises
in Emilia-Romagno, Veneto, Lombardy and Trentino in 1996 gave the following results:

Table 3.10 : Harvested yields

Standard Integrated Organic

Quintals/ha
Index

364.92
100

328.67
90

256.18
70

Source : Olivieri D & Tudini L, Un confronto fra tecniche a differente intensità di
impatto ambientale per le attività produttive melo e mais, 1996

To be confident of the results data would be needed from a larger sample and for several
crops, as in years when disease and pest conditions are severe the yield gaps between the
three systems may well be considerably wider.  It is also important to be sure that factors
such as the age of the orchards, tree population/ha and varieties grown are not distorting
the figures.

One further problem with organic production is that the apples are less suitable for
storage, due to codling moth infection and skin damage due primarily to scale.  Thus
organic apples need to be marketed promptly, and few are available after the end of
January.  If organic production were to increase substantially, either this problem would
need to be overcome or the pattern of marketing would need to be fairly drastically
revised.
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3.4 Production economics

The conventional system for apple production accounts for about 60% of the total in Italy,
but only 5-10% of production in the case study region of Trentino. In Trentino,
conventional production is very much a residual category. For Italy as a whole,
conventional apple production occupies around 41,000 hectares.

Information concerning costs and returns in integrated production is problematic due to
the difficulties of defining the system precisely. The definition applied here is based on
the application of EU regulation 2078/92. The total area under the integrated system is
estimated at 26,360 ha - around 40% of the total.

Organic apple production in Italy is very limited, and mainly confined to the province of
Bolzano/Bozen. However, even here of 17,300 ha of apple orchards only 174 ha were
fully certified for organic production and a further 117 ha under conversion.

Comparisons of production costs on farms of the different types in the Trentino region
is difficult since there is only one organic producer in the FADN sample. The figures
below are for this organic farm and for a sub-sample of integrated farms of similar size
and location.

Table 3.11 :  Production costs 1 of organic and integrated farms in Trentino (1995)
ORGANIC FARMS INTEGRATED FARMS

Minimum Maximum Average
 Fertilisers
 PPPs
 Fuel
 Others
 Insurance
 Overheads
 Amortisation
 Labour
 Rental

276
2,136
2,833

420
718

7,188
10,268
1,980

0

100
6,880
2,600

0
2,220
8,270

10,191
10,700

0

1,505
9,433
5,890
3,430
7,381

14,350
19,149
27,214
6,500

827
7,435
4,253
1,563
3,970

10,181
15,211
19,043
1,300

PER HA
 · Fertilisers
 · PPPs
 · Fuel
 · Others
 · Insurance
 · Overheads
 · Amortisation
 · Labour
 · Rental

74
571
757
112
192

1,922
2,745

529
0

25
1,994

694
0

621
2,092
2,912
3,101

0

358
2,358
1,402

817
1,757
4,100
5,216
6,480
1,857

215
2,188
1,084

387
1,008
2,640
3,898
4,836

371
Source:  FADN, Trentino

                                                
1 In ‘000 lira.
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Comparisons of integrated farms with this organic farm indicate for the 1995 year:

t lower use of motive power at 27.27 HP on the organic farm compared to integrated
farms with an average of 40 HP;

t less specialisation of cropping on the organic farm;

t less labour on the organic farm at 3.3 ha per labour unit, compared to 2.3 ha per
labour unit on the integrated farms;

t major differences in production costs in all categories, not just plant protection
products;

t labour costs on the organic farm at 529,000 Lit/ha compared to the average for the
integrated farms of 4,836,000Lit/ha (presumably because the organic farm is using
uncosted family labour).

Prices for apples produced under the integrated and conventional systems only differ to
a limited extent in Trentino, although farm gate prices for organic apples are apparently
double those for integrated production.

Given the difficulties of obtaining data for valid comparisons of the economics of the
three systems in Trentino, the table below shows results from a study of apple producing
farms in Emilia-Romagna, Veneto, Lombardia and Trentino (Olivieri and Tudini, 1996).
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Table 3.12 : Synthesis of the results of  apple culture (117 farms in Emilia-Romagna, Veneto,
Lombardy and Trentino)

Production system
Description M.U. ‘Standard’ ‘Reduced impact’ ‘Organic’

 NUMBER OF FARMS n° 10 93 14
 PRODUCTION FACTOR USAGE:
 · Labour h 577 561 478
 · Machinery h 166 122 120
 CHEMICAL FERTILISERS : ql 5.74 2.94
 · of which: nitrogen kg 64.23 34.35
 ORGANIC FERTILISERS : ql 6.36 57.13 291.79
 · of which: manure ql 4.92 56.88 261.63
 PLANT PROTECTION PRODUCTS : kg 186.86 134.67 128.29
 · of which: fungicides kg 78.90 47.28 126.072

                    insecticides kg 95.06 77.39 2.22
                    acaricides kg 9.42 5.58
                    herbicides kg 3.39 1.92
                    others kg 0.09 2.50
 POWER INPUTS :
 · GJ/ha utilisable land area GJ/ha 48.32 31.65 23.97
 · MJ/ql apples MJ/ql 120.08 96.30 93.57
 ECONOMIC RESULTS :
 PRODUCTION ql 364.92 328.67 256.18
 AVERAGE PRICE Lit 26,113 31,545 70,880
 CROP OUTPUT Lit/1000 9,526 10,368 8,158
 FERTILISER AND PPP COSTS Lit/1000 1,891 1,312 1,427
 · of which: organic Lit/1000 211 396 1,427
 GROSS MARGIN:
 · per ha Lit/1000 7,635 8,600 14,566
 · per ql apples Lit/1000 21 26 57

Source: Olivieri & Tudini, ibid

These data confirm the results of the Trentino study reported above as far as comparisons
of integrated and organic production are concerned. However, the table also allows
comparisons of these two systems with the conventional. The following conclusions can
be drawn.

t Highest yields per hectare are recorded for the conventional system at 36.5 tonnes.
Yields in the integrated system are only slightly lower at 32.9 tonnes, but
substantially lower in the organic system at 25.6 tonnes.

t Labour use is lowest on the organic system and highest in the conventional system

                                                
2 Of which : mineral kg 74.82; biofungicides kg 50.25
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with integrated in between.

t Machinery and energy use in the organic and integrated systems are comparable, but
higher in the conventional system (but it is higher in the organic system per kg of
apples).

t Obviously, chemical fertiliser use is zero in the organic system, while use in the
integrated system is at about half the rate in conventional production.

t Little organic fertiliser is used in the conventional system.

t Use of plant protection products is highest in the conventional system, at 187 kg.ha.
However, the integrated and organic systems appear to use similar quantities.

t Fertiliser and plant protection costs are highest in the conventional system and lowest
in the integrated system. Costs are slightly higher in the organic system than in the
integrated system.

t The lower yields of the organic system are more than offset by the premium price
apparently received. For this sample of farms, the organic price is more than double
that for integrated production and nearly treble that for conventional production.

t Overall, the organic system provides the highest gross margin, about double that for
either the integrated or conventional systems. The integrated system provides a gross
margin slightly higher than that for the conventional system.

3.5 Economic impact assessment

In this section, the economic consequences of a shift in the balance between the various
production systems for apples in Italy are explored. Alternative scenarios are considered
which differ in the extent of shifts in land use by the different systems.

As noted above, the integrated production accounts for more than 80% of the apple area
in Trentino. The first scenario considers the economic consequences of a similar
percentage applying across Italy as a result of a shift from conventional to integrated
production.

The next scenario considers a shift in favour of organic production from conventional
production. Organic apple production is currently limited in Italy, so the likelihood of
significant shifts is perhaps unlikely. Here a shift of 20 percent of the conventionally
farmed land to organic production is considered for illustrative purposes.

The effects on production, labour use, machinery use, chemical fertiliser use, and plant
protection products use are shown in the previous tables.  The calculations are based on
the estimates of input use under the various systems indicated in the table above.
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Table 3.13 : Shift of Italian apple production to 90% integrated (% changes)
Conventional Integrated Organic Total

 Production -84 129 0 -5
 Labour -84 129 0 -1
 Machinery -84 129 0 -15
 Chemical fertilisers -84 129                 0 -31
 PPPs -84 129 0 -16

Source : David Hallam

Table 3.14 : Shift of Italian apple production to 20% organic  (% changes)
Conventional Integrated Organic Total

 Production -32 0 4,367 -6
 Labour -32 0 4,367 -3
 Machinery -32 0 4,367 -6
 Chemical fertilisers -32 0        0 -24
 PPPs -32 0 4,367 -7

Source : David Hallam

In the case of the switch to integrated production total apple production falls by only 5%.
Assuming a price elasticity of demand for apples of around -0.5 this would lead to an
increase in average apple prices of up to 10 percent.  Labour use is little affected.
However, there are significant reductions in the use of machinery, chemical fertilisers and
plant protection products.

With a transfer of land from conventional production to organic under the second
scenario, total production falls by 6%. A similar average price increase as in the previous
case might be expected, but assuming that the price elasticity of demand for organic
apples is less than the average some reduction in the organic premium might also be
expected. There are small reductions in labour, machinery and plant protection product
use. The major impact is as expected on use of chemical fertilisers.

3.6 Environmental impact of PPPs

3.6.1 Overview

Since the introduction and general adoption of integrated production methods for apples
in Trentino there has been a significant reduction in the overall use of chemical PPPs,
coupled with a switch to less persistent products.  The results appear to be a satisfactory
situation both as regards pesticide residues on the fruit, and in terms of soil and water
pollution.
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3.6.2 Water pollution

The provincial environmental authority carried out research in 1991 and 1993 on the
quality of running surface water in Trentino.  The presence of pesticides, both those
permitted under the protocol and of certain persistent products forbidden by it, were
checked.  As Table 3.15 shows only copper was found, and the results comply with
Italian law (DPR 515/82) which sets limits to the permitted levels of pesticides in surface
water.

Table  3.15 : Active compounds (PPPs) found in streams in the apple growing areas of Trentino

Spring 1991 Autumn 1991 Spring 1993 Autumn 1993

NOCE STREAM :
All products

TERSENICA STREAM :
Copper

NOVELLA STREAM :
MBC
Primicarb
Triadimephon

RIVER ADIGE :
Chlorthalonil
Copper
Triflumuron

FOSSE MAESTRA :
Azinphos-methyl 1

Dimetoate
MBC
Copper

0

0

0
0.497
0.059

0.138
0
0

0.116
0.082

0
0

0

0

0.99
0
0

0
0
0

0
0

0.087
0

0

1.500

0
0
0

0
0

0.950

0
0
0
0

0

0

0
0
0

0
1.500

0

0
0
0

1.900

Source :Assessorato all’Ambiente

3.6.3 Residues in the fruit

As regards pesticide residues in fruit, the very strict rules and their stringent enforcement
appear to provide a reliable guarantee that no harmful residues are present in Trentino
fruit marketed under any of the three integrated labels.  Both growers and the co-
operatives are acutely aware that the carefully (and expensively) nurtured quality image
of Trentino apples would take a battering if significant residues were found, either by the
authorities or by a major food chain or processor during their routine checks.  This in turn
would threaten both the premium price and indeed the access to particular market outlets,
and would be a very serious blow to the apple sector in the province.

                                                
1 Not allowed under the protocol
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3.6.4 Other aspects

Regarding other aspects of the environmental impact of the move to integrated
production, there appears to be very little data.  For instance, in terms of biodiversity, no
major changes from the pre-1989 situation have been documented.  Nor is there any data
on pesticide poisoning of farmers and farm workers, or of spray drift on to nearby non-
target crops.  However we find no evidence of any complaints on this issue.

As regards energy use, the limited data available indicate that integrated farms use about
25 percent less energy than standard, and organise units use marginally less than
integrated.

While apples represent a significant use of farmland within Trentino, because of the
mountainous terrain, the orchard area is a small fraction of the total, and there are very
large areas within the province with no agricultural activity.  Clearly all forms of apple
production impact on what would be wild life habitats if there was no agricultural
activity.  In terms of the benefits of PPPs in context, the lower yields of a non-chemical
PPP-using organic system would require an increase of roughly 40 percent of the total
orchard area to provide the same quantity of fruit.  There simply is not enough suitable
land in the province to provide this without displacing vines and other cash crops, and
even then it would probably mean some use of  lower grade land.

3.7 Social impact of PPPs

3.7.1 Overview

Evidently the main problem of agriculture in Trentino is the very small size of holdings.
 As shown earlier, the average farm is less under 2 ha; because of the common, in general
informal, arrangements made locally the actual management unit is somewhat larger, but
nevertheless the average is certainly under 4 ha.

If farmers are going to make a living from such a small area, it means they must almost
certainly concentrate on an intensive, high value crop. The intensive crops that have
proved technically and economically viable under local climatic and edaphic conditions
are apples and vines for wine production.

The production of both is heavily dependent on the use of chemical PPPs; farmers have
switched from a standard to an integrated system for apples, because it works and permits
the product to maintain its market position.  Wine producers, with few exceptions, have
not made a similar change because no equally effective integrated system has been
developed and because the marketing desiderata are different.
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Any assessment of the social benefits of PPP use in this context needs to consider what
would happen if they were not available.  The available evidence, admittedly flawed,
indicates that apple yields would fall at least 40 percent.  At the present time the
minuscule production of organic apples is sold at a premium price which compensates
the growers for their lower yields.  If production switched heavily or entirely to
organic methods, the price premium would largely or entirely disappear, though the
overall price level would probably rise.  If in these circumstances Trentino apple
production became unprofitable, as seems probable, the main source of income for
nearly 10,000 families would disappear.

The negative social impact that this would have would be severe, for the apple industry
also provides many jobs off the farm; no detailed research has been carried out into the
secondary and tertiary income generation provided by the apple industry, but estimates
done by the Instituto San Michele suggest that at least a further 6,000 families depend on
the income from the apple sector.  This includes not only those employed by the co-
operatives and the various advisory and control organisations, but also the machinery
firms and other firms who supply the apple growers.  More widely, there are the makers
of packing material, those who transport and market the fruit, processors who use apples
and traders who depend on the spending of apple growers on personal goods and services.

If organic production of apples became adopted more widely throughout Europe, then it
is reasonable to suppose that there would be a new equilibrium between supply and
demand;  apple prices would inevitably be somewhat higher than at present, reducing
consumption.  In such circumstances, apple production would probably survive in
Trentino, but at a lower level of output and profitability.

For consumers, the prime impact would be the reduction in their ability to buy apples,
due to their high prices.  Clearly this would affect lower income families and those with
large families more than others.

3.8 Likely future developments

3.8.1 Likely technical developments

No very dramatic changes in the techniques of apple production in Trentino seem likely
over the next decade.  The integrated system is now well-established and in general
works sufficiently well to persuade the majority of growers to continue with it.  The
reduced use of chemical PPPs, combined with the switch to products with low
persistence, appears largely acceptable from an environmental point-of-view.  Residues
in both the fruit and in surface water do not appear to be a problem.

Further fine-tuning of the system will probably result in the introduction of even safer
PPPs; for example, the development of an effective (probably genetically engineered)
baculovirus against codling moth would be a very significant step forward.  But this
appears to be some way off.
The breeding of apple varieties with much enhanced disease and pest resistance is
possible, but to date the farmers in the region have been extremely reluctant to switch



Chapter 3 / 76

from the Golden Delicious variety that they know so well.  Even so, it is likely that in due
course better clones of Golden Delicious genetically-engineered to incorporate disease
and/or pest resistance will become available.  Simultaneously, new varieties well adapted
both to market demand and local growing conditions will replace the existing orchards.

Allied to this we can anticipate a continued replanting of the older orchards, with a trend
towards even higher tree populations and the use of precocious root stocks.  Over the next
decade this is likely to be the single most important technical development.

Improvements in organic apple growing methods can also be anticipated, including the
use of biological (but not genetically-engineered) pest control agents, and the selection
of varieties best suited to organic methods.  But it is hard to believe that the yield gap
between organic and non-organic methods will be much reduced.

One current approach to the problems of reducing pesticide use with apples is shown by
the EU-funded DEAC project (“Development of the European Apple Crop”).  This is a
collaborative research project covering seven countries (not including Italy) which is
designed to use a genetic-engineering approach to apple breeding.  The prime aims are
to develop new varieties with enhanced disease resistance, better tree habit and high fruit
quality; an additional arm is to incorporate tolerance of environmental stress (in particular
to reduce the need for irrigation) and to develop new varieties able to perform well in
colder more northerly environments than current commercial varieties.

In the northern, wetter EU member states fungal diseases (mildew and scab in particular)
are the biggest problems; in the warmer, southern countries insect pests are more serious.
 To control fungal diseases effectively with existing PPPs it is generally essential to use
timely preventative sprays; for economic reasons spray mixes are used which incorporate
insecticides and acaricides.  Thus to reduce PPP use two developments are needed.  One
is the availability of cost-effective curative products that can be used once the disease is
present; the other is to breed disease-resistant varieties.  Clearly this is a long term
solution only.

For insect control various new products with an improved environmental profile are
becoming available.  For example a new insect growth regulator, fenoxycarb (marketed
as Insegar by Novartis) is highly effective against tortrix moth and is also used against
codling moth and pear suckers.  It causes little or no damage to beneficials.
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3.8.2 Likely economic and social developments

The market for apples in Europe will remain highly competitive, and growers in Trentino
can expect to be challenged not only by growers elsewhere in Italy and in EU, but also
by growers in certain climatically-favoured central European countries such as Hungary,
Slovakia, Bulgaria and Romania.  The pressure of high quality supplies from southern
hemisphere producers will also tend to limit the scope for selling stored European apples
late in the season.

For Trentino, the question is whether the income from growing apples will allow farmers
to survive on their small enterprises.  There is some reason to be pessimistic about this
in the longer term. Competition will probably reduce the profit margins per hectare, and
the only way for growers to survive will be either to find part-time work elsewhere, or to
expand their enterprise by buying or renting other orchards.

In recent years, however, there has been no evidence of a trend towards the consolidation
of holdings - rather the contrary.  With persistent high levels of unemployment, the
ownership of a small farm is an insurance policy.  Even if the size of the apple enterprise
could be expanded, there is then the problem of doing all the work required (pruning,
spraying, harvesting, etc.) in good time.  The maximum area one grower can manage
single-handed is reckoned by experts at the Instituto San Michele to be about 3 ha.
Labour is generally too expensive and skilled help cannot generally be found just to help
out at peak periods.  The only recourse is to use family labour for such peak periods,
though mechanisation can help with some tasks.

The solution of increased part-time apple growing also has its drawbacks.  Again the
amount of labour required to achieve good results cannot be reduced by much; and a part-
time grower may lack the incentive and opportunity to develop the same skills as a full
time grower.  But the biggest problem of all is simply the lack of sufficient, suitable part-
time job opportunities. In practice, apple-growing may become increasingly a weekend
activity, with farmers obtaining their main income from jobs elsewhere.  In such
circumstances it is likely that husbandry standards would suffer.

Thus the longer term perspective does give some reason for concern.  In the meantime,
 apple production in Trentino remains generally quite profitable, with minimal subsidies,
and provides a major contribution to the economic and social standards of the province.
 In this the sensible use of PPPs plays an essential role.
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4. CASE STUDY B : POTATOES IN FLEVOLAND (NETHERLANDS)

4.1 Introduction

Potatoes are a major crop in the Netherlands, as shown in Table 4.1, they accounted for
9.1 percent of the total agricultural area in 1995, and no less than 19.5 percent of the
arable area.

Table 4.1 :  Area of main crops and average yields in the Netherlands, 1991-95
1991 1992 1993 1994 1995

‘000 ha t/ha ‘000 ha t/ha ‘000 ha t/ha ‘000 ha t/ha ‘000 ha t/ha
 Winter wheat 115 8.0 116 8.4 100 9.4 98.5 8.9 125 9.1
 Sugar beet 123 60.0 121 68.8 118 63.1 114 54.7 116 57.8
 Ware potatoes (clay) 61 47.1 64 49.1 61 51.5 59 45.8 61.7 44.7
 Ware potatoes (sand) 16 38.1 18 41.0 14.4 39.3 14.4 41.8 18.4 41.2
 Seed potatoes (clay) 33 36.3 35 34.0 33 37.2 32.3 35.7 32.4 36.2
 Seed potatoes (sand) 6 22.4 6.4 21.9 5.5 22.4 4.7 23.8 5.3 21.1
 Starch potatoes 63 42.2 65 42.6 62.8 44.4 60.1 44.3 61.3 47.3
 Onions 13 48.5 13.4 54.8 12.9 63.6 14.9 41.0 15.4 43.6
 Grass 1079 - 1,063 - 1082 - 1,050 - 1,048 -
 All crops 1 1,991 1,984 2016 1,971 1,965

Source : LEI-FADN, CBS Annual Count

Ware and seed potatoes are normally grown on a 1:3 or 1:4 rotation, whereas the starch
potatoes, mainly grown in the north of the Netherlands (in Veenkolonien), may be as
closely-spaced in the rotation as 1:2.

The data in Table 4.2 covers the main crops grown in Flevoland.

Table 4.2 : Area of main crops and average yields in the Flevoland, 1991-95
1991 1992 1993 1994 1995

‘000 ha t/ha ‘000 ha t/ha ‘000 ha t/ha ‘000 ha t/ha ‘000 ha t/ha
 Winter wheat 14.0 8.3 13.7 8.6 11.5 10.1 10.9 9.2 12.5 9.7
 Sugar beet 14.4 68.4 13.9 79.4 12.9 69.5 12.9 67.2 12.6 67.5
 Ware potatoes (clay) 12.5 53.0 12.6 57.8 11.9 63.4 11.6 54.6 11.9 51.1
 Seed potatoes (clay) 6.2 37.4 6.4 36.2 6.2 38.8 6.4 36.9 6.0 38.3
 Grass 0.5 - 0.7 - 0.7 - 0.8 - 0.7 -
 All crops 2 70.3 - 69.6 - 66.6 - 65.2 - 63.8 -
Source : LEI-FADN, CBS Annual Count

                                                
1 Total agricultural area

2 Total agricultural area
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Thus Flevoland accounts for 10 percent of the total potato area in the Netherlands, and
14.8 percent of the total ware potato area. Average ware yields are significantly higher
than elsewhere; in 1995 they were 16 percent higher than the national average, and 14.3
percent higher than for the clay area overall.

4.2 Structure of production

4.2.1 Number and size of enterprises

The official statistics indicate that there were 1,778 farms growing potatoes in Flevoland
in 1994, with a total potato area of 21,680 ha.  Thus the average potato enterprise was 12
ha (out of an average farm size of 60 ha).  Just over 30 percent of farms grew over 50 ha
of potatoes and accounted for 40.6 percent of the total potato area.  At the other extreme,
37.7 percent of farms grow less than 30 acres and accounted for only 22.6 percent of the
potato area.

4.2.2 Structure of integrated production

There is no generally agreed definition of integrated farming or crop production and
hence there are no comprehensive statistics for this category.  In practice one finds every
possible graduation between farms where the production methods are traditional, or
“standard” and the relatively small numbers which strictly follow the protocols and
recommendations of one or other of the organisations involved in the promotion of an
integrated system.

The current position, both in Flevoland and in the Netherlands as a whole, is that
increasing numbers of farmers, including potato growers are adopting some elements of
an integrated approach.  In this sense, the integrated farms of today are the standard farms
of tomorrow.  In the LEI-DLO Farm Accounting Data Network (FADN) no distinction
is made between standard and integrated farms, and the two categories are treated as one.

In recent years the Dutch government and agri-business financed several research and
demonstration projects.  To stimulate farming practices, the government decided to start
a demonstration project on integrated farming.  During the period 1990-93 the integrated
farming prototype system initially developed at Nagele was tested by a group of 38
experienced commercial arable farmers, the so called “innovation farms”.  This project
was intensively supported by the research and extension services.  As part of the project
LEI-DLO collected micro-economic data on these 38 participating farms.  This makes
it possible to distinguish them as a separate group.
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Since 1995 it has been possible to grow potatoes so as to obtain a special environmental
certificate, the so-called “agro-milieukeur” (AMK);  certification demands that growers
keep the use of fertilisers and pesticides below certain threshold levels.  In 1995, 100
farmers entered this scheme and grew potatoes to be marketed with the co-operation of
trade organisations and the Schuitema supermarket chain.  In the first year a total of 600
ha of potatoes obtained an AMK certificate.  A larger area was entered in the scheme, but
15 percent of the area put up for certification was rejected, for various different reasons.
 The AMK certified potato area increased to 940 ha in 1996, and is expected to increase
a further 15 percent in the current season.  Overall, the area of potatoes grown under a
strictly certified integrated system is estimated at no more than 1.0 percent, but elements
of an integrated approach are now very widely followed.

In addition to the AMK certification scheme, there is an experimental wider pesticide-
reduction programme funded by the water companies (“Reward for Results”) which
offers financial incentives of up to 150 guilders/ha to farmers who use less pesticide.  The
calculation of the incentive is based on “environmental impact points” which are given
for each pesticide depending on various measures of environmental impact (the
“environmental yardstick for pesticides”) developed by the Centre for Agriculture and
Environment at Utrecht.  The likely future effectiveness of this scheme is still unclear.

No data are currently available on the average size of enterprises growing potatoes under
an integrated system, but in the view of the LEI-DLO experts, there is no substantial
difference between integrated and standard farms in this respect.

4.2.3 Structure of organic production

The first point that should be made is that several Dutch studies on organic production
give somewhat different figures on yields, labour requirement, product prices and other
key aspects;  where these discrepancies are significant we have pointed them out.

Only about 0.6% of the present total agricultural area in the Netherlands is organic. In the
period between 1991 and 1995 the average growth in the organic area was about 10
percent, which is relatively low compared to other European countries.  In 1995 the
Netherlands counted 521 organic farms with a total of 12,800 ha agricultural land (CBS,
1996).  About 43 percent of the organic area consists of arable crops, while about 14
percent consists of horticultural crops (vegetables).  Flevoland is the province with
proportionally the largest organic area.

Table 4.3 :  Organic farming in Flevoland and the Netherlands, 1991
Biodynamic

farms
Biodynamic

(ha)
Ecological

farms
Ecological

(ha)
% UAA(Utilised

Agricultural Area)
    Flevoland 35 875 14 1,443 2.4%
    Netherlands 253 4,535 204 4,692 0.5%
Source: F. C. van der Linden
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Table 4.4 :  Growth of the organic ware potato area in the Netherlands
1991 1995

    ha. ware potatoes 474 595
    Number of farms 153 157
    ha. ware potatoes/farm 3.1 3.8
Source: F. C. van der Linden

It will be seen from the figures in Table 4.3 that in 1991 no less than 49 percent of the
organic area was farmed under the biodynamic system.  The position has not significantly
changed since then.  In Flevoland, the biodynamic area is proportionally rather less, at 38
percent in 1991.

The reason why the proportion of the farm area which is organic is relatively higher in
Flevoland, compared to the Netherlands as a whole, is that this area has been the focus
of efforts by the organic farming organisations (and the “ecological” organisations in
particular) to promote their ideas and approach.  This, in turn, was partly because it was
in this area that the impact of heavy fertiliser and pesticide use, on groundwater in
particular, first became a matter of serious controversy.

4.3.4 Overall breakdown

The overall breakdown of the potato production area in Flevoland and in the Netherlands
as a whole, can be summarised as follows :

Table 4.5 :
Flevoland % Netherlands %

   Integrated 15.0 12.5
   Organic 3.0 0.8
   Standard 82.0 84.7
   Total : 100.0 100.0
Source: Bas Janssens

However, because organic potato yields are on average about 30 percent below the
standard level, the organic share of the total potato production is under 0.6 percent. 
There is no production of starch potatoes under the organic rules.

4.4 Current practices and problems

4.4.1 Overview

By the standards generally found elsewhere in Europe, potatoes are grown very
intensively in the Netherlands.  The shortness of the typical rotation, with ware potatoes
grown every three or four years on the same land, increases the threat of serious pest and
disease problems.  In particular, nematodes and soil-borne fungal diseases are likely to
be more serious with a short rotation, though many other factors including soil type and
cultural methods also influence the situation.
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To counteract these and other disease, pest and weed problems the Dutch ware potato
crop is treated particularly heavily with pesticides, though the past few years have seen
strenuous efforts made (in particular through the Multi Year Crop Protection Plan) to
reduce pesticide use rates, and to switch to more environmentally benign products
wherever possible.

4.4.2 The standard approach

Detailed information on the methods used on farms following a standard ware potato
production system in Flevoland was provided in  the Landell Mills 1996 report.

In Flevoland potatoes were grown on a more intensive rotation than in the other regions
studied; 38 percent of the farms in the survey sample grew potatoes on the same land one
year in three, and a further 52 percent grew them one year in four.  Only seven percent
of the farm grew potatoes on a rotation less intensive than 1:4.

Fertiliser use, in particular of nitrogen, was heavier than in the other regions except north-
east France.  Despite the known risk of increasing crop susceptibility to blight
(Phytophora infestans), 21 percent of farms used over  250 kg/ha and 39 percent used
150-250 kg/ha.  Use of phosphorus and potassium was also high. 

Use of pesticides is detailed in the Landell Mills 1996 report.  In summary, 81 percent
of the seed was treated in storage and/or pre-planting. All the sample area (100 percent)
was treated with fungicides, nearly all (98 percent) with insecticides and dessicants, over
three-quarters of the area (78 percent) was treated with herbicides.

Table 4.6 : Average quantity of PPP active ingredients
     used on ware potatoes in Flevoland

kg/ha
Seed treatment 1 0.268
Fungicides 8.437
Herbicides 1.507
Insecticides 1.072
Dessicants 1.293
Total : 12.577

Source: Landell Mills 1996

The quantity used varied greatly from farm to farm, from 1.6 to 34.6 kg ai/ha, with 56
percent of farms using over 10 kg ai/ha.  The average use is shown in the table above.

                                                
1 includes storage treatments
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The most serious soil-borne disease was Rhizoctonia, reported to be a problem on 72
percent of farms.  But it was blight which most concerned farmers, and most farmers
sought to achieve 90 percent plus control, with a wide range of fungicides used and up
to eight applications of products such as maneb.  While maneb and mancozeb remain key
products for blight control, especially early in the season, systemic products (metalaxyl,
cymonxanil, oxadixyl) are used later in the season, and finally fentin acetate.  In
Flevoland, the highly effective new product fluazinam is increasingly being used (80
percent of the crop treated in 1995).

The other key problems for Flevoland potato growers are the potato aphid (Myzus
persicae) and the potato cyst nematode (Globodera spp).  While 94 percent of the potato
area is treated with an insecticide against aphids, only 15 percent of the area received a
nematicide.  There has been a dramatic decline in nematicide use in recent years, because
of the danger of water pollution and consequent restrictions.  But local experts suggest
that farmers are underestimating the nematode problem.

4.4.3 The integrated approach

As stated earlier, on the farms in the Netherlands which grow potatoes one finds every
graduation between standard and integrated systems.  Wijnands (1992) provides a list of
criteria for integrated systems under Dutch conditions.  An integrated system is based on
crop rotation, careful nutrient management  and environment-friendly crop protection
methods :

Table 4.7 :  Criteria for integrated crop production

Crop rotation :
· multi-functionate to support the crop protection and nutrient management

strategies;
Nutrient management :
·
·
·

·
·

P/K-input in balance with P/K-output, as related to the soil fertility status;
P/K input based on organic manure supplemented by mineral fertilisers;
organic manure use aimed at maximum crop uptake and minimum emission
losses by appropriate rates, timing and application technique;
optimum use of green manures as catch crops for N to prevent leaching losses;
moderate N fertilisation  to support crops resistance against diseases and pests
to produce high quality products and to reduce N losses after harvest.  N
fertilisation level adjusted from N from organic sources (manures, crop
residues)

Crop protection :
·

·
·
·

·

maximum prevention based on broad-resistant/tolerant cultivars supported by
seed-treatments;
use of monitoring and guidance system for pest, disease and weed control;
mechanical weed control, supplemented by band-spraying;
full-width chemical control of pests and diseases only as last resort based on
economic criteria;
progressive exclusion of persistent and mobile pesticides, starting from an -
updated black list for water collecting areas.
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Source : F.G. Wijnands, 1992.
It is interesting to note that the integrated approach detailed above makes no provision
for special conservation measures such as uncultivated field margins, multi-species
woodland areas or other use of land to encourage biodiversity.  These are promoted to a
very limited extent under various special agri-environment schemes.

The cropping strategy of ware potatoes in an integrated system (P.Verijken and C.D. van
Loon, 1991; van Bon et al., 1994) should be based on the following :

Table 4.8 : Criteria for integrated potato production

·
·
·
·
·
·
·
·

broadly resistant varieties;
moderate nitrogen fertilisation;
preservation of soil fertility by using organic manure;
minimum emissions of nitrates;
mechanical weed control;
no soil fumigation;
minimum use of fungicides and avoidance of persistent chemicals;
mechanical haulm destruction; no chemical halum destruction.

Source :P.Verijken and C.D. van Loon, 1991; van Bon et al., 1994

A grower participating in the AMK environmental certification scheme volunteers to
minimise pesticide and fertiliser inputs below a ceiling.  In 1995 AMK growers used on
average 3.1 kg active ingredients per hectare (AMK-maximum 8 kg/ha), 70 percent less
than growers following the standard system (11 kg active ingredients/ha).  For nitrogen
fertilisation the maximum permitted is 125 kg/ha)

Under the standard system, pesticide use has already fallen very sharply in Flevoland.
 Where farmers are following a strict integrated system, use is still lower, but the gap
between the average use and use on integrated farms is narrowing.

Table 4.9 : Pesticide active ingredient use (kg ai/ha) 
1990 1993 19951

    Standard :
    Integrated :

22.5
16.6

15.5
8.3

11.0
3.1

Source : J.G. Groenwold, 1996

Labour input with potato crops on integrated farms is about 1-2 hours/ha higher than on
standard farms; in addition, the farms spend more time on obtaining information and on
management.  The evidence from the innovation farms is that they were better equipped
for mechanical weed control (Janssens & Groenwold, 1997).

                                                
1 Source : AMK
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Farmers in Flevoland as a whole are becoming somewhat more relaxed about weeds.  The
Landell Mills 1996 study found that only 63.4 percent of farms sought to achieve 90
percent plus weed control, and a quarter of the farmers surveyed used at least some
mechanical weed control rather than herbicides.  This is an example of some elements
of an integrated approach becoming adopted by farmers following the standard system.

4.4.4 The organic approach

As explained earlier, the organic sector in the Netherlands is divided between two main
groups, the “biodynamic” and the “ecological”.  The national rules for these are
essentially the same as elsewhere in the EU.

Organic farmers growing potatoes generally grow the crop rather less intensively than
those following “standard” and “integrated” systems.  To start with, and most
importantly, in most cases potatoes are only grown one year in six at most, and generally
only one year in seven or eight, on any given field.  This is essential to keep the nematode
problem within bounds, since neither soil sterilisation nor chemical nematicides are
permitted.

The lack of genuinely nematode-resistant varieties of good quality is one of the most
serious problems which all potato growers, and organic growers in particular, face.  The
other main problem is potato blight.  Organic growers tend to prefer older varieties which
have greater blight tolerance than many popular modern cultivars.  Even so, blight poses
the main risk to this crop, and in a season when conditions favour the disease the only
practical answer is early harvesting, with an inevitable yield penalty.

One recent study (Bouwman and Geven, 1996) provides data on organic ware potato
production;  the organic farmers studied obtained yields on average 25 percent lower than
non-organic farms in the sample (but note that the LEI/FADN data found a bigger yield
gap, see Table 4.10).  Labour inputs were much higher on the organic farms (185
hours/ha compared with 30 hours/ha on the non-organic farms) for the potato crop.

The other major difficulty faced by organic potato growers relates to marketing. Demand
for organic products as a whole has stagnated in the Netherlands, and there appears to be
significant consumer resistance to paying a higher price for organic produce.  In the main,
with demand restricted to a small minority, organic products continue to be sold at special
organic shops rather than in the mainstream stores and supermarkets.

A consumer survey carried out for DG-XXIII (Landell Mills Commodities Studies, 1992)
found that Dutch consumers were among the least  concerned in Europe about pesticide
residues in fruit and vegetables, with the highest level of confidence in the enforcement
of regulations to ensure food was safe, and the least willing to pay a premium for organic
produce. These findings seem to have been vindicated in the period since.
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4.4.5 Subsidies

The official “Regulation for stimulation of organic production methods” was introduced
in 1992 with the aim of encouraging an increase in organic farming. Agricultural
enterprises that are using or switching to use organic production methods can under
certain conditions get financial support from the Ministry of Agriculture.  The farmer has
to be a member of SKAL, the organic farming certification organisation.

For arable crops the contributions are :

t 2,500 Dfl per five year per ha for the area that is transformed to organic production;

t 1,500 Dfl per five year per ha for the area already under organic production.

Recently the maximum grant of 100,000 Dfl per farm was abandoned.  This makes it
easier for larger farms to switch to organic.

For 1997 the government has budgeted 3.4 million Dfl, for 1998 there will be 6 million
Dfl available and in 2000 the total amount available will be 7.5 million Dfl.  Each farm
can apply as long as the conditions are met. Some banks provide special investment and
loan funds (“Groen fonds”) to finance environment-friendly investments in agricultural
enterprises.  Interest rates on these loans are lower than normal rates.  Due to the strict
conditions in practice mainly organic farms (SKAL-certified) make use of these funds.

4.5 Production economics

4.5.1 Yields and prices

(i) YIELDS

The table below shows that the average yields of ware potatoes over the five years
1991-95 fluctuated considerably under all three systems, mainly because of weather
conditions.

Table 4.10 : Average yields of ware potatoes in central clay regions (tonnes/ha)
1991 1992 1993 1994 1995 Average

 Standard 55.6 60.5 64.2 57.1 52.4 58.0
 Integrated 54.2 61.9 59.5 60.9 54.7 58.2
 Organic 33.5 37.9 36.1 31.0 31.6 34.4
 Organic  average 

for the
Netherla
nds

34.7 33.7 35.6 29.9 29.8 32.7

Source: LEI-FADN  annual reports
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Thus it can be seen that average yields over the period were virtually identical on
standard and integrated farms in the region.  Yields on standard farms were, on
average, 68.6 percent higher than on organic farms (i.e. the switch to an organic
system led to a 40.7 percent fall in average yields).

What needs to be emphasised is that yields vary not only from year to year but also
from farm to farm by large amounts.

(ii) PRICES

To compensate for lower yields, organic potato growers need to obtain much higher
prices than standard growers.  The available data show that they do in fact obtain a
large premium, whereas the recorded prices for standard and integrated potatoes show
little difference.

Table 4.11 : Average farmgate prices ware potatoes (D_/ton; 1990-95)
1990 1991 1992 1993 1994 1995

 Standard 239 200 116 180 384 222
 Integrated 234 204 115 189 - - 
 Organic - 362 292 337 604 452

Source: LEI-DLO-FADN annual reports

The data above indicate that the organic premium in the five years 1991-95 varied
from 57 to 151 percent above the price of standard potatoes, being least in the years
when standard prices were highest.  The actual premium has ranged from 157 to 230
Dfl/tonne.

4.5.2 Standard versus integrated costs and revenues

(i)   GROSS MARGINS FOR POTATOES

The following table compares the gross margins for potatoes from standard and
integrated production.  The data for the integrated system is based on the
“innovation” farms mentioned earlier in this report.  This means that data from farms
outside the central clay regions are used in the analysis (the best data available). 
However, it is unlikely that the results would be different to any large extent if the
analysis was restricted to Flevoland.
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Table 4.12 : Average gross margins for ware potatoes (clay) on integrated (in) and standard (stn)
arable farms

1990 1991 1992 1993
In Stn In Stn In Stn In Stn

 Yield per ha 51,300 45,200 46,800 47,960 52,700 49,300 52,800 51,640
 Price in Dfl per  
    100kg 23.35 23.85 20.35 20.01 11.52 11.62 18.87 17.98
 OUTPUT AND  COSTS
 in Dfl per 100 kg
 Output 11,980 10,780 9,530 9,600 6,070 5,730 9,970 9,280
 Seed potatoes 1,760 1,510 1,860 1,520 1,930 1,420 1,640 1,440
 Fertilisers 390 555 380 565 350 500 320 430
 Crop protection  
and weed control 515 780 540 945 595 970 580 920
 Others 15 30 20 20 20 30 40 60
 TOTAL VARIABLE 
   COSTS 2,680 2,875 2,800 3,050 2,895 2,920 2,580 2,850
 GROSS MARGIN  I 9,300 7,905 6,730 6,550 3,175 2,810 7,390 6,430
 CONTRACTORS 620 870 700 920 660 1,040 690 1,030
 GROSS MARGIN  II 8,680 7,035 6,030 5,630 2,515 1,770 6,700 5,400

Source: LEI-DLO-FADN annual reports

The three year average potato yield on the innovation farms is 2,750 kg/ha higher than
on standard farms in the same region.

This contrasts with the comparative yield figures shown in Table 4.10 where average
yields for the two systems were virtually identical. This suggests that the innovation
farms are better managed. Table 4.12 shows a large fluctuation in yields for both
innovation and standard farms over the period.  Average gross margins show similar
trends; the average three year gross margin on innovation farms was Dfl 500/ha higher
compared to traditional farms.  Ware potato prices decreased dramatically during the
project period.

The costs of planting material on innovation farms are on average higher than on
traditional farms.  This is to a large extent caused by variety choice.  Costs for fertiliser
and crop protection are on average lower on innovation farms.  Total variable costs on
innovation farms are about Dfl 150 lower in comparison with traditional farms.  Although
the innovation farms seem to produce at lower input costs, the higher yield accounts for
better results per hectare.  The innovation farms used newer varieties, yet there were no
significant differences in yield.  Minimising soil fumigation on innovation farms not only
has a positive effect on crop protection costs, but also decreases contractor costs.  Both
effects improve results.
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(ii) FARM PROFITABILITY COMPARISON

As explained in the introduction, it is not only important to compare the gross margin
for each specific crop but also in the case of annual crops grown on a rotation to
compare the economic performance of the complete rotations under each system. 
One complication is the inclusion of livestock, since in many cases integrated farms
have more livestock than standard farms.  This means the farm level results can be
influenced by changes in livestock product prices but the data below indicate that
livestock revenues represent only a small proportion of total revenues on average for
the sample of farms used in this comparison.

Table 4.13 : Average economic results of standard (Stn) and integrated (In) farming systems
(Dfl/ha)

1990 1991 1992 1993
In Stn In Stn In Stn In Stn

 OUTPUT/HA (Dfl)
 Cash crops 9,650 9,500 8,670 8,300 7,230 7,120 8,410 8,230

 Livestock 410 20 480 40 890 220 770 140
 Others 260 440 370 500 480 470 670 370
 Total output 10,320 9,960 9,520 8,840 8,600 7,810 9,850 8,740
 COSTS/HA (Dfl)
 Labour 2,120 2,120 2,150 2,060 2,300 2,230 2,450 2,290
 Contractors 600 630 800 650 640 680 730 780
 Machinery 1,530 1,750 1,740 1,770 1,780 1,940 2,010 1,840
 Land & buildings 2,370 1,840 2,390 1,980 2,410 2,080 2,370 2,010
 Cost of livestock 380 10 370 20 800 240 640 10
 Seed and plants 1,040 850 1,040 870 1,040 900 870 900
 Fertilisers 220 340 240 320 210 270 180 260
 Crop protection 410 690 380 670 410 690 410 670
 Other variable costs 180 130 210 130 270 230 270 260
 Others 740 790 800 820 820 830 880 790
 TOTAL COSTS 9,590 9,150 10,120 9,290 10,680 10,090 10,810 9,810
 NET RESULT 730 810 -600 -450 -2,080 -2,280 -960 -1,070
 LABOUR INCOME 2,490 2,430 1,220 1,210 -200 -470 970 700
 OUTPUT PER 100 Dfl 
    COSTS 108 109 94 95 81 77 92 89
 FARM AREA (HA) 45 41 45 46 45 45 44 44
 CROPPING PATTERN
 (in % tillable area)
 Grains 24 24 22 24 25 21 28 23
 Potatoes 32 30 29 30 28 31 28 32
 Sugar beet 24 24 24 24 22 24 21 22
 Others 20 22 25 22 25 24 23 23

Source: Wijnards et al., 1995
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The main conclusion of the experiment was that the change to integrated farming had
no negative effect on farm income.  The costs for fertilisers and crop protection
including weed control were higher for integrated farms which implies environmental
benefits.  So while the gross margin for potatoes appears to be slightly lower for
integrated enterprises compared to standard ones, this is balanced over the rotation
as a whole.

4.5.3 Standard versus organic costs and revenues

(i)  GROSS MARGINS FOR POTATOES

Possibly because organic farming represents such a small proportion of Dutch
farming, or because organic practitioners and proponents are generally not primarily
motivated by profit-and-loss considerations, there is disappointingly little published
data on the costs and revenues for organic production.  The two available sources are
the study (Bouwman and Geven, 1996) already cited, and data provided in the widely
used farm planning handbook (KWIN, 1994) which gives input-output information
for most arable crops grown on different soils in the Netherlands, including crops
grown by organic methods.

Table 4.14 : Gross margins and labour input for ware potatoes on organic farms
 Farming system Standard Organic
 Gross margin (Dfl/ha) : 5,500 11,000
 Labour (hours/ha) : 30 185

Source: Bouwman and Geven, 1996

It should be noted that other studies have found a similar difference in labour inputs.

De Kleijn et al., (1990) states that the labour input on organic farms is 25-50 percent
higher than for standard systems.  The average number of workers/ha on organic
farms is twice that on traditional farms (FADN).  Clearly, a substantial word of
caution is needed; if organic production was so much more profitable than standard,
it would be reasonable to expect a sharp increase in the organic area which in fact has
not materialised.  The problem for new entrants is the difficulty of marketing.  The
higher gross margins shown above reflect the higher prices obtained for organic
potatoes which in turn partly reflect a different marketing arrangement, including a
higher proportion of direct sales.
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A more realistic picture is provided by the farm planning handbook estimates shown
below :

Table 4.15 : Gross margin calculation for organic ware potatoes
Units Quantity

kg/ha
Price

Dfl/kg
Amount

Dfl/ha
 Main product 32,000 0.30 9,600
 By product 3,000 0.05 150
 RETURNS 9,750
 CALCULATED COSTS :
 Organic seed potatoes 2,800 1.10 3,080
 (Organic) Manure (tonnes) 25 18 450
 Vinasse (kg K20) 100 0.80 80
 Insurance 9,750 0.3 % 29
 Interest 1,820 7 % 127
 SKAL-control 1 37.21 37
 Contribution interest group 1 35 35
 TOTAL ESTIMATED COSTS : 3,839
 Gross margin (Dfl/ha) : 5,911
Source: KWIN (1994)

The above numbers point to a gross margin per hectare for organic potatoes much
closer to that for standard potatoes.  This would explain in part why organic potato
production is only increasing very slowly.

One key question in analysing the profitability of organic potato production is what
would happen to prices, and hence to gross margins, if production were to expand
from its present very small base.  Below, on the basis of KWIN data, we estimate the
gross margins at a organic premium of zero, 20% and 50% above the standard price
(using the price data for 1995).

Table 4.16 : Gross margin estimates for organic potato production
at varying levels of price premia

 ORGANIC POTATO PRICE
PREMIUM:

0 percent 20 percent 50 percent

 Farmgate price (Dfl/kg) 180 216 270
 Returns (Dfl/ha) 5,910 7,062 8,790
 Gross margin (Dfl/ha) 2,221 3,373 5,101

Thus if the organic premium falls to 50 percent, the gross margin is reduced to a little
below the levels shown for standard and integrated potatoes in Table 4.13.  However,
the available evidence suggests that if organic production were to increase even to 5
percent of the total, the premium would drop away sharply.
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(ii) FARM PROFITABILITY COMPARISON

No published data were found which compared the profitability at farm level of
commercial standard and organic farms growing ware potatoes.  The problem of
making such a comparison is that nearly all Dutch organic farms (except the most
intensive horticultural units) include livestock enterprises that generally use 30-50
percent of the farm area.  This means that the returns from livestock production
obscures the comparative performance of the arable side.

4.6 Economic impact assessment

4.6.1 Consequences of change

This section considers the economic consequences of a shift in the balance between the
various production systems for potatoes in the Netherlands.  Some broad estimates can
be made on the basis of the available information;  however, the limitations of the data
do not permit any more detailed analysis.

Shifts of land between conventional and integrated production have no significant effect
on total potato output and average prices since yields per hectare and farmgate prices
under the two systems are effectively the same.  However, what is different is the use of
fertilisers and plant protection products.  For each hectare switched to integrated from
conventional spending on fertilisers is likely to fall by 25 to 30 percent and spending on
plant protection products by 35 to 40 percent.

Shifts of land into organic systems would have rather more significant  effects on output
and prices.  Currently organic potato production in the Netherlands is apparently confined
to some 600 hectares, so even small absolute shifts of conventionally farmed land to
organic potato production would represent very large proportionate shifts.  Unfortunately
the data available do not permit a detailed analysis of the consequences.  Here a shift of
20 percent of the conventionally and integrated farmed land to organic production is
considered for illustrative purposes.  The likelihood of such a significant shift actually
taking place is perhaps unlikely.

Such a shift would mean that production from the organic system would increase by a
factor of twenty (nearly 2000 percent).  Output from the conventional and integrated
systems would fall by 19 percent.  Total output of potatoes from all systems would fall
by about 8 percent. Assuming a price elasticity of demand for potatoes of around  -0.3,
this reduction might be expected to lead to an average price increase of up to perhaps 20
to 25 percent.  However, such an increase in organic production would be unlikely to
allow the maintenance of a premium price, and there would be some doubt as to whether
in these circumstances such an increase would be economically sustainable.
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4.6.2 Economic benefits of PPPs

The data in this case study suggests that there are no clear economic benefits from the use
of PPPs above the levels required for integrated production.  Both the gross margins for
potato production and overall farm profitability appear to be similar for both standard and
integrated production systems.

Certain caveats are nevertheless required.  The technical and economic performance of
different farms growing potatoes varies very widely, and it may be that the farmers who
have pioneered the integrated approach are more skilful than the average, and that if all
farmers changed to a strict integrated approach there would be some economic cost.

While it is clear that an integrated system does make greater demands on farmers’
management, and there is a perception among farmers also that there is an increased risk
associated with a switch to an integrated system, because misjudgements about the need
for disease control measures (and for blight control spraying in particular) are easy to
make, many farmers feel that a preventative approach, though often unnecessary and
wasteful of chemicals, is more foolproof.

Where the economic benefits of PPPs show up most clearly is on the comparison between
standard/integrated systems on the one hand, and organic on the other.  Use of PPPs (and
fertilisers) result in potato yields on average 69 percent higher than on organic farms.

If organic production were to increase even to 20 percent of the total, potato prices
overall would need to rise by 20 to 25 percent.  A complete switch to organic potato
production would need a doubling in farmgate prices, assuming that farm gross margins
are to remain at approximately their present level.

The benefits of farmer expenditure on PPPs for potatoes and on fertilisers cannot easily
be disentangled as their use is complementary and both are needed to achieve
economically-optimum yields.  The value of the extra crop in 1991 over what would have
been harvested if organic methods had been used was approximately 480 million Dfl
(80,000 ha of ware potatoes x 27 tonnes/ha extra output = 2,160,000 tonnes, x 222
Dfl/tonne = 479.5 million Dfl).  If only half this gain is attributed to the use of PPPs, the
economic benefits are still enormous.

The loss of output from a change to zero PPP use would be greater than indicated in the
last paragraph.  There is no scope for increasing the area of potato production in the
Netherlands, and under an organic system the frequency of potatoes in the rotation would
need to fall from 1:4 to 1:6.  This could mean the loss of approximately a further 1
million tonnes annually, giving a total reduction of around 3 million tonnes in the total
crop.
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There would be many wider consequences.  The processing industry would be starved of
raw material.  While the farms would need to increase their labour force, off-farm
employment related to potatoes (grading/packing, transport, processing, trade) would be
drastically reduced.  The Netherlands is a leading exporter of potatoes and this trade
would be seriously curtailed if not lost altogether.

An analysis at EU-level is beyond the scope of this study, but clearly a general adoption
of zero PPP use within an organic system would have enormous consequences, though
in other countries there would probably be more scope to increase the area of potatoes at
the expense of other crops to compensate for drastically reduced yields.

4.7 Environmental impact assessment

The 1996 study carried out by Landell Mills found that in Flevoland on average potato
growers using pesticides applied 12.6 kg active ingredients/ha in 1994. This was more
than in the German region (Lüneberg) studied, but less than in the British (East Anglia)
or French (north-east France) regions, and represented a 43.6 percent decline between
1990 and 1994.  In particular nematicide use has dropped sharply.

Many elements of an integrated approach have been steadily incorporated in the standard
system, but it is questionable whether there is much scope for significant further
reduction in pesticide use at present.  In particular the Landell Mills 1996 report
highlighted the technical problems of moving away from a prophylactic/preventative
strategy to a therapeutic/curative one; at least with the chemicals currently available
against blight.  The use of the systemic products, particularly curative, on their own is
considered likely to lead to resistance.

Considerable efforts have been made to develop a spray decision support system, based
on more accurate weather forecasting services; but only a minority of growers (27 percent
in 1995) are ready to use these to avoid or delay prophylactic treatments.  The majority
(83 percent) make their spray decisions on the basis of the plant growth stage, while 70
percent also take weather conditions into account.  Further efforts to change attitudes
to encourage a less risk-averse approach could result in fewer fungicide
applications.

Similarly, nematode treatments should be based on diagnostic soil sampling.  This is
increasingly being used on farms which in part explains the decline in nematicide use.

In the longer run the introduction of blight and nematode resistant or tolerant varieties
offers the best prospects of pesticide use reduction, but as section 2.3 makes clear, real
progress in this direction at commercial level still seems quite some way off.
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The question, therefore, is whether present reduced levels of pesticide use are
accompanied by significant environmental negatives.  The most recent evidence does
suggest a decline in water pollution with PPPs associated with potato growing.  Recently
introduced products such as fluazinam have a markedly better environmental profile than
older products.

As far as pesticide residues in potatoes are concerned, the current standards are
extremely stringent and in 1995 very few cases were found in which the strict  legal limits
(which provide a large safety margin) were exceeded.

As regards biodiversity, similar arguments apply in this case study as in the others. 
Clearly within the actual crop area, the use of pesticides affects biodiversity in that fungal
and bacterial disease organisms, insect pests and nematodes, and weeds are eliminated
or at least generally reduced.  But the increased targeted use of modern narrow-spectrum
products (where available and appropriate), at lower overall application rates, should
greatly reduce the damage done to non-target organisms.

While the negatives are declining, the environmental positives from pesticide use are
becoming clearer.  To produce the same quantity of potatoes as are currently grown
without pesticides would require at least 60 percent and probably closer to 90
percent more land (because of lower yields and longer rotations).  Unfortunately,
they are not making any more of it - even in the Netherlands.

Without PPPs it is hard to believe that any land could be spared for nature reserves or
recreation, while both housing and industry would need to be far more densely packed.
 Every square metre would be needed for food production, particularly in a country like
the Netherlands where land is already used intensively.

4.8 Social impact assessment

4.8.1 Overview

In the context of Flevoland and Dutch potato production, the social impact of PPPs can
be considered under three main headings :

t rural employment and wages;

t food prices and quality;

t housing and recreational facilities.

It is difficult to put precise numerical values on the costs and benefits in these areas, but
the following is an initial attempt at an assessment.
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4.8.2 Rural employment and wages

For the sake of simplicity it will be assumed that a switch from standard to integrated
production has little impact on employment and wages.  The evidence (Janssens, 1997)
is that an integrated system of potato production only requires 1-2 hours/ha more labour
annually than standard, a negligible figure. 

Under an organic system the labour requirement appears to be much higher at 185
hours/ha compared to 60 hours/ha on non-organic farms. But this labour requirement is
highly seasonal, and mainly for the unattractive work of hoeing weeds, mechanically or
by hand.  Overall, a switch to an organic system at farm level, taking all crop and
livestock enterprises into account, appears approximately to double the labour
requirement compared with a non-organic farm.

At first sight this might appear to be a substantial benefit, in that it would increase farm
employment.  However against this must be put three substantial negatives.  Firstly, a
switch to organic from standard or integrated would reduce off-farm employment.  The
reduction in the ware potato crop by an estimated 60 percent would destroy the jobs of
people currently employed in grading/packing, in storage, transport, processing, potato
wholesaling and export.

An extremely conservative estimate is that at least two people are employed in the post-
harvest utilisation and distribution of ware potatoes for every one who works at farm
level on potato growing, so a switch to organic would have serious negative employment
consequences.  Furthermore, the off-farm jobs are better paid and, on the whole, preferred
by the workers concerned.  Indeed, the labour problem is one factor which has severely
constrained an expansion of organic potato production despite its apparent attractive
profitability at present levels of market penetration.

4.8.3 Food prices, reliability and quality

If the present gross margins for potato production using standard or integrated systems
are to be maintained after a switch to organic, the farm-gate price of potatoes needs to be
approximately double the level of the standard or integrated product.  Given a free choice,
only a tiny minority of consumers (probably less than two percent) are prepared to pay
this sort of premium.  This illustrates the benefits of PPPs, as components of both
standard and integrated systems; quite starkly, the systems using PPPs as an essential and
central element provide potatoes at half the farm gate cost of organic.

Since a complete switch to organic seems inconceivable, we estimated earlier (Table
4.16) the likely impact on potato prices of a switch to 20 percent organic.  Under this
scenario, the average price of standard/integrated potatoes would rise by about 25
percent; the organic potatoes would continue to cost approximately twice the present
year-on-year average.
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The other vital benefit provided by PPP is security of supplies.  The Irish famine of
1846-48 was caused by potato blight and the lack of any means of controlling it.  Large
crop losses from disease were a regular feature of potato production right through until
the 1950s.  People in the Netherlands are no longer as dependent on potatoes as a major
component of their diet as they were 100 years ago, but even now a destruction of the
crop would have serious consequences, especially for poorer sections of the community.
 Organic production is always at risk, and the present situation of early harvesting in the
face of a serious blight attack not only reduces the harvest but also yields immature
potatoes that will store poorly.  In effect, organic production is an indulgence that is
acceptable, knowing that the main supply of potatoes is safeguarded by a system
dependent upon PPPs.

Finally, the question of potato quality.  Presumably the people who pay very high prices
for organic potatoes believe they are buying a superior quality product as well as
supporting a system of farming they believe to be environmentally benign.  But in many
respects potato quality is determined by the variety grown, by the soil nutrient status, by
freedom from bacterial, fungal, insect and nematode damage, and by harvesting and
storage methods and conditions  The choice of varieties is restricted for organic growers,
since they need to give priority to disease and pest resistance.

Lower available nitrogen will reduce susceptibility to blight but organic farmers tend to
ensure that potatoes are grown at the point in the rotation where fertility is highest, and
blight is certainly a very serious problem for organic producers.  Nevertheless, lower
nitrogen fertiliser use can result in a potato with higher dry matter content which is
important for some uses.

The crucial aspect for which organic potatoes are claimed to be superior is their freedom
from any pesticide residues.  Assuming that any residues in potatoes from
standard/integrated systems are below the legal limits, the question of whether complete
absence of residues is a benefit is a matter of faith rather than fact.  The research evidence
(Landell Mills Commodities Studies, 1992) is that the great majority of Dutch consumers
have confidence in the official standards on residues and on their enforcement.  They are
not prepared to pay extra for what they consider is a non-existent benefit.

4.9 Likely future developments

Four main areas of technical development can be identified which are likely to contribute
to improve integrated production of potatoes in future, with the potential for further
substantial reduction in PPP use.  These are the development and introduction of better
varieties, better PPPs, better diagnostic and forecasting methods, and better PPP
application technology.  The potential in these technical areas has already been discussed
in section 2.7.  Below we briefly give some illustrative examples of projects which may
provide significant advances.
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On the potato breeding front, the problem is to develop pest, disease and (more
controversially) herbicide resistance in new varieties which at least match existing
varieties in terms of yield potential and quality.  Quality is particularly important given
the increasing segmentation of the potato market between varieties with very specific dry
matter and other characteristics to meet particular end user requirements.

Particularly promising at the present time is the breeding of varieties with high levels of
resistance to X, Y and leaf roll virus.  Work at present is focused on the Russet Burbank
variety widely grown in North America, but the same approach could be used on
European varieties. Genetic insect resistance, for instance by incorporation of the Bt gene,
is found in Monsanto’s “New Leaf” genetically-engineered varieties.  Early in the next
century it is realistic to expect the availability of varieties with effective blight resistance.

As regards nematode resistance (in particular to Globodera pallida), existing varieties
 exhibit a variable degree of resistance, but none are completely secure.  Sources of
greater genetic resistance have now been identified in various non-European varieties and
wild species, but the incorporation of the resistant genes in new commercial varieties,
their testing and approval, could take 10-12 years.

For blight forecasting, an electronic unit has recently been developed which monitors
temperature and humidity, and identifies automatically the so-called “Smith periods”
when blight risk is greatest.  Experience in 1996 and 1997 with these units has shown that
spray treatments can be tailored far more precisely to the needs of the crop, with the
potential for both better disease control and reduced PPP applications in seasons of low
disease pressure.

The other important development that seems certain to have a significant impact in
future is the demands of the supermarkets for fresh produce, including potatoes,
grown under protocols that involve reduced pesticide use and use of a limited range
of products rated as being particularly benign.  The leading Dutch supermarket group,
Albert Heijn, has stated its determination to source all its fresh produce as soon as
feasible from suppliers following such protocols and this would leave other large retailers
with little option but to follow suit.
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5. CASE STUDY C : WHEAT IN SCHLESWIG-HOLSTEIN
(GERMANY)

5.1 Introduction

The environmental problems of chemical input use in agriculture have been a matter of
public discourse throughout Germany for over two decades. Beside fertiliser use,
chemical PPPs have been a key issue in this discussion. The main purpose of this case
study is to estimate the benefits of PPP use in wheat production at farm enterprise level
in Schleswig-Holstein (Germany).  The economic effects of a reduction or a total
withdrawal of PPP use are analysed at both crop (wheat) and at farm level. For this
purpose the economic performance of “integrated” and “organic” systems are compared
to the “standard” system. The data presented have been, as far as possible, collected from
actual farm production.

5.2 Structure of production

5.2.1 Wheat production in Germany and Schleswig-Holstein

Wheat is the most important cereal in northern Europe in terms of area share and
production respectively. Within Germany, Schleswig-Holstein is a typical region.
Furthermore wheat production is on average more intensively grown than other cereals
particularly as far the use of mineral fertilisers and PPPs is concerned. Consequently any
future EU environmental policies which impact on PPP use are likely to effect wheat
production in particular.

The figures in Tables 5.1 and 5.2 indicate the outstanding role of wheat in Germany as
well as in Schleswig-Holstein. In terms of harvested arable farmland, wheat is cultivated
on about 23 percent of this area in Germany and on about 30 percent in Schleswig-
Holstein respectively. In terms of total cereal production (tonnes) wheat holds a
44 percent share at national level (Table 5.3) and no less than 61 percent in Schleswig-
Holstein (Table 5.4).

So wheat is not only the most important cereal but also the most important arable crop
in both the region and the country. The figures for the period from 1991 to 1995
(Tables 5.1 and 5.2) make it clear that the CAP reform of 1992 has not resulted in any
very marked changes in land use. The overall product price reductions for arable crops
did not alter price relationships to a sufficient extent for farmers to change their
established cropping patterns. The same lack of change is also evident in the intensity of
variable input use (Zimmerman & Zeddies 1995 and 1996, Stoyke & Waibel 1997a &
1997b).
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Table 5.1a : Annual arable area harvested by crop in Germany, 1991-95 (1,000 ha)

1991 1992 1993 1994 1995
 TOTAL ARABLE AREA 11,559.2 11,467.5 11,676.0 11,805.3 11,834.5
 TOTAL SET-ASIDE 79.9 494.3 1,461.4 1,612.3 1,480.1
 MAIN CEREALS 6,559.7 6,514.5 6,223.6 6,235.4 6,526.7
 · Winter wheat 2,372.8 2,521.6 2,323.7 2,351.9 2,530.1
 · Spring wheat 80.4 76.8 71.0 83.0 48.7
 · Rye 710.6 614.6 661.8 722.5 861.4
 · Winter barley 1,519.2 1,498.9 1,463.2 1,290.8 1,446.6
 · Oats 376.6 357.5 358.6 391.9 309.2
 · Sugar beet 554.1 533.6 521.7 500.0 512.9
 · Oil seed rape 949.6 1,001.4 1,006.7 1,057.6 973.9
 MAIZE (fodder) 1,308.5 1,242.8 1,264.4 1,205.0 1,251.8
Source: Statistisches Jahrbuch

Table 5.1b :  % arable farmland excluding set-aside 1

1991 1992 1993 1994 1995
 MAIN CEREALS 57.1 59.4 60.9 61.2 63.0
 · Winter wheat 20.7 23.0 22.7 23.1 24.4
 · Spring wheat 0.7 0.7 0,7 0,8 0,5
 · Rye 6.2 5.6 6.5 7.1 8.3
 · Winter barley 13.2 13.7 14.3 12.7 14.0
 · Oats 3.3 3.3 3.5 3.8 3.0
 SUGAR BEET 4.8 4.7 5.1 4.9 5,0
 OIL SEED RAPE 8.3  9.1 9.9 10.4 9.4
 MAIZE (fodder) 11.4 11.3 12.4 11.8 12.1
Source: Statistisches Jahrbuch

Table 5.2a : Annual arable area harvested by crop in Schleswig-Holstein, 1991-95 (1,000 ha)

1991 1992 1993 1994 1995
 TOTAL ARABLE AREA 579.1 577.7 581.7 579.1 582.3
 TOTAL SET-ASIDE 5.1 7.5 89.1 86.0 82.4
 MAIN CEREALS 302.6 311.0 266.4 276.3 278.6
 · Winter wheat 163.3 173.7 144.9 154.9 154.0
 · Spring wheat 2.1 1.5 1.7 2.3 1.8
 · Rye 41.2 35.9 29.9 32.6 35.1
 · Winter barley 68.9 73.7 66.5 56.7 65.5
 · Oats 12.7 13.0 13.1 16.9 9.6
 SUGAR BEET 16.7 16.0 15.4 15.0 15.3
 OIL SEED RAPE 125.9 105.2 92.3 79.7 85.4
 MAIZE (fodder) 51.8 52.8 60.1 64.6 68.0
Source: Statistisches Jahrbuch

                                                
1 Main crops as arable farmland without set-aside = harvested arable farmland
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Table 5.2b : % arable farmland excluding set-aside 1

1991 1992 1993 1994 1995
 MAIN CEREALS 52.7 54.5 54.1 56.0 55.7
 · Winter wheat 28.4 30.5 29.4 31.4 30.8
 · Spring wheat 0.4 0.3 0.3 0.5 0.4
 · Rye 7.2 6.3 6.1 6.6 7.0
 · Winter barley 12.0 12.9 13.5 11.5 13.1
 · Oats 2.2 2.3 2.7 3.4 1.9
 SUGAR BEET 2.9 2.8 3.1 3.0 3.1
 OIL SEED RAPE 21.9 18.4 18.7 16.2 17.1
 MAIZE (fodder) 9.0 9.3 12.2 13.1 13.6
Source: Statistisches Jahrbuch

Table 5.3a : Annual cereal production by crop in Germany, 1991-95 (1,000 ha)

1991 1992 1993 1994 1995
 TOTAL CEREAL PRODUCTION 39,266.6 34,758.5 35,547.4 36,328.7 39,863.9
 · Winter wheat 16,182.7 15,196.0 15,392.9 16,039.7 17,513.0
 · Spring wheat 427.7 345.7 373.7 440.8 250.3
 · Rye 3,324.1 2,422.5 2,983.6 3,450.6 4,521.3
 · Winter barley 9,369.9 8,585.5 7,499.6 7,534.8 9,041.8
 · Oats 1,866.7 1,314.1 1,730.6 1,663.0 1,420.4
Source: Statistisches Jahrbuch

Table 5.3b : % of total cereal production

1991 1992 1993 1994 1995
 TOTAL CEREAL PRODUCTION 100.0 100.0 100.0 100.0 100.0
 · Winter wheat 41.2 43.7 43.3 44.2 43.9
 · Spring wheat 1.1 1.0 1.1 9.5 0.6
 · Rye 8.5 7.0 8.4 20.7 11.3
 · Winter barley 23.9 24.7 21.1 4.6 22.7
 · Oats 4.8 3.8 4.9 4.6 3.6
Source: Statistisches Jahrbuch

Table 5.4a : Annual cereal production by crop in Schleswig-Holstein, 1991-95 (1,000 ha)

1991 1992 1993 1994 1995
 TOTAL CEREAL PRODUCTION 2,258.5 2,094.7 1,897.0 1,930.8 2,153.5
 · Winter wheat 1,325.3 1,306.3 1,168.6 1,210.3 1,322.4
 · Spring wheat 11.9 6.4 10.1 13.0 11.1
 · Rye 250.2 168.9 164.8 188.0 207.6
 · Winter barley 515.9 5364 438.9 377.9 494.0
 · Oats 80.7 41.5 68.1 76.4 50.6
Source: Statistisches Jahrbuch

                                                
1 Main crops as arable farmland without set-aside = harvested arable farmland



Chapter 5 / 102

Table 5.4b : % of total cereal production

1991 1992 1993 1994 1995
 TOTAL CEREAL PRODUCTION 100.0 100.0 100.0 100.0 100.0
 · Winter wheat 58.7 62.4 61.6 62.7 61.4
 · Spring wheat 0.5 0.3 0.5 0.7 0.5
 · Rye 11.1 8.1 8.7 9.7 9.6
 · Winter barley 22.8 25.6 23.1 19.6 22.9
 · Oats 3.6 2.0 3.6 4.0 2.3
Source: Statistisches Jahrbuch 

5.2.2 Soil and climatic conditions

As the data in the previous section show, the proportion of farmland cropped with wheat
in Schleswig-Holstein is above the national level. Arable farming in the region is mainly
based on wheat (28 - 32 percent of the cropped arable area) and oilseed rape (16 - 22
percent) production. The reason for this is the combination of soil and climate conditions,
which are generally excellent for wheat production.

The best quality soils are the marsh soil strip along the North Sea,  i.e. on the west coast,
and in the eastern part of Schleswig-Holstein, where clay soils dominate. In the middle
part of the region sandy soils (geest) are common and on these arable farming conditions
are somewhat less favourable.

The climate has a maritime character with mild winters, cool summers and well
distributed rainfalls of about 700 - 900 mm per year.

Especially in those areas where wheat production is most profitable, farms tend to be
quite large. Compared to the average for the former area of the Federal Republic,
Schleswig-Holstein has a quite competitive farm structure. The average farm size is
approximately 32 ha, whereas in the former West Germany it averages only 23 ha (1996,
all farms > 1 ha; Agrarbericht 1997). In case of arable farms the figures are 74 ha and
43 ha respectively. The distribution according to farm sizes clarifies the special
conditions in Schleswig-Holstein even better. In the Western Federal region only
2.6 percent  of all farms are above 100 ha, whereas the figure is 9.4 percent in Schleswig-
Holstein. But in this context it should be noted that in East Germany 26 percent of all
farms have more than 100 ha and this group accounts for about 93 percent of total
farmland.

To summarise, Schleswig-Holstein has generally favourable conditions for wheat
production in terms of soils, climate and farm structures.
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5.3 Current practices and problems

5.3.1 Definitions and technical characteristics of the different production systems

(i) OVERVIEW :

Table 5.5 : Main characteristics of “standard’, “integrated” and “organic” production systems
PRODUCTION SYSTEM

CRITERIA STANDARD INTEGRATED ORGANIC

 Relation of economic
    and ecological        
       objectives

· Economic objectives
have priority

· Balance of short-term and
long-term economic and
ecological objectives

· Economic and
ecological objectives
have the same weight

 Plant protection · High use level PPP
- chemical strategies are
 normally first choice
- often prophylactic use

· Reduced use level of PPP
- preventive agronomic
  practices
- economic thresholds
- mechanical weeding

· No use of (chemical)
PPP
- preventive agronomic
  practices
- mechanical weeding
- biological pest control

 Plant nutrition · High nutrient input level
- manure often not
  taken into account

· Reduced nutrient input    
level
- targeted application
- manure accounted
- catch crops

· No mineral fertilisers
- nutrient input by
   legumes and manure
- catch crops

 Dependency on
 off-farm-inputs
 (=external regulation)

· High · Medium · Low

 Nutrient cycles · Not closed · Partly closed · Nearly closed
 Production practices
 in accordance with
 a “system approach”

· No · Partly · Yes

 Control of production
   practices

· No 1 · Not compulsory 2 · Compulsory 3

 Marketing · Indirect · Indirect · Often direct
Source: Based on Kerkhof (1996) and Stoyke & Waibel (1994)

                                                
1 Use of inputs must be within the legal limits

2 Only in case of “controlled production” for “ label” products

3 According to Regulation (EEC) 2092/91
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(ii) THE “STANDARD” SYSTEM

The standard system is defined as the contemporary combination of conventional
cropping practices. The main objective of this system is an optimum economic
performance at farm level. Ecological considerations usually play a minor role. This
system is characterised by a relatively high degree of specialisation and an intensive
use of external inputs like mineral fertilisers and chemical PPPs. For ecological
reasons the use of these inputs is regulated by a legal framework
(Pflanzenschutzgesetz, Düngeverordnung) in order to enforce arable farming methods
which are in accordance with the Codes of Good Farming Practice. These regulations
have been tightened up in recent years though their enforcement is certainly less than
100 percent.  The sustainability and environmental impacts of this approach remain
a matter of public debate in Germany.

With regard to plant nutrition the level of fertiliser use is targeted by farmers
following the standard system to achieve the yield that ensures the maximum gross
margin. Especially in wheat production this level is still close to the maximum
obtainable yield. The price cuts for wheat and other arable crops resulting from the
CAP reform of 1992 did not lead to any big changes in this respect.  This can be
explained by the low demand elasticities for nitrogen fertilisers in response to product
price changes as well as by the decline of some input prices (Liapis 1994, Stoyke
1995).

In plant protection the use of chemical PPPs remains the standard strategy
(Heitefuss 1995). Though the use of chemical PPPs should meet the Codes of Good
Farming Practice and should therefore in theory follow the principles of integrated
pest management (IPM), a high PPP use level is still general. In fact IPM measures,
i.e. mechanical and/or biological plant protection, are hardly used at all;  nor are
pesticide use decisions based on economic threshold levels the general rule (Lütke-
Entrup et al. 1995[1], Heitefuss 1995). Possible reasons for this are (a) that many
farmers are still not trained to apply the methods of IPM successfully and (b) the
farmer considers it in best to be safe and applies PPPs on a prophylatic basis as an
insurance.

(iii) THE “INTEGRATED” SYSTEM

A careful and well adapted design of the rotation is the key element for an integrated
system in order to contribute to soil fertility and to minimise the use of “repair
measures” by means of  mineral fertilisers and PPPs. Compared to the standard
system, more main crops (4 - 5) and catch-cropping tend to be included in the
rotation. As far as nutrient management and the health status of the crops are
concerned, not only the proportion but also the actual succession of crops within the
rotation are important.
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(iv) THE “ORGANIC” SYSTEM

The organic system can be defined clearly in terms of various restrictions and
regulations which are legally binding. According to Hamm (1992) it is in general a
production system that forbids the use of readily soluble mineral fertilisers and
chemical PPPs in arable crop and fodder crop production. Furthermore for the whole
farm (and not only for selected plots or single livestock branches) the production
system has to meet various strictly regulated criteria, the livestock density is restricted
to quite a low level, the use of bought-in animal feeds and fodder is restricted, and
there are other rules.  Overall, the methods used must be in conformity with EC
regulation 2092/91 and the related German national rules, and specific controls are
compulsory; otherwise the use of market labels and descriptions such as “organic”
or “biological” is not allowed.  Compared to the standard system, lower yields have
to be accepted.  In cereal production the yield difference amounts to about 50 %, and
in addition the rotational requirements mean that a lower proportion of cereals are
grown.  To compensate for the technical restrictions named above, the following
general production techniques are used.

As in an integrated system, a careful design of the rotation is essential for the organic
system in order to maintain soil fertility and to avoid or to reduce the occurrence of
weeds and pests. The rotation should be diverse (5 - 7 crops) and the succession of
crops is taken into account properly. The role of fodder crops is quite important to
suppress weeds and especially to contribute to the nitrogen supply. In case of
stockless organic production, intercrops and catch crops are even more essential.

With plant nutrition, the nutrient requirements of the crops have to be supplied by
organic sources, i.e. livestock production and/or legumes. Manure from intensive
livestock systems is prohibited (some not readily soluble mineral fertilisers are
allowed (rock phosphate etc).

The key issue of plant protection is to support the development and functioning of
self-regulating control mechanisms within the agro-ecological production system.
Agronomic practices have to stimulate positive interactions between rotation, variety
choice, soil preparation, seed date, seed density and plant nutrition in order to prevent
or reduce serious losses due to disease, pests and weeds.  Even so, calamities
inevitably occur sometimes. While weeds can often be kept under control by
mechanical techniques, disease and pest attacks have to be tolerated where biological
methods are ineffective, as they frequently are.
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(v) TRANSITION ISSUES

Following the general description of the “standard’, “integrated” and “organic”
production systems, in the following section some examples of the issues presented
by a switch to integrated or organic wheat production are set out.  Though the
rotations followed in  integrated or organic systems are more diversified, wheat tends
to have a similar if not identical relative importance in arable farming on these
systems as in standard systems for economic reasons.

♦ Integrated system : One typical example of a key technical issue in the change
from standard to integrated wheat production is the conflict of aims with respect
to soil protection and herbicide use reduction. Reduced soil preparation, and in
particular an avoidance of ploughing, is generally an objective in integrated
systems in order to improve physical soil properties and/or to avoid erosion. But
if soil tillage is reduced, weed occurrence may increase. In wheat production
especially black grass can become a severe problem.  An increased use of
herbicides may be the result (Wildenhayn 1992a and 1992b). Furthermore the
effectiveness of mechanical weeding is clearly limited on heavy clay soils (Lütke-
Entrup et al. 1995[2b]).

♦ Organic system : Farmers in Schleswig-Holstein who have converted to an
organic system have found that conversion problems are even more complex and
difficult than with a change to an integrated system. The obvious reason is that
the degree of change is much greater. Typical technical conversion problems in
wheat production include the following.

Because the total area of organic wheat production is still very small, no special
plant breeding efforts to develop wheat varieties particularly suited to organic
farming have yet been undertaken. The selection of wheat varieties for organic
farming is based on the varieties bred for standard production systems. Inevitably
many of these varieties are not well adapted to the special requirements of an
organic system (Spiess 1996).

One very significant problem is that because of its high nitrogen demand wheat
normally has to follow in the rotation those crops which leave a high nitrogen
level in the soil, i.e. grain legumes, green manure or fodder crops. This available
nitrogen may partly leach in autumn, or winter, because the crop is unable to
utilise more than about 30-40 kg N/ha before winter. This problem has two
important aspects:  on the one hand ploughing-in these high nitrogen residues
may result in nitrate leaching and on the other scarce minerals are lost to the
nutrient cycle of the farm (Herrman & Plakolm 1991).
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This problem may become even more critical in organic farms which have a very
low livestock density or no livestock at all. Increasing efforts are being made to
develop “sustainable stockless systems’, i.e. an organic system without livestock
(Herrman & Plakolm 1991) and in recent time the number of such farms has
increased.  On these farms effective nutrient management calls for a well adapted
rotation and a high proportion of the crop area must be devoted to grain legumes
and green manure (especially the use of set-aside areas) including catch crops and
intercrops. Otherwise a nitrogen demanding crop such as wheat cannot be grown
successfully. The total amount of nitrogen fixation within a rotation might be
more than sufficient, but the management of nutrient availability over the season
as well as the critical minimisation of leaching in winter pose serious practical
difficulties. In this respect, special attention has to be paid to soil preparation and
the use of catch crops (Schmidt et al. 1995).

With respect to plant protection, the level of fungal diseases (notably mildew)
may be less in wheat because of the reduced nitrogen fertilisation level in an
organic system. Nevertheless some significant fungal diseases like septoria leaf
blotch are affected neither by the nitrogen level nor by organic preventative
practices (Odörfer & Pommer 1996).  They are often an important factor in both
inferior organic yields and poor grain quality.

The most important weeds in winter sown cereals under organic farming
conditions are wind-bend grass (Apera spica-vent), black grass (Aolpecurus
myosuroides) and couch grass (Agropyron repens)  as well as cleavers (Galium
aparine), mayweeds (Matricaria spp)  and thistle (Cirsium spp) (Freyer 1991).

5.3.2 The promotion of integrated and organic production systems in Germany

The development and introduction of alternative agricultural practices such as integrated
or organic approaches has been supported mainly by the public sector (research,
extension, subsidies) but also by private organisations (promotion and marketing efforts).

(i) PUBLIC SECTOR SUPPORT

In addition to environmental legislation, considerable public financial and other
support has been given to the development of low-impact technologies in agriculture
and subsidies to farmers, who commit themselves to less intensive production
methods.  Research and extension activities in particular have been a focus of public
expenditure on integrated and organic farming.   A considerable number of research
projects have been launched since the beginning of the 1980s and especially at the
end of the decade ranging from basic research on agro-ecological issues to
demonstration projects targeted at the farming community.
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As far as integrated production is concerned, up to now the main emphasis has been
on the development of integrated systems under research conditions, i.e. on
experimental farms. The first and already completed projects were:

t Lautenbach  (Baden-Württemberg, State Institute for Plant Protection,
Stuttgart);

t ROSENKRANZ  (Schleswig-Holstein, State Ministry of Agriculture,
Chamber of Agriculture, Kiel).

Ongoing projects on experimental farms include :

t SCHEYERN (Bayern, FAM = Munich Research Association for
Agricultural Ecosystems);

t SOEST  (Nordrhein-Westfalen, University of Paderborn);

t INTEX [REINSHOF, MARIENSTEIN] (Niedersachsen, University of
Göttingen);

t RADE (Schleswig-Holstein, State Ministry of Agriculture and Chamber
of Agriculture, Kiel)

In addition to research and systems development on experimental farms, in recent
years increasing emphasis has been put on the transfer of new concepts to commercial
farms. This has primarily involved the establishment of a number of pilot farms
(“prototypes” according to Vereijken 1994). On these pilot farms the systems can be
tested under different conditions and then adapted as necessary. Furthermore the
experience of the pilot farmers can supplement researchers” knowledge and the pilot
farms can be used for demonstration purposes for other farmers from the same region.
Pilot farm projects have been started in:

t BADEN-WÜRTTEMBERG (15 pilot farms in collaboration with the State
Institute for Plant Protection, Stuttgart, based on the findings of  the
Lautenbach-project);

t NORDRHEIN-WESTFALEN (10 pilot farms in collaboration with the
University of Paderborn, based on the findings of the SOEST-project);

t NIEDERSACHSEN (19 pilot farms in collaboration with the University
of Göttingen and the Chambers of Agriculture in Hannover and
Oldenburg, based on the findings of the INTEX-project and other
sources).
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There has been considerable collaboration between researchers on the experimental
farms and the pilot farms in Germany.  At the same time at a European level there has
been a considerable interchange of ideas and experience between the different
national projects organised within the framework of an EU Concerted Action
(Vereijken 1994 and 1995b).

Up to now, research on the development of organic systems in Germany has not been
organised in such a well developed network as for integrated production. One
exception is the University of Kassel, where the Faculty of Agriculture at
Witzenhausen has a long tradition of research on organic farming. Nevertheless, since
the middle of the 1980s research efforts have been strengthened at several
universities. The Faculties of Agriculture of the Universities of Bonn, Kiel and
Göttingen have emphasised this research topic and have established (Bonn, Kiel) or
initiated (Göttingen) organic experimental farms. Furthermore within the SCHEYERN
project in Bayern an integrated system is being compared with an organic system.

In addition to this research, which has a strong agronomic bias, the Institute for Farm
Economics at the Federal Research Centre for Agriculture (FAL) in Braunschweig
runs an economic evaluation project on how farms perform during and after the
transition process from standard to organic farming. In addition to these research
activities a lot of know-how and information is generated, analysed and recorded by
various extension groups for organic farming. Farmers and extension workers try to
compensate for present lack of scientific knowledge by using their own ideas.

(ii) PUBLIC SUBSIDIES

Paying subsidies to farmers for changing from standard systems to low impact or
organic farming are options available to governments within the set of extensification
programmes which have been launched by the EU and have been implemented at
national level. Since 1989 such programmes have been offered to farmers in
Germany. The underlying objectives have been twofold: reduction of over-production
as well as environmental problems. Contracts for a five year participation were
possible. Since 1993 programmes based on regulation (EC) 2078/92 have been added
to the existing programmes, giving a more focussed emphasis to ecological
objectives. Since crop year 1995 in all of the 16 federal states farmers can participate
in these programmes and choose between several options. The initial conversion
programmes will be completed in 1997 and it is expected that most of the participants
will apply for the successor programmes (Jungehülsing 1997).
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Based on the principle of subsidiarity, regulation 2078/92 provides a wide framework
for the member states and in Germany in particular for the federal states to create
detailed regulations adapted to the differing local conditions and regional problems.
A reduction or avoidance of mineral fertiliser use and/or of chemical PPPs in arable
farming (“extensification’) as well as changing to organic farming are the most
relevant options, which are offered in almost all federal states.  Participating farmers
receive compensation payments, for it is assumed that the conditions of the several
programme options lead to income losses compared to conventional farming carried
out according to the “Good Farming Practice” codes. This implies of course that
compensation payments should not be paid for optiming input use, i. e. for farming
according the codes of Good Farming Practice.

Because of the wide scope of EC Regulation 2078/92 on the one hand and the
different priorities of the federal states on the other, the detailed programmes and
regulations differ widely within Germany (Mehl & Plankl 1995). This applies to both
the rules farmers must follow and the level of subsidies they receive. The variations
between the various programmes in Germany can hardly be attributed to either
economic or ecological reasons. It seems that not only is there an absence of common
environmental objectives and standards but also that the extensification programmes
in many cases are used in fact for hidden (and possibly illegal) income support of
farmers (Latac-Lohmann & Wilhelm 1995, Wilhelm 1995).

The subsidies which are relevant for integrated and organic farming are described
briefly below. Only programmes based on regulation 2078/92 are mentioned, as
earlier programmes are now irrelevant.

♦ Integrated system : The “introduction of integrated farming methods” at whole
farm level is subsidised in four federal states (not including Schleswig-Holstein).
The subsidy payments and the conditions applied are as follows (Plankl 1995,
Kerkhof 1996):

· Rheinland-Pfalz: 350 DM/ha fixed payment, detailed cropping rules.

· Brandenburg: 250 DM/ha fixed payment, cropping rules.

· Sachsen: 80 DM/ha basic payment; additional payments for a 20 % reduction
of nitrogen use (120 DM/ha), intercropping (130 DM/ha) and mulch
drilling/’no plough” (80 DM/ha).

· Thüringen: 80 - 70 - 60 DM/ha basic payments up to 500, 500 - 1,000 and
more than 1,000 ha farm size; additional payments possible.
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In two federal states the introduction of some elements of integrated farming on
single fields  is subsidised (Plankl 1995, Kerkhof 1996):

· Baden-Württemberg: mulch drilling/’no plough” (120 DM/ha),

· Bayern: crop rotation with more than three crops (250 - 350 DM/ha).

♦ Organic system : The subsidy schemes for organic farming (compare annex 3)
is even more diverse within Germany than the schemes for integrated farming.
The only standard conditions are that the change of farming system has to include
the whole farm enterprise and that the farmer has to provide a control certificate
(Brechelmann & Willer 1995, Geier et al. 1996). The level of subsidies (DM/ha)
varies widely, depending on the conditions . . .

· whether the farmer has already practised organic farming before or starts
organic farming with the beginning of programme participation., and . . . .

· whether the subsidy is for arable farmland or pasture.

Furthermore in some federal states a basic subsidy is paid per farm enterprise and
in some federal states additional amounts are given in the initial phase of
transition, e.g. in the first two or three years of programme participation.

A detailed description of the different programmes in all 16 federal states outside
the scope of this report, but in summary for arable and grassland the subsidy
payments range from 200 - 450 DM/ha in case of “continuation of organic
farming” while the subsidy rises to 300 - 550 DM/ha for “conversion to organic
farming’. In most cases the subsidy rate is 200 - 300 DM/ha.  In Schleswig-
Holstein up to now only “conversion to organic farming” is subsidised at a rate
of 250 DM/ha for arable farmland as well as for grassland.

In addition to these direct subsidies regulation 2092/91 has been an important
institutional measure to promote organic farming, in Germany, as elsewhere,
because it defines minimum standards for production, processing and trade
relating to products with an organic label.

It should be mentioned that in Germany area-based subsidies will probably be less
favoured in future with greater emphasis put on subsidies for marketing instead
(Hamm 1996b, Jungehülsing 1997). The objective will be to provide balanced
support for  production and market development for organic products in order to
stimulate demand and maintain prices.
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(iii) ACTIVITIES OF PRIVATE ORGANISATIONS :

♦ Integrated system : In Germany private support for “integrated farming
methods” is mainly supplied by the “supporters” group of integrated crop
management FIP (Fördergemeinschaft Integrierter Pflanzenbau). The FIP do not
always have an identical point-of-view with some researchers about the design
of integrated farming systems. The same applies to the scope for the promotion
of integrated methods among farmers. In order to understand the considerable
differences in the interpretation of what is meant by “integrated farming” it
should be remembered that the FIP is a platform for cooperation between
researchers, the authorities, farmer’s associations and pesticide manufacturers.
Consequently the priorities of the different FIP member, individuals as well as
institutions, are not always identical. For example the German association of
agrochemical manufacturers (IVA) which is strongly committed to the integrated
approach, naturally uses the FIP as a platform and seeks to  influence groups
working on integrated crop management.

In general the FIP is quite active in organising promotional activities including
workshops and demonstration projects. One important aspect of these particular
activities is a strong commitment to IPM (integrated pest management).
Voluntary agreements aim to guarantee a safe use of PPPs and an overall
ecological sound agricultural production system. These arguments are expressed
in a number of publications, leaflets and so on (e. g. Mitteilungen der
Fördergemeinschaft Integrierter Pflanzenbau). In spite of all these activities,
which emphasise the importance of environmental concerns, most FIP
publications and statements emphasise that pesticide use in present day standard
systems does not lead to any unjustifiable risks provided the rules and proper
procedures are followed. The pesticide industry tends to encourage the view that,
while there is considerable scope for improvement, the present-day standard
pesticide application strategy followed by farmers in Germany is broadly based
on IPM principles, but some researchers strongly dispute this (Lütke-Entrup et al.
1995[1] and 1995[2a], Heitefuss (1995).

The promotion activities of the private sector in favour of “integrated farming”
can be seen as quite a subtle strategy to counteract the pressure by some
environmental lobbyists for significant pesticide use reduction. What is clear is
that the activities of the FIP do encourage farmers to use pesticides more
efficiently and carefully, and an encouragement for farmers to adopt an
“integrated” approach is an effective means of doing this.
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♦ Organic system : The private support for organic farming systems comes with
consumer and producer pressure groups and promotional organisations. To
understand the present support for organic farming by different groups with a
variety of ecological objectives one needs to understand the historical
development of organic farming over the last three decades. In the 1960s and
1970s organic farming was quite an “exotic” production method with a marginal
market potential. Since the 1980s a growing awareness of the ecological problems
associated with conventional modern agriculture has lead to an increase in the
number of potential customers for organic products. Subsidies for farmers who
adopted organic farming methods pushed production at the same time. As a result
organic farming lost its “exotic” touch and turned out to be an economically-valid
niche production system for farmers. So the increase of the role of organic
farming has depended on pressure from both consumers and producers.

The most important private institution for the promotion of organic farming is
AGÖL. It is traditionally the central association for organic farming in Germany,
which comprises the single main producer associations (BIOLAND, DEMETER,
NATURLAND, BIOKREIS OSTALLGÄU, ANOG, GÄA, ÖKOSIEGEL, BIOPARK, BOW; see
also chapter 3.3.1).  Though AGÖL expresses to some extent the common
purpose and interests of the producer associations at a political level, the
cooperation is not very effective yet with respect to the creation of a common
marketing label. This is regarded as a severe impediment to a more rapid growth
of the organic sector in terms of market shares (Hamm 1996a and 1996b).

5.3.3 Production systems for wheat production in Germany and Schleswig-Holstein

(i) OVERVIEW

Partly because of the lack (in certain respects for very good reasons) of a precise
definition of “integrated” farming; partly because there are generally no subsidies for
the adoption of an overall integrated system, but only in some instances for certain
practices such as reduced nitrogen fertiliser use, so there has been little motive to
collect the data.  Increasing numbers of farmers in Schleswig-Holstein, as elsewhere,
have adopted some elements of an ICM system but few if any would claim to follow
every precept. What does exist are data for crops produced to the specifications of
particular organisations who market crops under an “integrated” label.
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Thus most researchers in this area start by giving their own definitions.  The data
shown in Tables 24 and 25 are taken from a study about integrated farming in
Germany by Kerkhof (1996).  Because better information is not yet available, this
case study follows the definition of “integrated” used by Kerkhof. This data refers to
“controlled integrated cropping practices for single crops on single plots’. Apart from
fruits (apples) and vegetables, in Germany cereals and potatoes are the main crops
produced according to integrated farming rules.  These products are normally
marketed under special labels in order to obtain a price premium. The estimated area
refers only to arable farmland.

Data for the organic crop area are reported in the official statistics as well as by
AGÖL. A problem here is to explain the difference between the total area that
receives compensation payments for conversion according to programmes under
regulation 2078/92 and earlier programmes on the one hand and the recorded organic
area of AGÖL members on the other (Table 5.6). The reason for the difference is that
not all farmers who receive subsidies manage their farms according to the rules of an
AGÖL member association and hence do not qualify for membership. To get the
conversion subsidy, farms are certified by independent control institutes. Mostly these
farms produce milk and sometimes beef and often lack market outlets (Hamm 1997).
Furthermore these are often farms in less favourable areas, which were farmed quite
extensively before joining one of the conversion programmes mentioned above. It can
be assumed that they have not had to change their production methods fundamentally
and have participated just to get the subsidy. In any case these farms have virtually
no market relevance (Hamm 1996a). Consequently in this case study only the
farmland of those organic farms which belong to an AGÖL member association is
considered. The arable farmland was estimated, using the FL/AF relation which is
reported on average for Germany (AGRARBERICHT diff. volumes) and Schleswig-
Holstein (Nieberg 1997).

The results presented in Tables 5.6 and 5.7 show that integrated (defined in terms of
production under a controlled scheme) and organic farming methods still play only
a small and marginal role in German agriculture. For 1995 the share of arable
farmland under integrated cropping methods is estimated at 1.04 percent in Germany
and 1.8 percent for Schleswig-Holstein. The figures for organic farming are
1.44 percent  and 1.78 percent for Germany and Schleswig-Holstein respectively. In
terms of total farmland (including grassland) the organic system holds a 1.8 percent
share in Germany.
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The evolution of the area under each system since the beginning of the 1990s has
been quite different. The area of integrated production has not increased significantly.
 Participation in the various programmes under regulation 2078/92 has been low, too
(Kerkhof 1996). In comparison, the growth of the organic area has been considerable
since the late 1980s. This is because the subsidies under regulation 2078/92 as well
as because of growing demand for organic products. In addition a “new generation”
of organic farms in terms of farm size joined AGÖL after German reunification. This
can be better understood if one compares the growth of the different AGÖL member
associations in recent years (Annex 2). Especially in the eastern federal states the
newly founded farm enterprises have a considerably better structure (in plain English,
they are much bigger) than those in the western part of Germany. Nevertheless in
1996 the growth in the organic farm area has slowed down considerably in Germany
and in Schleswig-Holstein, compared to the growth rates seen in the early 1990s
(Hamm 1997).

Table 5.6 : Farmland under different production systems (Germany)

1991 1992 1993 1994 1995
 Total AF (1,000 ha) 11,559.200 11,467.500 11,676.000 11,805.300 11,834.500
 Integrated AF (1,000 ha) 49.400 84.500 123.100 123.800 122.900
 Organic FL (1,000 ha) 1 240.000 370.000 470.000 460.000 460.000
 Org.FL, AGÖL (1,000 ha) 2 98.621 127.240 161.726 184.725 310.484
 Org.AF, AGÖL (1,000 ha) 58.186 69.982 87.332 101.599 170.766
 Integrated AF (percent) 0.43 0.74 1.05 1.05 1.04
 Org.AF, AGÖL (percent) 0.50 0.61 0.75 0.86 1.44
Source: Agrarbericht, ZMP (b), Kerkhof (1996), Jungehülsing (1997) and Stoyke estimates

Table 5.7 : Farmland under different production systems (Schleswig-Holstein)

1991 1992 1993 1994 1995
 Total AF (1,000 ha) 597.100 577.700 581.700 578.100 582.300
 Integrated AF (1,000 ha) 3.952 6.700 9.848 10.463 10.463
 Org.FL, AGÖL (1,000 ha)1) 3 10.000 11.100 14.603 12.172 14.738
 Org. AF, AGÖL (1,000 ha) 7.052 7.828 10.298 8.584 10.393
 Integrated AF (percent) 0.66 1.16 1.69 1.81 1.80
 Org. AF, AGÖL (percent) 1.18 1.35 1.77 1.48 1.78
Source: Agrarbericht, ZMP (b), Kerkhof (1996), Nieberg (1997) and Stoyke estimates

                                                
1 Total area with conversion payments according to regulation (EEC) 2078/92 and prior

programmes (AGÖL inc.).

2 Exclusive area of farms belonging to AGÖL members association.

3 Exclusively area of farms belonging to AGÖL member associations.



(ii) SHARES OF DIFFERENT PRODUCTION SYSTEMS

In this section the relevance of different production systems in terms of wheat production
is estimated for Germany and Schleswig-Holstein respectively.  First the wheat area is
calculated for each system and then the output is derived. Official statistics were available
only for the total wheat area and for the total output on national and federal state level.

7DEOH�������(VWLPDWHG�ZKHDW�DUHD�XQGHU�GLIIHUHQW�SURGXFWLRQ�V\VWHPV��*HUPDQ\� 1

1991 1992 1993 1994 1995

 Standard system (1,000 ha) 2,351.3 2,490.7 2,281.6 2,306.8 2,471.4
 Integrated system (1,000
ha)

9.9 16.9 24.6 24.8 24.6

 Organic system (1,000 ha) 11.6 14.0 17.5 20.3 34.2
 Total (1,000 ha) 2,372.8 2,521.6 2,323.7 2,351.9 2,530.1
 Standard system (percent) 99.09 98.77 98.19 98.08 97.68
 Integrated system (percent) 0.42 0.67 1.06 1.05 0.97
 Organic system (percent) 0.49 0.56 0.75 0.86 1.35

7DEOH�������(VWLPDWHG�ZKHDW�XQGHU�GLIIHUHQW�SURGXFWLRQ�V\VWHPV��6FKOHVZLJ�+ROVWHLQ��2

1991 1992 1993 1994 1995

 Standard system (1,000 ha) 160.5 170.1 139.9 150.1 148.8
 Integrated system (1,000
ha)

1.0 1.7 2.5 2.6 2.6

 Organic system (1,000 ha) 1.8 2.0 2.6 2.1 2.6
 Total (1,000 ha) 163.3 173.7 144.9 154.9 154.0
 Standard system (percent) 98.32 97.91 96.52 96.93 96.61
 Integrated system (percent) 0.61 0.96 1.70 1.69 1.70
 Organic system (percent) 1.08 1.13 1.78 1.39 1.69

                                                          
1 integrated AF (ha) * cropping share of wheat (percent ) = integrated wheat area (ha)

(for organic accordingly)

integrated and organic AF compare Table 5.8,  cropping share of wheat: 20 percent  for
integrated system and organic system respectively, own estimates based on Lütke-
Entrup Ht  t  a l�DO� (1995 (2a), Cramer (1996) Agrarbericht (diff. volumes), Nieberg & Schulze-Pahls
(1995)

standard = total - integrated - organic;  “ total” from Statistisches Jahrbuchbuch (diff. volumes)

2 integrated AF (ha) * cropping share of wheat (percent ) = integrated wheat area (ha)   (for
organic accordingly)

integrated and organic AF compare Table 5.9,  cropping share of wheat: 25 percent  for
integrated system and organic system respectively, own estimates based on Lütke-
Entrup HW�DO� (1995 (2a), Cramer (1996) Agrarbericht (diff. volumes), Nieberg (1997)

standard = total - integrated - organic;   “ total” from  Statistisches Jahrbuchbuch (diff.
volumes)



7DEOH� ����� �� (VWLPDWHG� ZKHDW� SURGXFWLRQ� XQGHU� GLIIHUHQW� SURGXFWLRQ� V\VWHPV
�*HUPDQ\�

1991 1992 1993 1994 1995

 Standard system (> 000 t) 16,079.1 15,049.4 15,184.5 15,809.8 17,236.2
 Integrated system (>  000 t) 60.7 91.8 146.7 152.0 153.1
 Organic system (>  000 t) 42.9 54.9 61.7 77.8 123.6
 Total (> 000 t) 16,182.7 15,196.0 15,392.9 16,039.7 17,513.0
 Standard system (percent) 99.36 99.04 98.65 98.57 98.42
 Integrated system (percent) 0.37 0.60 0.95 0.95 0.87
 Organic system (percent) 0.27 0.36 0.40 0.49 0.71

 Yield assumptions (t/ha)
 ·  integrated 1 6.14 5.43 5.96 6.14 6.23
 ·  organic 2 3.69 3.92 3.53 3.83 3.62

7DEOH� ����� �� (VWLPDWHG� ZKHDW� SURGXFWLRQ� XQGHU� GLIIHUHQW� SURGXFWLRQ� V\VWHPV
�6FKOHVZLJ�+ROVWHLQ�

1991 1992 1993 1994 1995

 Standard system (> 000 t) 1,310.1 1,286.6 1,138.8 1,184.1 1,291.3
 Integrated system (> 000 t) 7.4 11.6 18.3 18.8 20.7
 Organic system (> 000 t) 7.8 8.1 11.5 7.4 10.4
 Total (> 000 t) 1,325.3 1,306.3 1,168.6 1,210.3 1,322.4
 Standard system (percent) 98.85 98.49 97.45 97.83 97.65
 Integrated system (percent) 0.56 0.89 1.56 1.55 1.57
 Organic system (percent) 0.59 0.62 0.98 0.61 0.79

 Yield assumptions (t/ha)
 · integrated 3 7.47 6.92 7.42 7.19 7.93
 · organic 4 4.45 4.13 4.47 3.45 4.00

The figures in Tables 5.10 and 5.11 indicate, that wheat from integrated and organic
farming still holds only a small market share. In 1995 the share of wheat from
integrated systems amounts to about 0.87 percent  (1.57 percent) in Germany
(Schleswig-Holstein). The figures for organically produced wheat are 0.71 percent
and 0.79 percent  for Germany and Schleswig-Holstein respectively.

                                                          
1 Average yield for Germany less 10 percent ; own estimate based on Statistisches

Jahrbuch (diff. volumes), Heinrich (1995), Lütke-Entrup HW� DO. 1995(2a), Cramer
(1996) and Kerkhof (1996)

2 Average yield for organic farms according to Agrarbericht (diff. volumes)
Standard = total - integrated - organic;   “Total” from Statistisches Jahrbuchbuch
(diff. volumes)

3 Average yield for Schleswig-Holstein less 8 percent ; own estimate based on
Statistisches Jahrbuch (diff. volumes), Cramer (1996) and Kerkhof (1996)

4 Average yield for organic farms according to Nieberg (1997)
Standard = total - integrated - organic;  “Total” from  Statistisches Jahrbuchbuch
(diff. volumes)
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These estimated results may be criticised for the specific assumptions made for
“integrated” and “organic” systems on the cropping shares of wheat or on estimated  yield
losses. But even a modification of these assumptions leading to a doubling of the total
wheat output for both systems would still result in very small market shares.

5.4 Production economics

5.4.1 Farmgate prices for wheat from different production systems

Data on farm-gate prices for wheat have been compiled for Germany and Schleswig-
Holstein for the period from 1991 to 1995 (Table 5.12). Different sources had to be used
because the official statistics have not been compiled as needed for this study. The
different data sources in Table 5.12, and the assumptions made using them, are noted.

In the case of wheat from standard systems, the decline in prices from 1992 to 1993 as
a result of CAP reform becomes obvious. Up to 1995 prices stabilised at around
26 DM/100 kg. Differences between the average prices for Germany and for Schleswig-
Holstein are not large. Also, interestingly, the traditional premium for wheat of bread-
making quality over wheat only suitable for animal feed appears to have diminished. This
is a consequence of the increasing demand within the EU for animal feed wheat in
response to the fact that imported animal feed substitutes have become relatively
expensive (ZMP(a) 1996)

Little data are available on the prices for wheat from integrated production. The
reasons might be that the market is small and the quantities produced are sold on fixed
agreements between farmers and traders or bakeries so that prices are mostly confidential.
According to a study by Kerkhof (1996), the price premium for “integrated” bread-
making wheat ranges from 5 to 7 percent. But price reductions are  also reported because
of lower protein content or higher cleaning costs for wheat from integrated production
(Cramer 1996).

The price level for organic wheat is substantially higher than for wheat from standard
or integrated production. Nevertheless the variation in prices according to end use is
remarkable. The highest prices are realised for direct sales to consumers, but the high
costs of cleaning and marketing in small volumes obviously need to be taken into
account. Furthermore the size of this market is clearly limited. So the average price for
“all kinds of sales” or the main portion of sales (Table 5.11, Germany (3) and (4c)) gives
a more reliable picture of the typical wheat price in organic farming. In addition it should
be noted that only a proportion of  the harvest can be sold as bread making wheat. Inferior
grades have to be used for animal feed wheat on the grower’s own farm or have to be sold
at lower prices to other organic farms.
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Consequently the weighted average price for the total harvested quantity gives a lower
but more realistic price for organic wheat. In Table 5.12 the price data for Schleswig-
Holstein are given. The respective average prices for Germany tend to be higher (Nieberg
& Schulze-Pahls 1995). This might indicate that in Germany on average a higher
percentage of wheat is directly sold or marketed to the retail trade compared to
Schleswig-Holstein. Larger farm sizes as well as greater distances to markets in
Schleswig-Holstein may be the explanation.

Table 5.12 : Farmgate prices for wheat from different production systems (DM/100kg)

 Region System 1991 1992 1993 1994 1995
 Germany standard (1) a) 35.00 a) 34.10 a) 26.70 a) 26.00 a) 25.70

b) 33.90 b) 33.00 b) 25.40 b) 25.60 b) 25.20
integrated (2) a) 37.60 a) 36.70 a) 28.70 a) 28.00 a) 27.60

b) 33.90 b) 33.00 b) 25.40 b) 25.60 b) 25.20
organic (3) 87.90 86.20 85.80 92.20 76.80

(4) --- 1 --- a) 155.00 a) 153.00 a) 151.00
b) 125.00 b) 121.00 b) 121.00
c) 103.00 c)  68.00 c)  69.00

 Schleswig-
 Holstein

standard (5) a) 35.80 a) 35.20 a) 27.10 a) 26.50 a) 25.70

--- b) 34.00 b) 25.60 b) 25.90 b) 25.20
integrated (6) a) 38.50 a) 37.80 a) 29.10 a) 28.50 a) 27.60

--- b) 34.00 b) 25.60 b) 25.90 b) 25.20
organic (7) 52.10 45.10 44.60 57.20 49.00*

Sources for Table 5.12 Data Remarks
(1) ZMP (1997) Market surveys a) bread making wheat

b) animal feed wheat
(2) Estimates according to Kerkhof
(1996)

Farm accounts a) bread making wheat (+ 7.5 percent  to
    standard)
b) animal feed wheat (no price toppings)

(3) Agrarbericht (diff. volumes) Farm accounts Only sales, average for different uses
(4) ZMP (b) (diff. volumes) Market surveys Only sales for bread making

a) direct
b) retail trade
c) central market, bakery

(5) ZMP (1997) Market surveys a) bread making wheat
b) animal feed wheat

(6) Estimates according to Kerkhof
(1996)

Farm accounts a) bread making wheat (+ 7.5 percent to     
     standard)
b) animal feed wheat (no price toppings)

(7) Nieberg (1997) Farm accounts Sales for different uses and farm internal
use
* 1995/96 not yet evaluated; estimate +      
 90 percent to standard based on 1993 and 

                                                
1 --- not reported
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    1994 prices

5.4.2 Yields

In Table 5.15 yield variations are compiled from the data sources for  Schleswig-Holstein
and Niedersachsen respectively. Unfortunately only minimum and maximum values can
be presented for all three cases. For Schleswig-Holstein it was not possible to get
sufficient data as would enable such as the coefficient of variation to be calculated. But
it was possible to evaluate the yield data from 1990 to 1995 of the three experiment farms
of the INTEX project in Niedersachsen (Stoyke & Waibel 1995, Tremel 1997) accordingly.
For one experimental farm (Reinshof) the CV of the standard system (12 percent) has
about the same level as the CV of the integrated system (11 percent). For the other two
experiment farms the CV of the standard system amounts to 12 percent  (Marienstein)
and 6 percent  (Eickhorst) respectively while the wheat yield of the integrated system has
a CV of 16 percent  in both cases.

These results indicate that in integrated systems wheat yields are about 10 percent
 lower than those for standard systems and tend to vary more from year to year.

5.4.3 Gross margins

As described above, lower yields can be observed in response to input reductions in
integrated systems compared to standard systems. Nevertheless the gross margin
comparison shows that the net effect is close to zero, if the wheat price is assumed to be
the same for both systems. In case of the farm-data (Schleswig-Holstein 1) there is in fact
no difference, whereas for Schleswig-Hostein 2 the standard system is more profitable
(+71 DM/ha). The data for the INTEX project (Niedersachsen) show different results.
There the integrated system has a positive difference of +129 DM/ha.

Table 5.13 : Income effects of a reductions of PPP use in wheat production in integrated systems
compared to standard systems under different wheat prices

Price assumption:
“integrated” wheat price

“Schleswig-H.  1'
“Farm data’

“Schleswig-H.   2'
“Rade-project’

Niedersachsen
“INTEX-project’

Ø

Gross margin difference (“integrated” - “standard’) in DM/ha
> “Standard”  (+1.50 DM/100kg) +107 +48 +239 +131
= “Standard’ -4 -71 +129 +18
< “Standard”  (-1.50 DM/100kg) -78 -151 +53 -59

Gross margin difference (“integrated” - “standard’) as percent of “standard” 
> “Standard” (+1.50 DM/100kg) +7 +3 +17 +9
= “Standard’ ± 0 -4 +9 +2
< “Standard” (-1.50 DM/100kg) -5 -8 +4 -7
Source: Estimates based on Stoyke & Waibel (1995), Kerkhof (1996), Cramer (1996) and Tremel (1997)
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These results assume that the price of wheat is identical for both systems. In Section 5.3
we showed that this is not necessarily the case, i.e. it can be argued that the price
depending on quality and marketing factors for wheat from integrated production can be
either higher or lower than “standard” wheat. So Table 31 evaluates the extent to which
a realistic premium (+1.50 DM/100kg) or discount (-1.50 DM/100kg)1 of the price for
wheat from integrated production affects the gross margin difference between the two
systems. Where the premium applies, in all three cases the gross margin for the integrated
system is higher than for the standard system. On average this is about +131 DM/ha
(+9 percent). In case of a price reduction for both data pools from Schleswig-Holstein the
gross margins of the integrated systems are lower compared to the standard systems. Only
for the INTEX project is the difference still positive. On average the difference amounts
to -59 DM/ha (-7 percent).

To summarise, the comparison of standard and integrated cropping systems shows
that a PPP reduction of about 40 - 50 percent appears to be possible without large
effects on the profitability of the crop.  In section 5.4.4 the crucial question of whether
the same holds true for the rotation as a whole is investigated.

5.4.4 Economic comparisons between “standard” and “organic” systems

♦ Data sources :  The comparison here is based for the standard system on farm data
(Kerkhof 1996) and experimental farm data (Cramer 1996) and for the organic system
entirely on farm data (Nieberg 1997). All data are for Schleswig-Holstein. For the
standard system the data used in this comparison are taken from the average values
of Schleswig-Holstein 1 and Schleswig-Holstein 2 given earlier. These figures can
be regarded as “typical” for standard wheat production in Schleswig-Holstein. The
data for the organic system are based on input-output records gathered for 10 farms
from 1991 to 1994. Unfortunately the 1995 data had not been published when this
study was prepared.

Nevertheless these data were extracted from the most reliable source which is
available covering organic farming in Germany at present time. The sample for
organic wheat comprises only data from farms which changed to organic farming in
1990/91 as participants of the previous EU extensification programme under
regulation 4115/88. For both production systems prices and area payments (subsidies)
are modified to 1995 conditions in order to calculate comparable gross margins.

The main issues discussed are input use, yields and gross margins.  The farm gate
prices used here were discussed earlier in section 5.3.4.

                                                
1 i.e. a premium or discount of circa 6 percent
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Table 5.14 : Gross margin comparison for wheat from standard and organic production systems in
Schleswig-Holstein 2

Standard Organic Organic as 
percent  of 

standard
 Yield dt/ha 82.70 40.00 48.00
 Price DM/dt 25.50 49.00 192.00
 Sales revenue DM/ha 2,108.00 1,960.00 93.00

 CAP area payment DM/ha 721.00 721.00 ---
 Conversion payment DM/ha 0.00 250.00 ---
 Total area payment DM/ha 721.00 971.00 135.00
 TOTAL GROSS INCOME DM/ha 2,829.00 2,931.00 104.00
 Seed DM/ha 121.00 166.00 137.00
 N-fertiliser : DM/ha 211.00 0.00 0.00
 · (kgN/ha) kgN/ha 91.00 3.00 3.00
 P-, K-fertilisers DM/ha 253.00 0.00 0.00
 Pesticides : DM/ha 61.00 0.00 0.00
 · Herbicides DM/ha 167.00 0.00 0.00
 · Fungicides DM/ha 13.00 0.00 0.00
 · Insecticides DM/ha 13.00 0.00 0.00
 · Growth regulators DM/ha 29.00 10.00 34.00
 Interest DM/ha 15.00 13.00 87.00
 Crop insurance DM/ha 50.00 25.00 50.00
 Drying costs DM/ha 221.00 245.00 111.00
 Variable machinery costs DM/ha 0.00 87.00 ---
 TOTAL VARIABLE COSTS DM/ha 990.00 549.00 55.00
 GROSS MARGIN (labour excluded) DM/ha 1,838.00 2,382.00 130.00
 Labour hours/ha 8.65 8.58 99.00
 GROSS MARGIN (labour excluded) DM/ha 1,665.00 2,210.00 133.00

 GROSS MARGIN (labour included)
  WITHOUT CONVERSION PAYMENT

DM/ha 1,665.00 1,960.00 118.00

 DIFFERENCE ORGANIC - STANDARD DM/ha +545

 DIFFERENCE ORGANIC - STANDARD        
       WITHOUT CONVERSION PAYMENT

DM/ha +295

Source: Estimates based on Cramer (1996), Kerkhof (1996), and Nieberg (1997)

                                                
2 Input-output data for “standard” are average values for 1991 - 1994 and for 1994

Input-output data for “organic” are average values for 1991 - 1994: wage: 20 DM/hour
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5.4.5 Input use

As the figures above show, the total variable costs of organic wheat production amount
only to about the half (549 DM/ha) the total for the standard system (990 DM/ha), mainly
due to the non-use of mineral fertilisers and PPPs in the organic system. These costs
saved in the organic system are partly balanced by the higher costs of seed for organic
production (+45 DM/ha) and other special costs such as contributions to organic
marketing and extension organisations. Other items such as machinery costs play a only
minor role in the cost difference. For example soil preparation and harvesting costs are
similar in both systems and the additional costs for mechanical weeding in the organic
system are partly compensated by the savings from not spraying. Somewhat surprisingly,
labour input (hours/ha) is nearly the same in both systems.

5.4.6 Yields

As expected the yields for organic production are substantially lower. The available data
shows the yield difference for wheat amounts to about -50 percent , i. e. in standard
systems about 8 t/ha are harvested on average, whereas on organic farm around 4 t/ha is
usual. These figures are supported by data from other regions in Germany (Agrarbericht
diff. volumes and Annex 4, Dreyer 1997).

Table 5.15 : Yields and yield variations for wheat from standard
and organic production systems

Standard Organic 1 
Ø (100 kg/ha) 2 82.7 40 
CV (%) 10.0 7.6 
Minimum (100 kg/ha) 3 70.5 25 
Maximum  (100 kg/ha) 86.1 65 

The data for organic farms in Schleswig-Holstein show a range of wheat yields from 2.5 t
to 6.5 t/ha (Table 5.16). Even so, considering the CV values shown above, the yield
variations on organic farms are not necessarily higher than in standard systems.

                                                
1 Nieberg (1997)

2 Average value according to Kerkhof (1996) and Cramer (1996)

3 Variation according to Kerkhof (1996) (CV = 10 percent ,  Ø = 78,3)
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♦ Gross margins : The gross margin comparison between standard and organic systems
shows that the lower gross income from production in the case of the organic system
was largely compensated by higher product prices and conversion payments of
250 DM/ha. The total gross income of the organic system is four percent higher than
the standard system. Considering the lower variable costs of about 550 DM/ha, the
gross margin of the organic system is 545 DM/ha above the figure of the standard
system, but half of this difference equals the conversion payment.

What the data show is the dependence of the organic gross margin on a very large
product price premium, and the central question is what will happen to the price for
organic if and when production rises.  This all-important issue is considered further
in section 5.6.

At present organic wheat occupies a small and very specialised niche market where
price is of relatively little importance; additionally, a significant proportion of organic
wheat is sold direct and unprocessed to end consumers which distorts the price
comparison.  The table below shows the efforts of quite small changes in the organic
price premiums, and also evaluates the financial effects of a withdrawal of the
conversion premium.

Table 5.16 : Comparison of gross margins for organic and standard wheat production
under different price and subsidy assumptions

Organic wheat yields (100 kg/ha)

  Conversion payment  (250 DM/ha) with without with without with without

  PRICE FOR ORGANIC WHEAT :

  · 44 DM/100kg (=  -10 %)
  · 49 DM/100kg
  · 54 DM/100kg (=  +10 %)

-95  
+55  

+205  

-345  
-195  
-45  

+345  
+545 1

+745  

+95 2

+295  
+495  

+758  
+1,035  
+1,285  

+535 3

+785  
+1,035

Source : Stoyke, based on Nieberg (1997), Kerkhof (1996) and Cramer (1996)

Different assumptions about prices, yields and subsidies leads to very large changes
in the gross margin difference between standard and organic systems. While in the
“best case” (wheat price = 54 DM/100kg, yield = 5 t/ha, “with” conversion payment
of 250 DM/ha) the organic system could have an advantage of +1,285 DM/ha, in the
worst case (wheat price = 44 DM/100kg, yield = 3 t/ha, “without” conversion

                                                
1 Situation in 1995 (compared to Table 32)

2 Long term perspectives

3 Long term perspectives
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payment of 250 DM/ha) a negative difference of -345 DM/ha is seen.
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The most probable medium term perspective at the moment seems to be that (i) yields
will range from 4 t/ha to 5 t/ha because of prevailing technical constraints on organic
production methods,  (ii) prices will almost certainly decline in response to an
increasing market supply,  and (iii) the conversion payments will be reduced step by
step in order to reallocate the funds to the support of marketing activities and
extension activities. This would result in sharply decreasing profitability for organic
wheat production. Nevertheless wheat, especially for bread making, seems likely to
still remain an important crop for organic arable farming.

5.5 Economics of standard, integrated and organic rotations

5.5.1 Overview

Any complete analysis of the comparative economics of standard, integrated and organic
wheat production (and hence of the benefits of PPPs) has to consider the whole rotation
and not just the actual wheat crop.  Below we compare (a) standard and integrated
rotations, and (b) standard and organic.  In both cases the comparisons made are
incomplete as they exclude livestock, both because of lack of data and also because of
the complexity of including products whose returns so heavily depend on subsidies and
market “management’.

5.5.2 Standard versus integrated

As it is assumed that the fixed costs as well as the quantity of total labour requirements
of a farm are not affected by the switch from standard to integrated cropping.
Nevertheless, the demands on farm and crop management skills become greater. Farmers
adopting a genuine integrated approach have to become experienced with new crop
management ideas, especially as far as the eco-system and the environment-production
technology interface is concerned (Stoyke & Waibel 1994). This leads to both “learning
costs” in the early period under the new system, and an on-going requirement for greater
watchfulness and risk-management in subsequent years.

The data compared here for standard and integrated crop production represent “typical”
models for each system for Schleswig-Holstein. The “typical” arable land use pattern for
standard systems is dominated in Schleswig-Holstein by wheat (40 percent), followed by
barley (20 percent), oilseed rape (18 percent) and sugar beet (6 percent). Set-aside
amounted to 16 percent in 1995 CAP conditions.
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Compared to the cropping pattern under the standard system, an integrated system needs
to be more diversified in terms of the number of crops cultivated and better balanced as
regards the area grown of each crop. The rotation should contain at least four to five main
crops, while autumn-sown catch crops should generally be grown prior to spring planting.
Based on the designs of the integrated systems of the Rade project (Cramer 1996) and the
INTEX  project (Stoyke & Waibel 1995) the following rotation is assumed for the
integrated model: 30 percent  wheat, 15 percent  barley, 10 percent  oats, 15 percent
 oilseed rape, 6 percent  sugar beets, 8 percent  grain legumes. Set-aside again amounts
to 16 percent. The main characteristic of this modified rotation is that the proportion of
winter sown cereals is reduced (-15 percent  AF) and replaced by oats and grain legumes.
This results in average (i.e. across the rotation) in a lower demand for nitrogen fertiliser
and has also has positive plant health side effects. At the same time it can be claimed that
this rotation is “realistic” in relation to market demand. This is often not the case with
experimental rotation designs, which for example often have grain legumes or oats taking
up to 25 percent  of the arable area.

♦ Results : As Table 5.17 shows the combined effects of  reduced input use, decreasing
yield levels and a change in the cropping pattern results in a slightly lower rotation
gross margin for the integrated system (-74 DM/ha). The labour input is nearly the
same in both systems (+0.31 hours/ha for integrated).

This estimated income reduction is similar to that found by other comparisons
between standard and integrated systems, too. The Rade project in
Schleswig-Holstein gave a negative result for the integrated system of about
110 DM/ha. The INTEX project shows over six years at three locations an income
reduction of 113 DM/ha on average.  It should be noted that the income effect of a
change from standard to integrated production is highly site specific. With the
INTEX project the rotation gross margin varied considerably between the respective
experiment at farms. The gross margin difference ranged from +30 DM/ha to
-226 DM/ha.

Beside lower yields, the gross margin difference of -74 DM/ha (Table 35) is mainly
a consequence of the reduction of the wheat area (-10 percent AF) and its replacement
by crops with lower gross margins (oats, grain legumes). Without such modifications
to  the rotation, it would not be feasible to reduce the use of chemical inputs by as
much as -50 percent (or more) while maintaining the yields and quality expected for
crops like wheat. In brief integrated wheat production is associated with
opportunity costs in terms of land use by crops with positive agronomic side
effects.
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Table 5.17 : Rotation gross margin and labour input for standard and integrated cropping systems
STANDARD SYSTEM

 Crop
 enterprise

Cropping
share

Yield Price Area
payments

Gross
income

Variable
costs

Gross
margin

Labour

(percent) (100 kg/ha) (DM/100 kg) (DM/ha) (DM/ha) (DM/ha) (DM/ha) (hours/ha)
 Wheat 40 82.7 25.5 721 2,830 990 1,840 8.65
 Barley 20 75.2 24.5 721 2,563 941 1,622 6.70
 Oilseed rape 18 37.0 35.0 1,162 2,457 928 1,529 6.84
 Sugar beet 6 520.0 9.1 4,732 2,094 2,638 20.00
 Set-aside 16 913 913 150 763 3.00
 Rotation gross margin and labour input 1,616 7.71
 INTEGRATED SYSTEM

 Crop     
enterprise

Cropping
share

Yield Price Area
payments

Gross
income

Variable
costs 1

Gross
margin

Labour

(percent) (100 kg/ha) (DM/100 kg) (DM/ha) (DM/ha) (DM/ha) (DM/ha) (hours/ha)
 Wheat 30 76.7 25.5 721 2,677 871 1,806 8.88
 Barley 15 68.7 24.5 721 2,404 638 1,766 5.93
 Oats 10 56.4 23.0 721 2,018 640 1,378 7.29
 Oilseed rape 15 32.0 35.0 1,162 2,282 652 1,630 9.28
 Sugar beet 6 500.0 9.1 4,550 2,094 2,456 20.00
 Gr.legumes 8 31.5 27.0 1,042 1,893 850 1,043 8.28
 Set-aside 16 913 913 150 763 3.00
 Rotation gross margin and labour input 1,542 8.02

 Difference “integrated” - “standard’:

 Rotation gross margin and labour input -74 0.31
Source : Stoyke based on Kerkhof (1996), Cramer (1996), Braatz & Wagner (1996), Hülsen & Stübs
(1996), Ludowig (1996), Stoyke & Waibel (1995)

Such side effects can be interpreted as “on-farm” inputs, necessary for the internal
balance of the agro-ecological system, whereas other factors like mineral fertilisers
and PPP can be regarded as “off-farm” inputs (Stoyke  & Waibel 1997a and 1997b).
Thus the implementation of key elements of an integrated systems in arable farming
is a kind of “extensification” with respect to off-farm inputs, but an “intensification”
with respect to on-farm inputs, which heavily depend on farmers' skills (reduction of
nutrient loses, disease/pest/weed prevention, maintenance of soil fertility and other
natural resources of the agro-ecological system). A “targeted replacement” (Vereijken
1995b) of some off-farm inputs seems to be possible with only limited excessive
income losses. Furthermore the present gap between standard and integrated systems
can probably be reduced if research and extension efforts on integrated systems are
strengthened and if farmers become more experienced in their management.

                                                
1 Costs of catch crops included
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Even so, up to now comprehensive integrated systems, and not just of a few elements
of integrated practice, seem to be uncompetitive with standard systems at  farm
enterprise level;  otherwise the contemporary low rate of switching to integrated
production is difficult to explain.

5.5.3 Standard versus organic rotations

The switch from a standard to an integrated rotation requires relatively modest changes
in the cropping pattern; in contrast,  as discussed in section 2.6, a switch from standard
(or integrated) to organic calls for drastic and far reaching changes.  It will, in particular,
generally involve the inclusion of livestock enterprises within the overall farm business.
 The analysis below is based on two approaches.  Firstly, the impact of the change is
modelled; secondly, empirical data from existing standard and organic farms in
Schleswig-Holstein are used.

The comparison is based on the assumption that livestock are not kept in both cases. This
big assumption helps to avoid an over-complicated comparison, because the focus
remains on “wheat dominated arable farming’. It also addresses a new issue in the
conversion to organic farming in Germany, because an increasing number of organic
farms without livestock have started (Schmidt et al. 1995) aiming to establish sustainable
stockless rotations. Though this may be undesirable from a “systems perspective” for
organic farming, it is unrealistic for many arable farms converting to organic to start
livestock production. Reasons include the amount of investment needed, scarcity of
labour resources, non-availability of milk-quotas and  other constraints.

The comparison of the two systems is based on typical farms for Schleswig-Holstein. The
data for the standard system are the same as were used in the comparison between
“standard and integrated” systems.  For the organic system, data about cropping shares,
yields, prices, variable costs and labour input were obtained from a variety of sources.
Again it was necessary to use information from other locations in Northern Germany
(Niedersachsen) in order to fill in gaps.

The data in Table 5.18 refer to farms from a sample comprising mostly arable farms plus
a few dairy farms. It is evident that the rotation is dominated by cereals to the same extent
(about 60 percent AF) as on the standard farms (see section 5.4). Wheat remains the most
important crop (20-30 percent), followed by fodder crops (16-20 percent),  rye (about
15 percent) and oats (10-14 percent). Grain legumes have a low cropping share (about
4 percent) on average, because farms with livestock grow legume fodder crops
(clover/grass leys) instead.
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Table 5.18 : Average land use pattern on organic farms in Schleswig-Holstein

 Total farmland (FL) 1990/91 1991/92 1992/93 1993/94
 Arable farmland (AF) (%  FL) 81.7 82.0 85.0 84.0
 Set-aside (%  FL) 5.9 6.4 15.5 13.8
 Grassland (%  FL) 18.3 18.0 15.0 16.0
 Arable farmland (AF)
 Cereals (%  AF) 65.7 68.7 54.5 60.6
 · Wheat (%  AF) 30.1 32.9 17.6 23.5
 · Rye (%  AF) 13.7 16.0 15.9 16.3
 · Barley (%  AF) 3.2 0.0 6.7 1.7
 · German wheat (%  AF) 1.2 2.8 1.8 3.7
 · Oats (%  AF) 14.4 10.9 11.6 13.1
 Grain legumes (%  AF) 4.5 4.3 5.8 3.2
 Fodder crops (%  AF) 20.3 17.2 17.5 16.4
 Others (%  AF) 2.2 2.1 4.0 3.3
 Set-aside (%  AF) 7.2 7.8 18.2 16.4
 Total set-aside (%  AF) 100.0 100.0 100.0 100.0
Source: Nieberg (1997)

Data from other regions of Germany show comparable land use patterns on organic
farms, which reflect the rules for organic farming (Neuerburg 1996, Franzmann & Ebert
1996, Dreyer 1997). Bearing in mind that a farm rotation must depend in part on local
factors (soil/climate, market access etc.), the following general points can be made:

t About 20-30 percent of the crop areas needs to be devoted to legumes to maintain
nitrogen levels at the necessary level. This can consist of (i) grain legumes for sale
or own use for animal feed, (ii) fodder legumes, or (iii) legumes grown as green
manure, preferably cultivated on set-aside area under CAP regulations. In effect,
organic farmers can expect the set-aside system to help sustain fertility within their
systems (but then this land becomes unavailable for other uses such as the creation
of conservation areas).

t Leading crops with good margins are cereals for human consumption, i.e. wheat, rye
and oats to a minor extent as well as potatoes. Many organic farms also grow field
vegetables.

t Sugar beet and winter barley are not normally grown by organic farmers. There is no
market for organically produced sugar beet and barley is less attractive in economic
terms and farms face agronomic problems (the early sowing date in autumn gives fine
opportunities for weed growth and the high nitrogen demand in early spring does not
fit into the nutrient management of an organic cropping system).



Based on the above,  the following rotation is assumed for the organic farm model:
26 percent wheat, 14 percent rye and oats respectively, 10 percent spring barley (for
malting) and grain legumes respectively and 6 percent potatoes. Wheat is still the
most important crop. Barley, oil seed rape and sugar beet are excluded/replaced by
other crops. The set-aside area is increased (voluntarily) to 20 percent to grow green
manure for nitrogen fixation. Over a five year period, after green manure, wheat
followed by a catch crop is grown, followed by potatoes (30 percent) / oats
(70 percent), a further catch crop, malting barley (50 percent) / grain legumes
(50 percent) and rye (70 percent)/ wheat (30 percent).

7DEOH��������5RWDWLRQ�JURVV�PDUJLQ��ODERXU�LQSXW�DQG�HVWLPDWHG�FKDQJH�RI�IDUP�SURILW�IRU
VWDQGDUG�DQG�RUJDQLF�SURGXFWLRQ�V\VWHPV

 STANDARD SYSTEM

 Crop
 enterprise

Cropping
share

Yield Price Area
payments

Gross
income

Variable
costs

Gross
margin

Labour

(percent) (100kg/ha) (DM/100kg) (DM/ha) (DM/ha) (DM/ha) (DM/ha)(hours/h
a)

 Wheat 40 82.7 25.5 721 2,830 990 1,840 8.65

 Barley 20 75.2 24.5 721 2,563 941 1,622 6.70
 Oilseed rape 18 37.0 35.0 1,162 2,457 928 1,529 6.84

 Sugar beet 6 520.0 9.1 4,732 2,094 2,638 20.00

 Set-aside 16 913 913 150 763 3.00

 Rotation gross margin and labour input 1,616 7.71

 ORGANIC SYSTEM

 Crop
 enterprise

Cropping
share

Yield Price Area
payments

Gross
income

Variable
costs 1

Gross
margin

Labour

(percent) (100kg/ha) (DM/100kg) (DM/ha) (DM/ha) (DM/ha) (DM/ha)(hours/h
a)

 Wheat 26 40.0 49.0 971 2,931 837 2,094 8.58

 Rye 14 34.0 53.0 971 2,773 686 2,087 9.00

 Oats 14 43.0 52.0 971 3,207 679 2,528 12.00

 Spr. Barley 10 39.0 75.0 971 3,896 724 3,172 12.00

 Gr. legumes 10 38.0 55.0 1,292 3,382 869 2,513 12.00

 Potatoes 6 193.0 55.0 250 10,865 6,193 4,672 120.00
 Set-aside 20 913 913 400 513 5.00

 Rotation gross margin and labour input 2,142 15.77

 “Organic - standard” differences :

 Rotation gross margin and labour input +526 +8.06
 (incremental labour = hired labour, included in variable costs)

 Estimated change of farm profit +38

 (-550 DM/ha incremental fixed costs, +62 DM/ha incremental income 2

 Estimated change of farm profit without conversion payment -162

 (farmland without set-aside  * 250 DM/ha)

6RXUFH���6WR\NH�EDVHG�RQ�.HUNKRI���������&UDPHU����������%UDDW]�	�:DJQHU���������+�OVHQ
	�6W�EV���������/XGRZLJ���������)UDQ]PDQQ�	�(EHUW���������1HXHUEXUJ���������1LHEHUJ�������

                                                          
1 Costs of catch crops included

2 Revenues for leasing of sugar beet quotas



The higher rotation gross margin of the organic system shown above
(+526 DM/ha) compared to the standard system depends on higher product
prices and the conversion payment of 250 DM/ha cultivated arable farmland;
these more than compensate for the lower yields. Furthermore the set-aside
payment is indirectly subsidising the organic nitrogen supply of the cropping
system. The total changes of cropping practices and the cultivation of potatoes
as a crop with extremely high labour demands leads to doubling of the labour
requirements (+8.06 hours/ha). It is assumed that the farm before conversion
could be managed entirely with family labour (7.71 hours/ha) and that the
higher level after conversion (15.77 hours/ha) requires labour from outside the
farming family. Wages paid for this labour input are included in the variable
costs.

The organic system involves additional costs at farm level, i.e expenditure on
special machinery, storage for potatoes as well as on marketing. The level of
these additional costs of course varies greatly from farm to farm depending on
the situation and the farmer’s experience before conversion. Empirical data
from different sources (Holle 1995, Franzmann & Ebert 1996, Dreyer 1997)
indicated an average increase in fixed costs of +550 DM/ha. Against this, after
conversion the sugar beet quota could be leased out, providing an additional
income of 62 DM/ha (6 percent  cropping share at 52 t/ha * 20 DM/t =
62 DM/ha).

Based on the above, estimates about the possible change in farm profitability
can be calculated. According to our model assumptions the difference in farm
profit amounts to +38 DM/ha. Though this figure can only be taken as a rough
estimate, it indicates that a conversion from standard to organic farming, i.e. a
total cessation of PPP use is possible, given our assumptions about prices and
area payments, which are currently valid.

However, a declining price premium for organic products seems likely in
future as production increases and the niche market for organic products
become over-supplied.  An overall price reduction of only -10 percent  for
organic products would result in a fall in farm income (-183 DM/ha) for the
organic farm model. Furthermore it is not unlikely that subsidies for organic
farming in terms of area payments will be reduced or eliminated in the future.
,Q�WKLV�FDVH�� WKH�IDUP�SURILW�RI� WKH�RUJDQLF�IDUP�PRGHO�ZRXOG�EH�FOHDUO\
ORZHU� ������'0�KD�� FRPSDUHG� WR� WKH� VWDQGDUG� IDUP�� $VVXPLQJ� LQ
DGGLWLRQ�DQ�RYHUDOO�SULFH�UHGXFWLRQ�RI� ����SHUFHQW� � IRU�RUJDQLF�SURGXFWV�
WKH�FKDQJH�RI�IDUP�SURILW�ZRXOG�DPRXQW�WR������'0�KD�

This shows how fragile is the present profitability of organic production.
Farmers are well aware of this fact and is one reason why organic farming
remains so marginal in Germany as elsewhere.
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5.5.4 Farm level data

In this section the findings of the above analysis of the profitability of organic farming
based on modelling the conversion of arable farms from standard to organic production
is compared to the available statistics on the actual farm profits of standard and organic
farms in Schleswig-Holstein.

Table 5.20 shows the average results for 10 organic farms and for the Agrarbericht
sample of “comparable standard full-time farms” in Schleswig-Holstein for the period
from 1990/91 to 1993/94 (unfortunately the data for the organic farms for 1994/95 were
not available when this report was prepared). It is evident that in all four years the farm
profit of the organic farms is lower than that for the standard farms. The difference varies
between -156 DM/ha and -386 DM/ha. On average it amounts to -286 DM/ha.

This result contradicts the farm model calculations given in the previous section which
showed both systems at least equivalent in terms of farm profit in DM/ha. It also
contrasts with the results for Germany as a whole. At national level, organic farming was
reported to be more profitable than standard farming, both in terms of average farm profit
in DM/enterprise and in DM/ha (+50 DM/ha to +100 DM/ha, i. e. +5 percent
to +10 percent. This finding has been discussed and explained by different authors
(Zerger 1993, Schulze-Pahls 1994, Knickel 1995).

To explain the divergence between the farm model results and the empirical findings for
Schleswig-Holstein, it is necessary to analyse both with respect to the underlying
structural data. First, it has to be remembered that the model results refer only to arable
farms and that the statistics comprise data for all types of farming system. For Schleswig-
Holstein these are nearly all arable and dairy farms. A closer look at the development of
structural characteristics of the sample of organic farms compared to the standard farms
shows that the organic farms reduced both labour input (-17 percent) and livestock
numbers for milk production (-34 percent) considerably in the four year period shown,
whereas organic farm size increased less standard farms. It is quite likely that this had a
negative effect on farm income, for the sample consists of identical farms and the
differences in the development of farm structures cannot be explained by changes in the
data base.
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Table  5.20 : Development of structural farm characteristics and farm profits for standard and
organic full-time farms in Schleswig-Holstein.

1990/91 1991/92 1992/93 1993/94 1990/91 - 1993/94
(change in percent)

 FARM SIZE (ha FL) (a)1 50.1 53.8 55.5 57.9 +16
(b) 65.6 66.6 68.9 70.7 +8
(c) 131 124 124 122

 LABOUR INPUT (WU/farm) (a) 1.67 1.68 1.66 1.66 -1
(b) 1.59 1.37 1.39 1.32 -17
(c) 95 82 84 80

 LIVESTOCK (LU/ha FL) (a) 1.15 1.14 1.13 1.11 -3
 (only cattle) (b) 0.44 0.33 0.30 0.29 -34

(c) 38 29 27 26
 FARM PROFIT (DM/ha) (a) 1,014 1,091 936 862 -15
 (with conversion payment) (b) 861 705 628 597 -31

(c) 85 65 67 69
(d) 153 -386 -308 -265

 Conversion payment   
(DM/ha)

350 352 306 319

 FARM PROFIT (DM/ha) (a) 1,014 1,091 936 862 -15
 (without conversion   
payment)

(b) 511 353 322 278 -46

(c) 50 32 34 32
(d) -503 -738 -614 -584

Source: Agrarbericht (diff. volumes), Nieberg (1997)

The conclusion is that the reason for the low average farm profit of organic farms in
Schleswig-Holstein is principally due to changes on the livestock side of the enterprise
rather than the economic performance of the arable side. So in our view the results of the
farm model comparisons (Table 5.20) remains realistic in showing the economic
consequences of a switch to organic production of arable crops in Schleswig-Holstein.
An extrapolation of these findings to Germany as a whole could only be done with
several provisos.  Livestock related effects of any general transformation from standard
to organic farming (which might be positive or negative) are likely to outweigh the purely
arable implications.

                                                
1 According to Regulation (EEC) 4115/88, i. e. the former extensification programme in Germany

(a) “standard’; (b) “organic’; (c) “organic” in percent  of “standard’;  (d) absolute difference
“organic - standard’
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5.6 Economic benefits of PPPs

5.6.1 Overview

The economic benefits that PPPs provide for wheat production in Schleswig-Holstein
(and in Germany) can be summarised under three headings :

t benefits to farmers,

t benefits to consumers,

t benefits to the economy.

The analysis given in the previous sections shows that there are only marginal differences
in the profitability of standard and integrated wheat production both in terms of the crop
itself and (more importantly) in terms of the overall rotations in which the crop is grown.
 Nevertheless, at present the (small) advantage lies with the standard systems and there
is no economic incentive for farmers to switch to a full integrated system, in particular
one which includes a significant conservation element.  The exceptions may be in the
four states which offer specific financial incentives for the adoption of an integrated
approach, and among farmers producing for an integrated label offering a price premium.

In contrast, the gross margin for organic wheat production was about 18 percent higher
(using 1994 data) than for standard wheat, excluding the conversion subsidy; at overall
rotation level, the organic system shows a 32.5 percent better result.  However this
performance depends on a very high premium price for organic wheat of about 92 percent
above the price for standard wheat.

There is no reason to believe that this level of premium would be sustainable if organic
wheat production was to increase substantially.  The available evidence from consumer
research, admittedly very thin, suggests that no more than 20-25 percent of consumers
are prepared to pay any premium whatsoever.  For the future much depends on the
attitude of the leading retail organisations.  If they decide to promote “integrated”
products alongside or in place of organic products, the growth in demand for the latter
is likely to be constrained.  But if they decide organic products can be more easily
promoted, the opposite could happen.  Any analysis therefore must make somewhat
arbitrary assumptions on this key factor.

5.6.2. Benefits to farmers

In a hypothetical situation where the greater part of wheat production was organic, let us
assume that the organic wheat price premium remains 20 percent above that for standard
wheat.  Including the area payments, the gross for organic wheat then falls to 1,358
DM/ha compared to 1,840 DM/ha for standard wheat.

At rotation level, assuming a 20 percent price premium for organic over the standard
prices for all crops in the rotation the average gross margin falls to 1,253 DM/ha
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compared to 1,616 DM/ha for the standard rotation.  But this is too favourable to the
organic rotation, for three reasons.  Firstly, the organic rotation includes high margin
potatoes, not included in the standard rotation; secondly, it includes the benefit of set-
aside which in affect subsidises the fertility-building phase of the organic rotation; and,
thirdly, the organic rotation excludes livestock which in practice are found on the
majority of organic farms.

Even ignoring these factors, on the basis of our assumptions about organic prices, the cost
to the farmer of a large-scale switch to organic would be in the region of DM 360/ha for
both wheat and over the rotation as a whole.  Clearly these figures can be argued about,
but we suggest this estimate veers strongly on the organic side.

By extrapolation, the total cost to farms in Schleswig-Holstein, with 580,000 ha of arable
farmland, would be 208 million DM; in Germany as a whole, assuming the same figures
apply on 11.6 million ha of arable land, the cost would be in the region of 4.2 billion DM.

In brief, these figures are a measure of the economic benefits of the use of PPPs (and
fertilisers) to Schleswig-Holstein and German farmers respectively.  In our view, the
benefits of PPPs and fertilisers cannot be meaningfully disaggregated, as their use is
complementary and synergetic.  All that can be said is that there appears to be only
limited economic benefit in the use of PPPs above the levels required for integrated
production according to the protocols used in the trials whose results are cited.

5.6.3. Benefits for consumers 

For consumers the economic benefit of PPPs is that the food is currently available from
integrated and standard production at prices between 25 percent and 50 percent below
those of the organic equivalents.  Added to this would be a decline in food security due
to the risks of calamitous crop losses, and a decline in the storeability of cereals (and
other crops) and hence of off-season availability.  There is also the likelihood of the
quality of many food products being affected by fungal and pest damage.  In brief, there
would be a return to the conditions of the pre-PPP era, but with much a larger population
to feed. 

Against this must obviously be balanced by the benefit of food and water without any
pesticide residues.  Since with very few exceptions these residues are currently reported
as being well below the existing very stringent permitted levels, whether this is a real
benefit can only be judged by individuals.  The scientific evidence indicates there would
not be any benefits, but cannot provide an absolute guarantee.
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5.6.4. Benefits to the economy 

At national level, the costs of a switch to organic from integrated or standard production
would have several components.  First of all, there would be a loss equivalent to that
sustained by the farmers.  Presumably this would lead to vociferous demands for income
support from the tax-payer.  In addition, there would be a loss from a drastic reduction
in food processing activities due to a declining availability of raw material.  Thirdly, there
would be a balance of payments effect, since national production would be inadequate
to meet national demand, with a need for increased imports which would only be
available if other countries had not converted to organic methods.  The whole scenario
of a mass conversion is so unrealistic that it seems pointless to try and quantify in
monetary terms the precise effect beyond the farmgate.  Finally there would be the
economic cost of the contraction or destruction of the agrochemical industry to add to the
other costs identified above.

One recent study (Hartmann and Schmitz, 1996) attempted to model the regional and
national effects on reductions in fertiliser and pesticide use in Germany.  Overall, they
found that a ban on pesticides would reduce farm incomes by 14 percent and on all
chemicals by 17 percent.  The negative effects in Schleswig-Holstein would be slightly
less than in Germany as a whole.

On the other side of the balance would be the economic effects of an increase in farm
employment.  The data from this case study indicate that under an organic system labour
requirements in total would nearly double, so this could be significant; but the wage rates
would need to be very low because of the poor overall profitability of organic farms.

5.7 Environmental benefits of PPPs

In the context of wheat production in Schleswig-Holstein, the main environmental benefit
of PPPs is that their use means that less land is needed for wheat production. Given that
organic yields of wheat are approximately half those obtained from standard and
integrated production, it follows that at least twice the land area would be needed to
produce the same quantity of wheat; in this context “at least” is the operative phase, in
that it is impossible to grow wheat as frequently in an organic rotation as in a non-organic
one.  What is grown in Schleswig-Holstein is 25 percent of the arable area; in an organic
rotation this would fall to not more than 20 percent.

On this basis an additional 190,000 ha approximately would be needed in Schleswig-
Holstein to produce the same amount of wheat as is currently grown in Germany as a
whole, an additional 2.8 million ha would be needed at least.  This amount of extra land
simply does not exist, unless forests were cut down and wildlife habits turned over to
crop  production.

Thus the use of PPPs (together with fertilisers) means that land can be spared for forests,
heaths and other uncultivated land.

Many of the environmental negatives currently associated with standard farming could
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be greatly reduced by a switch to an integrated system, provided the latter is reasonably
tightly defined and implemented.  Under an appropriate integrated system the use of
PPPs can evidently be reduced by 40-50 percent (in monetary terms) and also
involves a switch to modern products with better environmental characteristics.  At
the same time the system is designed and managed so as to reduce nutrient leaching to
a minimum.

Under an organic system, the set-aside area needs to be cultivated with nitrogen-fixing
green manures to maintain soil fertility.  This is not necessary under an integrated system;
 the set-aside area can then be used as a habitat for wildlife, and in addition some of the
set-aside allowance can be used to provide uncultivated field margins and strips across
large fields, both of which can provide wildlife habitats and sustain the biodiversity of
fauna and flora.

The environmental effects of extensification in arable farming would clearly be beneficial
(Isselstein et al. 1991) in terms of improved biodiversity, but there appears to be no
research data yet available that allows a comparison to be made between the gains from
a switch to 20 percent organic on the one hand, and a switch to 50-100 percent integrated
on the other together with a diversion of (say) 10 percent of cropland to non-farm uses.
 These are possible alternatives to the existing standard system, and it is by no means
apparent that the former would provide greater biodiversity and other environmental
benefits than the latter.

The overall balance of environmental costs and benefits of PPPs clearly needs to take
account of the negatives.  A review of literature shows (Diercks 1984, Heitefuss 1984,
Isselstein et al. 1991, Stoyke  1995) that the most typical problems of PPP use in standard
systems are the direct and indirect impact on animal and plant species as well as
emissions and/or accumulation of PPPs and their residues in soil and water. Moreover
the impact of PPP use on eco-systems is not restricted to the “environment without
agriculture” and therefore a negative feedback on agricultural production and farm
income is not unlikely taking a long term perspective. Critics of PPP use have suggested
that a high use level of PPPs allows farmers to run production systems that have good
medium term profitability, but may also be susceptible to destabilisation in the long run
(Diercks 1984).
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A study by Waibel  & Fleischer (1995) investigated this special issue. The start point of
their analysis is that any application of PPP is an interference in nature, involving
necessarily the use of natural resources. These are in particular those resources which
are necessary for the availability of “on-farm inputs’. One of these resources is the
susceptibility of pest populations to PPPs. A depletion of this resource is indicated by
an increasing resistance of pest populations, which permanently requires increasing dose
levels and new active ingredients. This development can be observed worldwide since
PPPs have been used (Georghiou 1990, Rubin 1996). The second most important natural
resource that is used by PPP application are beneficial organisms, which can control pest
populations. These organisms are not only useful for farmers, but they are also an
“ubiquitous common property resource” (Waibel  & Fleischer 1995). This resource can
be endangered by PPP use, if the levels are high enough to reduce populations to a critical
point, or even to drive species to extinction.

Accordingly it can be concluded that the costs and returns of alternative pest management
strategies are not independent from PPP use in earlier periods and that they have negative
“off-time” external effects at the same time. These properties of PPP use can cause a
depletion of natural resources like “susceptibility of pest populations to PPP” and
“beneficial organisms’. Because these resources are of a common property nature and
possible returns may only occur in future, their scarcity is not going to be reflected
through the current market process. In other words this means that these resources do not
have a “price’, because (1) they are common properties and therefore individuals can not
realise an economic return even if there is scarcity and (2) the resource scarcity can only
be observed over the long term (Waibel  & Fleischer 1995).

The consequence is that these effects are ignored and user costs for these natural
resources are not accounted on farm level. An increasing depletion of such resources
might result in more frequently occurring pest outbreaks in future, but this is not
necessarily perceived as a result of former PPP use. The increasing dependency of the
cropping system leads at the same time to an increasing benefit of PPP use from the
farmer’s (static) point of view. “Under a resource economic framework that additional
benefit is actually an expression of the depletion of natural resources and thus has to be
interpreted as a cost” (Waibel  & Fleischer 1995). Especially if some or all of these
resources are non-renewable or if substitutes are not available, standard arable farming
systems may not meet the criteria of sustainability.  Though such user costs cannot be
quantified exactly yet, empirical findings show that the considerations presented above
should be considered seriously.
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First, some recent studies show increasing global crop losses due to insect pests, diseases
and weeds in major world crops (Oerke et al. 1994). Second, it can be shown for global
conditions (Weber, cit. in Oerke et al. 1994) as well as for Germany in particular that the
share of PPP costs in relation to the costs of fertilisers has increased considerably in the
last three decades. While this relation was 0.05 in 1962/63, in 1994/95 it was more than
six times higher (Stoyke  & Waibel  1997a and 1997b). This indicates, that the “defensive
costs” of arable farming have increased disproportionally compared to the yield related
costs. Third, it was possible to confirm the hypothesis that there is an inter-temporal
relationship in pesticide use, i. e. that the current PPP use in a given year is not
independent from the PPP use in prior years (Waibel  & Fleischer 1995).

So it can be argued that the current PPP use in standard arable farming systems is likely
to contribute to the depletion of natural resources.  Furthermore these resources have a
common property nature and the harmful effects of PPP can be interpreted as negative
“off-time” external effects, so that there is no market allocation resulting in an “optimum
level of resource use’.  This provides a direct economic argument in favour of an
integrated approach with reduced PPP use.

In this study an assessment of different PPP use reduction levels in arable farming is
presented. The differences between “standard” on one side and “integrated” as well as
“organic” on the other side are taken as the benefits and costs of PPP use in wheat
production based arable farming systems.

The economic analysis given in this case study shows that a reduction of PPP use, i.e. a
change from standard production to an integrated system with a less intensive PPP use,
currently leads to income losses at farm enterprise level. Integrated systems with a
“reduced” PPP use (-30 percent  to -50 percent  on crop/wheat level and -50 percent  to
-70 percent  on rotation level) are nearly equal in wheat production in terms of gross
margin. But at rotation level, possible income losses range from -80 DM/ha to
-100 DM/ha. This gap needs to be bridged if integrated systems are to become the new
standard system.

5.8 Social benefits of PPPs

Clearly one major social benefit of PPPs are the higher levels of income that their use
provides - directly for farmers and farm workers, and indirectly for the community as a
whole - compared with the levels that would prevail if farming switched from standard
or integrated to organic.  The second benefit is the availability of food at much lower
prices than would be possible under an organic system.  Thirdly, there is the social
benefit of the availability of land - for forests, for other wildlife habitats, for housing and
industry, for roads and for recreational use - that would otherwise need to be swallowed
up for food production under an organic scenario.
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In terms of employment, the data given at section 5.5.3 indicate that extra labour for
wheat production needed is minimal, but under an organic system with livestock the
labour requirement more or less doubles.  However, the employment gains that would be
made in (relatively lowly paid) farm work would be reduced by the losses of employment
in post-harvest activities (food processing, distribution) and in the ancillary farm supply
industries (fertilises, pesticides).  Given the large reduction in output a switch to organic
would involve, the net employment effect might well prove to be negative if the second
and tertiary effects are taken into account.

5.9 Likely future developments

The future development of wheat production in Schleswig-Holstein depends greatly on
what happens to the CAP.  If the result of CAP reform is to reduce EU wheat prices to
closer to world levels, the consequences will be a pressure to reduce production costs.
 This should favour a trend towards integrated production, as the most effective means
of reducing variable costs.  The fine-tuning of integrated methods as a result of a
sustained research and development effort will be a critical element in this.

Technical developments are likely to be of major importance. These will include the
development of improved disease and insect pest resistant varieties; improvements in
cultivation techniques and in fertiliser and pesticide application methods;  the
introduction of more effective, highly active and environmentally-safe pesticides can also
be expected.

Even though further research and development should result in higher organic crop
yields, the indications are that the technical and economic gap between integrated and
organic farming will continue to widen.  Given the benefits of the integrated approach -
economic, environmental and social - it is hard to see in a Schleswig-Holstein context
why any special subsidies or encouragement for organic farming should be provided.

The other major development that can be anticipated is a trend towards larger units. 
While the present structure of farming in this region is relatively good compared with the
rest of the western states of Germany, it is still far too fragmented to be competitive in
future if the markets continue to be liberalised.

There are three reasons for this.  If precision techniques are to be adopted, economies of
scale become important; secondly, if the high level management skills needed to operate
a sophisticated integrated system are to be rewarded on a basis competitive with similar
skills in industry, the units managed need to be large, and, thirdly, lower prices will mean
lower net profits per hectare therefore to maintain farmer incomes at even their present
levels must mean each farmer operating more hectares.
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At the present time the case for direct area payments to encourage a switch from a
standard to a genuine integrated system seems good, especially where these include
conservation use of the set-aside areas.  This approach offers the most cost-effective way
of reducing pesticide use without damaging farm incomes, and of achieving realistic
ecological improvements.
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6. CASE STUDY D : WINE IN BORDEAUX (FRANCE)

6.1 Introduction

This case study differs in two important respects from the three others.  Firstly, the three
other case studies deal with products sold unprocessed from the farm - apples, potatoes
and wheat, though all or some of the production may be processed before it reaches the
consumer.  In this case study we are dealing with a processed product - wine, though
many of the costs with which we are concerned relate to the production of the grapes used
for wine making.  Secondly, the prices obtained for different wines from Bordeaux relate
largely to their quality and reputation, and in general not at all to the method by which
the grapes are produced (with the exception in some circumstances for wine from organic
vineyards).

The wine region of Bordeaux benefits from soils and climate suitable for wine of high
quality, both white and red; approximately 116,500 ha of vines are found on land
bordering the Dordogne and Garonne areas and the plateau between, including areas of
both alkaline clay and alluvial gravel.  There are more than 50 “appellations” within the
Bordeaux region, including several with a worldwide reputation (St Emilion, Margaux,
St Julien, Pauillac, Sauternes, etc).

Annual production, around six million hectolitres, marketed by well established traders
(“negociants”) makes the Bordeaux region the leading producer in France of quality wine
(“Vins de Qualité Produits dans les Régions Déterminées”) from the classified region
(VQPRD).  Less than three percent of Bordeaux wine is sold as the basic grade of “vin
de table” and all the remainder is sold under the higher Bordeaux region appellation.  In
total, there are 53 appellations controllées.

The production of red wine (including a small quantity of “clairete” and of the lighter
“rosé”) is considerably more important than that of white wine.  Only 17.4 percent of the
vineyards were of white wine varieties, and they accounted for only 15.6 percent of wine
production in the region in 1993.  Overall, the area of AOC (“Apellation d’origine
controllée”) vineyards is slowly increasing (by about 2 percent annually), but the
proportion of white wine vineyards within the total has fallen steadily.
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Table 6.1 : Overview of Bordeaux wine production
1991 1992 1993 1994 1995

 Area in production (ha):
 · A.O.C. (V.Q.P.R.D) 106,453 108,131 110,334 113,135 113,230
 · Vins de table 3,444 4,123 4,065 4,360 3,168
 Production (‘000 hl):
 · A.O.C. (V.Q.P.R.D) 2,588 6,272 5,779 5,677 6,539
 · Vins de table 107 360 212 156 163
 Yields A.O.C. (hl/ha) 24.23 58.0 52.4 50.2 57.7
 Sales (‘000 hl) :
 · In bulk 2,344 1,968 2,698 2,981 2,977
 · In bottle 2,139 2,075 2,230 2,583 2,654
 Total 4,482 4,037 4,928 5,564 5,654
 Consumption in France  1 592.9 545.2 672.6 665.0 633.2
Source: Conseil Interprofessional du Vin de Bordeaux

From the table above it can be seen that consumption in France has shown a downward
trend since 1993.  This has been compensated by an increase in exports, especially to
South East Asia.  Average yields are above 50 hl/ha, except in 1991, when the vineyards
were hit by an exceptionally severe late frost.  The proportion of wine sold in bottles
rather than in bulk is slowly increasing.

Table 6.2 provides a summary of red wine production and sales over the five years 1991-
95. It can be seen that the area of red wine vineyards increased by 8.2 percent in this
period;  the production trend is obscured by year-on-year yield variations due almost
entirely to weather conditions.

Table 6.2 : Overview of red wine production in Bordeaux
1991 1992 1993 1994 1995

 Area in production (ha):
 · A.O.C. (V.Q.P.R.D) 85,884 87,874 89,705 92,801 92,945
 Production (‘000 hl):
 · A.O.C. (V.Q.P.R.D) 2,159 5,038 4,840 4,830 5,494
 · Vins de table 43 107 55 48 49
 Yields A.O.C. (hl/ha) 25.1 57.3 54.0 52.0 59.1
 Sales (‘000 hl) :
 · In bulk 1,669 1,632 2,174 2,401 2,362
 · In bottle 1,892 1,896 2,016 2,337 2,412

                                                
1 Number of bottles purchased annually/100 households (SECODIP panel data)
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 Total 3,561 3,528 4,190 4,738 4,775
 Consumption in France  2 546.4 505.9 624.5 605.9 574.6
 Average price (FF/bottle) 20.68 21.58 20.96 20.20 21.44
Source: Conseil Interprofessional du Vin de Bordeaux

                                                
2 Number of bottles purchased annually/100 households (SECODIP panel data)

Comparable data for white wine is given in the next table.  It will be seen that white wine
yields are somewhat below those for red and that a higher proportion of white wine is
sold as basic “vin de table”.  Production is divided between dry white wines (Entre-Deux-
Mers, Graves, Pessac-Léognac) and sweet wines (Sauternes, Barsac) for which demand
declined dramatically in the post-war period though it has now somewhat recovered.  The
averages for both yield and prices disguise very large variations between areas and
individual producers.

Table 6.3 : Overview of white wine production in Bordeaux
1991 1992 1993 1994 1995

 Area in production (ha):
 · A.O.C. (V.Q.P.R.D) 20,569 20,257 20,629 20,334 20,285
 Production (‘000 hl):
 · A.O.C. (V.Q.P.R.D) 429 1,234 939 847 1,044
 · Vins de table 65 253 157 107 113
 Yields A.O.C. (hl/ha) 20.9 60.9 45.5 41.6 51.5
 Sales (‘000 hl) :
 · In bulk 675 330 524 579 615
 · In bottle 247 179 214 246 264
 Total 922 509 738 826 879
 Consumption in France  1 38.9 35.3 40.1 51.3 49.2
 Average price (FF/bottle) 25.52 29.85 26.64 24.75 26.19
Source: Conseil Interprofessional du Vin de Bordeaux

The overall picture is one of a sector which is reasonably stable, with little marked
change in output, sales or prices.  Given that yields are restricted by regulation, the
market is mature and the product earns a premium price, it is not surprising that the sector
is conservative and resistant to change both as regards production methods and
marketing.  It is increasingly recognised in the region that, outside the star areas and
properties, the product is likely to face an increasing challenge from producers in other
areas within and without France who have planted premium varieties and adopted
advanced vinification technology coupled in some cases by aggressive marketing.

                                                
1 Number of bottles purchased annually/100 households (SECODIP panel data)
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6.2 Structure of production

6.2.1. Overview

Bordeaux had a reported total of 116,398 ha of vineyards in 1995, amounting to 12.6
percent of the national total for France.  This compares with 10.8 percent of the total in
1991.  According to the official statistics there are 13,842 wine growers in the region, so
the average size of vineyards is 8.41 ha.  However, there are still many very small
growers, and 42 percent of growers have under 2.0 ha.  Only 12 percent of wine growers
have over 20 ha, but they are responsible for around 44 percent of production.

6.2.3 Breakdown between standard, integrated and organic production

There has been a slow but steady increase in the area of both integrated and organic
vineyards in Bordeaux, as in France as a whole, during the 1990s.

Table 6.4 : Area of standard, integrated and organic vineyards in France and Bordeaux, 1991-95
1991 1992 1993 1994 1995

 Area in production (ha):
 · France 1,007,000 995,000 940,000 933,000 926,000
 · Bordeaux 109,897 112,254 114,399 117,495 116,398
 Standard system (ha)
 · France 971,000 957,000 901,000 893,000 886,000
 · Bordeaux 105,506 107,643 109,043 111,445 109,698
 Integrated system (ha) 1

 · France 31,821 33,412 33,800 34,200 34,600
 · Bordeaux 3,450 3,895 4,250 4,900 5,500
 Organic system (ha) : 2

 · France 4,171 4,261 4,687 4,686 4,943
 · Bordeaux 941 1,016 1,106 1,150 1,200
Source: Office International du Vin

It can be seen that the proportion of integrated and organic vineyards is substantially
higher in Bordeaux than in France as a whole, though both remain very low.  Thus 4.73
percent of the Bordeaux vineyards are classified as integrated, compared with 3.93
percent nationally, and 1.03 percent for organic coupled with only 0.53 percent
nationally.

                                                
1 Source : Chambre d’Agriculture Gironde

2 Source : “Du Sol à la Table”
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The area of integrated vineyards in Bordeaux, as a proportion of the total area increased
by 3.8 times over the 1991-95 period, an average annual rate of increase of 76 percent,
albeit from a very low base.  In contrast the national area of integrated vineyards appears
to have slightly declined over the period. These figures need to be viewed cautiously,
given the imprecision of the definition of “integrated”, and the fact that the statistics are
based on estimates rather than surveys.  The organic area over the same period increased
2.7 times in Bordeaux from an even lower base, and only 18 percent over the five years
at national level.

Table 6.5 : Production of wine from standard, integrated and organic vineyards in France and
Bordeaux, 1991-95

1991 1992 1993 1994 1995
 Total production (‘000 hl) :
 · France 67,462 65,344 53,285 54,640 55,610
 · Bordeaux 2,695 6,632 5,990 5,842 6,701
 Standard system (‘000 hl) :
 · France 65,057 62,205 50,456 51,794 53,160
 · Bordeaux 2,592 6,362 5,718 5,544 6,330
 Integrated system (‘000 hl) :  1

 · France 2,217 2,171 1,892 1,983 2,076
 · Bordeaux 83 225 222 246 317
 Organic system (‘000 hl) : 2

 · France 188 191 210 220 222
 · Bordeaux 20 45 50 52 54
Source: Office International du Vin

Whereas the proportion of production from integrated vineyards reflects closely the
proportion of the vineyard area both within France and within Bordeaux, this does not
apply to the organic sector.  The organic proportion of total production is only 0.79
percent at national level, and 0.85 percent in Bordeaux.  This indicates that organic yields
are about a quarter less than standard and integrated.

6.3 Current practices and problems

6.3.1 The standard approach

In the context of viticulture the standard system can be defined as one with the objective
of :

t achieving the maximum permitted yields;
                                                

1 Source : Chambre d’Agriculture Gironde

2 Source : “Du Sol à la Table”
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t the production of grapes which have no traces of disease or rot.

This objective is essentially achieved by a system of viticulture which depends on the
appropriate use of chemical fertilisers and chemical PPPs.  The objective defined above
is, in a sense, the minimum since many vineyard managers, and especially in Bordeaux,
are concerned primarily to produce grapes whose organoleptic properties permit the
production of high quality rather than basic wine.  Thus there may be an emphasis on
quality rather than yield, though few producers deliberately aim for less than the
permitted levels.

The detailed procedures involved with vineyard management, with the high quality
objective, are beyond the scope of this study.  However key elements include: growing
particular varieties chosen for their suitability under local edaphic and climatic conditions
to produce wine of the desired type and quality; planting and pruning procedures; control
of diseases/pests/weeds; harvesting the grapes at the correct stage of maturity;
vinification methods and subsequent care of the wine.

In Bordeaux, the varieties grown, planting density and pruning methods are essentially
the same for standard, integrated and organic vineyards, so the details will not be given
here as they are irrelevant to the main concerns of this study. The information that
follows on disease, pest and weed control is taken from the Landell Mills 1996 report.
 This covers the wider region of Gironde, Charente and Charente-Maritime, but provides
the best available picture of practices in Bordeaux.  The survey found very few
differences in the use of PPPs on different varieties in the region.

Table 6.6 : Quantities of PPPs used on vines, 1994
Area treated

% area grown
Area grown

kg ai/ha
Area treated

kg ai/ha
 Fungicides - all 100 40.5 40.5
 Fungicides * 100 22.94 27.94
 Herbicides 95 3.46 4.09
 Insecticides 96 1.02 1.07
 Other PPPs        1        -   0.02
 Total - 44.98 100.00
 · excluding sulphur 27.44
Source: Landell Mills 1996

Table 6.7 : Comparative use of PPPs in three vineyard regions, 1994
Bordeaux
(France)

Verona
(Italy)

Rioja
(Spain)

 All PPPs * 45.0 33.6 16.8
 · excluding sulphur 27.4 25.9 7.2
Source: Landell Mills 1996

In its comparisons between regions in France, Italy and Spain, the study found that
overall PPP use was substantially higher in Bordeaux compared to Verona (Italy) and
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Rioja (Spain.)

The survey found substantial variation between farms.  41 percent of growers used 10-20
kg ai/ha, 34 percent used 20-30 kg, and 20 percent used over 30 kg (these figures exclude
sulphur).  The actual range found was from 7.9 to 87.3 kg ai/ha, excluding sulphur (and
mineral oil).

In Bordeaux, as in all regions, the heaviest use of PPPs is of fungicides.  The most serious
diseases are downy mildew (Plasmopara viticola), powdery mildew (Uncinula necator)
and grey mould (Botrytis cinerea).  All but two percent of the growers interviewed in the
study sought 98-100 percent, i.e. virtually complete control of fungal diseases.  Failures
that growers claimed were due to resistance were considered by specialists consulted to
be due to poor application or use of inappropriate products;  the only exceptions were
Botrytis resistance to vinclozolin and procymidone, and Plasmopara resistance to
tolpet/cyproturam/metalaxyl/ofurace.

Details of the specific products used are given in the survey report and will not be
repeated here.  Three main points however are worth making briefly. First, in Bordeaux
the conservative approach followed is indicated by the predominant use of low
activity/high volume products (with the exception of cymoxanil).  Second, there is still
heavy use of sulphur and copper-based products, despite the persistence in soil and
toxicity of the latter.  Third, the systemic triazoles are used in rotation, and this has so far
been successful in avoiding the development of resistance.

Insect pests and mites are a significant problem.  The survey found that the ones most
targeted by growers’ spray programmes were leaf hoppers (Empoasca flavescens) and the
grape berry moths (Clysia ambignella and Lobesia botrana).  Spider mites of various
species were seen as a problem by the majority of growers and nearly all growers aimed
that 90-100 percent control.

Overall, the survey found that 96 percent of the vineyard area was sprayed with an
insecticide and/or acaricide, but nearly a third of Bordeaux growers sprayed only part of
their vineyards, a higher proportion than in the other regions researched.  Spider mites
appeared to be a more serious problem in Bordeaux than in other regions, and this may
be due in particular to the continued use of broad spectrum synthetic pyrethroids which
damage spider mite predators.

Herbicide use was however higher in Bordeaux than elsewhere. A third of growers
sprayed herbicides overall, but 59 percent restricted the applications to along the vine
rows only, which results in about 70 percent of the vineyard area being sprayed.  Spot
treatment was used by five percent of growers, and a further 17 percent used this as a
supplement.  These differences in treatment were one factor in the amount of herbicide
used.  In only 10 percent of vineyards was no herbicide used at all, while at the other
extreme 30 percent of growers used three or more kg ai/ha.
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6.3.2 The integrated approach

Significant efforts to encourage the use of IPM on vines in Bordeaux have been made in
recent years, with mixed success.  The Chamber of Agriculture for the Gironde has for
several years encouraged an integrated approach.  The Chamber’s activities in this regard
have included :

t the establishment of a “cahier des charges”;

t the provision of an advisory service;

t the publication of information on the techniques and economics of
integrated production.

Overall, local experts estimate that a grower determined to follow a strict integrated
approach can reduce his total PPP use by between 40 and 60 percent, depending on the
season.  An average of a 50 percent reduction is considered feasible.

The “cahier des charges” is a relatively detailed document which give recommendations
on the initial methods to be followed.  This includes the use of soil and leaf analysis to
determine fertiliser requirements, and reduce use of herbicides by restricting their use in
along-the-row or spot treatment, coupled with mechanical weed control.  Most
importantly it includes a restricted list of pesticides selected for their reduced residues
and efficacy. The emphasis also is on a spray regime of development and resistance.

What is most important to point out is that the encouragement of an integrated approach
is very much wider than the small percentage of growers who adhere strictly to the
“cashier des charges”. The evidence from the Landell Mills survey is that  around 17
percent of growers use less fungicide than five years ago, a similar percentage use less
insecticide and 14 percent use less herbicide.

Nevertheless, the overall level of pesticide use, and fungicide use in particular, remains
high.  Given the very high value of the grapes being grown, especially for the better
known “appellations”, a safety-first approach no doubt makes strong economic sense.
 The growers cannot risk a loss of crop or of poor quality grapes being harvested.  This
would be catastrophic, so the routine use of prophylactic spraying makes both financial
and technical sense.

Even so, the survey found an awareness of environmental issues and particularly of the
desirability of reducing residues.  No less than 90 percent of the growers interviewed
considered that environmental label restrictions on products were “important” or “very
important” in influencing their choice of product and 95 percent claimed the same for
their product use.
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At the vinification stage, the procedures followed and products used were identical for
standard and integrated growers.  The recent trend has been to make less use of additives
such as sulphates used so heavily in the past, and to put greater emphasis on cleanliness
and the avoidance of contamination.

A lengthy review of the potential and the problems of IPM with wine grapes has been
prepared by Bernadette Dubos of the Institut de la Vigne de Bordeaux but has not yet
been published.  As convenor of the IOBC Grape IPM group she is aware of the efforts
throughout Europe to develop more effective IPM methods with this crop.  In her view,
an approach is needed at three levels - regional, among local groups of growers, and at
the individual vineyard. At each level the key to reduced pesticide use (fungicide and
insecticide specifically) is the use of meteorological data in forecasting models, combined
with intensive on-farm observation. 

Currently, a new EU-wide protocol for integrated production of grapes is being drafted,
and this once agreed should encourage greater efforts to reduce pesticide use with the real
possibility of a 40-50 percent overall reduction in the present use levels.

One important factor which is influencing growers in their use of chemical PPPs and of
additives in vinification are the regulations on permitted products for wine to be exported
to the United States.  The US rules prohibit a number of products still permitted in
France, and if residues to these are detected on testing in the US the wine may be
excluded.  Thus growers who expect to export to the US avoid the banned products.

6.3.3. The organic approach

There are a total of 64 wine growers in the Bordeaux region who currently follow a
certified organic regime, with a total of 1,200 ha of certified vineyards and a further 300
ha in transition.  Of these 28 belong to the “ecological” branch, while the rest are
followers of Rudolf Steiner’s biodynamic philosophy and system.

In wine production the advocates of an organic approach have had to face the reality that
effective disease control especially of Plasmopara and Uncinula is essential if an
adequate crop is to be grown.  Since modern, low residue “synthetic” fungicides are
forbidden under organic rules, this means reliance is placed on traditional products -
namely sulphur and copper-based “bouille bordelaise” despite the fact that the latter in
particular is an undesirable product on environmental grounds because of the inevitable
long-term build up of toxic and persistent copper residues.  Currently some organic
growers are making an effort to use new formulations with a reduced copper content.

The other problem faced by the organic sector is spider mite damage and the depredations
of the grape berry moths.  Against insects and mites organic growers are permitted to use
Bt-based insecticides as well as natural pyrethroids and roténone (though both the latter
are broad-spectrum and the latter has high mammalian toxicity).  The problem is that
none of these are as effective (or as safe, except the Bt products) as modern synthetic
acaricides and insecticides.
For fertilisation, the organic growers rely on compost, green manures, algal products and
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animal manures obtained from organic livestock units (the availability of the latter is
limited and their use restricted).  It is difficult using an organic system to be precise in
nutrient application,  and leaching losses are inevitably high, which contributes to nitrate
pollution of groundwater.

Average grape yields on organic vineyards are between 20 and 40 percent below the
average on non-organic.  They also tend to fluctuate more widely.  But, more serious, the
quality of the grapes is often a problem with a considerable proportion of the bunches
having to be rejected at harvest because of rot and other damage.  Failure to be strict
enough at this stage is one explanation for the poor quality of so many organic wines
(Bousquet 1997).

The organic rules also apply to vinification.  There are strict restrictions on the use of
sulphur, well below the legal limits, and other chemicals such as potassium terrocyanide,
ascorbic acid and so on used by standard and integrated growers and wine-makers are
forbidden.  For many in the industry and knowledgeable consumers this is perhaps the
most attractive element in the organic approach, in so far as it puts emphasis on
cleanliness and physical methods (i.e. refrigeration of fermenting musts) which were
pioneered in California and Australia.

One point should be made about nomenclature.  In organic wine-making or vinification,
some chemicals, including sulphur compounds, may be used in the vinification of grapes.
 This means it is incorrect to talk of “organic wine”.  The correct legal phrase is “vin issu
de l’agriculture organique”, or wine coming from organic agriculture.  Currently, a new
protocol setting out rules for the vinification of grapes grown organically has been
accepted by the French Ministry of Agriculture and is currently being discussed in
Brussels with the Commission (July 1997).

6.4 Production economics

6.4.1 Comparative production costs

In Table 6.8 below data are given for three model vineyards, each of 35 ha, which
respectively follow a standard, integrated and organic system.
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Table 6.8 : Comparison of  production costs  (FF/ha) under standard, integrated
and organic systems

 Cost category : Standard Integrated Organic
 Fertilisers and manure 695 686 1,180
 Herbicides 345 255 -
 Fungicides and insecticides 2,306 1,606 1,540
 Replanting costs 316 300 188
 Labour 6,895 8 618 11,871
 Machine costs 2,319 1,691 3,712
 Miscellaneous costs 4,646 4,813 3,550
 Harvesting 2,020 2,017 2,925
 Vinification 2,425 2,432 2,055
 Depreciation of vineyard 1,285 1,252 1,297
 Other depreciation 1,208 1,198 345
 Total costs : 24,460 24,868 28,863
Source: Centre d’Economie Rurale de la Gironde

The above data are for 1996 and are based on average figures collected by the accounting
services provided for growers by the growers’ co-operative organisation.  They show that
the costs for integrated production do not differ significantly from those for a standard
system (approximately 1.6 percent).  Reduced expenditure on PPPs (saving
approximately 30 percent of costs) and on spraying is balanced by higher labour costs.

In contrast, costs of organic production are approximately 22 percent above those for the
standard system. It should be noted that fungicide costs are similar for organic production
as for organic, most labour costs (mainly reflecting the non-use of herbicides) are put at
72 percent above the standard level.

The integrated approach is seen by many growers as feasible (whereas they reject the
organic approach out-of-hand)  but there is an awareness that it involves both greater
risks due to the reduction in preventative treatments and to the more intensive and
demanding management it requires.  If less PPPs are to be applied, those that are used
must go on without delay when needed, and application must be extremely precise.

One of the most formidable barriers to an increase in organic production is the cost of
conversion.  A vineyard in the transition process to organic must follow the organic rules
strictly for two years, with consequent loss of yield1, but in this period the wine produced
cannot be sold as organic, so obtains no premium.  Additionally, the grower may be faced
with the need to invest in up-to-date equipment for applying sulphur, since this has to be
in excellent condition if application is to be effective and is not backed up with modern
fungicides.

                                                
1 Less important in Bordeaux than in regions where yield restrictions are less severe or absent.
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Another significant problem for growers in conversion to organic are the rules for
replanting.  Since soil fumigation or sterilisation using chemicals is forbidden, the land
must grow other crops for seven or eight years.  Though vineyards in Bordeaux are only
replanted at very long intervals, this means any replanting on an organic vineyard has in
practice to be done in stages and makes the renewal of an organic vineyard a very
protracted affair.

While in Bordeaux there is generally no desire to change the varieties being grown
(except for growers switching from white to red wine varieties), for wine producers in
much of the centre and south of France replanting vineyards with superior varieties
(Cabernet Sauvignon, Merlot, Chardonnay, etc.) is a central element in their
modernisation and survival strategy.  For them the delay in replanting required for a
conversion to organic is a very serious barrier.

What needs to be emphasised is that the above average costs disguise a considerable
variation between individual producers which range from under 18,000 FF/ha to over
35,000 FF/ha on both standard and organic systems.

6.4.2 Yields

Comparative data on yields are unsatisfactory in that an upper limit on yields is set by the
control authorities for the appellation and that many growers are more concerned with
quality than yield, as mentioned earlier, and give priority to the former.  Furthermore,
yields vary greatly from year to year.

With these provisos, the Conseil Interprofessional du Vin de Bordeaux (CIVB) gives an
average yield for both standard and integrated vineyards of 61.0 hectolitres/ha; for
organic vineyards it gives an average of 48.0 hectolitres/ha, thus the standard and
integrated vineyards yield on these data 27 percent more than the organic.

In conclusion, the main factor that makes Bordeaux in many respects a difficult case
study (and representative only of the premium wine growing areas) is that the prices of
the product vary enormously on the basis of perceived quality and reputation, and the
question of whether the wine is grown under a standard, integrated or organic system is
of little or no importance in determining the price differentials for one vineyard’s output
from another. There is a small premium for organic wines on average, but this is far
outclassed by the premium obtained by some growers of highly regarded wines.

Table 6.9 : Average prices for wine sold in bulk under Bordeaux appellation in 1994-96 (FF/tonne)
1994 1995 1996

 Standard - - 7,815
 Integrated - - 7,815
 Organic - - 8,362
Source: Conseil interprofessional du vin de Bordeaux
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Thus organic wine sold in bulk in 1996 obtained a 7.0 percent premium only.  In practice,
however, most organic wine is sold by the producer in the bottle, and the price is
determined by the quality of the wine concerned and the grower’s marketing activities
and skill. 

Organic producers in Bordeaux contacted by Landell Mills claimed that they expect to
obtain a premium of between 5 and 15 FF/bottle; this is a premium of between 20 and 75
percent over the standard equivalent.  In practice it is more or less impossible to provide
reliable figures, so varied and hard to pin down  are the various factors which determine
a particular wine’s price.

A further factor causing confusion is that a large proportion of organic wine is sold direct
by the producer to the consumer.  This by itself usually generates an extra margin of
between 25 and 40 percent compared with the wholesale price.

Interestingly, 71.6 percent of organic wine is consumed by managers and professionals
who represent less than 20 percent of the French population.  Clearly it is not the
workers’ drink - who presumably do not much like the taste or the price of the organic
product.

Table 6.10 : Analysis of organic wine consumption by type of consumer
   Managers - middle level 41.9 %
   Managers - senior level 22.5 %
   Skilled workers 11.2 %
   Unskilled workers 8.6 %
   Retired 7.4 %
   Independent professionals 7.2 %
   Agricultural workers 1.2%
Source:  Julien Guillot, HEC Tecomah

6.4.3. Wine prices

The table below shows the variation in the prices of red wine produced in different
regions of France, and illustrates how widely prices vary even when one takes only the
average for a region.  If the prices obtained by individual growers were considered the
variations would be even greater, but the very high prices obtained by a small minority
of highly regarded wines are largely irrelevant to this study.
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Table 6.11 : Comparison of prices for red wine from different appellations in France (FF/bottle)
1993 1994 1995 1995

 Various VQPRD reds : organic wine
 BORDEAUX REDS :
 · Bordeaux and Bordeaux Superior 15.59 15.41 16.72 20.00
 · Cotes 19.61 19.38 21.16 24.33
 · Médoc and Graves 35.10 33.97 33.78 38.85
 · St. Emilion and Pomerol 36.22 30.26 33.61 38.35
 SOUTH WEST REDS 15.12 14.56 14.50 -
 VAL DE LOIRE 20.10 18.48 18.86 -
 BOURGOGNE 32.85 33.65 41.81 -
 BEAUJOLAIS 19.58 20.10 21.00 -
 VALLÉE DU RHÔNE 12.78 13.27 13.69 -
 LANGUEDOC-ROUSSILLON 10.59 10.56 11.27 13.00
Source: Conseil Interprofessionnel du vin de Bordeaux

Thus it can be seen that the premium wines of Bordeaux (Medoc, Graves, St Emilion,
Pomerol) sell at twice or more the average price of wines from the bulk-producing areas
of both “ordinary” Bordeaux and other south-west reds, and three times the average price
of wine from Languedoc-Roussillon.  The apparent premium for organic wines from
these data is between 14 and 20 percent which is on the low side compared with most
organic products.  Within Bordeaux the prices paid for wines from different estates can
differ by a factor of 20 or more.  For example, the en premieur price for a modest
chateau’s 1996 wines was around 20 FF/bottle.  Top growers mostly obtained prices in
the range of 100 - 150 FF/bottle, and a few did even better.

6.4.4 Comparative gross margins for standard, integrated and organic wine
production

The following table puts together the data set out in the previous sections to provide
estimated gross margins for the three systems, and for the conversion phase to organic.

Table 6.12 : Estimated average gross margins for vineyards in Bordeaux
Standard Integrated Organic Conversion

 Yield (hl/ha) 61.00 61.00 48.00 44.00
 Bulk price (FF/tx) 7,815 7,815 8,362 7,815
 Sales revenue (FF/ha) 52,968 52,968 44,597 38,206
 Production cost (FF/ha) 24,460 24,868 28,863 31,876
 Gross margin (FF/ha) 28,508 28,100 15,734 6,330
Source: Conseil Interprofessionnel du vin de Bordeaux

These figures show the relatively poor profitability of organic production, and the high
cost to growers of the conversion period.  These data exclude any direct subsidies or
grants.
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t Subsidies : Aid is provided, under the French implementation of
regulation 2078/92, towards the costs of conversion to organic.  The
subsidy amounts to a payment of 1,000 FF/ha for two years.  The grower
must undertake to convert the whole of his/her viticultural enterprise to
organic within a period of two years, and the specific areas under
conversion must remain organic for a minimum of five years.  Further, the
grower must be a member of an organic organisation (ecological or
biodynamic) and undertake a training course in organic husbandry.

From the data in Table 6.12, it can be seen that a subsidy of 1,000 FF/ha
is wholly insufficient to bridge the gap of profitability between standard
or integrated methods on the one hand, and organic on the other.  So it is
not surprising that among the 14,000 wine growers in Bordeaux, only
0.46 percent of the total are certified as organic.

6.5 Economic benefits of PPPs

This case study provides powerful evidence of the economic contribution of PPPs to wine
production in Bordeaux.  The comparison with the results obtained by the small number
of organic growers shows that  :

t Yields of wine under both standard and integrated systems using PPPs
average around 27 percent higher than those achieved by organic
producers.

t Production costs are around 17 percent lower where PPPs are used.

t The risks of catastrophic losses from diseases and/or pests are much lower
when PPPs are used.

At 1995 prices the value to wine growers in Bordeaux of the extra production made
possible by use of PPPs (and fertilisers) is approximately 151 million francs a year.  This
is assuming that all additional production is sold as Bordeaux Supérieur.  If the potential
loss to growers of the wines sold under the higher priced appellations is taken into
account, the loss that would result from a reconversion to an organic system is probably
twice as much, though the figure must remain speculative.

For wine growers, this would amount to an average annual loss of sales revenue of
211,000 francs per grower; additional costs would amount annually to 5,000 francs/ha;
or an average of 40,000 francs per grower. These estimates are based on the realistic
assumption that if most production (or even a significant proportion) of the Bordeaux
vineyard area was converted to organic, the present small price premium for organic wine
would disappear.
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Below some broad calculations of the effects of a shift of land between production
systems are presented. Two sets of results are discussed - one for the Bordeaux region
alone and the other for France as a whole. The analyses are based on data given in
previous sections.

In each case two scenarios are considered: the first is a switch of vineyards from
conventional to integrated production such that integrated production occupies 20 percent
of the total; the second involves a switch of land from conventional to organic production
so that organic production occupies 20 percent of the total.

The results for Bordeaux region are shown in the two tables below.

Table 6.13 : Shift of Bordeaux wine production to 20 percent integrated (% changes)
Conventional Integrated Organic Total

 Production -16 323 0 0
 Labour -16 323 0 4
 Machinery -16 323 0 -4
 Fertilisers -16 323 0 0
 Fungicides -16 323 0 -5
 Herbicides -16 323 0 -4
Source : David Hallam

Table 6.14 : Shift of Bordeaux wine production to 20 percent organic (% changes)
Conventional Integrated Organic Total

Production -20 0 1,840 -4
Labour -20 0 1,840 13
Machinery -20 0 1,840 11
Fertilisers -20 0 1,840 13
Fungicides -20 0 1,840 -6
Herbicides -20 0 0 -19
Source : David Hallam

It can be seen that if integrated production were to occupy 20 percent of the total
Bordeaux vine area this would imply a threefold increase in production from this system.
Conventional production would fall by 16 percent. However, since yields per hectare are
the same in conventional and integrated production there is no net change in total
production from all systems. Furthermore, since producer prices are the same for
conventional and integrated production there would be no change in average prices.

The major difference which would arise is in the balance between the use of different
types of input. In particular there would be reductions in the expenditure on
fungicides/insecticides of 5 percent, and in expenditure on herbicides of 4 percent.
Overall labour use would rise by 4 percent.
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In the case of the switch to organic production, the results are rather more dramatic. Here
overall production falls by 4 percent as land is transferred to the lower yielding system
which cannot compensate for the reduction in conventional output. Fertiliser expenditure
increases but this would also involve a substitution of organic for chemical fertilisers.
Labour use also increases by 13 percent. Expenditure on plant protection products falls
significantly. Fungicide/insecticide expenditure falls by 6 percent and herbicide
expenditure by 19 percent.

The tables below show the effects of similar changes but for the whole country. The
results are broadly the same as for the Bordeaux region.

Table 6.15 : Shift of French wine production to 20 percent integrated (% changes)
Conventional Integrated Organic Total

Production -17 435 0 0
Labour -17 435 0 4
Machinery -17 435 0 -4
Fertilisers -17 435 0 0
Fungicides -17 435 0 -5
Herbicides -17 435 0 -4
Source : David Hallam

Table 6.16 : Shift of French wine production to 20 percent organic (% changes)
Conventional Integrated Organic Total

Production -17 0 3,645 -2
Labour -17 0 3,645 17
Machinery -17 0 3,645 15
 Fertilisers -17 0 3,645 17
Fungicides -17 0 3,645 -3
Herbicides -17 0 0 -17
Source : David Hallam

While shifts of land from conventional to integrated production would not produce
changes in the overall level of production and hence prices, this would not be the case for
a shift to organic production. For France as a whole the fall in production is modest and
would have little impact on average wine prices. However, the increase in organic
production is enormous and would presumably depress prices for organic wine. Such is
the extent of the production increase that the organic premium would be likely to largely
or entirely disappear, making the economics of organic production even less attractive.
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6.6 Environmental benefits of PPPs

Within the vineyard area of Bordeaux the heavy use of PPPs, and of fungicides in
particular, would seem likely to have negative environmental implications.  Clearly the
trend towards greater use of modern products with a more favourable environmental
profile is desirable, as is a more widespread adoption of an integrated approach.

However, the authority responsible for water quality in the region (Direction Regionale
de l’environment, Préfecture de la Region Aquataine) is emphatic that drinking water
quality in the region meets national and EC standards.  In brief, while there are some
limited and occasional problems with surface water exceeding the official limits, drinking
water is abstracted in the main from groundwater sources and these remain satisfactory.

The question is : are there any environmental benefits from PPP use in the context of
Bordeaux wine growing ?  Only two are worth mentioning.  One is that, without PPPs,
a substantially larger area of vineyards (approximately 30 percent or an extra 35,800 ha)
would be needed to produce the same output of wine.  This is land that currently can be
used for other crops or for other purposes.  The second benefit is the better quality of
wine that can be produced from grapes grown in vineyards treated with PPPs, which
prevent rot.  This must of course be balanced by the risk of residues, especially if the
PPPs are incorrectly used.

In this context it should be remembered that nearly all organic wine production is also
dependent on PPPs as are the “standard” and integrated vineyard areas, since organic
growers use sulphur and Bordeaux mixture heavily to protect their vines from mildew
and moulds.  Indeed, arguably the products used by organic growers are more toxic and
environmentally undesirable than those used by growers who prefer modern fungicides
and insecticides.  This is one big difference between the present case study and the others,
in that the organic growers of potatoes and wheat eschew all chemical PPPs (organic
apple growers may used sulphur and Bordeaux mixture in some circumstances).

So while no distinct environmental benefits can be claimed for PPPs (except the question
of the cultivated area), it is quite possible that there would be no wine industry at all
without their use today, and that includes the organic sector.

6.7 Social benefits of PPPs

The social benefits of PPP use can be deduced from the previous section.  Without these
products the wine industry might well not exist at all in Bordeaux.  Certainly it would be
greatly diminished.  This is an industry which within the region provides the only or main
livelihood for some 14,000 wine growers and their families, full time employment for an
estimated further 23,000, and part-time employment at peak periods for up to 65,000.

The wine industry in Bordeaux and its ancillary services is estimated by the local
authorities to provide 23 percent of all employment, and 28 percent of regional income.
 PPP use makes this possible.
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If organic methods (which for wine require the use of PPPs) were to be substituted for
standard and integrated, there would be a theoretical increase in the requirement for
vineyard labour, mainly for weed control.  But this is low paid work and in practice the
higher costs of producing organic wine would probably lead to a shift of production to
areas of lower wages, so any overall employment benefits would be likely to prove
illusory.

6.8 Likely future developments

As pointed out earlier, the Bordeaux wine industry is highly conservative.  It has long
been established as one of the leading, if not the leading, wine region in the world.  Its
products sell at a considerable premium to the main volume production areas and a
proportion of production sells at very high prices indeed.  These prices and the capital
values and income they generate depend heavily on sustaining the image of the product
in wine buyers’ eyes.

At present, the way the grapes are grown is important only in so far as it effects their
wine-making quality; there is very little interest on the part of all but a small minority of
consumers in the way the grapes are grown (though there is more interest in the
vinification and avoidance of heavy chemical use at this stage).  This may change as
overall environmental awareness increases, and as both retailers and consumers turn
towards products with assurances that it was produced in an environmentally friendly
way.

The earlier study carried out by Landell Mills confirmed that there was some, though not
enormous, scope to move towards a greater degree of integrated production, with
significantly reduced use of PPPs.  Over the next decade it seems reasonable to suggest
that more wine will be grown under a full or partial integrated regime, and that this will
be exploited by some growers and some distributors in marketing terms.  The addition
of a certified label or symbol to assure consumers that the product was produced under
an environmentally-friendly integrated system could become an important element in the
marketing mix.

Organic wine production may continue to expand slowly, though the present level of
subsidies is far short of what is needed to make this system economically attractive to
most growers and consumers.  Overall, it is hard to see organic wine becoming a
significant part of the wine scene, given all the problems.

What clearly would be immediately valuable to the whole industry would be the
development of grape varieties with mildew and other fungal disease resistance.  But
such varieties would have to be based on adding the appropriate resistance/tolerance
gene/genes to existing varieties (since these are essential to the production of Bordeaux
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wines) , a procedure still at the frontier of modern biotechnology and still some way off
from being achieved.  This implies the use of genetic engineering which is rejected by the
organic movement.

Whereas with the other case studies planting varieties selected for disease and/or pest
resistance is a meaningful strategy, it is unrealistic with wine grapes at the present time
as their other characteristics are all-important.  All one can say is that it may be feasible
to plant new disease resistant grape varieties in the less prestigious areas, but it is highly
unlikely in the context of an area such as Bordeaux.  The traditional varieties are unlikely
to be replaced and even if they were the process of vineyard replanting is a matter of
decades and generations, rather than years.

In the very long term, the development of genetically modified versions of the existing
principal grape varieties (Cabernet Sauvignon, Merlot, Cabernet Franc etc.) with inherent
disease and insect resistance, using genetic engineering, offers the biggest scope for
substantial and sustainable PPP use reduction.  But this seems at least a decade away at
present, and would then involve the replanting of the vineyards.  Clearly even if
technically feasible, this is not going to happen at all soon.

Realistically, where further development can be expected is the introduction of new and
better PPPs; these will be improved in terms of both their effectiveness and their
environmental impact.  New fungicide and new insecticides can be expected, in
particular.

Coupled with this it is reasonable to expect large strides to be made in improving
diagnostic capabilities and disease/pest forecasting, so that PPPs are only used when
there is a real need, and not just as blanket security measures.  Some Bordeaux
experts anticipate that PPP use in quantitative terms can be reduced by around 40-50
percent over a 10 year period.  Our data suggests that simply using existing products with
greater care significant reductions could be made without compromising profitability.
With new PPPs the potential savings could be even greater, with enhanced benefits from
the use of PPPs.
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7. DISCUSSION OF THE FINDINGS

7.1 Limitations of the study

The purpose of this study has been to investigate and assess the benefits provided by the
use of PPPs in four case studies.  The main emphasis has been on economic benefits but
we have also considered the environmental and social dimensions.

The method used has been to compare the performance of the three systems - “standard”
(the current conventional and mainstream system used by the majority of farmers),
“integrated” (a system which puts greater emphasis on ecological/environmental
considerations, and generally involves a substantial reduction in PPP use), and “organic”
(which in general avoids the use of chemical PPPs, and follows stringent rules which
have legal force for farmers who wish to market their products as organic).

Our basic and central assumption is that the differences between the performance
of farms using an organic system on one hand, and integrated and standard systems
on the other, appropriately extrapolated to regional and national level, reflects the
benefits provided by PPPs. In brief, in order to assess the benefits of PPPs we are
obliged to examine the performance and problems of a system which does not use them.
 This means theorising about the implications of a complete switch to organic
(exceedingly unlikely) in order to provide a baseline from which the benefits of PPP-
using systems can be assessed.  Many commentators find this exercise unrealistic, but
nobody has been able to suggest an alternative and better way of making the estimates
needed.

Clearly this exaggerates the benefits of PPPs in one important respect, in that it
ignores the contribution of fertilisers.  The problem is that their use with PPPs is
both complementary and synergistic.  Crop yields will generally only be at their
economic optimum when both fertilisers and PPPs are used appropriately.  Remove one,
and the benefits of the other are diminished. A correctly fertilised field of wheat may
yield very poorly if infested with weeds and damaged by fungal diseases.  A crop of
potatoes, sprayed to ensure that blight is effectively controlled, will still yield poorly if
the soil fertility level is low and has not been raised as necessary by the application of
fertilisers.  An apple orchard, where soil fertility is satisfactory, may yield an
unmarketable crop if scab and codling moth are left uncontrolled.
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In any given crop growing situation, the relative contribution of fertilisers and PPPs will
differ, and it will vary from crop to crop, from field to field (and even within the field)
and from year to year.  It is difficult (and in some ways misleading) to attempt to
disaggregate the two, and in any case the available research data for this study mainly
compared the three systems as a whole,  and not their components.  While it would have
been possible to have arbitrarily allocated a percentage of the benefits found to fertilisers
and the rest to PPPs, this would have had little scientific justification.  Therefore we
have preferred to allocate the whole benefit to PPPs (as in many instances it would
have been lost without their use) while making it plain that this includes the benefits
of fertiliser use.  In other words what we have actually demonstrated are the
benefits of agrochemical use, rather than solely PPP use.

The second important limitation of our analysis concerns the farmgate prices of organic
products.  In each of the case studies the organic market share is minuscule - under one
percent for all the crops covered except wheat in Schleswig-Holstein, where the organic
share is around three percent.  Organic products despite recent increases in production
continue to serve a small niche market, and sell at very high prices, often twice or more
the level of their standard or integrated equivalents.

There is only limited evidence of what would happen to organic product prices if and
when production expands substantially.  In this context it is vital to distinguish between
changes in the overall price level and the premium for organic (and in some cases for
integrated products) over those from standard systems.  The indications are that the
present organic premium will rapidly diminish, and that only a minority of consumers are
prepared to pay one at all.  Our provisional assumption is that in a theoretical situation
where organic production reached 20 percent of the total supply, the organic premium
would be no more than 20 percent. 

In practice, if organic farming was to become the mainstream system, the impact on food
supply and demand would be so dramatic that one can only guess at what would happen
to prices overall.  But it is also not unreasonable for the advocates of organic production
to argue that, with suitable organisation and promotion, demand for organic products may
grow in line with expanding output, thus maintaining present prices.  That certainly might
happen as the market expands from its present level to, say, 15 or 20 percent of the total.
But our conclusion, on the basis of the limited consumer research done so far, is that it
will not; in our view the organic premium will decline sharply as production increases.
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The third limitation is related to the second.  Most organic systems are based on a
combination of crop and livestock enterprises.  The livestock play an essential role in
nutrient recycling and in maintaining soil fertility, and nitrogen levels in particular.  In
considering any large expansion of organic production one comes up against two major
barriers.  The first is that, at farm level, the practicalities of introducing livestock
enterprises where they do not exist at present are immense.  This includes the investment
required in facilities and stock, and the specialist labour/management requirements. 
There are also, under current CAP rules, quota limits to an expansion of dairy production.
 The second is that a large increase in milk and meat production would have a drastic
effect on product prices.  Meat and milk are already in “structural surplus” (i.e. the
farmgate prices assured under the CAP mean that production is substantially in excess
of demand at these prices).  Though organically-produced meat and milk might substitute
for non-organic, the overall dilemma would remain. One possible consequence of a large
shift to organic systems would be to see a decline in grain-fed pigs and poultry and a
relative increase in ruminant production, but the technical and managerial problems
mentioned earlier would still need to be overcome.

This issue has led to a considerable effort by the organic sector to develop “sustainable
stockless rotations” whereby the rotation is changed to include sufficient grain legume
crops and green manures to maintain soil nitrogen at the necessary level.   But, again,
where is the market  for a massive increase in supplies of grain legumes ?  Any attempt
to substitute relatively high-cost domestically produced pulses for cheaper imported
oilseeds would cause immense problems at WTO level, quite apart from the effect on EU
food prices.  As for green manures, these are either catch crops or grown on the set-aside
area.  The latter is an artificial situation, and if organic production expanded to 20 percent
of the EU total, virtually the whole present set aside area would be needed for crop
production.  In effect, a sustainable stockless arable organic rotation needs 25 - 30 percent
of the farm area to be diverted to fertility building.

In comparing organic and non-organic systems these matters ideally ought to be taken
into account.  The difficulty is that the effects on product supply, on product prices and
on land use of a major switch to a system without agrochemicals can only be estimated
within rather wide parameters. 

The other serious limitation of this study is the difficulty of attempting to extrapolate the
findings of four limited studies to provide regional and national estimates of PPP
benefits.  We have tried to give broad brush estimates in numerical terms of these
benefits, as that is one purpose of this exercise. It would be easy to retreat behind the
barricades of scientific caution and to claim (with some justification) that the data are too
weak to permit any general conclusions to be drawn.  We feel, to use the vernacular, that
would be a “cop-out” and have preferred instead to put forward some inevitably rough-
and-ready calculations, while making clear the assumptions on which they are based. 
Those who disagree with these assumptions can substitute their own;  we will be
surprised if the orders-of-magnitude of our conclusions and any reasonable alternatives
will differ greatly.

7.2 Economic benefits for the selected crops/regions
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The overall findings of the four case studies are summarised in Table 7.1.  We have
expressed the area grown of each crop, the yields, the crop gross margin, the rotation
gross margin (for the two annual crops), farmgate prices and reduction in PPP use as
percentages of “standard”.  The figures are, inevitably, averages and the range within
each category is wide.  The main qualifications that need to be made about each score can
be found by reading the case studies.  The data refer to the regions covered.

Table 7.1 : Summary of the economic performance indices from the four case studies
Apples Potatoes Wheat Wine

 CROP AREA :
 · Total
 · Standard
 · Integrated
 · Organic

100
6

83
1

100
82
15
3

100
96
2
2

100
94
5
1

 YIELDS  :
 · Standard
 · Integrated
 · Organic

100
112
70

100
100
59

100
90
48

100
100
73

 GROSS MARGINS :
 A.   Crop
        · Standard
        · Integrated
        · Organic 1

        · Organic 2

        · Organic 3

100
140
190
80
40

100
124
110
60
40

100
93

133
100
70

100
100
56
63
31

 B.   Rotation
        · Standard
        · Integrated
        · Organic 1

        · Organic 2

        · Organic 3

n/a
n/a
n/a
n/a
n/a

100
100
200

(loss)
(loss)

100
93

133
40

(loss)

n/a
n/a
n/a
n/a
n/a

 FARMGATE PRICES :
 · Standard
 · Integrated
 · Organic

100
113
200

100
100
204

100
100
298

100
100
107

The organic gross margins are estimated at three levels :
1  The case study price premium (generally 1995 prices),
2  Organic products at a 20 percent price premium to standard,
3 Organic prices the same as standard.

Three main conclusions arise from the above data. Firstly, overall there appears to be
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very limited or zero economic benefits in using PPPs beyond the level needed for
integrated production.  In reality, however, this is often a tautology.  The rules for
integrated production are flexible, and in practice tend to mean an effort to reduce the use
of PPPs (alongside other environmentally-desirable modifications to the farming system)
while avoiding any loss of profit.  Where the definition is strict, as in the German trials
cited, there do seem to be some reductions in yields and in gross margins.

Another way of saying the same thing is that it seems feasible to reduce PPP use
substantially (typically by the 25-40 percent), but to a varying extent from crop-to-crop
depending on circumstances, while maintaining profitability   However, if the integrated
protocols are strictly defined and include a substantial (say 50 percent plus reduction in
overall pesticide use) then there will often be an economic cost;  the German case study
on wheat production - the one with the widest implications - suggest that gross margins
would be reduced by around 10 percent if integrated products obtain the same prices as
standard. 

In practical terms, even if integrated production was as profitable as standard, many
farmers would be reluctant to changeover comprehensively.  There would be no
economic benefit, there would often be some risk and the integrated system is likely to
be significantly more management-intensive.  So while some elements of an integrated
approach, including agrochemical input reductions especially if farmgate product prices
fall, may well be adopted, in full-blown commitment to IFS is unlikely to appeal to a
majority of farmers unless incentives are provided.  This is even truer if the integrated
system is to include a significant conservation element with uncultivated field margins,
uncut hedges and similar desiderata.

The second main conclusion is that, at the present time, assuming there have been
no big changes over the past two years, organic production is on balance more
profitable than standard or integrated. This is despite the much lower yields
achieved by organic producers.  The key to this are the extremely high farmgate
prices currently obtained by organic producers.  The subsidies for organic production
are secondary.

The one exception to this is organic wine (which is also the exception in that organic
wine production involves the permitted use of chemical PPPs, albeit old-fashioned ones).
 There is only a small premium for organic wine and the price is insufficient to
compensate for reduced yields.  The important proviso needs to be made that the price
structure in Bordeaux is untypical, and organic wine producers may get a larger premium
elsewhere.
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Any attempt to extrapolate the case study results in order to estimate the economic
benefits of PPPs at national level is fraught with hazards, because the relative
performance of the different systems in other regions may well be different.  What
follows assumes these differences are zero, and therefore can best be regarded only as
providing rough estimates.

In Table 7.2 we have estimated the benefits at national level in each country for the
crop covered in the country case study.  This calculation simply calculates what the
production loss would be in total resulting from a 100 percent switch to an organic
system.  This loss is then valued at current market prices in order to give an estimate
of the value of PPPs (in reality the benefits of using a standard system) with the crop
in question in the case study country.  Some economists argue that would market
prices should be used in this calculation as many EU prices are artificially inflated
under the CAP system.  If this approach was followed, the benefits would be reduced
substantially  but by variable amounts - least for potatoes, most for wheat.

7DEOH������ (VWLPDWHG� EHQHILWV
DW� QDWLRQDO� OHYHO� RI
333�XVH

Apples Potatoes Wheat Wine
Current production (mn tonnes) 1.96 2.76 17.51 55.601

Estimated organic production (mn
tonnes)2

1.37 1.63 8.41 40.60

Production gain from PPPs (mn
tonnes)

0.59 1.13 9.11 15.00

 Organic yield index 70 59 48 73

 Gain from PPPs (‘000 tonnes) 589 1,474 9,204 15,015

 Value per tonne (local currency) 210,0003 2224 2575 7616

 Value of gain (local currency) 123.77 3278 2,3669 11.410

 Value of gain (ECU mn) 62 154 1,243 1,747

What is evident are the enormous economic benefits which the use of agrochemicals,
including PPPs, provide as the key components of the standard system.

                                                          
1 In ‘000 hl.
2 Assuming 100 percent organic.
3 Lira/tonne.
4 Dfl/tonne.
5 DM/tonne.
6 FF/hl.
7 Lira bn.
8 Dfl mn.
9 DM mn.
10 FF bn.
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Going a big step further, we have grossed up the benefits across the rotation to give an
inevitably crude estimate of the benefits of PPP use on all arable crops in the country
concerned.  In this calculation we have assumed that if an organic system entirely
replaced the standard system, then the organic price would fall to 20 percent above the
standard price.  The actual benefits of the standard system are probably seriously
underestimated in this calculation as it does not allow for the reduced area of the arable
crops that would result from a switch to 100 percent organic, and the very low prices that
would be obtained for livestock products if their supply was substantially increased above
present levels.  This further assumes that the supply shortages (of cereals) and surpluses
(of livestock products) could not be covered by trade.

Table 7.3 : Estimated benefits at national level of PPP use on all arable crops
Netherlands1 Germany2

 Rotation margin : standard
(ECU/ha)

259 805

 Rotation margin : organic (ECU/ha) 03 3224

 Difference in margin (ECU/ha) 259 483
 National arable area (‘000 ha) 1,965 11,834
 Value of difference (ECU/bn) 0.51 5.72

Clearly, different assumptions will give different results, but we suggest our assumptions
are not unreasonable, and do indicate how enormous would be the economic cost of a ban
on PPPs.

7.4 Environmental benefits of PPPs

In each case study the conclusion is reached that the main environmental benefit of
PPP use arises from the much greater area of farmland that would be required to
produce the same amount of the crop in question if a PPP-based system is
substituted by an organic one.  In other words, this is the area of farmland that is saved
by the use of PPPs under a standard system.  Unless a significant area is used for
conservation measures (a distinction needs to be made between integrated systems with
and without ancillary uncultivated land use specifically for conservation purposes).

                                                
1 Netherlands data are net margins
2 Germany data are gross margins
3 This assumes the organic price premium is 20% over standard prices
4 At this level of prices organic production would make a loss, so the GM is shown as zero
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The assumption in this context is that the quantity of each product currently
reaching the market is needed to meet consumer demand.  Therefore, if yields fall
then the crop area will need to be increased. From where else will supplies come ?  If an
organic system is adopted in the case study country, our assumption is that it will be
adopted in other countries, so shortfalls in production in the case study country cannot
be made good by extra imports.  The argument has been made that within the EU
there is considerable overproduction, and hence this land-saving is not a significant
benefit.  The counter-argument is that this is a consequence of CAP-influenced price
levels. If prices were allowed to fall to import parity levels, “structural” overproduction
would disappear.  One consequence would almost certainly be some reduction in PPP
use, though estimates of this are beyond the scope of this study.  Thus with reduced
farmgate prices there would be both some extensification of production due to reduced
use of inputs combined with some reduction in the area cultivated as marginal producers
ceased production.

However, the effect with the crops covered in the case study would not be uniform. 
Effectively there is no EU price support for ware potato production, so CAP reform is
likely to have little impact on this crop.  Overproduction in some years is the consequence
of the largely unavoidable weather-induced fluctuations in yields from one season to the
next.  In contrast, with wheat CAP-based support measures have a large impact on prices.

With both apples and wine the situation is more complex.  The reforms introduced to the
fruit and vegetable regime will reduce market distortions, and will make product quality
and marketing effectiveness of even greater importance than in the past;  in this respect
the Trentino apple producers are well-placed, though an overall fall in the price level
would threaten many producers in the region despite the premium for their product.  For
wine, the Bordeaux region depends hardly at all on the CAP mechanisms and the effect
of CAP reform would presumably be to remove the present market distortions that still
encourage overproduction of low quality wine.  The area of vineyards in Bordeaux, and
the use of PPPs within the region, is unlikely to be much affected by CAP reform unless
it strengthens the direct incentives to adopt IPM methods.

In Table 7.4 we estimate the extra areas that would be needed at national level to make
good the output reduction that would follow from a switch to organic.

Table 7.4 : Extra farm area needed for organic production
Apples Potatoes Wheat Wine  

 Present production area (‘000 ha) 67.0 80.1 2,530.0 926.0 
 Organic yield (% of standard) 70.0 59.0 48.0 73.0 
 Extra area needed to
 maintain output (‘000 ha)

28.7 55.7 2,741.0 343.0 
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While it is conceivable that the extra land needed to maintain apple and wine production
could be found, it would be next to impossible for potatoes in the Netherlands (for
rotational reasons) and absolutely impossible for wheat in Germany as that much extra
land suitable for the crop just does not exist.

But these figures do illustrate the main point that a substantial increase in organic
production will put immense pressures on current land availability and use.  In fact the
figures above for potatoes and wheat substantially underestimate the extra land that
would be needed since no account is taken of the reduced proportion of the rotation that
could be planted with these crops under an organic system.

From an environmental point of view, the demand for extra land to meet food
supply needs under a reconversion to organic can only mean that land at present
left as woods, wetlands, heaths and other uncultivated areas would need to be
brought into cultivation.  The question that arises is the relative benefit, from a
biodiversity point of view, of two alternative scenarios.  Let us assume that (either as a
result of CAP price reductions or by administrative measures) 10 percent of the present
farmland can be released from production.  Under scenario A, 90 percent of land is
farmed under an integrated system showing 10 percent to be used for conservation
purposes.  Under scenario B, 80 percent of land is farmed under a standard system and
20 percent is farmed organically.  Which scenario provides the greater biodiversity
/ecological benefits ?

Clearly there are some benefits to soil flora and fauna on the organically farmed land. 
German research (Isselstein J. et al., 1991) has highlighted the favourable impact of
organic methods on soil microorganisms as well as on the populations of invertebrates,
beetles and other genera.  To the extent that weeds are poorly controlled, an increase in
insect population occurs, and this in turn is beneficial for the populations of insect-
feeding birds (and of the species which predate these).

What is less clear is the comparative level of these gains on cultivated organic farmland
and the biodiversity gains of approximately half of the equivalent area used exclusively
for conservation, as under Scenario B.

We found no research documentation that would allow this comparison directly to be
made but what is clear is that such research needs to be done over a sufficient number of
years to allow the full impact of system changes to become evident.  Much also depends
not only on the area of organic and/or set aside conservation land, but also its location
within the landscape.  What is needed for maximum gains is a mosaic of inter-connected
conservation land which provides corridors for dispersion and linkages between internal
isolated wildlife populations.
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While the relative benefits of the two model scenarios as ways of sustaining and, where
possible, strengthening biodiversity under different scenarios for the use of existing
farmland can be disputed, the case is different once one considers a larger scale
conversion to organic.  If anything approaching complete conversion took place, the need
for extra land to maintain food supplies would require the bringing to cultivation of land
not currently used for farming and this loss of existing uncultivated wildlife habitats
would beyond dispute have a devastating effect on biodiversity in some respects
comparable indeed to what was experienced in Europe in the periods of farming
expansion in the 16-19th centuries, before pesticides were invented.

On the question of energy use, the study is inconclusive. The Italian case study found
energy savings in integrated and organic production over standard. But the heaviest
energy use in farming is for ploughing and subsequent cultivation.  In theory under IFS
there would be an adoption of no-till, or at least no-plough, methods;  in practice,
especially on heavier soils, the problems of weed control make farmers reluctant to
change their established methods.  This is an area for further technical development in
future.  Against any energy savings arising from PPP use must be put the energy cost of
PPP manufacture and distribution.  Lack of data prevents us from drawing up a credible
balance sheet.

7.5 Food quality

The other main gain that has been provided by PPPs is improved food quality.  This has
two main aspects (Johnen & Urech, 1997).  The first is the avoidance of fungal and
bacterial contamination and damage; with many cash crops from organic systems a
substantial proportion of the harvest cannot be marketed because of contamination and
damage.  The use of PPPs helps is to be prevent this. The second aspect is storeability.
 Apples with various rots and insect damage cannot be kept in store; the same applies to
potatoes.  Such losses in storage from insect and other pests can only be avoided by
fumigation or alternative techniques.  In general, organic wheat losses in store are
estimated at 15 - 20 percent higher than for non-organic. 

Clearly, around 2 - 3 percent of foodstuffs have detectable residues, and these may have
long term negative health effects.  This cannot be totally disproven.  Whether or not there
is any justification for concern, significant numbers of consumers are concerned about
the situation so they need reassurance in three ways :

t stringent and on-going monitoring regimes to ensure the regulatory standards
are met;

t further research, both direct and epidemiological, to provide further evidence
of any possible negative health effects of ultra low-level pesticide
contamination;

t encouragement of the use of new PPPs with more favourable environmental
characteristics, including low residues and low mammalian toxicity;

t encouragement of integrated methods which further reduce overall pesticide
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use.

It is difficult to quantify the benefits of such efforts, but the costs of monitoring are
clearly a negative to be put against the benefits of PPP use.

Against this, must be balanced the food quality negatives associated with PPP use.
The chief of these are the danger of residues.  Provided PPPs are used correctly, any
detectable residues should be well below the legal limits which in turn are designed
to provide a wide margin of safety.  Nevertheless, it can be and is argued that only in
healthy, disease and pest-free crops, will their genetic potential be fully expressed.  The
plant’s health status influences both the protein content and other aspects of nutritional
quality of the crop.  Virus infections in potatoes not only reduce yields but also reduce
the starch content.  Fungal diseases carried by Fusarium spp. not only negatively affect
processing quality, but also lead to losses of protein, starch and other nutritional
components of the grain (Mesterházy and Bartók, 1996).

There are many naturally occurring toxins that can contaminate foodstuffs.  There are
about 400 known toxins of fungal origin alone (Obst et al., 1990; Anon., 1994). Crop
protection products help considerably in preventing such contamination of food by thee
mycotoxins which are products of fungal metabolism.  These toxins can be directly
acutely toxic, but also exert chronic or long-term effects including causing cancer. 
Mycotoxins can develop both during the actual growing period of the crops as well as in
storage.  Processing does not destroy or remove these toxins, thus crop protection
measures must be directed towards prevention.

Rye and wheat ergot are caused by fungal spores in these cereals and has been a major
problem since medieval times.  The toxic alkaloid, through consumption of contaminated
flour and bread, causes serious health problems and can lead to death.  Modern crop
protection and production methods had virtually eliminated the problem until recently,
when alternative agriculture has led to a certain renaissance of ergot (Cramer, 1996). 
Fusarium, Aspergillus and Penicillium are other well-known species which produce
mycotoxins, amongst which aflotoxin which can occur in peanuts, maize and animal
fodder, is particularly well known as a potent carcinogen.  Crop protection products are
generally effective in controlling these mycotoxins (Obst et al, 1990;  Oerke et al., 1994).

The negatives of PPP use are discussed in other reports in the current study programme.
 What this study shows is that an integrated approach has relatively minor economic
costs, and can further reduce PPP use by big amounts, both in terms of the quantity of
active ingredient use per ha and of the environmental impact of the products used.

Technical developments - safer PPPs, innovative biological alternatives, and better
diagnostic systems application methods - will offer further gains in safety in future.  As
the present hazards (where they are real) became less, the environmental positives that
PPPs provide will weigh more heavily in the balance.

7.6 Social benefits of PPPs

The social benefits of PPPs are primarily the consequences of the economic and



Chapter 7 / 174

environmental benefits discussed above. We can specifically identify four key benefits,
summarised briefly below.  What needs to be understood is that any assessment of social
benefits is value-laden.  Is the maintenance of small farms a good thing, regardless of
other considerations ?   Is low paid rural employment preferable to better paid urban
employment ?    Is it desirable to maintain a substantial farming population in rural areas,
or is it acceptable in some areas to allow depopulation to take place and in other areas for
new forms of employment to arise from economic diversification ?   Is the maintenance
of traditional landscape important and valuable, or can ecological and biodiversity
objectives be met despite some changes ?

The use of PPPs certainly is a key factor in modern, intensified farming, but whether the
social changes this induces are beneficial or otherwise is to a large extent a value
judgement, and thus beyond the scope of this study.  But specific (apparent) benefits of
PPP use can be cited :

7.6.1 Food prices

With modern standard and integrated farming systems, food prices have declined in real
terms in recent years and absorb a declining proportion of EU consumers’ incomes.  This
is despite the price-raising effect of the CAP.  Currently organic food prices are much
higher (20-150 percent higher in general) than those for standard and integrated products,
and it is dubious if organic production would be profitable without subsidies if there was
a significant decline in the organic premium.

7.6.2 Food security and quality

PPPs play an important role in ensuring reliable crops year in, year out.  Yields generally
fluctuate less under a standard or integrated system than under an organic (but note the
contrary data on this from the German case study).  The famines of the past are now but
a distant historical event for nearly all citizens of EU member states.  The issue of food
quality has been discussed above.  The availability all year round of high quality
perishable products is now partly due to PPP use.

7.6.3. Land use for non-farming purposes

The availability of land for housing, industry, roads, recreation and wildlife conservation
and landscape protection is contingent on it not being required for food production.  This
is made possible by PPP use, as a key component of modern standard and integrated
farming systems. The land savings of PPP use have been quantified earlier in this chapter.

7.6.4. Rural employment and incomes

The other social issue effected by PPP use is rural employment.  A reconversion to
organic farming would mean some increase in farm labour requirements, though we have
found it difficult to quantify the impact.  At most, farm employment could be expected
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to increase by between 25 and 30 percent. But against this must be put the loss of jobs
in the input supply, processing and distribution sectors.  These losses would go a long
way to neutralise any gains from extra farm employment (which would tend to be
seasonal anyway and mainly for weed control).  The likely poor profitability of organic
farming, once production had expanded to the point where the present price premium had
largely disappeared, would have a double effect.

Management and labour renumeration in farming would decline, possibly severely; and
the declining profitability of farming would have negative secondary effects on rural
communities as would the loss of better paid employment in the upstream and
downstream ancillary industries.

There would also be large negative effects at secondary and tertiary level in rural
economies.  Reductions in crop output would reduce food processing activity.  Less
income in the rural economy would damage suppliers of inputs and of the products on
which farmers, farm workers and their families spend money.
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