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Executive summary

Objectives

This report reviews literature on the economic impact of genetically modified crops and places this
within the context of UK arable farming. Its primary function has been to provide objective
information and analysis that can help the Strategy Unit of the Cabinet Office in its work on the
possible economic impacts of GM crops on UK farmers.

Background context to GM crop development and adoption

» Over the last few years there have been declining prices for most arable crops (notably
cereals) and falling levels of profitability;

» The economic performance of farms can vary widely, both between and within regions.
This means that the potential impact of a new piece of technology (eg, GM cost reducing
technology) will be subject to significant variation in impact at aloca levdl;

» Theunderlying policy environment, set by the Common Agricultura Policy (CAP) is
changing. Levels of support are decreasing and the EU market is opening up to increasing
levels of competition from world markets. To remain as competitive as possible, many
UK producers are likely to explore al forms of new technology that can assist them (eg,
through yield enhancement, cost reductions). The planting of GM crops could be an
approach taken provided farmers perceive that there is a market for the produce. Others
may look at other cost reducing technologies, focus on higher value, niche product
production, like organics, where cost is less of a market driver, join agri-environmental
schemes that target the ddlivery of environment and landscape goods for the wider public
or leave the sector;

» Recent market changes of relevance to UK farming include the growth in demand for
products that are perceived to better meet the demands of consumer concerns about the
environment, health and production systems (eg, development of markets for organic
produce). On the supply side, there has been significant development of more
sophisticated supply systems that incorporate identity preservation and tracesbility. Asa
result an increasing number of farmers are now members of independently accredited,
quality assurance schemes. There has aso been greater adoption of ‘ more integrated crop
management systems’ (eg, less use of prophylactic spray regimes in favour of spraying
according to pest and disease thresholds);

» New technologies take time to come to the market place. Thus the lifting of any
moratorium on GM crop approval in the EU does not mean that GM crops will
immediately be made available to farmers. Regulatory and seed approva procedures and
requirements mean that the first GM crops that might be available to UK arable farmers
are still 2-4 years away.

Themarket for GM versusnon GM crops

A distinct non GM market began to develop in the EU from 1998 (for ingredients used in human
food) and has since extended to the animal feed sector. The main points of relevance about this
market development for UK farming profitability and take up of GM crops are:

a) Current non GM versus GM price differentias (in favour of non GM) are low and on
average within arange of 1% to 5%. The non GM market, in which thereis aprice
differentia (in favour of non GM) mainly exists post farm gate;

b) At thefarm levelin countries where GM crops are widely grown, there has been and is
currently very little development of a price differential. In Brazil, the focus of non GM
supplies of soybeans, there has, to date been no evidence of anon GM price differentia
having developed. Inthe US and Canada, the farm level price for non GM supplies has
been within the range of 1%-3% higher than GM supplies.
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¢) Assuming some GM crops (containing agronomic traits) are eventually approved for use
in EU agriculture, a key factor influencing whether UK farmers grow these crops will be
whether there is a market for the GM crop(s). The evidence and analysis presented in this
report (sectlon 3 and appendix 3) suggests that this depends on the crop, use and market:

crops going directly into human food have the highest level of requirement for non
GM produce. Therefore crops with relatively high shares of produce going into the
human food chain are likely to be marketsin which GM crop take up may be least and
dowest' (eg, sugar, potatoes, wheat). Sugar beet is probably the most “affected’ crop
because British Sugar is the monopoly buyer of sugar beet and sole supplier of seed to
farmers. Whilst British Sugar maintains a policy of not accepting GM sugar beet (its
current policy) there will be no market for GM sugar beet. If this policy changes by
the time of commercialisation (eg, for use in non food sectors such as bio-ethanol)
and/or export opportunities in the bio-ethanol market arise, a GM market may
develop;

» Incontrast, asignificant part of the animal feed and industrial sectors (about three-
quarters of the ingredients used in EU animal feeds) are largely indifferent as to
whether crops used are derived from GM crops or not. For crops destined for these
markets, there isless likely to be a problem in finding outlets for GM crops and hence
the crops likely to see the highest level of interest in GM technology take up will
probably be in grain and forage maize, oilseed rape, and starch potatoes;

» The nature of competition may affect ‘willingness to accept GM crops'. In markets
where (low) price is considered to be the primary driver of demand (thisis relevant to
both domestically consumed foods and to export markets), access to the lowest priced
products and raw materials is the main criteria used for purchasing. In such markets
(eg, frozen rather than fresh poultry), GM based feed ingredients tend to be attractive
because they are often cheaper to produce than the non GM dternative.

d) Take up of GM cropswill aso be influenced by the impact on farm incomes. Farmers will
assess Whether to grow GM crops according to the likely impact of the GM crops on
factors such as yield and costs of production (and other factors that are more difficult to
put a monetary value on such as convenience). Within this assessment the level of price
differentia between GM and non GM crops will play arolein influencing take up. The
higher the level of price differentia in favour of non GM crops, the less likely GM crop
take up islikely to be and vice versa.

e) Itisimportant to emphasise that the GM crop traits examined in this study are intended to
be cost reducing. This means that if the mgjority of global production switches to this
technology there will a cost and price reducing effect on the baseline price of the
commodity. To date this has probably only occurred in the soybean market. The net
effect of thisisthat any price differentia that may develop between GM and non GM
products will partly reflect this cost of production differential and may also reflect any
costs of segregation/IP of the non GM product. It istherefore incorrect to assume that
price differentials only reflect segregation/IP costs. In the soybean sector, estimates of the
impact of GM technology suggest that the real price of soybeans had fallen by 1%-2% by
the end of 2001 because of the technology (see section 3).

f) Inthelonger term (10 years plus), GM crops containing quality traits (eg, offering possible
traits such as lower fat content, food products with improved taste) might be
commercidised. This category of GM crop could offer farmers price premiato grow such
crops and may be attractive to some farmers because of the premium price and/or because
producing on contract to processors may contribute to reducing price risk.

! It is possible that initially there could be no market for GM cropsin human food products, if for example, current non GM policiesin
sectors like sugar were to continue for several years
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Technology costs

GM technology is largely charged for via seed price premia (as applies to new conventional seed).
The leved of premia charged will vary according to a number of commercial factors and market
conditions. The price paid by farmers may also vary according to the margin added to seed by
their supplier (eg, loca merchant) and farmer ability to negotiate discounts on list/recommended
prices. Thisisimportant to recognise when examining literature on the impact of GM technology
because the higher the assumed cost of the technology, the lower the benefit and vice versa

Co-existence

Co-existence relates to the economic consequences of adventitious presence of material from one
crop in another and the principle that farmers should be able to cultivate fredly the agricultural
crops they choose, be it GM crops, conventional or organic crops (EU Commission 2003).

The issue of adventitious presence of (unwanted) material from one crop in another is not a new
issue and amost al agricultura commodities are traded in recognition of some degree of
adventitious presence of unwanted material occurring. Tolerances are invariably set for the
presence of unwanted material because of the impossibility, in any practical agricultural crop
product and food processing/handling chain, of ensuring absolute purity of products.

Some types of agricultural production are also based on practices and principles to maintain purity
levels and minimise adventitious presence of impurities (eg, requiring maintenance of separation
distances, segregation of crops at/after harvest, cleaning of equipment). These include seed
production systems and speciality crops like high erucic oilseed rape.

Adventitious presence of GM cropsin non GM crops has become an issue because of the
development of distinct markets for non GM derived products (see above). Some non GM
producers, particularly in the organic sector, raise the issue of possible negative economic
consequences on their sector from co-existence with GM crops (ie, where an organic producer
finds adventitious presence of GM crops in his’her crop above a given threshold and, as a resuilt,
may |ose an organic price premiaor incurs additional costs on-farm to minimise the risks of
adventitious presence).

The key findings relating to co-existence, tolerance-related costs for GM crops are:

» Thereisan underlying principle that the tighter the tolerance, the higher the cost involved
in meeting that tolerance. Within the GM market context, this principleis clearly evident
in respect of the current non GM market premia for soybeans and soymeal (see section
3.1), where the average premium for non GM soybeans and meal to a tolerance of 1%
(presence of GM materid), over the last year has been in the range of 2% to 5%, whilst the
average non GM premium to atolerance of 0.1% has been 7% to 10%.

» Thereislimited evidence available on the possible incidence of adventitious
contamination of non GM crops with GM materia, of changes in farm practices that might
be required to minimise adventitious presence and the feasibility of meeting possible
threshold levels for adventitious presence (including associated costs). Where studies
have examined these issues, the data presented should be treated with caution. In
particular, costs cited for meeting tolerances of GMOs in non GM materia are probably
overstated because many of the activities suggested (for minimising adventitious presence)
are dready part of good agricultural practice and/or part of requirements for farmers who
are members of quality assurance schemes. Therefore the additional cost involved for

2 For example, the Assured Combinable Crops Scheme, which covers about 58% of the total combinable arable crop areain the UK has
membership charges which vary according to the size of farm and are equal to about £0.44/ha for a 400 hectare arable farm, £0.7/hafor
a200 hectare arable farm and £1.4/hafor a 75 hectare arable farm

Page: 10

Final report for the SU by PG Economics Ltd



Consultancy support for the impact of GM crops on UK farm profitability

many farmers could be fairly low (or none at al) and in line with the fees paid for
membership of quality assurance schemes.

» If GM crop growers were required to comply with specific conditions (eg, SCIMAC
guiddines), there could be additional cost involved associated with compliance audit
requirements. The current audit charges for the Farm Scale Evaluations (£800/site)
represent one benchmark cost, although if this independent auditing activity were to be
opened to wider competition, the level of audit fees paid might reasonably be expected to
fal to levelsin line with membership of quality assurance schemes (£0.44/ha to £1.4/ha).

» Theincentive for any non GM producing farmer to implement measures to minimise
adventitious presence of GM material in non GM crops will be directly influenced by the
relative costs involved compared to the consequences (eg, possible loss of non GM price
premia, inability to sell the non GM crop in a given market). Where the consequence of
not minimising adventitious presence is significant (eg, a significant non GM price premia,
asignificant organic premia or where aretailer insists on atolerance of 0.1% asa
condition of supply), then it is likely that farmers will be prepared to change farming
practices and incur the associated costs. However, where the non GM price premiaislow
(eg, 1%-3%) or criteriafor downgrading produce (eg, organic to non organic) are based on
adherence to principles rather than regular testing, it is probable that many farmers will not
fedl it necessary to incur costs of monitoring or changing.

» The same principles apply to any farmers faced with possible ligbility ‘claims from other
producers (these could be GM producers facing possible liability claims from non GM
producers who have lost non GM price premia or non GM producers facing liability
claims from GM producers of crops containing quality traits that have lost quality trait-
related premia). The underlying willingness to take actions (eg, changing farming
practices, siting of crops, taking out insurance) to minimise adventitious presence of their
crop in someone else’ s will be directly related to their perception of the risk of
adventitious presence occurring and the level of liability that might be incurred.

Possible development of herbicide resistant weeds, weed shiftsand pest resistance

Whilst it is beyond the remit of this study to examine the incidence of these potentia problems
(which are not GM crop-specific and relate to agriculture in genera), there are possible
implications for farm profitability. Our review of the evidence to date shows the following:

» The development of weed resistance to the main herbicides used in herbicide tolerant
crops (glyphosate and glufosinate), and problems with volunteers has probably not had
any significant impact on the economics of using herbicide tolerant crops to date.

» Inthelonger term, some degree of reduced effectiveness of glyphosate and glufosinate
against weeds may develop, along with some possible instances of weeds with resistance
to more than one herbicide.

» To the extent to which weed or pest resistance may occur, thiswill add cost to farmers
who are required to use additional levels of glyphosate/glufosinate or include low dose
applications of other herbicides in their weed control programmes®. For examplein
Australia, where instances of glyphosate resistant weeds have been found, farmers
increasingly use other herbicides like triflurain as a pre-sowing treatment instead of
glyphosate. This may therefore reduce, marginaly, the average level of cost saving and
profit gains cited in the most recent studies of GM herbicide tolerant crops.

» Similar problems of weed or pest resistance build up to herbicides/insecticides used on
conventiona arable crops can aso be expected to develop, leading to similar problems and
solutions for conventiona crop producers (ie, the issue of weed resistance to herbicidesis
not a GM specific issue). Any assessment of the possible benefits and costs of GM crops
should recognise these points because to only examine the possible impact of weed/pest

3 Farmers could also revert to conventional cropping and crop protection practices
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resistance build up in relation to GM crops would not be comparing ‘like for like' with the
aternative production systems.

» The net impact on profitability of weed/pest resistance, weed shifts and volunteer
problemsislikely to be fairly small. Current commercia practice in conventional
agriculture is to use tank mixes of herbicides (and possibly other products) to deal with
difficult weeds/pests. Where farmers are faced with the build up of weed resistance to one
herbicide, the solution is to add a different herbicide into an existing tank mix that is
effective against a particular weed. Additional spray runs are rarely needed and therefore
the overall impact on variable costs of production is very low (+1 to +2% for the
additiona herbicide). Thisissue is examined further in section 4;

» Farmers decide to adopt new technology based largely on their perception (and eventua
experience) of the level of benefit for them. With time and repeated use of a specific piece
of technology (eg, a particular herbicide, or seed), the effectiveness of the seed, herbicide
etc declines, reducing the level of benefit derived. Eventually the technology is replaced,
itself by newer technology (eg, a new seed containing a different GM herbicide tolerant
trait, or anew herbicide that may have broad spectrum applications like glyphosate, or
targets the weeds that glyphosate is |ess effective against) and the cycle of
adoption/rejection of technology continues.

Possibleimpact of GM technology on wheat grown in the UK

Key profitability features of the crop

Profitability (as measured by gross margins) in 2002 was within a range of £486/ha and £607/ha.
Whest has generally been the most profitable combinable crop and performs best when grown
after abreak crop (eg, oilseed rape). It accounted for 48% of the UK arable cropping areain 2002.

Total variable costs in 2002 were within arange of £197/ha and £271/ha, of which herbicides
accounted for between 10% and 18% of costs and fungicides accounted for between 20% and 26%
of costs. Average yieldsin 2002 were about 8 tonnes/ha.

GM traits of relevance to the UK

The main GM wheat traits with commercial possibilities over the next ten years are fusarium
resistance and glyphosate tolerance. Their potential applicability, adoption and impact on UK
farming profitability are summarised in Tablesaand b. For further details the reader should read
section 5.1 and appendix 5.

Tablea: Summary of possible farm level economic impact of GM herbicide (glyphosate)
tolerant wheat

Possible date for 2008-2011

commer cialisation in the

UK

Impact on costs of Premium control of weeds difficult and expensive to control (eg, wild oats)
production Reduced variable costs from lower herbicide use costs — could be savings of

£23-£36/ha but will depend on cost of technology (no benchmark available).
Greatest benefit for above average herbicide users. Limited empirical datato
verify this and no UK based research
Added crop flexibility — removal of difficult weeds and lower control costs
over arotation

Impact onyield None expected — largely yield neutral

Impact on rotation Could offer greater scope for continuous wheat growing (wheat being the
most profitable combinable crop) viaimproved weed control —would

however, still require overcoming problems like take all diseasein follow on
wheat
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Facilitation of low/non May re-inforce this husbandry trend which offers scope for lower energy use,
tillage practices less ploughing and higher profitability

Note: For consideration of generic issues such as herbicide tolerant weed resistance, volunteers, whether thereis a
market for GM wheat, non GM price differentials and co-existence issues see sub-section above

Table b: Summary of possible farm level economic impact of GM fusarium resistance wheat
in the UK

Possible date for 2012-2014

commercialisation in the

UK

Impact on costs of Difficult to estimate as fungicides used to control arange of diseases and

production incidence varies by location and year. A 25% reduction in fungicide use
could save £10/ha-£15/ha on current usage

Impact onyield Someyield loss still occurs even though fungicides are used. A 5%

improvement is thought possible. This equatesto a0.4 to 0.45 tonnes/ha
increase and a £23.2/hato £26.1/ha increase in gross revenue

Improved quality of grain Mycotoxin levelsin cereals are a concern and presence outside prescribed
limits can lead to downgrading of supplies. Very difficult to evaluate as
current incidence and extent of downgrading or rejection of suppliesis not
known

Possibleimpact of GM technology on oilseed rape grown in the UK

Key profitability features of the crop

Profitability (as measured by gross margins) in 2002 was within arange of £506/ha and £527/ha.
Oilseed rape tends to be the profitable break crop grown in the UK (excluding sugar beet) and is
usualy followed by wheat. It accounted for about 10% of the total UK arable crop areain 2002.

Total variable costsin 2002 were within arange of £193/haand £212/ha, of which herbicides
accounted for between 18% and 23% of costs. Average yield in 2002 was about 3.4 tonnes/ha.

GM traits of relevance to the UK

The main GM oilseed rape traits likely to be commercialised in the next few years are GM derived
hybrid varieties, aso containing herbicide tolerance (to glufosinate). The potential applicability,
adoption and impact on UK farming profitability of this product is summarised in Table c. For
further details the reader should read section 5.2 and appendix 5.

Tablec: Summary of possible farm level economic impact of GM hybrid vigour and
herbicidetolerant (to glufosinate) oilseed rape

Possible date for 2005-2008

commercialisation in the

UK

Impact on costs of May offer reduced variable costs from lower herbicide use costs but this
production depends on baseline current costs and number of glufosinate applications

made. Current costs of £36-£45/ha compare with possibilities of £21-£65/ha
for glufosinate use depending on volume of herbicide used, assumed price of
herbicide and number of applications. Using the assumptions presented in
this report, cost savings will only emergeif farmers use one application or, if
they use two applications, are above average spenders on herbicides. These
calculations also do not take into consideration the cost of technology (see
section 5.2 for illustration of a possible cost). Overall, cost savings are only
likely for aminority of users and take up will be driven by other factors —
see below

Impact onyield Main source of farm level benefit. Yield gain expected anywhere between
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10% and 15%. This comes mostly from the improved hybrid vigour but may
also come from improved weed control and reduced ‘ knock-back’
experienced from existing herbicide treatment of crops. A yield gain of 10%
would result in an increase in the gross margin of 9.5% relative to 2002
(+14% at a 15% yield gain)

Impact on rotation Possible benefits for subsequent crops like wheat, especially as may offer
improved control of difficult and expensive to control weeds like black grass
(which areresistant to a number of herbicides). Could lead to savings across
the rotation on herbicide costs and reduced carry over of residual herbicides
in the soil (which may damage crop growth)

Facilitation of low/non May re-inforce this husbandry trend which offers scope for lower energy
tillage practices use, less ploughing and higher profitability

Note: For consideration of generic issues such as herbicide tolerant weed resistance, volunteers, whether thereisa
market for GM oilseed rape, non GM price differentials and co-existence issues see sub-section above

Possibleimpact of GM technology on sugar beet grown in the UK

Key profitability features of the crop

Profitability (as measured by gross margins) in 2002 was within arange of £707/ha and £988/ha.
Sugar beet has generaly been the most consistently profitable arable crop in the UK, athough the
area planted is controlled by the EU sugar regime production quotas. It accounted for about 4% of
the total UK arable crop areain 2002.

Total variable costs (including haulage, harvesting and contracting) in 2002 were within a range of
£792/ha and £853/ha, of which herbicides accounted for between 8% and 9% of costs. Average
yields fall within arange of 50 tonnes’ha and 63 tonnes/ha.

GM traits of relevance to the UK

The main GM sugar beet trait likely to be commerciaised in the next few yearsis GM herbicide
tolerance (to glyphosate). The potential applicability, adoption and impact on UK farming
profitability of this product is summarised in Tabled. For further details the reader should read
section 5.3 and appendix 5.

Tabled: Summary of possible farm level economic impact of GM herbicidetolerant (to
glyphosate) sugar beset

Possible date for 2006-2008

commercialisation in the

UK

Impact on costs of May reduce average level of expenditure on herbicides —amount subject to
production debate/dispute. May (2003) estimates that the likely herbicide costs for a

farmer using herbicide tolerant sugar beet would be between £26/hato
£40/ha. This compares with the current average herbicide costs (including
application) for conventional sugar beet of £129/ha-£149/hausing May’s
data, £84-£104/hausing FARM data, £102/hausing ADAS data and £167/ha
using Velcourt data. Assuming atechnology fee/seed premium of £20-
£30/ha (May 2003), this would result in an approximate net saving on
herbicide costs of £80/ha based on May’ s data, £36/ha using FARM data,
£44/hausing ADAS data and £109/ha using Velcourt data;

Impact onyield Based on trials data and existing analysis such as May 2003, Dewar et al
2000 & 2003 and Gianessi et al 2002, an increase inyield islikely. This
could be within arange of 5% to 10%. At 5% (relativeto an averageyield
of 50 tonnes/ha) thisis equal to an additional £75/hain gross margin and at
10% it isequal to an additional £150/ha

Other possible cost savings  Possible cost savings from reduced use of crop consultants, greater
management flexibility, adoption of minimum tillage practices, improved
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rotational weed control and reduced stubble control. These possible savings
will vary by farm and could be within the range of zero to £32/ha (these
boundaries are based on the respective views of FARM and May)

Facilitation of low/non May re-inforce this husbandry trend which offers scope for lower energy
tillage practices use, less ploughing and higher profitability

Increased management Efficient weed management is critical to sugar beet because of its

flexibility vulnerability at early stages of growth to weed competition (can affect yield)

and crops are typically sprayed 4 to 5 timesto a strict timetable in line with
weed stage development. A move to a glyphosate based system (2 sprays)
would offer increased flexibility on timing
Notes:
1. For consideration of generic issues such as herbicide tolerant weed resistance, volunteers, whether thereisa
market for GM sugar beet, non GM price differentials and co-existence issues see sub-section above
2. The assumed technology fee (May 2003) does not reflect actual fees— these are not known and the values used
are purely illustrative

Possible impact of GM technology on potatoes grown in the UK

Key profitability features of the crop
Profitability (as measured by gross margins) in 2002 was within a range of £2,000 and £2,683/ha”.
It accounted for about 4% of the total UK arable crop areain 2002.

Total variable costs in 2002 were within arange of £1,720/ha and £1,870/ha for main crop
potatoes, of which herbicides accounted for between 3% and 4% of costs, fungicides accounted for
about 8% of variable costs and nematicides accounted for about 14%-16% of variable costs.
Average yields were about 44 tonnes’ha in 2002.

GM traits of relevance to the UK

The main UK applicable GM potato research is related to nematode resistance’. However, this
research is still at afairly fundamental level and is at least ten years away from possible
commercialisation. No analysis of possible impacts on the UK potato grower has been provided
because there is no data ‘to work on’” from trias, as no field scale trias examining impacts on
yields, costs of production etc have yet been established.

Possible impact of GM technology on forage maize grown in the UK

Key profitability features of the crop

Asforage maize is mostly consumed on-farm, the key variables influencing whether it is grown
are not profitability but nutritional value relative to other forage crops and the cost of production.
In recent years the area planted to the crop has increased to about 100,000 hectares (relative to for
example about 420,000 ha for oilseed rape), highlighting its cost competitiveness with aternatives
such as whole whesat and permanent pasture.

GM traits of relevance to the UK

The main UK applicable GM forage maize research has been related to herbicide tolerant (to
glufosinate) forage maize. The potential applicability, adoption and impact on UK farming
profitability of this product is summarised in Table e. For further details the reader should read
section 5.5 and appendix 5.

4 Can vary widely on an annual basis due to yield and price variations and therefore can be one of the most profitable cropsin the UK
oneyear but not so the next.

5 Herbicide tolerance, insect resistant (to Colorado Potato Beetle: CPB) and virus resistant potatoes have all previously been
commercidised in North America (or in the case of herbicide tolerance were close to commercidisation). However, thereislittle
prospect of these products coming to the market in the UK over the next few years because a) the original technology provider,
Monsanto has withdrawn from the potato sector, b) CPB is not a problem in the UK, so there would be no market and c) weeds are not a
major problem to UK potato growers (relative to nematodes, viruses and fungal diseases).
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Tablee Summary of possible farm level economic impact of GM herbicide tolerant (to
glufosinate) forage maize

Possible date for 2005-2008

commer cialisation in the

UK

Impact on costs of The range of current herbicide costsis between £15/hato £42.2/ha. The
production likely cost under the glufosinate tolerant crop is (one application) £25/hato

£30.44/harising to between £54-£60.88/ha for two applications. However,
the current * alternative’ costs are likely to rise because the main herbicide
currently used (atrazine) may be banned. If so, costs could rise to about
£55.01/ha. On the basis of these costs, glufosinate tolerant forage maize
would provide the largest cost savings for farmerswho currently use two
sprays and could revert to one application of glufosinate (also it would be
attractiveif atrazine were to be banned). Where farmers would need to use
two applications of glufosinate the cost savings would be significantly
reduced and may be marginal.

Impact onyield Current herbicides used may adversely affect yield via ‘knock back’ (eg,
slow down rate of seed germination). Detailed datais not available on this
impact but the use of a post-emergent contact broad-spectrum herbicide,
such as glufosinate, that does not “knock-back” the plant could increase
yields by between 10% and 20%. A 10% increasein yield equates to an
additional 1.19 tonnes of maize dry matter which costs £46.70 (based on
£39.38/t X 1.19) to produce.

Given the limited nature of the possible cost saving benefit identified above,
take up of thistechnology in forage maize will probably depend on its ability
to deliver the yield benefits suggested above. If not, and after taking into
consideration the technology fee, the benefits will be limited to only some
farmers. It may necessitate afairly low technology fee and/or be
accompanied by areduction in the herbicide price (of glufosinate) to
facilitate take up. Thisanalysisishowever speculative and is not based on
empirical evidence of herbicide tolerant forage maize grown in the UK (as
no publicly available empirical evidence was identified).
Notes.
1. For consideration of generic issues such as herbicide tolerant weed resistance, volunteers and co-existence
i ssues see sub-section above
2. Inrelation to whether there isamarket for GM forage maize, as all of the crop isfed to livestock, thereis
likely to be areasonable market for GM forage maize

Herbicide tolerant cropsin therotation

Itislikely that farmers faced with any possible future option of, for example herbicide tolerant
wheat, oilseed rape and sugar beet would not choose to grow the varieties containing the same trait
in al crops (eg, glyphosate tolerance in all three crops) but would use amix of herbicide tolerant
crops and conventional crops (eg, glyphosate tolerant sugar beet, glufosinate tolerant oilseed rape
and conventional wheat). In thisway this would contribute to minimizing the onset of weed
resistance and problems of herbicide tolerant volunteers.

Convenienceeffects
One of the main benefits cited by farmers who have used GM crops to date on a commercia basis

has been a ‘ convenience’ benefit. Although often difficult to quantify, this category of benefit
includes additional management flexibility for choice of crop and husbandry practices used,
additiona flexibility in timing of operations (eg, when to spray crops), less time spent crop
walking and assessing pest or weed incidence, savingsin use of machinery (eg, on fuel) and
improved production risk management (in other words less worry about whether or not a pest
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attack may cause major losses to crop yield and quality or less worry that failure to treat weeds
with herbicides at a critical and narrow time window will result in yield losses).

Case study crop: oilseed rape

The parameters suggested to the Strategy Unit for its quantitative (spreadsheet) analysis of
potential impact of GM technology on a case study crop of GM oilseed rape containing hybrid
vigour derived from GM technology and herbicide tolerance (to glufosinate) are shown in Tablef.
Details of the rationale for selecting this crop/traits and each parameter and boundary are presented

in section 5.

Tablef: Herbicidetolerant and GM hybrid winter oilseed rape: parametersfor quantitative

analysis

Issue/variable

Likely date of commercial
availahility to UK farmers
Oilseed rape farm level
prices: general

GM versus non GM price
differential

GM market potential

Baseline farm gross
margins before assessing
impact of technology:

Impact of GM technology
onyield

Impact on total variable
costs of production
(excluding price of
technology)

Longer term possible
implications (5-10 years
after adoption) of weed
shifts/resistance and
volunteers

Other impacts:
convenience, impact on
rotation

Co-existence implications
and compliance
reguirements (on GM
producers)

Co-existence implications
for non GM producers
Cost of technology to
farmer

Suggested boundaries for analysis
2005-2008

Forecast in five years time +8% relative to 2002/03 levels. Boundaries: no
changeto + 12%

No difference. Boundaries: 3% in favour of GM (cleaner seed and higher oil
content) to 3% in favour of non GM (sold into human food uses)

Likely no problem in finding outlets — major markets in non food use sectors
(industrial oils, biofuels)

Adjust for price changes (see above) and apply MTR changesto area
payments (higher rate/tonne but modul ation applicable to year to be
examined — eg, 19% for 2013)

Assume +10%. Boundaries: +5% to +15%

Assume no change. Boundaries: a saving of 5% to extra costs of 5%

Amend impact on costs of production by 1% (ie, no change becomes +1%).
Boundaries no change to total costs of production to +2%

Difficult to quantify. Assume no change (a conservative assumption).
Boundaries: +1% to revenue to —1% to revenue

Assume additional costsinvolved for compliance audit requirements (eg,
adherence to SCIMAC type guidelines) at +0.5% to variable costs.
Boundaries zero to +1% on total variable costs

Assume zero provided that SCIMAC separation distances are complied with.
Upper boundary: none suggested

Assume +£15/haon costs of production (or +60% on seed cost). Boundaries:
= +10/hato +20/ha
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1 Introduction
The Strategy Unit (SU) of the Cabinet Office is conducting a study into the possible costs and

benefits, which might arise from the commercia adoption of GM cropsin the UK. Aspart of its
analysis, the SU islooking at the possible costs and benefits which may accrue in the product
chain from seed producers, to farmers, wholesalers, processors, retailers, caterers and consumers.

Within this the SU commissioned research (this study), which will inform its work on the possible
economic impacts of GM crops on farmers who grow them and, potentialy on other farmers.

1.1 Objectives

The main objective of this study was to review and anayse literature on the economic impact of
genetically modified crops and to place this within the context of UK arable farming.

Within this overall objective, the study:

a) Gathered together information on the impact of the growing of GM crops on farmers
profits, focusing on crops, which could be grown in the UK. Thiswas to focus on
specific, monetisable costs and benefits and include:

» Codsarising from seed price differentials between GM and non GM seed and any
relevant technology fee;

» Impacts from changes in pesticide use (timing and type), including changes to costs of

pesticides used and impacts on, for example labour, machinery, frequency and timing

of spraying;

Impacts on yield quantities, qudity and reliability;

Costs arising from keeping GM crops separate from non GM;

Costs arising from respecting separation distances from non GM fields;

Changes to income arising from any GM/non GM price differential.

YV VYV

For each aspect the robustness of evidence cited was to be discussed, highlighting areas of
consensus and disagreement.

b) Identified, where possible the most important non-monetisable costs and benefits and
assess the degree of consensus on their occurrence and importance (eg, convenience,
liability for contamination, impact of volunteers or development of pest resistance) in
relation to the UK farmer.

¢) Made recommendations on which crop should be used as a worked example of the
potential monetary impact of GM crops on the UK farmer and suggested assumptions for
each variable affecting impact (upper and lower bounds).

1.2 Boundaries of the research
In order to meet the objectives detailed above, the following boundaries should be noted:

a) Typeof GM cropscovered. GM cropsfal into two main categories. agronomic traits and
quality traits. Agronomic traits mostly target the delivery of farm level benefits such as
higher yields and lower costs of production (other improvements such as improved quality
of harvested products may aso arise). Their adoption may lead to lower real costs of
production and lower real prices of output (ie, possible consumer price benefits). Crops
containing GM quality traits essentially aim to create new/improved products that may or
may not be close substitutes to conventional crops and may not necessarily trade at lower
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prices. Therationae for producing crops with GM quality traitsisto produce an improved
product for which additional value (and possibly a higher price) can be obtained from the
downstream supply chain. Although some of the earliest commercialy available GM
crops were quality traited products (tomatoes with improved processing characteristics and
tomatoes with improved shelf life/handling qualities), the majority of the current
commercialy available GM crops and the mgjority of those ‘in the pipeline’ for approval
in the foreseeable future (eg, atime horizon of 5-10 years) are agronomic traits like
herbicide tolerance and insect resistance. As such, the focus of this research has been on
GM crops containing agronomic traits. Thisis certainly where almost al impact literature
can be found.

b) UK applicability of research findings. Clearly as GM crops currently do not have
approval for commercia planting in the UK, there is no evidence to draw on asto the farm
level impact of GM cropsin a UK context. The research has, therefore drawn on findings
from other countries where GM crops have been planted (eg, the USA, Argentina, Canada,
Spain) and trias data from the UK (where available) in order to make assessments about
the potential farm level impact.

c) Timeframefor theanalysis As the research isto provide assumptions that will assist the
SU in estimating the monetary impact of GM crops on the UK farmer over the next 5-10
year period, the research has included forward looking analysis. Thisincludes:

> likely future CAP reform;

» EU accession of up to 10 new member states from 2004;
» The next WTO Round;

» thelevel of demand for non GM products.

d) Environmental impact The study did not examine possible environmental impacts of the
technology or attempt to provide monetary values to such impacts.

e) Originsof literature and data reviewed. During the course of the research, a considerable
volume of literature was bought to the authors' attention. In addition, information and
views were sought and provided from a range of organizations including government
officids, farm advisers, researchers, academics, representatives of biotechnology
companies, plant breeders, seed companies, farmer organizations, industry level bodies,
trade associations, organic certification bodies, non governmental organizations and
environmental pressure groups. In all cases the information and/or literature provided was
examined for aspects such as how representative the data or assertions made were, whether
assertions were supported by empirical evidence (and whether thisis representative) and
how transparent analysis has been (ie, whether assumptions used and data sources were
clearly stated). 1n sum, the authors have sought to examine the robustness of arguments
(where presented and where conflicting claims have been made) and to draw conclusions
based oen this. The report is therefore the independent and objective assessment of the
authors’.

Readers should aso note that the data presented about both baseline husbandry practices,
input use, yields and economic performance (eg, within the UK), and evidence of the

impact of GM crops shows variability. Thisis norma and reflects the inherent variability
of agricultura production. It does, however mean that care has to be taken in interpreting

% The authors take the opportunity to emphasise that, as research consultants they have (at the time of conducting this study) no retainers
from any organisation and are independent. The authors have undertaken (published) work in the past that has been funded/purchased
by organisations, both with interests in plant biotechnology, and organisations with non GM interests. The material presented in this
report istherefore the authors objective analysis of theissues covered in this study
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data because the impact of a new technology (like GM) might result in improved
performance for one farmer but not so for another. Throughout the report, care has been
taken to highlight (where possible) the origins of data used, average/range of performance
data and how representative it is. It is hoped that thiswill assist the reader in
understanding the possible impact of GM technology on farm profitability.

f) Crop coverage. It was agreed at the outset of the study that the crop coverage wasto be
on the leading arable crops grown in the UK, for which there are GM devel opments, either
currently commercially available or which are likely to develop in the next ten years.

g) Sudy output. This report does not draw conclusions about the possible impact of GM
crops (containing agronomic traits) on UK arable farming profitability. Its primary
function has been to review evidence and provide objective information and analysis that
can help the Strategy Unit of the Cabinet Office in its work.

1.3 Methodology

The research was based on desk research/analysis supported (essentialy a literature review),
supported by telephone, e-mail, fax and posta correspondence with the range of organizations
referred to above. In some sections forecasts are made about likely future devel opments (eg, the
market for non GM products, CAP reform). These are based on the authors' analysis and, where
appropriate, the assumptions used are stated.

The study also had to be undertaken in a very short period of time (five weeks).

1.4 Report structure
The report is structured as follows:

Section 1: (this section): introduction

Section 2: GM cropsin the UK — context background to arable farming, profitability, policy
impact, market developments and the time it takes for new technology to be commerciaised
Section 3: Generic issues affecting GM crop growing including demand issues, technology costs
and co-existence

Section 4: Possible impact of GM crops on the profitability of UK arable farming: covering whest,
oilseed rape, sugar beet, potatoes and forage maize

Section 5: Case study crop: oilseed rape — suggested parameters to use for quantitative analysis of
impact

Page: 20

Final report for the SU by PG Economics Ltd



Consultancy support for the impact of GM crops on UK farm profitability

2 GM crops in the UK - the context
This section provides a brief discussion of genera issues and trends in UK arable farming so asto

‘set the scene’ and place the subsequent discussion of possible GM crop impact in context.

2.1 General background to arable farming in the UK

Since the Second World War, arable farming has become increasingly intensified in the UK. This
has been based on a stable policy environment both, before and after, EU accession in 1973 and
the rapid development/availability of new technology. As aresult there have been substantia
increases in the use of fertilisers and crop-protection chemicals combined with much improved
cultivars. These have contributed to greatly enhanced yields. For example, wheat yields have
increased by 30% from 6.2 tonnes/hectare in 1982 to 8.05 tonnes/hectare in 2002 (Table 1).

Tablel: UK wheat production 1982 - 2002

1982 1992 2002
Area (‘000 hectares) 1,662 2,060 1,989
Yield (tonnes/ha) 6.20 6.82 8.05
Output (* 000 tonnes) 10,307 14,042 16,006
Price (E/tonne) £119.80 £126.92 £58.30
Value (E m) £1,234 £1,782 £933

Source: Home Grown Cereals Authority

Over the same period the price of wheat has fallen from an average £119.80/tonne to £58.30/tonne.
This decrease in price mainly reflects changes to EU policy in which the level of import protection
and the level of domestic price support has been progressively reduced since the early 1990s. Also
the last few years have been one characterised by very low world prices for cereals (relative to the
average level of prices over the last 30 years).

Against the background of declining prices, the profitability of UK arable farming has aso fallen.

Thus, net farm incomes’ for cereal growers in the Eastern Counties fell in real terms from
£283/hectare in 1996 to £38/hectare in 2001 (Table 2).

Table2: Net farm income by farm typein real terms 1996/97 - 2001/2002 (£/ha)

Farm Type £/ha 1996 1997 1998 1999 2000 2001
Mainly cerea 283 148 83 108 53 33
Mixed cropping 198 170 196 60 87 115
Mixed Farms 256 108 42 91 127 59
Fen Arable 346 160 374 73 199 58

Source: Lang, B (2002)

2.2 General factors affecting farm profitability and choice of production
systems

There are severa key factors that influence farm-level profitability for a particular cropping
system or systems element. These can be grouped into five categories (Pannel, 1999):

" Net Farm Incomeis calculated on the assumption that all farms are tenanted and that all tenant-type assets are owned by the farmer. It
thus represents the return to the principa farmer and spouse for their manual and managerial labour and on the tenant-type capital of the
business.
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Short term profit factors (eg, crop yield, output prices, input costs);

Dynamic factors (short to medium term): these include impacts on subsequent crop yields
due to current fertilizer use, weed control, tillage method, crop disease incidence;
Sudtainability factors (eg, pesticide resistance, soil degradation);

Risk factors (eg, yield and price variability, system flexibility, farmer attitude to risk);
Whole farm factors (eg, machinery capacity, finance availability and cost, |abour, farmer
objectives, knowledge and experience).

VVV VY

How these factors impinge on individual farmers ultimately determines the way in which they
farm and the farming systems used. In this report we have broadly classified where appropriate
the various farming systems used for each arable crop examined as conventional, low input,
integrated farming and organic. Not surprisingly, due to variation in the above five factors the
economic performance of farms and which of these (four) particular farming systems used can
vary widely, both between and within regions. This means that when attempting to examine the
potential impact of a new piece of technology (eg, GM cost reducing technology) thereis likely to
be significant variation in the impact at aloca level. Thisis clearly shown in relation to the
identified impact of commercialy grown GM crops in North America (see appendix 5).

Also, it isimportant to recognise that when considering different possible rates of application of
farming inputs to a crop, there may be a reasonably wide range of input levels either side of the
‘economic optimum’ that delivers profit levels that are only marginally different that attained at
the optimum (Anderson, 1974). In other words, there can be a reasonable margin for error, and
scope for flexibility in choosing input levels, without substantially reducing profits.

2.3 Key policy and market environment

This section provides a summary of the likely direction of the most important and relevant policies
that affect arable crop production in the UK. Given that the Common Agricultural Policy (CAP)
determines agricultural policy in the UK, the section concentrates in the e ements of the CAP that
affect arable crop production and how they may change in the light of the current proposals (Mid
Term Review (MTR)) to reform the CAP. A more detailed discussion of the CAP, how UK
initiatives such as the UK’ s policy on sustainable development fit within this and the possible
effect of changes to other ingtitutional factors (eg, possible changes to Word Trade Organisation
agreements) is presented in Appendix 1.

2.3.1 The CAP and its Mid Term Review: broad implications for arable crops
The main implications of the MTR proposals for arable crops are as follows:

» reduction in the intervention price for wheat, barley and maize to €95.35/tonne (ie, a 5%
cut in the support price) . Asintervention acts as a floor to the market, any reduction in
the level of support price should, in theory, result in areduction in internal EU prices.
However, the potential negative effect of this proposed support price cut on EU cered
market prices relative to mid/late 2002 season price levels is likely to limited because i)
intervention is not available for some grains (notably feed quality wheat), ii) the EU is
becoming an increasingly open market subject to greater influence of (fluctuationsin)
world markets’, iii) accession of 10 new member states will add to the net cereal supply
baance of an enlarged EU. In sum, the 5% proposed cut in support prices may well not
lead to a 5% cut in market prices for cereds;

8 The EU has introduced from the beginning of 2003 areturn to the use of fixed import duties on cereals, within a Tariff Rate Quota
(TRQ) mechanism. The rationale for this came from deficiencies in the variable import duty mechanism that had permitted low priced
grain from Eastern Europe/RussiaUkraine to enter the EU. The return to fixed (but higher levels of duty than applied in 2002) duties
has, however resulted in the provision of additional duty-free quotasfor the main global cereal exporting nations
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» provision of additional area payments equal to the equivalent of €2.98/tonne. This
would raise the basis on which area payments are calculated from €63/tonne to
€65.98/tonne and is equivaent to a 50% compensation for the support price cut referred
to above. In theory this should have a negative impact on cereal profitability (assuming
prices fal 5%), athough the precise effect will depend on how prices adjust. As
suggested above, there is a reasonable probability that prices will not fall or fall by only a
small amount, in which case cered profitability might actualy rise. For non cered crops
that have their area payments effectively set by the cerea payment level (ie, oilseeds and
protein crops), the effect of the increase in the unit value by which area payments are
calculated (€65.98/tonne rather than €63/tonne multiplied by average regional reference
yields) will improve profitability relative to cereals. Where oilseeds are planted for
energy crops the energy crop supplement may a so enhance profitability and encourage
additional plantings;

» dimination of the rye intervention price: thisis unlikely to significantly affect the UK
market because rye is not widely grown;

> Degressive modulation: the net effect will be areduction in the level of area payments
received for all crops on most farms (only exception being small farms). Clearly, the
impact will vary according to the ‘trigger’ factors (the €5,000 and €50,000 payment
thresholds) and the extent to which arable farmers will be able to offset these losses
through gains made via Rura Development Measures (eg, via increased funding for and
expansion of schemes that currently operate within the various country-level rura
development programmes in the UK). Given that even after the MTR, Rura
Development Measures will till only account for about 12%-13% of total EU agricultural
spending, the scope for all arable farms * clawing back’ most of the degressive modulation
cuts via payments from schemes relating to agri-environment improvement or organic
expansion® is likely to be limited. The net overall effect will therefore be lower levels of
revenue from support payments,

» Crosscompliance/farmauditing: the net effect will be small as compliance conditions
should simply represent good agricultural practice that is currently undertaken — possibly
asmall addition to total farm costs;

» Energy supplement: thiswill improve the profitability of relevant crops (notably oilseeds)
relative to non energy crops and may result in a stimulus to increased oilseed plantings;

» Set-aside: - making this non rotational will have implications for farm level rotations.
The removal of the 50% maximum area that can be set-aside may lead to an increase in
the area being put into set-aside, especially as the degressive modulation process will be
reducing the level of returns to dmost al farmers;

» SQugar reform: - athough outside the MTR, sugar reform can be expected (see appendix
1) and we therefore assume that sugar support prices will fall by about 30% (and quota
will fall by 25%) over the period 2006-2011. Despite this likely reduction in the level of
price support, sugar beet is dill likely to continue to be the most profitable arable crop
when compared with ceredls, oilseeds and proteins. The primary limiting factor on
production will therefore continue to be quota levels set by the EU sugar regime. The
main variant factors to this will be the extent to which C sugar will be grown and sugar
beet for biofuels is developed.

2.3.2 Policy change: relevance to UK arable crop profitability

Drawing on the summary presented above in section 2.3.1 and in appendix 1, the key points of
relevance for UK arable crop profitability over the next five to ten year period are:

9 Schemes that currently exist such as Countryside Stewardship, Environmentally Sensitive Areas and the Organic Scheme and how
they develop according to plans laid down in the UK government’s Sustainable Development Plan and Organic Action Plan
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The UK agricultural sector will be operating within alarger and more competitive internal
EU marketplace;

Levels of support for agriculture will be lower than at present;

The EU market will be open to increasing levels of competition from world markets. This
will apply to all sectors, including sugar production (by 2008/09);

The UK agricultural market environment will probably be subject to greater variability in
prices (reduced role of policy support mechanisms and increased openness of markets);
New demand for cropsin non food uses (notably bio-fuels) can be expected to increase
acrossthe EU. Agri-environmental schemes like Countryside Stewardship and the
Organic Scheme may become more attractive to some producers, especidly if the UK
government chooses to channel addition rura development funding from modulation into
such schemes. Nevertheless, whilst the relative importance of such schemes will increase,
the lion’s share of agricultura policy support will continue to be delivered via market
measures and direct payments;

» In order to remain as competitive as possible in the EU marketplace, many UK producers
are likely to increasingly explore al forms of new technology that can assist them (eg,
through yield enhancement, cost reductions) and to explore ways of reducing production
and pricerisk. The planting of GM crops could be an approach taken to contribute to
improved competitiveness or reduced risks provided farmers perceive that thereisa
market for the produce (see section 3.4 for further discussion). Some others may look at
other cost reducing technologies or focus on higher value, niche product production, like
organics, where cost isless of a market driver. Others may choose to focus more on the
production of ‘Care’ goods (eg, environmenta set-aside, membership of agri-
environmental schemes that target the delivery of environment and landscape goods for
the wider public) and lastly, some others may choose to exit from the sector.

YV V VV VYV

2.4 Underlying market developments and supply chain responses

In recent years a number of important developments have taken place that impact on the
production of agricultura produce. On the consumer side these include:

» growing levels of concern amongst consumers about how food is produced and how new
technology is applied to food production. This has resulted largely from growing
detachment of citizens from agriculture and food production, greater availability of
information and time to discussiit;

» diminishing levels of public trust in scientists and technical experts whose knowledge and
understanding have been relied upon to determine whether new technologies are safe. The
erosion of trust has developed over many years and some high profile failures of headth
protection and examples of unforeseen side effects from new technologies have come to
light. The BSE issue represents amajor current issue of the perceived failure of public
authorities to protect public hedlth;

» greater levels of awareness and concern about possible adverse impact of agriculture on
the environment;

» the growth in demand for products that are perceived to better meet the demands of
consumer concerns about the environment, health and production systems. For example
the development of markets for organic produce and anima welfare-friendly livestock
products. The organic sector has, for example experienced rapid expansion in demand
over the last few years, athough in the last year or two, there have been signsin some
segments of the organic market that demand may have peaked (eg, in the dairy sector,
where some organic milk has had to be sold into non organic markets).

On the supply side, the main developments that have taken place, largely in response to the above
consumer-related trends include:
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» significant development of more sophisticated supply systems that incorporate identity
preservation/segregation and traceability. Much more of the food consumed today comes
via systems that aim to trace produce back through the food chain to the farm level point
of production and to provide consumers with increasing levels of assurance on content,
composition and method of production. As aresult an increasing number of farmers are
now members of independently accredited, quality assurance schemes (eg, the Assured
Combinable Crops Scheme);

» adrivein the supply chain to add value to products by dtering and improving the inherent
characteristics of a product for which a premiamay be charged. This aims to strengthen
the competitive position of the added vale product relative to its substitutable alternatives
by differentiating it and/or reducing the cost of processing (eg, developing an oilseed with
ahigher ail content);

> greater interest in production systems like organic and welfare enhanced;

» agenera greater applicability and adoption of husbandry practices that are classified as
‘more integrated crop management systems'. For example, less use of prophylactic spray
regimes in favour of spraying according to pest and disease thresholds. These integrated
systems have tended to become more attractive' in the recent years, against a background
of lower average farm prices, reduced levels of policy support and a general increase in the
level of pricerisk faced by farmers.

2.5 The time period for the development of new technology like GM crops

In considering the possible impact of GM crops on UK farm profitability, it isimportant to
recognise that new technologies like GM take time to come to the market place. Thusthe lifting of
any moratorium on GM crop approva in the EU does not necessarily mean that GM crops will
immediately be made available to farmers.

In general, the development of a new variety of seed that may contain a GM trait (or in many
instances varieties produced without the use of GM) can take severd years. |deas have to be tested
first in laboratories before graduating to field trials. Regulatory approva procedures have to be
met and these invariably necessitate the collection of a considerable amount of information to
satisfy health, safety and environmental requirements. Once regulatory approva for aGM trait
has been granted, seed containing atrait has to be put through nationa variety tridsto gain
approval and endorsement for use and then a quantity of seed has be multiplied up to meet
perceived commercial levels of requirement. These processes effectively mean that, even if the
EU moratorium on the approval of GM cropsiis lifted in 2003, GM crops are unlikely to be
available in commercia quantitiesto UK arable farmersfor at least 2-4 years, even if the
technology providing companies decided to market GM crops. Some of the traits examined in this
report are also at afairly fundamental stage of research and therefore such traits are not expected
to come to the market place for at least ten years.

Further details about crop-specific GM trait developments are presented in Appendix 2.

19 When the economic climate becomes difficult the level of attention put to examining ways of reducing costs tends to increase,
resulting in greater levels of willingness to consider changes to production practices
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3 Generic issues affecting GM crop growing
This part of the report examines a number of generic or common issues relating to the use of GM

crops. Itincludes:

a) Demand issues— the development of GM versus non GM markets;

b) The cost applied to using new technology like GM seed;

¢) Theissue of co-existence of GM crops with crops grown using different dternative forms
of seed;

d) Possible development of pests and weeds resistance to GM agronomic traits.

These are examined further in the sub-sections below.

3.1 Demand issues: GM versus non GM derived crop product markets

This sub-section summarises the key points of relevance for possible impact on UK farming
profitability of usng GM crops that arise from developments in the distinct markets for GM versus
non GM derived product markets (in the EU). A more detailed discussion of these issuesis
represented in Appendix 3. The primary sources of information drawn on are Brookes (2001) and
Brookes (2002a).

3.1.1 GM versus non GM market developments and features

A distinct non GM market began to develop in 1998 (for ingredients used in human food) and was
extended to the animal feed sector from about 2000. It has focused largely on soybeans and
derivatives, and to a much lesser extent maize, because these were the first two crops for which
approvals for the importation and use of products derived from GM crops where granted (before
the introduction of the de facto moratorium in 1999). Key features of the market development
have been:

» Inthe human food sector there has been a switching to using aternative non GM derived
ingredients (eg, the replacement of soy oil with sunflower or rapeseed oil). Thiswas
relatively easy for a number of food products like confectionery and ready meals, where
soy ingredient incorporation levels were low (eg, 1%).. This course of action has been
more difficult to take in the animal feed sector because of the importance of soymeal as an
ingredient in some feeds (eg, broiler feeds where typical incorporation rates are 25%);

» If the GM crop or derivative could not be readily replaced, non GM derived sources of
supply were sought. This focused mainly on Brazil (but not exclusively) and involved the
initiation of identity preserved (IP) or segregated supply lines (traditional supply lines use
commodity based systems where there is broad mixing of seed in bulk for transportation)
to ensure non GM derived supplies to customer-specific tolerances were adhered to;

» GM derived ingredients have largely been removed from products directly consumed (by
humans). In the animal feed sector, about 25% of soymeal used is required to be non GM
in the EU and in the industrial user sectors, there is little or no development of the non GM
market' (ie, the market is indifferent to the production origin of raw materials);

» It has been reasonably easy for the European buyers to identify and obtain supplies of non
GM derived soybeans and soymeal at ‘ competitive prices. Where the tolerance applied
has been 1% (for the presence of GM material), price premia have tended to be in the
range of 2% to 5%, on average over the last two years, whereas when tighter tolerances
and amore strict regime of testing, traceability and guarantees are required (eg, to a
tolerance of 0.1%), the price premia has been within arange of 7%-10%;

™ This refers to al non food industrial uses and does refer to industrial uses where the raw materials are destined for human food use
(eg, maize starch used in food products)
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» the additiona cost burden of supplying non GM ingredients has largely been absorbed by
the supply chain up to the point of retailers (ie, the cost burden has fallen on feed
compounders, livestock producers and food manufacturers and has not been passed on to
retailers and end consumers).

3.1.2 GM versus non GM market developments: possible influence on GM
crop uptake and arable crop profitability in the UK

Drawing on the summary of market developments (see section 3.1.1 above) and the more detailed
discussion in Appendix 3, the main points to take into consideration when examining possible
impact on UK farming profitability and take up of GM crops are as follows:

a) Current non GM versus GM price differentials (in favour of non GM) are low and on
average within arange of 1% to 5%. The non GM market, in which thereis a price
differentia (in favour of non GM) mainly exists post farm gate;

b) At thefarm levelin countries where GM crops are widely grown, there has been and is
currently very little development of a price differential. In Brazil, the focus of non GM
supplies of soybeans, there has, to date been no evidence of anon GM price differentia
having developed. In the US and Canada, the farm level price for non GM supplies has
tended to be within the range of 1%-3% higher than GM supplies, and this level of
differentia in favour of non GM crops has had little positive effect on the supply of non
GM crops (ie, GM plantings have continued to increase, with the price differential being
widely perceived to be an inadequate incentive for most farmers to grow non GM crops
like soybeans). In Braxzil, trade sources™ (persona communication with the authors) also
suggest that afarm level differential of 5%-10% for non GM soybeans will be required to
keep a significant volume of Brazilian soybean farmers growing non GM soybeans if GM
soybeans are approved for planting in Brazil. 1n the EU, where GM crops are currently
grown commercialy (effectively only Spain), there is also no evidence of aprice
differential having developed at the farm level;

¢) Assuming that some GM crops (containing agronomic traits) are eventualy approved for
use in EU agriculture, a key factor influencing whether UK farmers grow these crops will
be whether there is a market for the GM crop(s). In other words would farmers be able to
sl their crop. The evidence and analysis presented above and in appendix 3 suggests that
this depends on the crop, use and market:

» crops going directly into human food currently have the highest level of
requirement for non GM produce and therefore crops with relatively high shares
of produce going into the human food chain are likely to be markets in which GM
crop take up may be least and sowest*® (eg, sugar, potatoes, wheat);

» In contrast, asignificant part of the animal feed and industrial sectors (about three-
quarters of the ingredients used in EU animal feeds) are largely indifferent asto
whether crops used are derived from GM crops or not. For crops destined for
these markets, there is less likely to be a problem in finding outlets for GM crops
and hence the crops likely to see the highest level of interest in GM technology
take up will probably be in grain maize, oilseed rape, starch potatoes and forage
maize. For example, GM maize currently grown in Spain is amost entirely used
in the animal feed sector;

12 \With interests in the supply of non GM soybeans
13|t is possible that initially there could be no market for GM crops in human food products, if for example, current non GM policiesin
sectors like sugar were to continue for several years
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» The nature of competition in different markets may also affect ‘willingness to
accept GM crops'. In markets where (low) price is considered to be the primary
driver of demand (thisis relevant to both domestically consumed foods and to
export markets), access to the lowest priced products and raw materials is the main
criteriaused for purchasing. In such markets (eg, some mainstream rather than
premium range mesat products, frozen rather than fresh poultry), GM based feed
ingredients tend to be attractive because they are often cheaper than the non GM
dternative;

> Ladtly, it is aso important to recognise the influence of time on the demand for
non GM products. As GM crops are unlikely to be available in commercia
guantities for UK farmers for 2-4 years, it is possible that the level of demand for
non GM produce, and perceived consumer opposition to consuming GM crops
may decrease by the time the first GM crops are commercialised in the UK.
Equally it is possible that in 2-4 years time the leve of perceived consumer
opposition to consuming products derived from GM crops may increase. Based
on the future market dynamics presented and discussed in appendix 3, the authors
of this report perceive that the perceived level of consumer opposition to
consuming products derived from GM crops may decrease relative to current
levels. Thisis, however apersonal perspective based on assessment of how
different variables affecting the markets may change over the next few years.

d) Assuming that some GM crops (containing agronomic traits) are eventualy approved for

use in EU agriculture, a key factor influencing whether UK farmers grow these crops will
be the potential impact on farm incomes. Farmers will assess whether to grow GM or non
GM crops according to the likely impact of the GM crops on factors such as yield and
costs of production (and other factors that are more difficult to put a monetary value on
such as convenience) and on whether they will be able to find customers for their produce.
Within these assessments the level of price differentia between GM and non GM crops
will play arolein influencing take up. The higher the level of price differentia in favour
of non GM crops, the less likely GM crop take up is likely to be and vice versa. It isto be
expected that any development of a price differentia in favour of non GM crops will
reflect the relative balance of supply and demand for non GM crops and any cost of
production differences that exist between GM and non GM crops. Evidence to date from
GM growing countries suggests that the levels of price differentia that might occur will
only be in the range of 1%-3%. However, thislevel may not fully reflect the level of cost
saving that may accrue to GM crop users. For example, if a GM crop cost benefit is
greater than this, then the required price offered for non GM crops will have to be greater
than this (1%-3%) to encourage farmers to grown non GM crops. Alternatively, if the GM
crop offerslittle or no cost saving relative to non GM crops then the price differentia will
not need to rise above these levels to ensure non GM supplies meet demand. Also, the
level of consumer demand for non GM products may affect price differentials. The
stronger the demand for non GM products, the greater the possible willingness of the
supply chain downstream of farmers to pay higher prices for non GM products and vice
versa. Overdl, it isdifficult to forecast how future markets and price differentials may
develop.

It isimportant to emphasise that the GM crop traits examined in this study are essentially
intended to be cost reducing. This meansthat if the mgjority of global production switches
to this technology there will a cost and price reducing effect on the baseline price of the

14 GM traits like herbicide tolerance are intended to be cost saving. Where such technology is widely adopted and delivers cost savings,
it islikely that the real price of the crop (eg, soybeans) will fall. Thisis not unique to GM agronomic traits and appliesto all forms of
new technology that target cost savings. As such, thelong run declinein the real price of most food productsis largely a reflection of
increased adoption of cost saving technology
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commodity. To date this has probably only occurred in the soybean market. The net
effect of thisisthat any price differentia that may develop between GM and non GM
products will partly reflect this cost of production differential and may also reflect any
costs of segregation/IP of the non GM product. It istherefore incorrect to assume that
price differentials only reflect segregation/IP costs. In the soybean sector, analysts such as
Moschini (2002) and Qaim & Traxler (2002) have attempted to estimate the impact of GM
technology applied to soybeans on the baseline price of globally traded soybeans. Their
conclusions suggest that the real price of soybeans had fallen by 1%-2% by the end of
2001 because of the technology.

f) Inthelonger term (10 years plus), GM crops containing quality traits (eg, offering possible
traits such as lower fat content, food products with improved taste, offering lower
processing costs to industrial users) are likely to be commercialised. Whilst consideration
of GM qudlity traitsis beyond the terms of reference for this report, it should be noted that
this category of GM crop will probably offer farmers price premiato grow such crops.
The premia will reflect any additional costs involved in production (eg, possible reduced
yield relative to conventiona crops) and preserving the identity of the crop to the buyer.
Such crops may be attractive to some farmers because of the possibility to produce a
specialist crop for amarket paying a premium price and/or because producing on contract
may contribute to reducing price risk.

3.2 Technology costs

Farmers using any new technology usually have to pay some form of ‘fee’ for accessto the
technology. In the case of agricultural inputs such as new seed varieties, the cost of new
technology is usually passed onto farmersin form of higher prices of seed (a seed premium).
Thus, anew higher yielding variety of seed tendsto trade at a premium to existing seeds.

Whilst thisis the underlying basis upon which new seed technology is charged for, the advent of
GM seed in the USA did result in avariation to this gpproach. Roundup Ready soybeans, when
first introduced in 1996 in the USA were sold via what was known as a technology fee based
system. Farmers signed a licence agreement on a per bag of seed fee basis. In 1996 the fee was
$5/1b bag and at that time the licence also required farmers to use only Roundup brand herbicides
(ie, sold by Monsanto). This was widened in 1999 to allow the use of other (non Monsanto)
glyphosate-based products and from 2002 the technology fee system was changed in favour of a
royaty system. The key point to note about this new approach to charging for the GM technology
isthat under the original technology fee approach used by Monsanto, the technology provider was
effectively receiving afixed fee per bag of seed sold. This contrasts with the way in which the
charging mechanism now works (aroyalty system), where the technology provider receives a %
based share of seed sales and the ‘technology fee' has largely reverted to the traditional way of
charging for technology; the seed premium. The seed premium route is also the way in which the
other main providers of GM crop technology charge for their products. In practical terms, a
technology feeis roughly the same as a seed premium, except that sometimes (not always) farmers
are required (for technology fees) to agree not to farm save seed and/or to use only products (eg,
herbicides) from an approved list (that invariably includes products from more than one supplier).

How much farmers ultimately pay for access to new technology depends on severa factors. The
technology providers take into consideration a number of commercia factors when determining
the price to be charged, including estimates of the possible farm level benefits, the nature of
competition and pricing of aternative (eg, non GM) seed. In the crop protection sector, a genera
‘rule of thumb'’ approach to pricing new technology is to use a cost:benefit ratio of threeffour to
one (ig, if the benefit is £60 the technology is priced at £15/£20). The reader should, however note
this ‘rule of thumb’ represents a crude illustration of the base approach to setting ‘ technology
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fees /seed premium and commercia reality tends to be more complex than this. For example, a
technology provider introducing a herbicide tolerant crop has to take into consideration whether to
dter (eg, reduce) the price of the herbicide linked to the herbicide tolerant crop and what possible
reductions in herbicide prices might be initiated by competitors serving the non GM herbicide
tolerant crop market. Lastly, where technology providers sell their technology via other seed
companies and/or wholesalers and agricultural merchants, the price ultimately paid by farmers will
vary according to the margins added by these links in the supply chain and/or the ability of farmers
to gain discounts on list/recommended prices.

The key messages for the reader to take from this are:

» GM technology islargely charged for via seed price premia, in the same way as new
conventional seed is charged for. Variations to this approach (the technology fee approach
often referred to in respect of Roundup Ready soybeans in the USA) have largely evolved
back to the seed premia approach;

» Theleve of premiacharged by technology providers to players further down the supply
chain to farmers (eg, seed companies, agricultural merchants) will vary according to a
number of commercia factors and market conditions;

» Theleve of premiapad by farmers for GM seed may vary according to the margin added
by their supplier (eg, local merchant) and farmer ability to negotiate discounts on list or
recommended prices. This latter factor isimportant to recognise when examining
literature on the impact of GM technology on farmer profitability because the higher the
assumed cogt of the technology, the lower the benefit and vice versa.

3.3 Co-existence

Co-existence as an issue relates to the economic consequences of adventitious presence of
material fromone crop in another and the principle that farmers should be able to cultivate freely
the agricultural cropsthey choose, be it GM crops, conventional or organic crops (EU
Commission 2003).

This broad definition of co-existence has two main components which comprise adventitious
presence from pollen that has introgressed with anon GM crop (ie, cross pollinated) and
adventitious presence of pollen on the non GM crop (that has not cross pollinated).

Adventitious presence of one crop with ancther can arise for avariety of reasonsin all cropping
systems. These include seed impurities, cross pollination, volunteers (self sown plants derived
from seed from a previous crop), from seed planting equipment and practices, harvesting and
storage practices on-farm, transport, storage and processing post farmgate.

In relation to GM crops the most frequently quoted issue where literature can be found relates to
the economic consequences of adventitious presence of GM crops in non GM crops. However, to
focus only on this aspect, would be ignoring a) the issue is not new (it affects many aspects of
conventional agricultural production systems) and b) adventitious presence of conventiona or
organic material in GM crops could also be ‘anissu€’ in the future. As such this section includes
consideration of these broader perspectives of co-existence.

3.3.1 Co-existence in conventional agriculture

Adventitious presence of (unwanted) materia from one crop in another is an issue widely
recognized in the agricultural sector and almost all agricultura commodities are traded in
recognition of the fact that some degree of adventitious presence of unwanted material may be
found in supplies. This means that the majority of agricultural products are subject to limited
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forms of grading, with some products (a minority) subject to more sophisticated forms of identify
preservation (IP). In both cases, tolerances are invariably set for the presence of unwanted
material because of the impossibility, in any practical agricultural crop product and food
processing/handling chain, of ensuring absolute purity of products. Examplesin conventional
agriculture include:

» agpecified grain variety may contain up to athreshold level of other grains (eg, maltsters
quality requirements for malting barley include a maximum admixture of 2% of other
seeds and varieties). In this case, the threshold recognizes the adventitious presence that
would most likely arise during harvest, transport and storage on-farm and further down
the supply chain;

» certified seed production systems that recognize different standards of seed according to
various purity levels. These operate to tolerance levels for the presence of non pure seed
and are based on specified seed separation distances and time interval s between the seed
crop and any other crop of the same species grown on a plot, backed up by seed
inspection and testing agencies. Failure to meet the purity standards results in seed not
being certified and the relevant seed premium being lost to the grower. Compliance with
these standards shows that in more than 96% of cases the procedures adopted (isolation,
cleaning, rotations, and separation of harvest) are sufficient to meet the stringent purity
standards (source: JRC 2002);

» production of specific types or varieties of crops that ddliver ‘quality traits. Examples
include high oil maize or high erucic acid oilseed rape (HEAR). In the latter case,
HEAR varieties have desirable properties for industria oils. However, the erucic acid is
what is known as an anti nutritional in animal feed, therefore it isimportant that HEAR
does not contaminate other oilseed rape (often referred to as double zero varieties) being
grown for uses in human food and animal feed. High erucic acid oilseed rape crops tend
to be grown on contract to processors with contracts recognizing that there may be
adventitious presence of non erucic oilseed rape in deliveries via the establishment of
specific tolerances for the presence of non erucic oilseed rape material. The contracts
also usualy require that only certified seed is used, seed drills have been cleaned prior to
use, separation distances of between 100 metres (UK, Germany) and 400 metres (France)
are maintained from other oilseed rape crops, al cultivation and harvesting equipment
are cleaned before use and post harvest segregation is maintained to minimise
admixtures. Prevention of cross contamination is promoted by contract testing and the
use of penalties (including rejection of crops) if the set parameters for the oilseed fatty
acid content are not met. The threshold for admixture of HEAR in other (double zero)
oilseed rape is 2%"°. Evidence cited in the JRC study from Germany suggests that a 100
metre separation distance tends to deliver more than 95% of double zero seed lots with a
erucic acid level of below 0.2% and only afew seed lots contain more than 0.5%.
Adherence to the contractual requirements and in particular the separation distances,
comes (where applicable) by voluntary arrangements between adjacent farmers, although
in many instances there is no need to involve other farmers, as separation distances can
be adequately dedlt with on-farm.

In addition, tolerances play an important role in organic production systems. There are tolerances
for the presence of non-organic material alowed in some processed foods™ derived from and
labelled as being made from organic ingredients and tolerances or alowances relating to the
presence of non organic materia used as agricultural inputs (eg, in animal feed and seed). Also,
the current right to market and label produce as organic in the UK (and certified by an independent
accredited body as organic) is fundamentally based on the adherence to organic production and
husbandry principles rather than on any testing regime of produce (eg, to identify if produce

15 To breach the 2% threshold for erucic acid in the oil would require a4% cross pollination of seed
16 | ncluding possibly products of GM technology like processing aids (Source: Elm Farm Research Centre (2003))
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contain X% of unwanted material such as pesticide residues). It is possible that in future, market
factors may result more organic produce becoming subject to test-based certification mechanisms.

3.3.2 Co-existence and GM crops: general economic points

The issue of adventitious presence of GM cropsin non GM crops has only become an issue
because of the development of distinct markets for non GM derived products (see section 3.1).
The initia driving force for this differentiation in markets between products derived and not
derived from GMOs came from consumers who expressed a desire to avoid support for, or
consumption of, GM crops and their derivatives. To fully accommodate thisit is important to
segregate or identity preserve (IP) non GM derived crops and to label these and derived (food)
products throughout the food supply chain. Whilst this, in principle, does not require any
fundamental change to trading practices that have been used to segregate and label specific types
of conventional, agricultural produce, the nature of some of the specific issues surrounding the GM
versus non GM debate have proved nove. In particular, those wishing to avoid GM products:

» want to avoid both products containing GMOs and products derived from GMOs even if it
is not possible to detect GM materia in the end product. This requires segregation/IP and
labelling on a production process basis even though, in some cases (eg, soy ail) it is not
possible to detect the presence or otherwise of DNA/protein from GM derived crops. The
only comparable and existing system to thisis related to organic produce;

» want (non GM) products to have no detectible presence of GM materid (ie, azero
presence of GM material). Thisisentirely unique as there are no food products (outside
those possibly produced in a laboratory) traded and consumed anywhere that are 100%
pure. This practica issueis also not widely known amongst consumers (eg, that the limit
of reliable detection isto atolerance of 0.1%). Therefore, all products traded and
consumed operate to descriptions that recognise tolerances for the presence of some other
material, and as indicated above, this includes trade in organic produce. For example, in
organic agriculture there are tolerances for the use of some non organic ingredientsin
processed products (5%), non organic inputs (eg, conventional seed until the end of 2003),
the use of some GMO derived processing aids are permitted and the defacto tolerance for
the presence of GMOs in organic produce is 0.1% (the limit of reliable detection) *”.

In addition, some non GM producers, especialy in the organic sector, raise the issue of possible
negative economic consequences on their sector from co-existence with GM crops (ie, where an
organic producer finds adventitious presence of GM crops in his’/her crop above a given threshold
and, as aresult, loses an organic price premia or incurs additional costs on-farm to minimise the
risks of adventitious presence of GM). In such a circumstance there is a question of who should
bear the cost of the loss or additional cost ? Should a*polluter pays principle apply?

These general issues relating to co-existence are considered, from an economic perspective, in the
sub-sections below.

3.3.3 Co-existence and liability

Whilst thisis an issue beyond the terms of reference for this study, the following points should be
taken into consideration:

" The Commission’s March 2003 Communication on co-existence of GM, conventional and organic craps acknowledges that the EU
regulation on organic farming (Reg 2092/91) allows for the setting of such a threshold for the adventitious presence of GMOs in
organic produce although to date no level has been set
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» Regulations, laws, guidelines and standards, which originate from government or industry
can aso affect the costs involved. These usualy set basdlines for acceptable behaviour
and practice (from the government perspective these are usually founded on health and
safety issues but also extend to issues such as competition, equity and reasonableness (of
behaviour)). Complying with such regulations imposes costs on producers and failure to
comply with them may result in possible lega action (criminal or civil) or market losses,

» All imposition of regulation reflects a need to balance reasonable protection (eg, of human
health and safety, the environment) with reasonable cost burden;

» Inthe context of GM crops, the establishment of any regulatory based compliance
requirements (eg, relating to farming practices) on farmers considering growing GM crops
will be taken into consideration when weighing up the perceived benefits (eg, from
possible yield gains, reduced costs of production) against the costs (eg, seed premium,
compliance costs). Consequently, the higher the compliance costs, the lower the incentive
to adopt and vice versa. As such, this principle is hot unique to GM technology and
applies equally to other forms of agriculture (eg, farmers considering switching to organic
production systems will weigh up the costs of conversion (eg, impact on yields, costs of
production, compliance with organic standards/principles) relative to the benefits of
possible higher price premig;

» In most markets for agricultural produce, the burden of costs associated with maintaining
the integrity of a product or ‘preserving its identity’ falls on the sector that produces that
product and which is seeking to benefit from its production. For example, producers of
quality assured or regiona produce, organic produce, quality trait crops (eg, high erucic
acid oilseed rape, high oil maize, malting barley, bread-making quality wheat, basmati
rice). In all these cases, the respective products tend to trade at a premium to the majority
of produce traded and this premia provides the incentive to initiate actions to preserve
integrity and identity. This potential allocation of the burden of costsisreferred to in the
Commisssi on’s Communication on co-existence of GM, conventional and organic crops
(2003)

» If regulation of GM crops included provision for imposing liability on GM crop growers
for possible impact on non GM growers (eg, adventitious presence of GMOs above a
given threshold leading to loss of anon GM price premia), this will add to the costs of
adoption (eg, by having to take out insurance cover, if such cover were to exist) and may
result in less take up of the technology than otherwise. Whilst assessing the impact of
such a scenario is beyond the terms of reference for this study (eg, impact on the
profitability and competitiveness of UK farming), it isimportant to recognise that if such a
precedent were to be set in respect of GM crops it should on equity grounds also apply to
non GM crop producers, whose activities might have an adverse impact on GM crop
producers. For example, the hypothetical scenario of afarmer growing a crop with a GM
quality trait that loses its (quality trait) price premia because of adventitious presence of
non GM material above an agreed threshold.

3.3.4 Co-existence and tolerances

The leved at which tolerance thresholds (eg, for the adventitious presence of GM material in non
GM crops) are set has economic implications at the farm level. These essentidly relate to:

» the costs involved in meeting tolerances (eg, by changing farming practices, initiating on-
farm segregation of crops) or;

» the economic consequences of not meeting tolerances (eg, possible loss of non GM or
organic price premia).

18 page 5
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When taken into consideration with liability issues (see above), the cost implications of meeting
tolerance threshol ds and who bears the associated costs will clearly affect the profitability of UK
farming and influence the relative balance between GM, conventional and organic production
systems. Inturn thiswill have a‘knock-on’ effect on the ability of UK agriculture (in al forms,
including GM, conventiona and organic) to compete both in export markets and the UK domestic
market with imports.

In the sections below, these issues and relevant empirical studies/data are examined further.

3.3.5 Costs involved in meeting tolerance thresholds

a) General principle
There is an underlying principle that the tighter the tolerance, the higher the cost involved in
meeting that tolerance. This has general applicability and is not GMO-specific. Within the GM
market context, however this principleis clearly evident in respect of the current non GM market
premiafor soybeans and soymeal (see section 3.1), where the average premium for non GM
soybeans and medl, to atolerance of 1% (presence of GM materia), over the last year, has beenin
the range of 2% to 5%, whilst the average non GM premium to a tolerance of 0.1%, has been 7%
to 10%.

b) Costsinvolved in meeting specific GMO-related tolerances. practice and evidence to date

i) GM crops grown in the UK to date
The main development in the UK that addresses co-existence issues in respect of GM crops, is the
Supply Chain Initiative on Modified Agricultural Crops (SCIMAC). These guidelines specify
practices to adopt for crop management and harvesting, storage and planting of seed, neighbour
notification, monitoring and record keeping and separation distances to be adopted when growing
GM (herbicide tolerant) crops. They have to date, only been applicable to the Farm Scae
Evduation Trias (FSEs) and not to commercia practice. Thereis no current data available
relating to the efficiency of these measures in maintaining purity levels of other (non GM) crops or
on costs involved, although it is possible that the FSEs may produce some data on this™. In terms
of the costs involved in complying with the SCIMAC guidelines, we are not aware of any formal
costing work having been undertaken, although most of the requirements represent the application
of good agricultural practices and/or are the type of activities that many farmers in quality
assurance schemes aready undertake (60% of the growers in the FSEs indicated that the audit
procedures were in line with those in other farm assurance schemes: Piersall 2003). This suggests
that the ‘redl’ cost of complianceis likely to be fairly low relative to existing farming practices™.

The only SCIMAC-specific cost that would be in addition to the others referred to above, might be
the extra costs associated with the compliance audit requirements placed on commercia growers
of GM crops. If these are undertaken by industry (eg, agronomists), then the system costs are also
likely to be fairly low (eg, operating in a smilar way to how agronomic advice is often provided
by seed distributors ‘as part of the service package’ when farmers buy seed). |f however, the
Government required the use of independent auditing then costs to the farmer would be higher. In
the current FSEs we understand that the Central Science Laboratory charges £800/FSE site for the
auditing. In respect of the possible charge that might apply under a commercia environment, it is

19 Evidence from a survey of farmersin the FSEs and from the independent audit of grower compliance shows that the vast majority of
farmers have found the guidelines to be very/fairly straightforward. Also, the compliance audit (of eight critical points) found very high
levels of compliance (Piersall 2003)

20 Page5

20 Asaconsequence if the lay reader were to attempt to quantify the cost of compliance by examining each individual requirement and
attempting to compute an associated cost (eg, for segregation of crops in store, cleaning equipment etc), such estimates of the cost
would probably significantly over state the cost relativeto ‘normal’ practice
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difficult to forecast what the average costs would be. If an independent audit requirement was
established and the provision of such services was open to competition, then it is reasonable to
assume that the average charge would be lower than the amount currently charged by the CSL.

The only other current ‘ co-existence’ development relates to organic farming where accreditation
bodies such as the Soil Association recommend that, to minimise the chances of mixing of GM

and organic seed and pollen dispersal, that separation distances should be up to six kilometres
depending on wind direction, time of flowering and local topography. The 6 km separation
distanceisin effect a‘warning limit" with risk of adventitious presence being determined by arisk
matrix. Within this matrix the Soil Association have specified separation distances in the range of
3,000 metres to 6,000 metres (oilseed rape including seed 6,000 metres, sugar beet 3,000 metres
for organic seed production and 1,000 metres for ‘no weed beet’ (ie, bolters), maize including seed
3,000 metres, potatoes 500 metres and wheat 500 metres. This means that in most cases where
organic production has been found within 6 kms of a FSE site (the Soil Association’s web-site
states there have been 88), the majority have not been classified at risk because they were less than
these separation distances and/or were crops different to the GM crop trids. At the time of writing
(end March 2003), we have not yet been supplied with any information about the numbers of
organic farms within the 88 sites that have been classified as‘at risk’ and/or what actions have
subsequently been taken (eg, testing for adventitious presence, possible de-certification of crops).

For further details about the SCIMAC separation distances and ones recommended in a report by
MAFF (Ingram J 2000), the Soil Association’s guidelines, plus a brief explanation of the principles
behind separation distances and possibilities of adventitious presence occurring, the reader should
refer to appendix 4.

i) Studies examining the possible costs of meeting co-existence related tolerances for
adventitious presence of GMOs
The available literature on this subject is limited and mainly focuses on the report of the Joint
Research Council (2002) Co-existence in European Agriculture and recent work from Denmark
(Tolstrap et d 2003). Key points relating to these pieces of work are summarised below (for
further details see appendix 4):

The JRC study (2002) on co-existence in European agriculture
The main findings of this study were:

» the estimated levels of adventitious presence of GM crops in non GM crops vary
significantly depending on the crop and farm type. For example, as much as 2.2% for a
conventional intensive maize producer and as low as 0.1% for an organic potato farm. In
generd the analysis expects lower levels of adventitious presence of GM crops on organic
farms because segregation systems are already in place. The notable exception to this was
winter oilseed rape for seed production, where organic farms would probably face higher
levels of adventitious presence because of problems of controlling volunteers with organic
practices,

» The estimations for the expected levels of adventitious presence of GM cropsin non GM
crops were based on a combination of computer modelling and expert opinion. The
authors of the JRC analysis therefore stated that ‘ the estimations have a strong relative
value (ie, are useful in predicting the effect of a change in farming practices) but the
absol ute figures obtained have to be taken with care since the models are not fully
adjusted with field data’;

» Theanalysisrelating to the scope for changing farming practices to reduce levels of
adventitious presence and the associated costs of such actions are directly related to the
tolerance thresholds applied. The study examined tolerances of 0.1% (al crops), whichis
about the current limit of reliable detection, 0.3% for the oilseed rape for seed production
(aleve suggested in EU Commission discussion documents relating to possible
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amendments to seed directives and estimated to be alevel at which a 0.9%/1% tolerance in
fina product would be achieved) and 1% for maize and potatoes (the current threshold for
labelling of authorized GMOs in the EU?'). The study concluded that the 0.1% limit
would be difficult to meet for any of the farm and crop combinations examined (winter
oilseed rape for seed, maize and potatoes);

» All farm types examined in the study would be able to meet the thresholds of 1% for
maize and potatoes and 0.3% for winter oilseed rape for seed provided they made some
change to the current farming practices assumed in the study. Some farms would probably
not have to change practices (notably potato farms and some maize producers, like
organic) whilst other would have to initiate changes. Also some changes (eg, relating to
changing flowering times for maize) might also require co-operation with adjacent farms;

> Estimates of additional costs associated with meeting the threshol ds examined® were; for
meeting a 0.3% threshold for the presence of GM material in non GM oilseed rape crops
used for seed, €126/hectare for conventional oilseed rape and €232/hectare for organic
oilseed rape, for meeting a 1% threshold for the presence of GM materia in non GM
maize crops, €55.3/hectare for conventional maize and €92/hectare for organic maize; and
for potatoes, the total cost of meeting a 1% threshold for the presence of GM material in
non GM potato crops were estimated to be between €107/hectare for conventiona earlies
and €274/hectare for organic early potatoes.

The Danish Working Group on co-existence of GM crops with conventional and organic crops
This study (referred to as Tolstrup et d 2003), examined three scenarios for GM adoption: 0% in
Denmark (but grown in other countries), 10% share of GM crops and 50% GM share. Overal, the
study concluded that:

» for several crops, co-existence based on the proposed thresholds for adventitious presence
of GMOs in end products (0.9%) was perceived to be possible. However, considerable
differences were identified between crops in the extra costs that might be necessary to
take in order to adhere to the thresholds (these were not stated in the English language
summary version made available to the consultants);

» Little additional change to existing practices was perceived to be required for most of the
arable crops suitable for growing in the UK (and examined in the Danish study), with the
exception of oilseed rape. Thisisacrop in which the Danish study indicated there might
be difficulties in meeting threshold levels and/or significant costs incurred in changing
farming practices to meet the thresholds;

» Farming practice currently in use plays a significant part in influencing the level of
additional costs that might be expected. Here organic and specialist farms (notably seed
producers) aready operate to a set aregulations that largely use the same measures as
those specified in the report as necessary to meet the threshol ds examined.

Further details about this research are provided in appendix 4.

Key points from these co-existence studies and rel evance to the UK context

The analysis presented in the JRC study and the Danish report provides some useful indicators of
the possible incidence of adventitious contamination of non GM crops with GM material, of
changes in farm practices that might be required to minimise adventitious presence, the feasibility
of meeting possible threshold levels and associated costs. However, in drawing on the work it is
important to recognise the following key points:

2 Also the level proposed in the EU proposal for tracesbility and labelling (Com 2001 1821) and close to the 0.9% agreed by the
Council of Ministersin the autumn of 2002

22 Thisincluded costs associated with implementing on-farm segregation, anew monitoring, testing and checking system and taking out
insurance to cover short term losses (from possibly having crops downgraded from non GM status)
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» The estimates produced in the JRC report relating to the possible costs of changesin
farming practices to meet these thresholds should be treated with caution (acknowledged
by the authors) and are highly dependent on the assumptions used, especialy relating to
the tolerances applied;

» The JRC probably overstates the likely real costs. In particular, the monitoring costs
included in the analysis account for an important part of all costs. If a monitoring system
was established and run by athird party independent body (as occurs for most quality
assurance schemes), the likely additional monitoring costs would probably be substantially
lower than the values quoted (eg, possibly €27/hectare for winter oilseed rape seed
production instead of €107/hectare)’>. Also, where the possible requirements for changes
to farming practices include implementing more robust segregation and traceability of
produce, there may be an element of double counting to take into consideration. In recent
years there has been a genera trend towards farmers being required to be members of
independently accredited quality assurance schemes (eg, the Assured Combined Crops
Scheme in the UK which covers more than haf of all arable crops grown in the UK). This
requires additional provision of information on traceability and adherence to specific
standards in husbandry and storage, which effectively increases on-farm costs. This,
largely market driven feature is aso atrend likely to continue in the future and will
therefore be something that the majority of arable farmers (GM growing or non GM
growing) will be faced with. Given this, some of the changes suggested in the JRC/Danish
studies as necessary if the assumed adventitious thresholds are to met, may be changes that
farmers have to make anyway, smply to meet genera market requirements, regardless of
whether crops are derived from GMOs or not.

It is also interesting to note that in Australia, where the technology providers of herbicide tolerant
oilseed rape are proposing that growers should operate a five metre separation distance between
GM and non GM oilseed rape, the Australian Gene Technology Grains Committee has proposed
that GM and non GM oilseed rape production systems can co-exist without causing problems of
adventitious presence of GM materia in non GM seed at this level of separation distance (GTGC
2002).

¢) The economic consequences of exceeding GMO thresholds for adventitious presence

i) Non GM producersin general
The incentive for any non GM producing farmer (including those growing part GM and non GM)
to implement measures to minimise adventitious presence of GM material in non GM crops will be
directly influenced by the relative costs involved compared to the consequences (eg, possible loss
of non GM price premia, inability to sell the non GM crop in agiven market). Where the
consequence of not minimising adventitious presence is significant (eg, a significant non GM price
premia, inability to sell produce or where aretailer insists on a very tight tolerance of 0.1% asa
condition of supply), then it islikely that farmers will be prepared to change farming practices and
incur the associated costs. However, where the non GM price premiais low (eg, 1%-3%) and it is
reasonably easy to sell produce that may have to be labelled as derived from GMOs™ (even if the
crop is effectively non GM but may have GM presence in it at levels at/near the threshold for
labelling), it is probable that most farmers will not fedl it necessary to incur costs of monitoring or
changing farming practices.

2 This estimate is derived from discussions with representatives of UK-based advisory services who have experience of the costs
involved in setting up and running farm level quality assurance schemes

24 This specific issue remains an unanswered one in respect of the EU legislation. Will non GM crops grown on land next to GM crops
and which are either mixed in storage or contain adventitious GM presence above the thresholds (and hence will be required by the
labelling regulations to be labelled as being derived from GMOs) aso be subject to the same monitoring requirements being established
for GM crops?
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Where the market (economic) consequences of not meeting the adventitious thresholds are low, the
incentive to take out insurance (a cost included in the JRC study, see above) against possible
market losses (assuming that the market were to provide such cover), it is unlikely that
conventional producers would fedl it necessary to take out such cover and therefore, this element
of the costs cited in the JRC study may aso be an overstatement of possible costsinvolved. [If
however, the market consequences are high (eg, there is alarge price differentia in favour of non
GM supplies) then producers are more likely to incur the additional costs and the JRC study cited
costs may be more applicable.

ii) The organic sector
Organic certification is currently based on adherence to principles such as not using pesticides or
GMOs and organic status is not determined by testing of produce to see if standards have been
met. This means that the mgjority of organic produce are not subject to testing for the adventitious
presence of ‘non organic’ material like pesticide residues. We understand® that in a small number
of cases, some market operators do test organic produce for adventitious presence of pesticide
residues and that there has been only the odd incidence of produce having been rejected (ie, logt its
organic premia) for showing adventitious presence of pesticide residues. However, the testing by
market operatorsis not the ‘norm’, with organic farmers judged for their adherence to the
principles and standards, not by systematic testing of produce against threshold levels for
adventitious contamination®. It is therefore possible that if the same approach is applied in a post
GM approved scenario, very few organic farmers would be subject to penalties associated with
adventitious presence of GMOs (above the limits of reliable detection: 0.1%), as only a few market
operators might initiate tests and regject/downgrade delivery failures, with the mgjority of organic
produce being judged on their adherence to the organic principles.

It is clearly difficult to assess whether this practice would apply in afuture scenario where GMO
crops could be grown commercialy athough if a principle-based approach is applied to pesticide
residues and a testing based approach is applied to GMOs, this might be perceived by consumers
to be inconsistent and therefore could damage the overall integrity of the organic label. Evidence
from the USA/Canada, is limited. The Soil Association (2002) cite two examples of elevators
speciaising in buying organic oilseed rape off farms as having initiated testing of loads entering
their plants for adventitious presence of GMOs with one indicating that 5% of loads were rejected
and the other indicating that 2% were rejected. It is not known how widespread testing of organic
produce for adventitious presence for GMOs s in the USA/Canada, the tolerances applied and
how representative these examples are of the organic sector in the US/Canada.

A secondary aspect to take into consideration when ng the extent to which the organic
sector may be faced with risks of GMO presence thresholds being exceeded (and hence triggering
possible negative economic effects) is the context of organic farming in the sectors where GM
technology is being developed and may be applied in the next 10 year period. Although the sector
has experienced rapid expansion, it remains asmall part of UK arable crop agriculture. For
example, the current area of organic wheat, oilseed rape and sugar beet account for 0.5%, 0.06%
and 0.34% respectively of the total UK areas planted to these crops. Even if it was assumed that
there was a substantial (eg, fivefold) increase in the UK organic area planted to these crops in the
next 5-10 years, the sector would remain small relative to total arable crop production””. The

% Personal communication from the Soil Association

% |t is possible that in future these market driven factors may result in more produce being classified as organic or not, according to test-
based criteriarather than principle-based criteria

271t is unlikely that the organic area of arable crops like oilseed rape, sugar beet and cerealsin the UK will expand substantially. Crops
like oilseed rape tend to be of limited interest to organic farmers because of the crop’s high nitrogen requirement relative to other break
crops and the market for organic oilseed rape is very small (those demanding organic oils prefer aternatives such as sunflower; see
section 4). For crops like sugar beet and cereals, which are largely processed before consumption, the UK sector is faced with intense
competition from imported sources of (raw material) supply which tend to be more competitively priced (eg, underlying competitive
advantages of producing organic sugar cane relative to organic sugar beet, or organic wheat produced in countries like Argentina
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number of (organic) farmers possibly affected would therefore be small relative to the total number
of farmersin the UK. Many would not be producing crops for which GM alternatives are
available (the primary reason why the mgjority of organic farms found to be within 6 kms of the
FSEs were not classified asbeing ‘at risk’ by the Soil Association). Also the area classified as
being, ‘at possible risk’, would probably be very low. For example the category of crop identified
as having the greatest possible risk of adventitious presence identified in the JRC study is winter
oilseed rape seed production. Based on 2002 plantings of oilseed rape in the UK (200-250
hectares), the area of seed required to service thisis only 0.5 hectares, which could be supplied by
one speciaist grower (ie, one field of crop required). It would therefore not be difficult to site
such a specidist enterprise in aregion where there is limited planting of commercia varieties (eg,
Wales, SW England) and hence minimise the possibility of adventitious presence of GMOs
occurring. This siting of speciaist seed enterprises in remote areas, to deliver crop isolation and
maximise seed purity is not new — it is already applied in conventiona seed production, most
notably in the potato sector.

The authors do nevertheless, acknowledge that the very small context of organic farming * aspect’
would be less gpplicable in relation to the hypothetical example of GM agronomic traits being
commercialised in the UK fruit and vegetable sectors (where the share of UK organic produce is
higher than in the arable cropping sector). However, no GM agronomic traits applicable to fruit
and vegetables grown in the UK are ‘on the horizon® for the next ten years and have therefore not
been examined in this study.

3.3.6 Summary of key findings relating to possible co-existence tolerance-
related costs

a) Thereisan underlying principle that the tighter the tolerance, the higher the cost involved
in meeting that tolerance. Within the GM market context, this principleis clearly evident
in respect of the current non GM market premia for soybeans and soymeal (see section
3.1), where the average premium for non GM soybeans and meal to a tolerance of 1%
(presence of GM materid), over the last year has been in the range of 2% to 5%, whilst the
average non GM premium to atolerance of 0.1% has been 7% to 10%.

b) Thereislimited evidence available on the possible incidence of adventitious
contamination of non GM crops with GM material, of changes in farm practices that might
be required to minimise adventitious presence and the feasibility of meeting possible
threshold levels (including associated costs). The main sources are the JRC (2002) study a
report of a Danish Working Group (2003). Whilst these studies, notably the JRC study
provides estimates of possible costs that might affect non GM producers, the data
presented should be treated with caution and due note taken of the assumptions used
(which are crucid to the findings). In particular the costs cited for meeting tolerances of
GMOs in non GM materid are probably overstated, especialy in relation to monitoring,
segregation and traceability aspects. Many of these activities are already part of good
agricultural practice and/or part of requirements for farmers who are members of quality
assurance schemes™. Therefore the additional cost involved for many farmers could be

relative to the UK). Overall, this suggests that any possible further expansion in the UK organic area (in lines with the aspirations of the
Organic Action Plan) will be concentrated in higher value products that have characteristics such as being bulky (raises cost of transport

and hence reduces the competitiveness of imports, eg, potatoes), perishable and more commonly consumed without processing (eg,

fruit, vegetables)

2 For example, the Assured Combinable Crops Scheme, which covers about 58% of the total combinable arable crop areain the UK has
membership charges which vary according to the size of farm and are equal to about £0.44/ha for a 400 hectare arable farm, £0.7/hafor

a200 hectare arable farm and £1.4/hafor a 75 hectare arable farm
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fairly low (or none at al) and in line with the fees paid for membership of quality
assurance schemes.

c) If GM crop growers were required to comply with specific conditions (eg, like the
SCIMAC guidelines), there could be additiona cost involved associated with compliance
audit requirements. The current audit charges for the Farm Scale Evaluations (£800/site
from the Central Science Laboratory) represent one benchmark cost, although if this
independent auditing activity were to be opened to wider competition, the level of audit
fees paid might reasonably be expected to fal to levelsin line with membership of quality
assurance schemes (£0.44/hato £1.4/ha).

The incentive for any non GM producing farmer to implement measures to minimise adventitious
presence of GM materia in non GM crops will be directly influenced by the relative costs
involved compared to the consequences (eg, possible loss of non GM price premia, inability to sell
the non GM crop in agiven market). Where the consequence of not minimising adventitious
presenceis significant (eg, a significant non GM price premia or a significant organic premia),
then it islikely that farmers will be prepared to change farming practices and incur the associated
costs. However, where the non GM price premiais low (eg, 1%-3%) or criteriafor downgrading
produce (eg, organic to non organic) are based on adherence to principles rather than regular
testing,, it is probable that many farmers will not fed it necessary to incur costs of monitoring or
changing.

The same principles apply to any farmers faced with possible liability ‘claims from other
producers (these could be GM producers facing possible liability claims from non GM producers
who have lost non GM price premia or non GM producers facing liability claims from GM
producers of crops containing quality traits that have lost quality trait-related premia). The
underlying willingness to take actions (eg, changing farming practices, siting of crops, taking out
insurance) to minimise adventitious presence of their crop in someone else’s will be directly
related to their perception of the risk of adventitious presence occurring and the level of liability
that might be incurred.

3.4 Possible development of herbicide resistant weeds and weed shifts
Thisissueisraised in some literature. Asthis could have a possible impact on farm profitability,
the implications are considered below. The extent to which this issue may arise and evidence to
date is also examined further in Appendix 5 for specific crops.

The devel opment of weeds resistant to herbicides is not a new development in agriculture. It
occurs mostly when the same herbicide(s), with the same mode of action have been applied on a
continuous basis over a number of years.

As glyphosate is the primary herbicide used in GM (herbicide tolerant) crops and the planting of
GM crops like soybeans may have encouraged increased use of no/low tillage practices (this was
nevertheless a trend occurring before herbicide tolerant crops were launched but which may have
accelerated since the availability of some GM crops), it is possible that these factors could lead to
the emergence of weeds resistant to herbicides like glyphosate and to weed shifts towards those
weed species that not well controlled by glyphosate. In addition, it is possible that herbicide
tolerant plants could become volunteers in a subsequent crop which cannot be controlled by using
glyphosate. This potential for out crossing of herbicide resistant plants with non transgenic seeds
is reported to be more likely in oilseed rape than a crop like soybeans. The extent to which these
problems, as well as that of volunteer (herbicide tolerant) plantsin follow on crops, existsin
countries where GM crops have been grown commercialy is not known, as there are no current,
detailed and representative studies available on the subject.
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Whilst it is beyond the remit of this study to examine the incidence of these potentia problems (as
indicated above appendix 5 places these issues in context by summarising the current state of
evidence on these issues on a crop-specific basis), from a farm profitability perspective:

>

The development of weed resistance (singularly or stacked) to glyphosate and glufosinate,
and problems with volunteers has probably not had any significant impact on the
economics of using herbicide tolerant crops to date;

In the longer term, it is reasonable to assume that some degree of reduced effectiveness of
glyphosate and glufosinate against weeds may develop, along with some possible
instances of weeds with resistance to more than one herbicide;

To the extent to which weed resistance may occur, this will add cost to farmers who are
required to use additional levels of glyphosate/glufosinate or include low dose applications
of other herbicides in their weed control programmes®®. For examplein Austraia, where
instances of glyphosate resistant weeds have been found, farmers increasingly use other
herbicides like trifluralin as a pre-sowing treatment instead of glyphosate. This may
therefore reduce, marginally, the average level of cost saving and profit gains cited in the
most recent studies of GM herbicide tolerant crops;

Similar problems of weed resistance build up to herbicides used on conventiona arable
crops can also be expected to develop, leading to smilar problems and solutions for
conventiona crop producers (ie, the issue of weed resistance to herbicidesis not a GM
specific issue). Any assessment of the possible benefits and costs of GM crops should
recognise these points because to only examine the possible impact of weed/pest resistance
build up in relation to GM crops would not be comparing ‘like for like' with the
alternative production systems;

The net impact on profitability of weed resistance, shifts and volunteer problemsis likely
to be fairly small. Current commercia practice in conventiona agriculture is to use tank
mixes of herbicides to dea with difficult weeds. Where farmers are faced with the build
up of weed resistance to one herbicide, the solution isto add a different herbicide into an
existing tank mix that is effective against a particular weed. Additiona spray runs are
rarely needed and therefore the overdl impact on variable costs of production is very low
(+1 to +2% for the additional herbicide). Thisissue is examined further in section 4;

New technology when introduced tends to deliver alevel of benefit to farmers, who decide
to adopt or, not based largely on their perception (and eventual experience) of the level of
benefit for them. With time and repeated use of a specific piece of technology (eg, a
particular herbicide, or seed), the effectiveness of the seed, herbicide etc declines, reducing
the level of benefit derived. Eventually the technology is then replaced, itself by newer
technology (eg, a new seed containing a different GM herbicide tolerant trait, or a new
herbicide that may have broad spectrum applications like glyphosate, or targets the weeds
that glyphosate is less effective againgt).

3.5 Will use of GM crops like insect resistant maize or herbicide tolerant
oilseeds hasten the build up of resistance of pests (and weeds)

Thisis aso an issue raised in some literature. In terms of the possible impact on farm profitability
the implications are the same as discussed in section 3.4 above (ie, the net impact on farm
profitability is likely to be fairly small). The extent to which thisissue may arise and evidence to
date is presented in Appendix 6.

29 Farmers could also revert to conventional cropping and crop protection practices
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4 The possible impact of GM crops on the profitability of UK

arable agriculture

In this section we examine the possible impact of GM technology on the profitability of UK arable
cropping and forage maize (profitability being examined in terms of the commonly used measure
of profitability, gross margins®). For each crop examined, the following has been undertaken:

» Anoverview of the production base sets the scene;

» Profitability and key inputs used in the most commonly used production systems are
discussed (including some comparisons with alternative production systems, where data
availability and information permits);

» Drawing on the international literature review of GM crop impact, the possible economic
impact of GM technology on the main arable crops grown in the UK, for which GM
agronomic traits are likely to be commercialised, is examined.

Within the analysis, care has also been taken (where relevant) to include consideration of the
potential impact on profitability over a crop rotation period rather than on asingle year. By doing
so complementary benefits to the cropping enterprises via rotational benefits (eg, that increase
nitrogen availability by growing clover to enhance soil nutrients or by providing better weed
control for the follow-on crop) can be taken into consideration.

4.1 Wheat

4.1.1 The importance of wheat in the UK

The UK wheat production base is summarised in Table 3. This table also provides aregiond
breakdown and shows that three regions, Eastern, East Midlands and Y orkshire & Humberside
account for 60% of total UK wheat production. Thereis very little wheat production in Wales
(16,000 hectares and only 7,000 hectares in Northern Ireland). Overall, wheat accounted for 48%
of the total UK arable crop areg™ in 2002.

Total UK domestic consumption of whesat averaged 13.1 million tonnes over the 1997/98 to
2001/02 period, some 1.6 million tonnes below domestic production. However, in 2001/02 total
UK production fell to 11.57 million tonnes, some 1.5 million tonnes below domestic consumption.
In years of surplusthe UK exports wheat onto world markets and in periods of short-term deficit
end of years stocks are drawn down. UK domestic consumption is divided broadly equally
between human/industrial consumption and usage as animal feed (Table 4).

Table3: UK Wheat Production 2002

Area ('000 Yidd (t/ha) Production ("000 t)

ha)
North East 71 8.1 570
North West 29 6.8 184
Y orks and Humbs 247 8.5 2,105
East Midlands 386 8.3 3,195

30 A gross margin refers to the output (market) value from growing a particular arable crop plus any relevant crop specific, area-based
payment, less the variable costs associated with the production of the crop. Variable costs are those that are specific to the arable
enterprise and vary in proportion to the number of hectares planted. A gross margin does not represent ‘full’ or net profit figures for
each crop. Fixed costs that cannot be specifically linked to a crop such as some farm labour, machinery, equipment and general
overheads also have to be taken into consideration before atrue net profit can be calculated per farm

81 Arable crop area defined as cereals, oilseeds, pulses, sugar beet and potatoes
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West Midlands 165 7.5 1,225
Eastern 520 7.9 4,354
South East 261 7.9 2,076
South West 191 7.5 1,446
England 1,869 8.0 15,155
Wales 16 7.6 112
England & Wales 1,885 8.1 15,267
Scotland 97 75 739
Northern Ireland 7 6.2 47
United Kingdom 1,989 8.0 16,053
Source: DEFRA
Note: Rows may not add due to rounding
Table4: UK Wheat supply balance sheet 1997 to 2003 (‘ 000t)

1997/98 to 2001/02 2001/02 2002/03

average estimate

Opening stocks 1,772 2,382 1,968
Production 14,724 11,570 16,053
Imports 1,269 1,490 1,100
Tota availability 17,765 15,442 19,121
Human and industrial 6,379 6,382 6,327
Consumption
(of which home grown) 5,365 5,348 5413
Usage as animal feed 6,330 6,158 6,531
(of which home grown) 6,093 5,690 6,347
Seed 328 298 300
Other 74 58 80
Total domestic consumption 13,111 12,896 13,238
Balance 4,654 2,546 5,883
Exports 2,878 578 -
Intervention Stocks 9 0 -
Exports/ intervention stocks 2,887 578 4,051
Commercia end-season stocks 1,767 1,968 1,832

Source: DEFRA

4.1.2 Conventional wheat crop production
The key variable inputs used in wheat production include:

» Crop protection products; including herbicides to control weeds, fungicides to control
diseases; insecticides to control aphids and molluscides to control slugs;

> Fertilisers to provide plant nutrients;

» Seed to provide specific crop outputs (eg, bread-making, milling or feed whest).

These inputs are used to varying degrees within a crop rotation that drives the optimum utilisation
of land each year. Aswinter wheat has been and is, generaly the most profitable combinable
arable crop in the rotation it tends to be the dominant crop grown. It performs best when planted
after abreak crop (eg, oilseed rape, peas, beans, hemp or set-aside) but is often grown on the same
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land for two years in arow, athough where Take-All disease is above an economic threshold (ie,
is considered to be a problem), a second wheat™” will not be planted after a first whesat (first wheat
tendsto yield, on average 1 tonne/hectare more than second wheats). Over afive year rotation

wheat may typically be grown on the same field between two and three times. Typica examples
of rotation include:

» East Anglia—first wheat, second wheat, winter barley, winter oilseed rape, first wheat;
» Lincolnshire — sugar best, first wheat, second wheat, winter beans, first whest;
» No second wheat — first wheat, set-a-side, first wheat, spring beans, first wheat.

Typica gross margins for wheat grown in the UK are shown in Table 5 according to soil types and
Table 6 shows differences in margins according to whether the wheat is first (grown after a break
crop) or second (grown after wheat). Overall, average gross margins in 2002 varied widely from
£498/hectare for second feed wheat to £607/hectare for first year milling wheat. The share of key

variable costs accounted for crop protection was between 34% (milling whesat on light soil) and
42% (feed wheat on heavy soil), although the Velcourt data puts the share of crop protection at
between 45% (first feed) and 53% (second feed).

Table5: Gross marginsfor UK winter wheat 2002 (£/ha)

Feed wheat - Feed wheat - Milling wheat - Milling wheat -
heavy soil light sail heavy soil light sail

Averageyield 8.05 8.05 7.60 7.60
tonnes’ha
Price (E/t) 58.03 58.03 68.00 68.00
Area payment 230.00 230.00 230.00 230.00
Sales revenue 467.14 467.14 516.80 516.80
Total revenue 697.14 697.14 746.80 746.80
incarea
payment)
Variable costs
Seed 36.80 36.80 39.20 39.20
Fertiliser 85.91 82.80 103.50 100.40
Herbicides 30.10 19.10 30.10 19.10
Fungicides 51.00 51.00 51.00 51.00
Pant growth 6.19 219 6.19 219
regulators
Insecticides 150 150 150 150
Other variable 0.00 3.96 0.00 3.96
costs
Total variable 211.50 197.35 231.49 217.35
costs
GrossMargin 485.64 499.79 515.31 529.45

Source; ADAS 2002%

32 First wheat means wheat grown on land after anon cereal crop in the rotation and second wheat means wheat grown on the same land
that has previously had wheat grown on the land (ie, wheat preceded wheat)

33 This source of data on profitability is put together each year by ADAS staff as their best estimates of average performance across the
UK. It draws on the knowledge of ADAS staff who regularly provide farm business and management advice to UK farmers. The data
iswidely considered amongst the UK farming community to be representative
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Table6: Winter wheat gross margins 2002 by year of wheat/type of wheat (£/ha)

First feed Second feed First milling  Second milling
wheat wheat wheat wheat
Yield (tonnes’ha) 9.83 8.70 8.46 7.87
Price £/t 62 62 74 74
Area payment/ha 230 230 230 230
Saesrevenue 609 539 626 582
Total revenue including 839 769 856 812
area payment
Variable costs
Seed 27 42 31 40
Fertiliser 83 106 101 105
Herbicides 42 45 40 47
Fungicides 56 55 55 55
Growth regulators 13 10 12 9
Insecticides 13 9 8 11
Other sprays 2 3 2 3
Miscellaneous variable 0 2 0 0
costs
Total variable costs 236 271 249 270
Grossmargin 604 498 607 542

Source: Velcourt Group (which farms 38,000 hectares and manages a further 20,000 hectares in the UK, which is equal

to 1.4% of the total UK arable crop area)

Seed

UK wheat farmers predominantly purchase varieties that have been trialled and evaluated by the
NIAB and placed on the Recommended List. The 2003 Recommended List provides extensive
details on 25 varieties from seven breeders/agents. Between 10%-20% of sown seed is farm-saved
which can result in areduction of seed costs by £11.20/ha™. However, by using farmer-saved seed
the grower isincreasing the risk of disease and lower yields. The average seed rate used is around
160 kg/ha and the cost of seed varies from £220 to £250 per tonne depending upon the variety and
if it is purchased with a seed treatment. Plant breeders earn roydties on the sale of seed to growers
and from farm-saved seed.

Herbicides
Depending upon the previous crop and the type of soil, herbicide expenditure can range from
between £19.10/ha on light soils to £47/hafor second year milling wheat and up to £60/ha where
black grassisaproblem. The average number of applications therefore varies between two and
three (a pre-emergent, followed by a post-emergent and a broad-leaf weed control in the spring).
In the UK, there are in excess of 800 herbicide products registered for use on wheat (Crops, 2003)
targeted at grass and broad-leaved weeds.

As wheat is a monocotyledon this makes the control of grass (monocotyledon) weeds such wild
oats, black grass and broom very difficult and relatively expensive. This compares with broad-
leaved (dicotyledon) weeds such bindweed and cleavers which are much easier and cheaper to
control. The four leading weeds faced by UK wheat growers and their impact on crop yield are
summarised in Table 7.

34 This saving may, however be offset by lower yields that usually occur when farm-saved seed is used (when compared to using
bought-in new seed)
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Table7: Lead grassweedsin UK winter wheat

W eed

Black grass—
Alopecurus
myosuroides

Wild oats —
Avenafatua

Bromes

Italian ryegrass —
Lolium
multiflorum

Source: Crops, 2003

Fungicides

Yield loss from
1 plant/sq meter

0.4%
No 1 grass weed
as it can occur

from hundreds to
severa thousand

per sqm.

1.0%

No 2 grass weed

1.0%
0.6%
25 plants/sqgm

resulted in 30%
yidd loss

Populations of Incidence Resistance
weeds to cause a satus
5% vyield loss
12 plantsper sy Widespread in Both target site
metre. England, and enhanced
Commonly particularly on metabolic
found at densities heavy soils. One resistanceare
of over 500 plant can shed found
plants per sq 200 seeds.
metre.
Control target
98%
5 plants per sq Widespread Target site and
metre. Highly enhanced
competitive. metabolic
Control target resistances
95%

Headlands and None known

edges of thefield
5 plants per sq Widespread, Enhanced
metre. Highly mostly onfams  metabolism and
competitive. with history of target site
Control target seed crops or resistance to fops
90% pasture and dims

The UK’s climate is conducive for the development of crop fungal diseases. Wheat can be
particularly susceptible to fungal diseases and these can have amajor impact on crop yield and
profitability. Average expenditure on fungicides varies from between £40/hectare to £65/hectare
and typically requires 2-3 applications per crop.

Whest suffers from arange of disease that infect different parts of the plant: the ear, leaves, stem
or roots (Table 8). These diseases can be airborne, seed or soil transmitted and cause a range of
symptoms that can have a major impact on crop yield.

Table8: Themajor fungal diseases of wheat

Common name

Leaf and stem diseases
Powdery mildew
Yéelow rust

Brown rust

Septoria diseases

L eaf spot

Root and stem diseases

Eyespot
Take-al

Sharp eyespot
Brown foot root and ear blight

Ear diseases

Species

Erysiphegraminis

Puccinia striiformis
Puccinia recondite
Leptosphaeria nodorum
Mycosphaerella graminicola

Pseudocer cosporella herpotrichoides
Gaeumannomyces graminis
Pellicularia filamentos

Fusarium spp
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Loose smut Ustilago nuda
Bunt Tilletia caries
Black/sooty moulds Cladosporium herbarum

Septoria can cause crop losses of between 20 and 30% if not treated. The Septoria diseases include
Septoria nodorumand leaf spot Septoria tritici, which cause brown irregular lesions on leaves and
purple-brown glume blotch. The disease is associated with high rainfall areas, wet summers and
high humidity at heading. Septoriais arain splash and air-borne disease that survives on infected
stubble and seed. To control the disease growers currently use varieties that show alevel of
tolerance, purchase seed that has been treated with broad-spectrum systemic fungicide seed
treatment (eg, fuberidazole), or, use one or two foliar applications of afungicide such as
azoxystrobin, fluginconazole, chlorotha onil and epoxiconazole.

Fusariumspp is commonly known as Brown foot rot and/or ear blight. It isapriority fungal
disease affecting about 20% of the Western European wheat area. Total crop |osses across
Western Europe are estimated at £200 million, with £60 million the current total amount spent on
fungicidesto treat it. The disease causes a brown rotting of the stem base, roots and seedlings
especialy on cold, heavy, poorly drained acid soilsin wet autumns and winters. Thereis some
genetic tolerance to Fusarium ear blight and growers can use varieties selected for their resistance.
Seed dressings such as fuberidazole and thiabendazole give partial control and a foliar application
a late tillering with broad spectrum fungicides will suppress the disease. Control of Fusariumis
important as it can cause crop losses of between 5%-10% and can cause wheat grain to be down
graded by buyers due to discolouration and lowering of the specific weight. The Fusarium fungus
aso produces mycotoxins that can make wheat flour unsafe for human consumption.

The importance of fungicides to enhance yield isillustrated by the Recommended List where each
variety is assessed for yield with and without fungicides. Untreated grain yield is some 20%-40%
lower than treated yield — this equates to between £90/ha and £250/hain lost production.

Table9: Winter wheat recommended list NABIM Group 3 varieties 2003

Variety Robigus Deben Wizard Consort Claire  Riband

105

100

3

g o Wk~ wo N

Scope of recommendation UK UK East UK UK North

Fungicide treated grain yield as % treated

control

United Kingdom (10.3 t/ha) 104 103 101 100 100

North region (9.5 t/ha) 108 108 103 105 102

Dry (East) region (10.2 t/ha) 107 105 104 101 102

Wet (West) Region (9.8 t/ha) 107 106 103 102 104

Untreated grain yield as % treated control in comparable

trials

United Kingdom 82 79 69 64 76

Disease resistance

Mildew 9 6 8 6 4

Yellow rust 3 9 4 5 9

Brown rust 9 5 9 4 8

Septoria nodorum 8 7 6 5 7

Septoriatritici 7 6 5 4 7

Eyespot 5 6 8 7 7

Fusarium ear blight 6 6 6 6 7
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Note: On the 1-9 scales high figures indicate that a variety shows the character to a high degree
Source: NIAB/HGCA

Plant growth regulators(PGRs) and insecticides
PGRs are used to limit the amount of lodging, which can reduce yield, makes harvesting difficult
and results in poor crop quality. Costs vary from between £2.19/ha up to £13/ha. In contrast,
insecticides to control aphids are cheap relative to PGRs, with the average cost being £1.50/ha.

Depending upon the soil type, seed-bed and westher conditions slugs can also cause serious crop
losses — expenditure can be as high as £20/ha.

Fertiliser
The application of nitrogen, phosphate and potassium (NPK) varies from field-to-field and is
subject to soil condition and nutrient status. The typical applications and costsin the UK are given
inTable 10 below. Foliar ureais aso sometimes used to increase protein content and yield in
milling wheat. The optimal use of fertilisersis well documented with growers adjusting total
usage on the value of the biological response. As discussed above in response to the fall in wheat
prices in recent years there has been a decrease in fertiliser prices and reduced fertiliser use.

Table 10: Typical fertiliser application rateson UK winter wheat.

Nutrient Kg/ha Cost £/ha
N 180 190 55.8

P 60 15.6

K 60 11.4
Foliar Urea 40 17.6
Feed Wheat 71.4
Milling Wheat 100.4
Source: ADAS

The importance of fertilisers on crop yield cannot be under-estimated and is a key factor
influencing crop yields in the UK, where the warm and wet climate provides the optimum
conditions for the wheat crop to maximize the biologica potentia of the crop. Averageyieldsin
the UK in 2002 where 8.03 t/ha which compares with 7.63 t/hain France and 6.9 t/hain Germany.

The sustainability of wheet yields, soil fertility and the economic cost of nitrate pollution are areas
of dispute often raised when comparing conventional wheat systems with organic wheat. Some, in
favour of organic farming suggest that conventional farming is not sustainable (eg, Rasmussen
1998). However, the Broadbalk Experiment at Rothamsted contradicts this suggestion. The
Experiment has been monitoring soil fertility in adjacent plots of land that have operated
separately, one to conventional agricultural practices and one to only applying farmyard manures
for many years. The Experiment has found no difference between soil fertility levels between the
two systems (conventional and organic). Within the Experiment, yields of wheat on plots
receiving adequate amounts of inorganic fertilisers were al'so as at the same level asthose
produced using only large amounts (35 t/halyear) of farmyard manure as their source of fertiliser.

It is adso interesting to note that studies on nitrate leaching for conventional crop production show
levels from conventional farming to be similar, if not lower than, organic crop production systems,
when related to production units (tonnes of crop) from the same area of land (Stolze et al, 2000).
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Cultivation
In recent years there is increasing use made of conservation tillage/low-tillage/non-inversion
cultivation in conventional wheat production systems. This reduces the need to plough the soil
after harvest ready for sowing. Ploughing is expensive, energy demanding and time consuming
and recent evidence suggests that it is deleterious to soil inhabiting invertebrates (Edwards and
Bohlen, 1996). Non-inversion tillage/direct drilling involves drilling directly into the stubble of
the previous crop, whereas minimal tillage involves cultivating the soil surface enough to drill.
This reduction in physical disturbance is aso thought to benefit soil organisms, retain organic
matter closer to the surface, reduce soil erosion and prevent leaching of nitrates and phosphates
(Stinner and Stinner, 1989; Brown et a, 1996; Fraser et a, 1996; Hutcheon and Illes, 1996).
Where these cultivation systems are used, weed control is primarily achieved with the use of
herbicides.

4.1.3 Alternative production systems

4.1.3.1 Low-input/integrated arable farming wheat production

Low-input wheat production involves the reduced use of inputs, particularly pesticides, within a
more-or-less conventional approach. Integrated Arable Farming Systems (IAFSs) involves the
development of optimal strategies for reducing inputs through more sophisticated decision-making
and agronomic factors including rotations and cultivation methods.

The Boxworth Project (Greig-Smith, Frampton & Hardy, 1992) and the TALISMAN (Towards A
Lower Input System Minimising Agrochemicals and Nitrogen: Young et a., 2001) illustrated that
low-input arable systems that reduce pesticide rates are likely to be commercially viable in certain
crops, notably cereals. However, profitability is influenced by numerous factors such as the cost
of inputs, market value of the crop, rotation system, location, soil type and agronomic factors.
Furthermore, a high level of site-specific management and knowledge are of a prime importance.

Againgt this background, low input systems may become increasingly financia viable or attractive
if the current poor historic level of arable crop profitability continues and farmers look at different
ways of reducing costs (Wadsworth et a, 2003).

There have been many studies evaluating IAFSs. These include:

LIFE (Less Intensive Farming and the Environment;
LINK:IFS (Integrated Farming Systems);

FOFP (Focus on Farming Practice);

RPMS (Rhone Poulenc Management Study);

LEAF (Linking Environment and Farming);

FWAG (Farming and Wildlife Advisory Group);
TIBRE (Targeted Inputs for a Better Environment).

VVVVVVY

Overal, conclusions are difficult to summarise from these studies. In some instances integrated
systems can be as least as profitable as conventiona systems, particularly if careful consideration
is given to the crop rotation and management factors. 1n other circumstances the economics of
IAFswill not be favourable. Integrated systems are likely to be more attractive to farmers when
market prices and/or policy driven price supports are lower. The higher level of risk involved in
IAFSs (in terms of possible crop yield loss and financial uncertainty) is widely acknowledged as
an issue that has to be considered by farmers relative to a policy of using a degree of insurance or
prophylactic pesticide treatments.
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4.1.3.2 Organic wheat production

Organic wheat production currently accounts for around 10,000 hectares in the UK, equd to 0.5%
of thetotal UK wheat areain 2002. Organic production does not alow the use of synthetic
pesticides or inorganic fertilisers.

By their very nature organic farms have a diversity of enterprises and usually have livestock
incorporated into the farming system to alow for the production of farm-yard-manure. They
therefore need to incorporate crop rotations that include the use of pasture or nitrogen-fixating
clovers to maintain and enhance nutrient content.

Key features of organic production systems include:

» Organic wheat can be grown after a grass/legume break crop or acrop such as
potatoes/maize where residual fertility from manure applications and weed control can be
obtained;

» Tillering and protein levels are reduced in low soil mineral-N conditions;

» Wheat should not be grown more than twice in succession due to declines in soil nitrogen
levels, increased risk of take-all and weed competition (Lampkin, 2002);

» Cered yidds are typicaly 60%-70% of yields from conventiona produced crops
(Offerman & Nieburg, 2000). In aseven-year study conducted in the UK by the CWS
comparing organic farming systems with conventional systems, organic wheat yields were
68% of conventional yields (Leake, 1999).

Data on total costs of organic arable production for 1995/96 put them at 80% of the total costs of
conventional systems, with fixed costs at 86% and variable costs at 66% (Offerman & Nieburg,
2000). Lower variable costs are due to the significant lower usage of inputs such as fertilisers and
pesticides, athough the costs of organic seed are considerably higher than conventional seed (if
used — there is a derogation that allows use of non organic seed until the end of 2003). Although
fixed cogts are generally lower, this can vary according to labour input and the proportion of
unpaid family labour. On organic farms where there is a more complex cropping pattern or an
inherent higher labour cogt, fixed costs would be expected to be higher Further experience with
organic cultivation in the UK will identify whether actua fixed costs are higher or lower than
conventional cultivation.

Table 11 illustrates the gross margin for organic wheat based on the 2002/2003 Organic Farm
Management Handbook (Lampkin, 2002). Lampkin projected total sales revenuesin July 2002 to
be £963 based on ayield of 4 tonnes/ha and an ex-farm price of £185/tonne. However, using the
2001/02 price (source: Soil Association) for organic feed wheat of £155/tonne and/or autumn 2002
prices of £135/tonne™®, the level of gross margin is lower than the Lampkin figures (Table 11).
This decline in prices and margins over the last year illustrates the market forces operating in the
sector, where previous high prices stimulated imports and increased production resulting in excess
supply over market demand for organic wheat.

Seed costs at £94/hectare are higher than in conventional production systems because of higher
seed rates used (200 kg/ha versus 160 kg/hain conventional whegt) to try and create a higher plant
population to smoother weeds and higher seed prices (E470/tonne versus £225/tonne) due to the
higher seed production costs.

The cost of fertiliser at £35/hectare is based upon farm-sourced manure applied on the previous
ley. Lime and rock phosphate are applied on arotation basis as needed (indicated by soil
analysis).

35 Personal communication with Premium Crops March 19th 2003
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Table1l: Organic wheat gross margin analysis (£/ha)

Winter wheat Winter wheat — Winter wheat —
(Lampkin 2002) Soil Association 2002/03 (prices)
(prices 2001/02)
Yield tonnes/ha 4 4 4
Price £/tonne 185 155 135
Area payment 223 223 223
Total revenue 963 843 763
Variable costs
Seed A A A
Fertiliser 35 35 35
Herbicides 0 0 0
Fungicides 0 0 0
Pant growth promoters 0 0 0
Insecticides 0 0 0
Other 15 15 15
Total variable costs 144 144 144
Gross margin 819 699 619

Source: Lampkin (2002), Soil Association

Analysis of the profitability of organic wheat production relative to conventional systems has
previoudy shown organic returns to be higher than conventional systems (eg, Institute of Rural
Studies, 2000). However, to draw a conclusion from this that organic wheat production isin
generally more profitable than aternative production system is too simplistic because of the
following points:

» the studies referred to above do not take into consideration the importance of crop
rotations to maintain soil fertility (a high nutrient demanding crop such as wheat cannot be
grown as frequently in an organic rotation compared with a conventional rotation). Hence,
organic rotations require the sacrificing of income in the crop rotation when a green
manure crop is grown (Padel & Lampkin, 1994). A ‘truer’ comparison between the
systems should take this into consideration. Thus, the margins presented in Table 11
effectively represent first year wheat, which would be grown one year in five in atypical
organic rotation compared to two or three years out of afive year rotation with
conventiond, low tillage or low input systems. This means that the margins shown in the
table are not strictly comparable with the margins presented earlier for conventional
production. To illustrate the productivity of a stockless organic arable rotation with a
conventional rotation see Table 12 below. This shows that wheat may be grown onein ten
years, delivering 8 tonnes’h and a revenue of £1,080/ha (2002 prices) relative to the non
organic system where the yield is 34 tonnes’ha and a revenue of £2,108/ha;

» thelevd of profitability for organic wheat is crucially influenced by the organic price
premium, which as illustrated above, in relation to pricesin the last year are as vulnerable
to market variations as the price of non organic wheat. Nevertheless, current organic
prices offer a substantial premium over non organic wheat (+78% relative to milling wheat
and +133% relative to feed wheat™®). I the organic premium were to fall significantly this
would have a mgor negative impact on the profitability of organic wheat. For example, if
the premium was to fal below +70%, organic first year wheat margins would become
lower than those derived from conventional feed wheat on heavy soils;

3 The substantial recent and current organic price premia largely reflects the relative imbalance between supply (in shortage) and
demand
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» given the UK’ s climate and high incidence of weeds and disease, organic wheat
production needs to develop crop rotations and agronomics practices that minimise yields
losses, due to weeds and the maintenance of soil fertility by the costly practices such as
green manure crops which reduce overall profitability of the system. This hasto be taken
into consideration when examining the break even point for UK organic wheat producers,
relative to competitors in other countries (eg, Argentina) where the incidence of pest and
weed pressures may be lower and some costs of production (eg, labour) are aso lower
than the UK.

Table12: Comparison of the productivity of a theoretical organic stocklessrotation ver sus
conventional arable rotation®’

Y ear

©O© 00N Ol WN P

=
o

Wheat
Potato
Barley
Oilseed Rape

Organic arable
rotation

Grass/Red Clover
Grass/Red Clover
Potato

Winter Wheat
Spring Barley
Grass/Red Clover
Grass/Red Clover
Winter Wheat
Spring Barley
Potato

Crop output t/ha

Fertility building
Fertility building
25.0
4.0
3.2
Fertility building
Fertility building
4.0
52
250

Total output
over 10 years
8.0
50.0
6.4
0

Conventional
arable rotation

Winter Wheat
Winter Wheat
Potato

Winter Barley
Oilseed Rape
Winter Wheat
Set-aside
Winter Wheat
Potato
Oilseed Rape

Crop output t/ha

9.0
8.0
42.5
6.4
3.2
9.0
0
8.0
42.5
3.2

Total output
over 10 years
34.0
89.0
6.4
6.4

4.1.4 GM traits under development and possible impact on UK farming

profitability

During the 1990s considerabl e research was conducted by the public and private sector using
biotechnol ogical methods to understand the plant genetics of:

YV VVVVYVY

whest protein quality for bread-making;
starch quality and content for industrial use and enhanced overal crop yield;
herbicide, fungal and virus resistance;
novel hybrids to enhance yield;
the genetic manipulation of nitrogen efficiency; genes encoding enzymes of the
photosynthetic carbon reduction cycle, and;

areduction in abiotic stress to increase yield.

37 Note: ignores the possihility of growing a high value vegetable crop such as carrots or brassicas on either system. Rotations may vary
depending upon soil type, micro-climate, location etc
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The main UK applicable examples of GM wheat research and development include fusarium
resistance and glyphosate tolerance. These are examined in more detail in the sub-section below
after asummary of international evidence and consideration of generic issues.

4.1.4.1 GM wheat: summary of international evidence on impact

a) Fusarium resistant wheat

Thistechnology is still at avery early stage of development (see below) and therefore there is no
current available evidence relating to commercia impact or relating to trials.

b) Herbicide tolerant wheat

Thereis very little literature on the possible impact of herbicide tolerant wheat (see appendix 5).
Drawing on this limited literature and comparisons with findings in other herbicide tolerant crops,
the technology may offer some farmers yield improvements (farmers with above average weed
problems, especialy weeds resistant to some herbicides) and may offer cost savings. Key to
potential uptake will be the level of technology fee and the level of possible savings that farmers
might achieve. Also, given that wheat tends to be the main crop focus for many arable farmers,
willingness to move to a herbicide tolerant (wheat) crop will be influenced by whether other
herbicide tolerant crops are used in the farm rotation.

4.1.4.2 Generic cost issues. technology costs

The impact on costs and profitability of herbicide tolerant wheat will be influenced by the cost of
technology. There are, however no current commercially applicable examples that can be drawn
on to estimate what such a cost might be. The Gianess et al (2002) study in the USA, assumed a
technology fee of about £15/hectare for herbicide tolerant wheat. However, the price of the
technology, if available to the UK farmer will not necessarily be the same asin North America
Also, commercia factors will determine the pricing, including estimates of the possible farm level
benefit and the nature of competition and pricing of aternative (non GM) seed. An example of the
possible impacts is presented for herbicide tolerant wheat in sub-section 4.1.4.4 below.

No statements are made in respect of the possible cost attached to fusarium resistant wheat because
the technology is many years away from commercialisation.

4.1.4.3 Generic demand issues

Asindicated in section 3, issues such as whether there is a market for GM wheat and isthere a
price differential between GM and non GM wheat will have to be taken into consideration by UK
farmers when considering whether to use the technology.

a) Inrelation to whether there is a market for GM whest, the analysis presented in section 3,
suggests that (based on perceptions of current consumer attitudes to GM crops) as an
important share of wheat usage (just over half) is used for human food and industrial uses
(mostly starch and alcoholic drinks), thisis likely to be a crop in which GM crop adoption
will be potentially be dowest and least (relative to for example oilseed rape). However,
nearly half of wheat useis still used in the animal feed sector where demand for non GM
ingredients is significantly lower than in the human food usage sectors.

b) Pricedifferentials between GM and non GM wheat may affect the profitability impact
assessments made by farmers considering adoption. Any assessment of the possible
impact of this variable on profitability should take into account the limited nature of
current farm leve price differentials between GM and non GM crops in genera and that
the price differentia is not aways in favour of non GM supplies (eg, the literature review
presented in appendix 5, identifies examples in North America of both soybean and
oilseed rape growers of GM crops being paid premia by oilseed crushers relative to
baseline commodity prices for supplying material with lower than average levels of (weed)
impurities).
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4.1.4.4 Fusarium resistance

Syngenta are currently trialing fusarium resistant wheat using a gene of fungal origin conferring
tolerance to Fusarium pathogens. These trials are being conducted in severa countries including
the UK in 2002.

a) Fusarium problems

As discussed above, fusarium is amgjor problem to UK growers causing on average between 5%
and 10% yield losses, a reduction in crop quality and concerns over mycotoxin levels. There are
five major species of Fusarium responsible for fusarium ear blight (FEB) on wheat in the UK:
Fusarium avenaceum (Gibberella avenacea), Fusarium culmorum, Fusarium graminearum
(Gibberella zeag), Fusarium poae and Microdochium nivale (Monographella nivalis formerly
Fusarium nivale). Each speciesis capable of infecting a crop on an individua basis or as part of a
complex of species. Figure 1 illustrates the percentage of sample affected by fusarium at growth
stage 75 ranging from 1% to 60% over the period 1991 to 2002. Increased disease levels over the
last few years are likely to be the result of wet weather at anthesis and changes in agronomic
practice.

Figure 1: Incidence of fusarium at GS 75 in England and
Wales
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%o samples affected
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1931 1992 1993 1954 1995 1936 1397 12%8 19%% 2000 2001 2002

Source: CSL

The incidence of wet wesather (high humidity) is the most important factor in the development of
FEB. The effect of humidity on FEB and mycotoxin production was assessed in trials carried out
between 1994 and 1996 by the Central Science Laboratory. Symptom development, ear infection,
mycotoxin production and yield loss were assessed under three humidity regimes ambient,
medium (>70%) and high (>80%). Control of humidity was achieved usng mist irrigation.

In 1994, individud plots were inoculated with one of the four FEB pathogens; Fusarium
avenaceum, Fusarium culmorum, Fusarium poae or Microdochiumnivale. In subsequent years
inoculation with Fusarium graminearumwas also included. Plots were inoculated at early
anthesis (GS60).

Yield loss figures were caculated by comparing thousand-grain weights for the individual FEB
pathogen treatments to that determined for the ambient uninoculated control. Results for 1995 are
shown below. Losses ranged from 3.5% to 8% on inoculated plots at ambient humidity, with F.
culmorum producing greatest losses. At high humidity significant losses were seen on al plots
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including the uninoculated control. Results from ear isolations indicated that the losses of 14.5%,
14.5% and 13.9% on control, M. nivale and F. poae treated plots respectively could be attributed
toinfection by M. nivale. Thelosses on F. avenaceum F. culmorumand F. graminearum
inoculated plots, 13.9, 27.4 and 28.4% respectively, were caused in the main by the inocul ated
Species.

Mycotoxins are secondary metabolites produced by some of the FEB pathogensin the UK. Itis
thought that in some cases the role of the toxin may be to aid infection of the plant by the
pathogen. Mycotoxins are of concern due to their potentially harmful effect to both humans and
animals. Mycotoxins produced by FEB pathogens in the UK are listed in Table 13.

Table 13: Mycotoxins produced by FEB pathogensin UK wheat

Fusarium species Main mycotoxins produced

F. culmorum Deoxynivaenol, nivaenol

F. graminearum Deoxynivalenol, nivalenol

F. avenaceum Enniatins

F. poae HT-2 and T-2 toxins, diacetoxyscirpenol
M. nivde None confirmed

Source: CSL

The European Commission is currently evaluating the risk posed by a number of trichothecenes
toxins produced by Fusarium species. These include deoxynivaenol (DON), nivalenol (NIV), T-2
toxin and HT-2 toxin. It has been suggested that action limits for DON be set as outlined below:

» Wheat and cereal products as consumed (bread, pasta, etc.) - 500 ppb;
» Flour used as raw material in food products - 750 ppb.

At ambient temperature mycotoxin levels are not above these action limits but in high humidity
conditions without control these levels could be exceeded.

b) Possible impact of GM fusarium resistant wheat

If these trials were successful it would take at least seven years for Syngenta to incorporate the
technology into commercial competitive whesat varieties, enter national list trials and multiply seed
for commercia release. Given this timeframe and the need for trials to be undertaken, estimating
the possible economic impact of the technology on UK farming profitability is highly speculative.
Drawing on possibilities for fusarium resistant technology, Table 14 summarises some of the
possibilities.

Table14: Possible economic impact of GM fusarium resistance wheat in the UK

I mpact I ssues Assumption
Reduced use of Difficult to estimate as fungicides A 25% reduction in fungicide use
fungicide are applied to control arange of could save the grower between
diseases £10/ha and £15/ha based on current
usage.

Incidence and prevalence varies

from location and by year Take up by farmers would depend on
disease incidence & frequency, cost
& effectiveness of current controls
and the cogt of the technology

Enhanced yied Some (but not total) control aready A 5% yield improvement is
achieved with fungicide trestments ~ suggested as a possibility (reflecting
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losses that currently exist even
Recommended List varieties have though fungicides are used). At 2002
varying degrees of resistance from  yields and prices this equatesto a 0.4

average to good to 0.45 tonnes/haincrease and a gross
revenue improvement of +£23.2/hato
+£26.1/ha
Improved quaity  Mycotoxin levelsin ceredls are a Very difficult to evauate: depends on
concern and presence outside the current incidence and extent to
prescribed limits can lead to which supplies are rejected or
downgrading of supplies downgraded
Improved food safety
4.1.4.5 Glyphosate tolerance

a) The technology and availability in the UK

Glyphosate (N-phosphonomethylglycine) is a potent and specific inhibitor of 5 -enol pyruvyl-
shikimatic acid-3-phosphate synthase (EPSPS), which catalyses one of the key stepsin the
shikimic acid pathway. This pathway is crucid for the synthesis of aromatic acids, which if
disrupted causes a massive build up of shikimic acid and the lethal depletion of end-product
aromatic acids. Glyphosate is therefore a very effective herbicide and is currently used in UK
wheat production at the pre-planting stage to clean fields with severe weed problems.

A commercial level of tolerance in wheat to the non-selective herbicide glyphosate is achieved by
the incorporation of a combination of genes. These genes code for enzymes that metabolise
glyphosate into two nonphytotoxic compounds, aminomethylphosphonic acid and glyoxylate. The
Roundup Ready™ genes have been patented by Monsanto which has filed six world-wide patent
applications between 1985 and 1990. By 2010 the intellectual property protection granted to
Monsanto will have expired opening up the possibility for other breeders to incorporate the
technology without paying a licence fee.

Monsanto aso purchased one of the UK’s leading wheat breeding businesses Plant Breeding
International (Cambridge), from Unilever in the late 1990s with one of the main objectives being
to commercialise GM and non-GM technology for the UK wheat farmer. Details on current
programmes to commercialise Roundup Ready wheat for the UK have, however been put on
‘hold/terminated’, although programmes in the USA and Canada have reached the stage of
commercia release subject to regulatory approva and market acceptance (see section 3.1). If
Monsanto were to re-activate their UK herbicide tolerant (Roundup Ready) wheat devel opment
programme it would take at |east seven years before commercialy competitive varieties (eg, in
comparable or higher yielding than competing varieties) could be bred, tested and multiplied.

b) Possible impact of GM herbicide tolerant wheat

As with examining the possible impact of fusarium resistant wheat, it is difficult to forecast the
impact of herbicide tolerant wheat because the technology is at least severd years away from
possible commercidisation in the UK and no UK-based trials (trias that examine possible farm
level impacts) have yet been undertaken. Drawing on evidence from existing commercial,
herbicide tolerant crops grown in other countries and herbicide tolerant wheat trials/analysis from
the USA (see appendix 5), and discussion of current UK wheat production systems and crop
protection practices, the possible impact of glyphosate tolerant whesat on the profitability of UK
arable crop farming may include the following:

» Premium weed control — especially where herbicide resistant weeds have developed and
where difficult weeds are difficult and expensive to control (eg, wild oats, black grass);

Page: 56

Final report for the SU by PG Economics Ltd



Consultancy support for the impact of GM crops on UK farm profitability

» Enhanced weed control over conventional methods — current weed control in the UK is
considered to be fairly effective but with reduced expenditure on inputs (due to reduced
profitability), yield losses due to weeds may be increasing. A potentialy lower cost
dternative using glyphosate with better or equivaent weed control relative to current
herbicides could contribute to alower cost production system;

» Added crop flexibility — the control of weed populations could be kept in check by the use
of herbicides and crop rotations. Where UK growers have serious weed problems the
availability of glyphosate tolerant wheat might allow growers to reduce weed control costs
over the rotation by removing difficult weed populations which cannot be commercially
controlled with current herbicides;

» Increased use of non-inversion tillage/minimum tillage systems could be more readily
adopted by UK wheat growers,

» Possibleyied improvements. Based on evidence from other commercialised herbicide
tolerant crops like soybeans and maize, yield impact of the technology will probably be
neutral, although some users might derive ayield improvement. These are likely to be
farmers currently experiencing high levels of weed problems (eg, herbicide resistant black
grass) that are adversely affecting yield;

» Reduced variable costs of production from lower cost of herbicides. Depending upon each
growers farm conditions, crop rotation and weed problems, the option to control weeds
post-emergent with a broad-spectrum herbicide such as glyphosate could reduce the cost
of herbicide applications from £47/hectare (the highest recorded average level for second
year milling wheat in 2002) to between £10.80/ha and £24.00/ha (based on three
applications of glyphosate using two litres per hectare with glyphosate costed at £1.80 -
£4.00 per litre depending upon manufacturer and formulation or two applications a a cost
of £7.20/ha to £16/ha). This compares with current average herbicide expenditure/ha of
£19/ha (light soils) to £30.1/ha (heavy soil) usng ADAS survey data or £40-£47/hausing
Velcourt data.

¢) Would a possible saving of up to £23/ha and £36.20/ha materialise for the UK farmer?
The evidence of the current wide range of average expenditures on herbicides suggests that:

» Cos savings from the technology (and its probable main attractiveness to farmers) would
be greatest for the more intensive producers (ie, high input: output) farmers and for those
located on heavier sails;

» Theother crucia factor affecting impact (and take up) will be the technology fee/seed
premiato be charged. The Gianess et a (2002) study in the USA, assumed a technology
fee of about £15/hectare. If thislevel of technology fee was applied in the UK, the net
herbicide cost saving® would be between £7/ha and £21/ha, making the technology of
margina benefit to anyone currently spending less than £24/ha-£39/ha on herbicides.
Using the 2002 ADAS survey data this includes most UK wheat producers. Using the
Velcourt data, this excludes most wheat producers.

What this brief analysis highlightsiis the range of herbicide costs currently incurred by UK wheat
producers and hence the probable range of responses that may arise if herbicide tolerant whest
were to be commercialised and tried by UK wheat producers. The data also highlights the
sengitivity of the analysis to the technology fee assumed to be used — based on the ADAS data, this
would suggest that any technology fee charged in the UK would need to be lower than the rate
assumed in the Gianess et al (2002) study and certainly if technology providers were seeking
reasonable levels of take up in such a circumstances, it is probable that the technology fee/seed
premium charged would be lower than assumed by Gianess.

38 Assuming no yield benefit or other savings from, for example, lower labour charges or lower fuel costs
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Lastly, this analysis assumes that there would be adequate demand and/or a market for GM wheat
when it becomes commercialy available. |If there were to be little or no demand for GM whest,
adoption levels would probably be very low. The technology providers would aso probably not
bring the product to market in such circumstances.

d) Would glyphosate be effective on a winter wheat crop?

Glyphosate is a trand ocated phophonic acid herbicide that needs to be transported around the weed
to be effective. The best results are achieved when glyphosate is applied to actively growing
weeds with enough leaf to absorb the chemical. Annual weed grasses should have at least 5 cm of
leaf and broad-leaved weeds at least 2 expanded true leaves. Perennid grass weeds should have 4-
5 new leaves and be at least 10 cm long when treated. Perennia broad-leaved weeds should be
treated at or near flowering. Use of glyphosate on GM oilseed rape and sugar beet has not
indicated any problems and it would be expected that weed control would be dower compared
with warmer growing conditions but as effective.

A post-emergent application in late October/early November and March/April would therefore be
potentially practical for the mgjority of the UK and would probably provide effective weed
control. 1t may be possible in low weed incidence fields to use one application to control both
grass weeds and broad-leaved weeds. With glyphosate having broad-spectrum activity against
both grass and broad-leaved weeds and being cheaper than alternative products, it may offer as
good, if not better weed control than current systems and at alower cost to the grower.

€) Impact on rotation

Where take-all is not amgor problem, UK wheat growers are limited in the cultivation of
continuous winter wheat due mainly to the cost of controlling weeds. As discussed above crop
rotations are an important part of the wheat growing cycle with wheat grown in rotation with,
other, usually less profitable crops than wheat. The availability of glyphosate-tolerant wheat
could, therefore offer scope for moving to continuous wheat which, based on current relative crop
profitability, would increase total farm profitability.

If glyphosate tolerant wheat were to be used by UK farmers, they would, after harvest, need to use
herbicides other than glyphosate to control any glyphosate tolerant wheat volunteers that would
germinate from the previous crop. This could, probably be adequately achieved by either using a
broad-spectrum product pre-emergent, such as, glufosinate or alow cost grass weed killer.

f) Low tillage/non-inversion

Thereis aready a move towards low tillage crop production in the UK, which might well be re-
enforced by the availability of ardatively low-cost, broad-spectrum weed control weed control
product like glyphosate that could be used post-emergent. To the farmer low tillage crop
production is potentialy attractive because it improves soil structure, reduces nitrate leaching,
lowers energy use and reduces costs associated with ploughing. By facilitating increased adoption
of low tillage/non inversion, glyphosate tolerant wheat might therefore be contributing to
improved profitability.

4.2 Oilseed rape

4.2.1 The importance of oilseed rape in the UK

In 2002, the UK planted 417,000 hectares of oilseed rape (Table 15), although this area has
fluctuated over the last ten years from 458,000 hectaresin 1993 to a peak of 501,000 hectaresin
1997. The 2002 area planted was equal to about 10% of the total UK arable crop area. Average
yields have fluctuated between 2.6 tonnes/ha to 3.5 tonnes’ha athough there has been an
underlying trend of increasing yields (with the introduction of new varieties, improved use of
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inputs and agronomic practices). Over the last ten years, ex-farm prices have fluctuated eg,
£175.41/tonne in 1993/94, £143.42/tonne in 2001/02, £150/tonne after the 2002 harvest. This
highlights the price variability facing UK farmers with the oilseed rape market open to global
competition and world price movements. The estimated value of the UK oilseed rape crop (ex-
farm) for 2002/03 is about £223 million.

Oilseed rapeis aso grown on set-a-side land for non food uses, and in 2002 about 75,000 hectares
were planted for such non-food uses. This oilseed rape is HEAR and/or double zero oilseed rape,
the latter of which is mostly spring sown. Yields of HEAR are generally lower than double zero
varieties, by about 10% if winter sown and —20% if spring sown. Prices for HEAR tend to be
dightly lower than conventional double zero oilseed rape (forecast to be an annual average of
£125/tonne in 2002/03 compared to the forecast £135/tonne for double zero varieties (source: Nix
2002)). Within the UK crop, the mgjority of the (non set-aside) crop is winter sown (316,000 ha)
with only 23,000 hectares spring sown. England accounts for the mgjority of the winter cropping
area (292,000 ha) with only 26,000 hain Scotland and 1,000 hain Wales and Northern Ireland (see
Table 16).

Table15: UK oilseed rape production base 1993-2002

1993 1997 2001 2002 (e)
UK Area (‘000 ha) 417 473 451 418
Yield (t/ha) 2.6 3.2 2.6 33
Production (000 t) 1085 1527 1157 134
Non set-aside Area (‘000 ha) 377 445 404 343
Yield (t/ha) 2.7 3.2 2.6 35
Production 1029 1444 1038 1202
Set-aside (industrial)  Area (‘000 ha) 11 28 48 75
Yield (t/ha) 14 3 25 2.5
Production (000 t) 56 83 119 191

Source: DEFRA

Table 16: UK oilseed rape cropping area 2002

Country Period Area (‘000 ha)

England Winter 292
Spring 19

Wales & NI Winter 1
Spring 0

Scotland Winter 26
Spring 4

Total non set-a-side area 342

Source: DEFRA

The primary market for oilseed rape is the vegetable oil (from crushing) market with the by-
product, rapemeal, generaly considered to be the lower value by or co-product and used mainly in
animal feed. Rape oil accounted for the nearly 40% of vegetable oil consumed in the UK at
around 800,000 tonnes (Table 17). Rapemeal complements other oilmeals used in animal feed,
accounting for approximately 20% of usage (580,000 tonnes. Table 18).

Table17: UK vegetable oil consumption 2002 including non food uses (' 000 tonnes)
Vegetableail Consumption
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Rape ol 800
Palm oil 700
Soya ol 200
Sunflower oil 100
Other 100
Tota UK consumption 1,900

Source: Oil World

Table 18: Oilmeals usage by Great Britain (‘000 tonnes) 1992/93-2000/01

Whole Rapemeal Soymeal Sunflower meal Other oilmeals
Rape
92/93 78 572 899 350 322
96/97 70 496 1,032 567 468
00/01 56 580 971 457 522
Source: DEFRA

4.2.2 Conventional oilseed rape production
Oilseed rape plays an important part in the conventional UK arable crop rotation along with spring
barley and spring beans:

» It does not harbour pests and diseases of ceredls;

» Itisagood entry crop for wheat alowing for good nutrient carry over and control of some
grass weeds (eg sterile broom and blackgrass);

» Integrates well into the cropping system requiring alow labour contribution and the
smoothing out of labour requirements due to the early harvest and drilling time. It can be
planted in mid August to mid September before or after wheat is sown, or after a spring
barley crop.

Oilseed rape tends not be planted on land that has been used for any brassica crop within afour to
five year period due to risks associated with canker and clubroot diseases.

Gross margins for winter oilseed rape based on ADAS and Velcourt data range from £514.56/ha to
£525.60/hain 2002. Yields are dightly lower on light soils at an average of 3.3 tonnes/ha
compared to an average of 3.5 tonnes’ha on heavier soils.

Table 19: Grossmarginsfor UK oilseed rape 2002 (£E/ha)

Velcourt Group ADASheavy  ADASIight soil
managed farms  soil

Yield (tonnes/ha) 341 3.50 3.30
Price/tonne 140.00 145.00 145.00
Area payment 230.00 230.00 230.00
Sales revenue (£/ha) 477.40 507.50 478.50
Total revenue including area 707.40 737.50 708.50
payment

Variable costs

Seed 23.58 24.75 22.00
Fertiliser 95.53 95.20 92.00
Herbicides 45.42 39.75 36.00
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Fungicides 14.22 20.70 20.70
Growth regulators 0.00 0.00 0.00
I nsecticides 12.03 150 1.50
Other sprays 2.06 30.00 30.00
Miscellaneous costs 0.00 0.00 0.00
Total variable costs 192.84 211.90 202.20
Gross margin 514.56 525.60 506.30

Sources: Velcourt Group, ADAS

Seeds
There are currently 23 different winter oilseed rape varieties on the UK’ s Recommended List
supplied by 14 different breeders and agents. Of these, 11 are conventional varieties, eight hybrids
and four varietal associations. Conventiona varieties are estimated in 2002 to account for 80% of
the UK crop area. Conventional varieties are typically sown at between 120 seeds per square
metre (4 to 4.5 kg per hectare) whereas hybrids are sown at 70 seeds per square metre. Seed
expenditure averages between £22/ha and £24.75/ha. An estimated 40% of UK farmers use
farmer-saved seed from conventional varieties to reduce average seed costs by £10.60/ha.

Varieties are selected primarily on their yield performance (eg, Winner and Royal yield 7% higher
than the control (average for the main varieties) used at 4.37 tonnes/ha cited from in nationa list
trials). Other traits of importance include yield response to fungicide treatment, resistance to
lodging, stem tiffness, shortness of stem, earliness of flowering and maturity and disease
resistance.

In England the optimum date for sowing is the last week in August to the first week in September
depending upon location and soil type.

Herbicides
Husbandry practices to deal with weed problems in oilseed rape vary across regions and according
to the extent of problems. The main weed problems are broad-leaved weeds such as poppies,
charlock, mayweed, cleavers, runch, thistles and craneshill. They are considered to be more costly
to control than grass weeds and cereal volunteers if they are not controlled early (eg, fields of
poppies in an oilseed rape field are a sign of poor herbicide control in the autumn).

In general, a pre-emergence spray followed by up to two post-emergent sprays appear to be typical
practice. Thefirst application post-emergent in early September iswith agraminicide such as
propagizafop at an average cost of £18.75/harising to £28/ha at the full, recommended application
rate. A second herbicide application in November/December is commonplace using herbicides
with soil residua activity such as propyzamide for controlling cleavers, chickweed and other
broad-leaved weeds and resistant blackgrass, or, metazachlor for pre-emergent control of grass and
broad-leaved weeds (with quinmerac the control of cleavers, poppies and mayweed is improved).
The cost of the second application is between £24/ha and £50/ha.

Total herbicide expenditure varies from £36/hato £45/ha but can rise to £78/ha where weed
problems are very serious. In limited areas of eastern England weeds have become such a problem
that the cost of control is limiting the cultivation of the oilseed rape crop.

Fungicides
Fungicides typically cost between £14.22/ha and £20.70/ha and are applied to control Canker
(Phoma), Dark leaf spot (Alternaria), Clubroot and Sclerctinia. Damage to the stem causes
lodging and infestation of the seed pods and may result in premature ripening and yield losses.
The growing of oilseed rape over the last 20 years has resulted in a build-up of fungal diseases and
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hence control of these has become as important as weed control. The key diseases of oilseed rape
are summarized in Table 20.

Table20: Major diseases of oilseed rape

Common hame Species Cultural controal Chemical control

Canker Phoma lingam Four year break Seed & foliar treatment

L eaf spot Alternaria spp Deeply plough stubble  Seed treatment

Scleratinia Sclerotinia Four year break Seed & foliar treatment

Beet Western Yellow - Control of aphids

Virus

Clubroot Plasmodiophora  Eight year break Seed treatment
brassicae

Without disease control yield losses can be very high. These diseases have a major impact on the
potential crop area, hence a need to rotate every four years.

I nsecticides/Molluscides/Other
Most farmers apply an insurance application of Cypermethrin, costing only £1.50/ha per
application to control insect pests such as pod midge, pollen beetle, stem weevil and cabbage stem
beetle (Table 21). Field sugs and pigeons can aso be a magjor problem requiring the use of dug
pellets at a cost of £10/ha and bird scaring devices.

Table2l: Major pestsof oilseed rape

Common hame Species Cultural controal Chemical control

Fied dug Decoceras Sow heavy soilsfirst  Slug pellets at planting
reticulatum and when damage

occurs

Cabbage stem flea beetle  Psylliodes Isolate plantings from  Granular and foliar
chrysocephala infected area treatment

Pollen beetles Meligethes spp None Foliar treatment

Cabbage seedpod weevil  Ceutorhynchus None Foliar treatment
assmilis

Brassica pod midge Dasyneura Control weevils Foliar treatment
brassicae

Pigeon Columba paumbus  Scaring devices

Fertiliser

Winter oilseed rape requires higher levels of nitrogen fertiliser than wheat at between 200 to 280
kg/ha. A seed bed application is followed by one to two spring applications to optimise the yield
response. Fertiliser costs are around £90/hato £100/ha.

4.2.3 Alternative production systems: organic oilseed rape production

The UK organic oilseed rape crop was about 200 to 250 hectaresin 2002 (about 0.05% of the total
UK crop). Asweeds are amagjor problem for oilseed rape and can cause significant yield |oss,
organic growers need to use land with alow incidence of weeds to minimise weed establishment in
the autumn when the crop canopy is not well established. Also asindicated above, because
nitrogen is a key factor impacting on yield, this can act to limit interest in the crop — it is often
considered better to plant a crop like wheat after a break crop (nitrogen enhancing) because of
wheat’ s general higher levels of profitability than oilseed rape. These considerations and the
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limited potential role of oilseed rape in an organic rotation may therefore be a factor influencing
the very low level of organic oilseed rape grown in the UK.

We have not been able to identify any data relating to organic oilseed rape costs of production,
margins or yieds - the Organic Farm Management published by the University of Wales Organic
Advisory service does not include the crop. We have also not identified any market information
on organic oilseed rape (eg, prices, which are not recorded in Soil Association market reporting).
Thislack of information reflects the very limited nature of the crop for UK organic growers.

The market for organic rapeseed oil is very small as a significant proportion of the rapeseed oil
used is in the non-food sector where there is virtualy no organic market. Also in the human food
sector rapeseed oil iswidely considered to be an inferior product relative to aternatives like
sunflower oil. Therefore organic demand in this sector is mainly serviced by oils other than from
rape seed.

4.2.4 GM traits under development and possible impact

During the 1990’ s considerabl e research was conducted by the public and private sector using
biotechnol ogical methods to understand the plant genetics of:

Oilseed rape oil quality and content;

Herbicide and fungal resistance;

novel hybrids to enhance yield; and

the genetic control of erucic fatty acid content for industrial uses

YVVYVY

The main UK applicable example of GM oilseed rape research and development include the
production of high yielding hybrids with tolerance to glufosinate. Further examination of this GM
applications is presented below. Additional details on GM crop developments in oilseed rape are
provided in Appendix 2.

4.2.4.1GM herbicide tolerant & hybrid vigour oilseed rape: summary of international impact
evidence

Detailed examination of the evidence to date about the farm level impact of this technology on
farm profitability is presented in Appendix 5.2. The main summary points to draw from this
review are as follows:

» most of the empirical evidence relating to impact has focused on glyphosate tolerant
spring oilseed rape (the most widely grown GM oilseed rape in North America). Impact
on yield varies according to local conditions and there are inevitably instances of negative
and positive impact. On the limited evidence available (Canola Council being the only
comprehensive study of actual commercia impact), there have been, on average, positive
yield gains. Asthe Canola Council study aso suggests that variable costs associated with
using GM oilseed rape rose relative to conventional crops, this aso points to positive
yields benefits having been produced. Otherwise the net value to farmers would probably
have been limited and uptake of the technology probably at alower level;

» inthe European context of winter oilseed rape, there islimited data available (the crop is
not grown commercially). Estimates of the possible impact of glyphosate tolerant oilseed
rape in France in 1998 (Messean) identified ayield improvement of 15%, whilst trials of
glufosinate tolerant oilseed rape (with early manifestation of the GM hybrid component)
have shown improved performance relative to conventiona open pollinated varieties and
broadly smilar performance relative to conventiona hybrids (Booth et a 2002). More
recent farm leve trias conducted in 2001 and 2002 (containing improved GM hybrid
vigour relative to earlier generations of seed) have shown yield gains of 14% for winter
oilseed rape and 22% for spring oilseed rape (Bayer CropScience 2003) relative to current
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commonly planted varieties. This range of suggested yield gains for Invigor oilseed rape
is also consistent with estimates of possible impact in Australia of +10%-+15% relative to
open pollinated varieties (Zand & Beckie 2002)*°;

» Impact on costs of production and profitability of herbicide tolerant oilseed rape (in the
absence of GM derived hybrid vigour *°) in North America has shown positive and
negative effects, although on balance the net impact on profitability has probably been
positive. For some farmers costs of production have increased post adoption, mainly
because of the cost of the technology, although yield improvements have tended to
outweigh the cost increases to produce a net positive return (eg, thisis the net impact
identified in the Canola Council’s 2001 study). There are inevitably instances of some
farmers who have made greater levels of savings or profitability improvements and others
who have experienced more limited benefits (and possibly net negative impacts). Where
farmers have experienced low levels of positive returns these are often farms for which the
level of weed problems have tended to be limited. Impact on costs and profitability, in the
UK context, have not yet been fully undertaken and published. Trials resultsto date (eg,
Booth et a (1999 & 2002) suggest that use of glufosinate tolerant oilseed rape has
financial advantages over a complete conventional herbicide programme, athough no
further analysis was presented because of alack of information on the assumed
‘technology’ fee (cost of herbicide tolerant seed). In Australia, the forecast impact (Nelson
2003) isfor a 3% saving on total variable costs (assuming a technology cost of Aus
$25/ha);

» Other benefits are cited, as important reasons for adoption (some of these are intangible).
These include increased management flexibility and convenience, increased crop rotation
flexibility, reductions in labour, machinery, fuel and harvesting costs. Quantification of
some of these has been made in the Canola Council study for Canada (see appendix 5);

» Possible negative impact issues associated with weed resistance build-up, out-crossing and
herbicide resistant volunteers have been raised, but thereis alack of data and research into
the extent to which these problems are affecting the economics of growing GM (herbicide
tolerant) oilseed rape. The current dominance of GM oilseed rape within total oilseed rape
production in Canada and the USA suggests that these problems are currently not
significant and are not deterring uptake of the technology. In the longer term these issues
could become more problematic and hence could have a negative impact on the economics
of growing herbicide tolerant oilseed rape in North America. Potentially this issue would
also be relevant to UK producers, athough as indicated in section 3, the additional cost
required to address the problem is likely to be small.

4.2.4.2 Generic cost issues. technology costs

As indicated above, the impact on costs and profitability will be influenced by the cost of
technology. The higher the cost, the lower the positive impact on returns and vice versa. Drawing
on Canadian experience, the cost of the technology could be in the region of £20-£30/ha*". Itis
however, important to recognise that the price of the technology in the UK will not necessarily be
the same as in North America, especidly as the technology, when made commercially available
will contain GM derived hybrid vigour. Commercial factors will determine the pricing, including
estimates of the possible farm level benefit and the nature of competition and pricing of alternative
(non GM) seed. Someillustrations of possible benefits are presented in the sub-section 4.2.4.4
below.

39 The forecast average yield impact across the Australian oilseed rape crop inclusive of use of both glyphosate and glufosinate tolerant
varietiesis +8% (Nelson 2003)

% Invigor oilseed rape varieties accounted for about 20% of GM oilseed rape plantingsin 2002. This means that studies of impact in
North Americaare largely examining the impact of glyphosate tolerant oilseed rape

“1 |t isinteresting to note, in contrast that Nelson (2003) assumes a technology cost in Australia of about £10/ha
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4.2.4.3 Generic demand issues

Drawing on the analysis presented in section 3, it is evident that issues such as whether thereis a
market for GM oilseed rape and is there a price differential between GM and non GM oilseed rape
will have to be taken into consideration by UK farmers when considering whether to use the
technology.

a) Inreation to whether there is amarket for GM oilseed rape, the analysis presented in
section 3, suggests that because of the significant share of oilseed rape usage in the non
food sectors (industrial and feed), there islikely to be a reasonable market for GM oilseed
rape, even if GM oilseed rape was to be excluded from markets that service direct human
food consumption.

b) Price differentials between GM and non GM oilseed rape may affect the profitability
impact assessments made by farmers considering adoption. It is, however important to
recognise that farm level price differentials between GM and non GM cropsin genera
have tended to be very low and not always in favour of non GM supplies. The Canadian
Canola Council study, for example found that GM growers were benefiting from harvest
yield premia from having less seed rejected or downgraded because of impurities (from
weed material). Trials of Invigor oilseed rape in the UK and Australia are aso showing
higher oil content in the GM crop, which delivers price premiato growers (see below).

4.2.4.4 Glufosinate tolerant and novel hybrid oilseed rape: possible impact in the UK

a) Thetechnology
Glufosinate-ammonium (L -phosphinothricin marketed under the trade name “Basta’, “Ignite”,
“Harvest”, “Challenge’, "Liberty" and others world-wide) is a non-selective herbicide. It isanon-
residual contact herbicide that acts quickly under warm, moist conditions. The current UK
recommendation for glufosinate-ammonium on non-GM cropsiis 8 litres/ha per year with no single
application being greater than 4 litres/ha.

Tolerance to glufosinate is achieved by the incorporation of either the PAT (Phosphinothricin
acetyl transferase) gene or thebar gene. The PAT gene is a dominant gene and when used in a
plant breeding programme crosses normally. The novel hybrid technology works by adding a gene
that produces a protein that prevents development of the pollen nutritive layer within the anther
(the pallen production organ). This renders the plant male-sterile. The intellectual property to the
PAT gene, bar gene and novel hybrid system are now owned by Bayer CropScience.

Drawing on the literature review presented in appendix 5, the following possible benefits of
glufosinate tolerant hybrid oilseed rape to the UK grower include:

Lower production costs,

Yield increases,

Improved control of weeds resistant to herbicides,
Increased management flexibility;

Benefits to subsequent crops,

Facilitation of conservation/low tillage systems;
Additional possibilities to plant spring oilseed rape.

VVVVVVY

Each of these possibilities is examined further below.

b) Possible reductionsin production costs
Currently, UK growers spend £36-£45/ha on herbicides via 2/3 applications. This could fall to 1 to
2 applications depending weed types, weed pressure and timing of applications in either post-
emergent application in the autumn and/or the spring. Glufosinate is typically applied at between
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2-3 litres’ha at a cost of £10.77/lire*. Therefore asingle application will, on average cost £21-
£32/ha and two applications would cost £43-£65/ha. Based on these costs, herbicide cost savings
will only materialise if farmers use one application or (if they use two applications) are above
average users of herbicides (ie, probably have above average weed problems). It is aso important
to recognise that the cost of the technology has to be taken into the cost considerations (see below
for further discussion). Given this, and based on these assumptions for the volume of glufosinate
used and the price of glufosinate, production cost savings would only arise for a minority of
growers and interest in take-up of the technology will be driven by other factors (see yield below).
This highlights the sensitivity of any production cost impact analyses to the baseline data used for
herbicide expenditure, the volume of glufosinate used and the price of glufosinate.

¢) Possible yield increases
Drawing on the literature review in Appendix 5 and discussions with the main technology provider
(Bayer CropScience), the scope for yield benefits comes from:

» More efficient weed control. Inthe UK weed control in conventiona oilseed rape
production is considered to be good and net yield losses due to weeds fairly low.
Nevertheless, herbicide tolerance may deliver yield enhancements in some regions, on
some soil types and some years of particularly bad weed infestation. Where significant
weed problems do occur and are not well controlled by herbicides, yield increases in the
order of 10%-20% might be expected. Inthe UK context, thisis possibly only relevant to
avery small number of growers;

» Areduction in “ knock-back” . Currently herbicide treatments may damage crop
productivity by between 1% and 5% of yield through, for example leaf scorching or later
emergence of crops because of the impact of residual herbicides in the soil;

» Reduced losses at harvest. Growers experience varying degrees of pod shatter and
subsequent crop losses. A combination of a cleaner crop without weeds and amore
uniform crop™ may result in higher harvestable yield. Drawing on the Canola Council
work (2001) farmers have seen 1.27% less of their harvested yield being subject to
discounts by crushers. Based on 2002 oilseed rape prices in the UK (E£150/tonne) thisis
equivaent to a £1.9/tonne or £6.27/ha gain in income;

» Higher oil content. Evidence from both Australia (Nelson 2003) and the UK (farm level
trials: Bayer CropScience 2003) has found that Invigor oilseed rape is delivering a 1.5%-
2% increase in oil content. Asfarmers are paid premia/penalties by crushers according to
the oil content of seed around the basdline of 40%, thisincrease in oil content may offer
another form of revenue enhancement. For example, relative to a base oil content of 40%
and assuming a base price of £140/tonne, a 1.5% increase in oil content is worth an
additional £3.15/tonne or +2.25%);

» Hybrid vigor. The SeedLink technology produces seed with avery high level of hybrid
vigour and purity —97%-98%. This compares with other hybrid systems, which may not
produce such a high level of hybrid purity/vigour under commercia scale conditions. This
is where the main expected yield gain would derive from. The ability of this GM crop to
deliver yield gains relative to conventionally produced hybrids derives from the
combination of the GM hybridisation system (known as SeedLink) and the opportunity to
use a much wider germplasm base. More specifically, non pollen producing female plants
can be more easily selected as they are tolerant to glufosinate and can be more readily
crossed with pollen producing male plants. By treating the seed crop with glufosinate, the
scope for maximising desirable male and female crosses isincreased to aleve close to

2 Source: Average price in 2002 by UK farmersin the Farmstat panel — this is a pandl of about 1,600 arable farmersin the UK that

record input use. It is considered by the crop protection industry to be reasonably representative of input use across the UK arable
sector

43 A more uniform crop in terms of consistency relates to readiness for harvest rather than one part a crop being ready for harvest before
other parts. Asaresult greater uniformity reduces incidence of pod shatter and loss of seed at harvest
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100% because the glufosinate removes unwanted oilseed rape plants. Thus the Invigor
technology tends to deliver 97% plus levels of purity relative to lower levels under
conventiona hybridisation systems — these can be as low as 80% (technically it would be
possible to improve the purity of conventional hybrids if the non desirable pollen
producing plants can be removed by hand rouging when flowers are visible. However, by
thistime, pollen is aready being produced and it may be too late to remove al the
undesirable pollen sources). In addition, the GM-based SeedLink hybrid system also
allows the plant breeder to use a much wider population of female lines relative to
conventiona hybrid systems which tend to be reliant on afew femaelines. Thiswidens
the genetic base, giving a more diverse range of breeding lines and hence results in greater
heterosis (hybrid vigour). In Canada where the combined GM hybrid vigour and herbicide
tolerant oilseed rape has been marketed, the magnitude of yield gains cited in empirical
work is of the order of 10% (Canola Council 2001). However, this mostly relates to
glyphosate tolerant oilseed rape which accounts for the majority of plantings and does not
contain the Bayer patented Invigor GM hybrid technology. For the Invigor oilseed rape,
yield benefit estimates from farm level trailsin the UK (Bayer 2003) are 14% for winter
oilseed rape and 22% for spring oilseed rape and arange of +10% to +20% is the forecast
impact in Augtralia. These yield gains are relative to conventional open pollinated
varieties in Australia (and which account for about 80% of varieties planted in the UK)
and relative to leading conventional varieties (including conventiona hybrids) in the UK.
In the UK context, the impact on average gross margins of ayield gain of +10% would be
egual to an increase of roughly £48/ha (based on an average pre-adoption yield of 3.4
tonnes/ha and a price of £140/tonne) or +9.5%. If the yield gain was 15%, the increase in
gross margin would be +£71/ha or +14%.

Asindicated above in section 4.2.4.2, the extent to which these possible gross margin gains arise
will depend on the prices charged for the technology and the herbicide (glufosinate). It is not
known what premium might be attached to the seed. Drawing on Canadian experience, the cost of
the technology could be in the region of £20-£30/ha. At thislevel of cost to the farmer, the net
yield gain to the farmer (see above) would fall from £48/hato £18-£28/ha for an assumed yield
gain of 10%, and would fall to £41/ha-£51/ha for an assumed yield gain of 15%. It is however,
important to recognise that the price of the technology in the UK will not necessarily be the same
asin North America (eg, the work by Nelson in Australia (2003) assumes a cost of only £10/ha).
Commercia factors will determine the pricing, including estimates of the possible farm level
benefit and the nature of competition and pricing of alternative (non GM) seed. In the crop
protection sector, a general ‘rule of thumb’ approach to pricing new technology is to a cost:benefit
ration of three/four to one (ie, if the benefit is £60 the technology is priced at £15/£20). Thusif we
assumed a farmer benefit of £48/ha from yield gain, £6/ha for improved harvested quaity and no
change in herbicide costs, the net gain equas £54/ha, resulting in a possible price for the
technology of £13-£18/ha). The reader should, however note these possible technology fees are
presented as illustrations of what might occur. Commercial redlity tends to be more complex than
this and, for example, the technology provider may aso consider reducing the herbicide cost (eg,
glufosinate) and have to take into consideration possible reductions in herbicide prices by
competitors serving the non GM herbicide tolerant crop market.

d) Improved control of weeds resistant to herbicides

In the UK, resistance to specific herbicides has occurred in several weeds, notably black grass,
Italian ryegrass and wild oats. Although the cost to control these weeds has not increased due to
the availability of aternative herbicides, growers need to control these weeds and spend more time
selecting the best combination to ensure effective control. Control with glufosinate may offer a
more effective control at lower cost and limit the spread of resistance weeds. Asindicated above,
thisislikely to be of relevance to farmers with above average weed problems.
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€) Increased management flexibility

A significant proportion of growers currently use a pre-emergent spray, which is considered to be
more risky than post emergent spraying, is very weather dependent and needs to be carried out at
harvest time when labour timeislimited. A single application of glufosinate post-emergent could
replace the pre-emergent and current post-emergent application at a time when labour resources
were more readily available. Local circumstance will determine whether or not thisis relevant.

f) Benefits to subsequent crops

Thisis an area where there may be benefits, especially where herbicide resistant weeds require a
dedicated herbicide application in the following wheat crop. Asindicated above in section 4.1
above the average cost of black grass treatment in wheat isin the region of £23/ha. A coordinated
approach with different broad-spectrum herbicides being used in oilseed rape and wheat may
reduce herbicide costs in the crop rotation and support the development of low-input/cost systems.

A glufosinate based programme could reduce the use of residua herbicides which can have a
carry-over effect requiring ploughing before the sowing of afollow-on whesat crop.

g) Conservation/low tillage

The availability of alow cost weed control system, based on glufosinate, may facilitate some
farmers moving to conservation/low tillage cultivation practices, which would result in cost
saving, environmental gains and reduced energy use.

h) Spring oilseed rape

Currently very little spring oilseed rape in grown in the UK (7% of the crop) mainly because of
low profitability relative to winter plantings (spring rape has lower yields). The availability of
higher yielding hybrid spring oilseed rape varieties (oilseed rape breeders have currently not
introduced hybrid spring rape in the UK) combined with a broad-spectrum weed control
programme, may therefore, facilitate a move, for some growers, to move back into a spring crop to
ease management and labour requirements in the autumn during whest harvest and sowing.
However, spring rape is harvested in September, which may clash with winter wheat sowing.

i) Glufosinate tolerant oilseed rape volunteers, gene escape and weed resistance

Oilseed rape volunteers, athough often present in cereals, are not considered to be a significant
problem to UK farmers because farmers smply ensure that herbicide treatments in cereals include
a herbicide in the tank mix that deals with them. Volunteers can be a problem in subsequent
rapeseed crops, in peas, sugar beet and potatoes athough as these do not generally follow an
oilseed rape crop (it is common practice to follow oilseed rape with winter wheat), the problem
tends to be minor. The possible development of glufosinate resistant weed rape problems in these
subsequent crops may therefore occur but will probably be a very minor problem/issue. Where
necessary an aternative/different herbicide would be used within an existing tank mix, resulting in
some minor additional cost** (relative to perhaps the herbicide costs incurred in year one of
adoption). Any glufosinate tolerant volunteers would also have to be removed by other herbicides
used on set-a-side, again possibly resulting in a small additional cost of using herbicides relative to
the baseline, year one costs. However, as glyphosate is the most commonly used ‘clean up’
herbicide used on set-aside thisis likely to add no additional cost.

If some farmers were to require some additional herbicide used in a subsequent crop to deal with
these problems, this might add a very small amount to total herbicide costs (eg, an extra 5%, which
is equivalent to a 1% increase in total variable costs).

4 There would probably not need to be an additional spray application
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4.3 Sugar beet

4.3.1 The importance of sugar beet in the UK

Sugar beet in the UK is dependent upon the EU sugar regime, which largely controls production
through the use of production quotas. The UK quotadis currently 1.138 million tonnes comprising
of A guotathat guarantees farmers a minimum price, a B quota which also guarantees a price less
alevy of 30% to cover some of the cost of export subsidies required to facilitate exportsand C
sugar which is any crop grown in addition to A and B sugar and which trades at world market
prices™. Asaverage yields have tended to increase over the last ten years, it has required a
reduced area to be planted each year in order to meet the A and B quotas.

The UK’ s sugar quota, set by the EU Commission is managed by British Sugar, which alocates it
to UK growers. Each year British Sugar setsindividua farm level quotas on the basis of the EU
level determined quotas and contracts directly with UK growers. The British Sugar production
contracts with farmers also require farmers to buy their seed from British Sugar*®. This contractual
requirement does not state which seed or variety isto be used, with the choice left to farmers
drawing from British Sugar’s available list of recommended varieties (in practice thisis the NIAB
recommended variety list).

Sugar beet plays an important part in the arable rotation in the main regions it is grown
(predominantly in Eastern England). Commonly grown in conjunction with wheat, barley or
pulses, sugar beet provides a valuable break crop returning organic matter to the soil and
preventing the build up of disease.

The UK grower typically achieves an average crop yields over 50 tonnes/ha of clean topped roots
with a sugar content averaging around 17%. Farmers are paid a bonus on al roots with a sugar
content in excess of 16%.

Key features of the UK production base are:

There are about 7,200 beet growers (al in England);
The 2002 crop area was 169,000 hectares (about 4% of the UK arable crop area);
Annual production is around nine million tonnes of beet and this delivers about 1.4 million
tonnes of sugar and 700,000 tonnes of pulp for use mostly in animal feed;
Sugar best is and has been the most consistent and, highest profit arable crop for UK
farmers;
Sugar beet growing is a totally mechanised operation with only 50-man hours/ha required
to grow atypica crop, compared with 500 man-hours 30 years ago;
Seed is sown in March and early April;
The crop is harvested between mid-September and late February;
Processing begins in September and lasts until late February.

VVV V VYV VVYV

4.3.2 Conventional sugar beet production

Sugar beet production methods have changed significantly in recent years. Rapid progress with
mechanisation, together with enhanced crop protection technology, has seen a ten-fold reduction in

% The volume of C sugar produced in the UK varies each year. It has been equal to between 6% and 18% of the total planted areain
recent years. C sugar production reflects a combination of @) unintended C sugar where growers plant an area of beet to ensure that
they do not under deliver on their A & B sugar quotas (this is possible if yields and/or sugar content are below average) and b)
deliberate plantings of C sugar — this intended production depends on the marginal cost of production relative to the world price of
sugar

46 British Sugar is however not a seed producer or plant breeder but acts as an agent or wholesaler of seed
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the labour requirements to grow atypical crop. The volume of crop protection products and
fertilisers used has a so decreased over the last 30 years, with a:

52% reduction in total volume of pesticides used;

49% reduction in amount applied per hectare;

63% reduction in herbicides;

95% reduction in organochlorine, organophosphate and carbamate insecticides.

YVVYVY

Since 1970 nitrogen application rates for the sugar beet crop have been reduced by 33% and the
crop now has the lowest nitrogen usage of any magjor arable crop in the UK (averaging 105 kg/ha
compared to approximately 190 kg/ha for wheat, oilseed rape and potatoes (Source: British Sugar
2003).

Preparations for the sugar beet crop usually begin in the autumn prior to sowing when tailor-made
fertiliser blends are incorporated into the soil during ploughing. LimeX, aliming material co-
product of the sugar refining process, is aso frequently applied to assist in balancing soil pH and
returning vauable nutrients to the land.

Great emphasisis placed on careful spring seedbed preparation to create the ideal conditions for
germination and prevent soil compaction, thereby ensuring the best start for the new crop.

Sugar beet is sown from early March onwards and, with over 10,000 hectares per day being
typically drilled during the peak period, is normally completed by early April. The single-seed
monogerm pellets are sown in rows, or drilled, 50cm wide, at atypical spacing of 18cm and
between 2.5 and 3.0cm deep.

Nitrogen fertiliser is applied to suit specific soil requirements and crop production techniques. The
objective is to use the minimum nitrogen possible to achieve target yield, consistent with good
environmental practice. Food safety requirements restrict the use of products that can be used
while a process of continual assessment seeks to minimise their environmental impact.

Harvesting begins in mid-September, but as the national crop continues to grow at over 10,000
tonnes of sugar per day, progress with root lifting is carefully monitored to meet factory intake
requirements, and hence achieve the highest possible yield of sugar. As late season growth
declines, the pace of harvesting increases to ensure the crop is gathered in before the end of the
campaign. Roots awaiting delivery to the factory are carefully stored to maintain the highest
possible quality and sugar content.

The typicd inputs and costs of growing UK sugar beet are shown in Table 22. The largest single
cogt, at £140.30/hais seed, which is treated with an insecticide imidacloprid to control beet virus
yellow vector. A combination of fertilisersis used to provide the necessary plant nutrient, nitrogen
accounting for approximately half the total fertiliser costs of £87.50/ha. Nitrogen is applied in the
early stages of crop growth to ensure an increased leaf area and hence contribute to higher crop
yields. Between five and eight herbicide applications are typically made at atotal cost of
£72.90/ha. Average tota variable costs (excluding harvesting) for these inputs total £321.51/ha.

Table22: Variable costs of UK sugar beet 2001

Cost per unit £/ha
Seed:
Imidacloprid 115 Units 122.00 £unit 140.30
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Fertiliser
Nitrogen 120.00 kg/ha 0.35 £/kg 42.00
Phosphate 50.00 kg/ha 026 £/kg 13.00
Potassium 100.00 kg/ha 019 £/kg 19.00
Sodium 150.00 kg/ha 0.09 f£lkg 13.50
Tota Fertiliser 87.50
Herbicide
Chloridazon 400 I/ha 580 £/ 23.20
Phenmedipham (x 3) 6.70 l/ha 220 £l 14.74
Metamitron 125 kgha 15.00 £/kg 18.75
Ethofumesate (x 2) 250 I/ha 6.50 £/l 16.25
Total herbicide 72.94
Fungicide
Sulphur 10.00 kg/ha 0.60 £/kg 6.00
Manganese Sulphate x 10.00 kg/ha 044 £/kg 4.40
2
Totd fungicide 10.40
Insecticide
Pirimicarb 0.28 kg/ha 29.00 £/kg 812
Minerd Qil (x 3) 250 I/ha 090 £ 2.25
Total variable costs 32151
Source: ADAS

In terms of gross margins, Table 23 summarises the changes in real margins earned from sugar
beet since 1996/97. Over this period the gross margin for sugar beet in the Eastern counties has
falen in real terms from £1,125/hato £826/ha (Lang B 2002). Revenues have falen in recent
years mainly due to sterling appreciation against the Euro, which has effectively reduced the
support price. Against this background, the number of farmers growing sugar beet has decreased
by 1,300 since 2001. In current price terms, and using ADAS data (average yield 50 tonnes/ha,
price £30/tonne and other miscellaneous cost such as contract drilling, harvesting and haulage of
£471/ha), the average gross margin in 2002 was £707.5/ha. Using Velcourt data, the gross margin
in 2002 was £988/ha (average yield 63 tonnes/ha, costs of production £853/ha).

Table23: Sugar beet grossmargin in real terms 1996/97 - 2001/2002

Y ear Yield Price Gross output Total Gross
(E/tonne) f/ha variable margin £/ha
costs£/ha
1996 45.19 38 1,739 615 1,125
1997 53.59 31 1,679 676 1,002
1998 50.55 34 1,734 716 1,018
1999 55.02 30 1,625 728 897
2000 52.03 29 1,528 713 816
2001 47.10 31 1,475 649 826

Source: Lang, B 2002
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4.3.3 Alternative production systems: organic sugar beet production

In 2001, British Sugar contracted 28 organic growers (0.39% of al sugar beet growers) to produce
12,000 tonnes of sugar beet grown on 300 hectares. Thisincreased to 18,000 tonnes of beet, 500
hectares and 35 growersin 2002. In 2003, we understand that British Sugar will contract for
20,000 tonnes of organic sugar beet”’, on 518 hectares.

British Sugar is paying a premium of 55% over the average market price for conventiona sugar
beet and are aso providing organic growers with an additional 15% entitlement on their “A” quota
alocation. In addition, British Sugar has been wavering transport charges which can be limiting
when moving a bulk product across the UK to a single factory.

The UK Organic Farm Management Handbook states that based on UK experience yields can vary
from between 60% and 100% of conventiona yields (actua yield levels achieved depend upon the
level of soil fertility, weed control and climate). The publication also states that yield data from
the first two years of commercial growing should deliver an average yield of 36 to 40 tonnes’ha
(72%-80% of average yields obtained by conventional production systems).

The gross margin for the UK organic sugar beet grower is shown in Table 24. The premium price
currently paid effectively offsets the lower yield and increased costs of weed control. Weed
control is dependent upon the late planting of the crop, mechanical cultivation, the use of flame
torching and hand labour. This latter reliance on hand labour is aso perceived to be a potential
problem for any expansion in the area planted, asit is difficult to find adequate amounts of |abour
willing to do hand weeding (the requirement is an estimated 60 hours/ha).

Table24: Grossmargin of organic sugar beet 2002

Tonnes/ha £/tonne £/ha
Marketable yield 44 45 1,980
Seed 110
Fertiliser 50
Casua labour — weeding 60 hr @ £5.30/hr 318
Transport 0
Other 25
Total Variable Cost 503
Grossmargin 1,477
Sengitivity analysis
Marketable yield -10 -450
Price -10 -440
Casua labour 10 hr @ £5.30/hr -53

Source: Lampkin 2002

The risk associated with growing organic sugar beet is considered to be fairly high and is
illustrated by sengitivity analysis of the margin data. A reduction on the yield from 44 tonnes/ha to
34 tonnes/ha reduces the gross margin by £450/ha. To obtain good yields weeds must be
controlled in the first eight weeks post emergence. If emerging annual weeds are not well
controlled they can reduce yields by 26% to 100% (Schweizer & Dexter, 1987). Inter-row
cultivation using up to two passes with a tractor and hand-hoeing and pulling may achieve
satisfactory weed control.

47 Thiswould produce about 3,000 tonnes of white sugar = 0.2% of total UK sugar production
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Possible future expansion of the organic sugar beet crop in the UK is dependent upon demand
from the drinks and food industry, which use 1.6 million tonnes (75%) of the total UK sugar beet
crop. Thereis currently no demand for organic sugar beet for the retail sugar in the UK, asthis
market is serviced by “brown” sugar derived from imported organic sugar cane.

As with other organic crops, the gross margins cited in the Organic Farm Management Handbook
probably overstate the actua margins for organic production, because the crop rotation has to be
extended to include grass leys and legume crops. Over the cycle of the rotation this would reduce
the average farm crop productivity compared with conventional cropping.

4.3.4 GM development in sugar beet

During the 1990’ s considerable research was conducted by the public and private sector using
biotechnological methods to understand the plant genetics of :

» sugar content and enhanced overdl crop yield;
» herbicide and virus resistance;

The main UK applicable example of GM sugar beet research and development is glyphosate
tolerance. Thisisexamined further in the sub-sections below and more detailed examination of
literature on the impact of this technology on farm profitability is presented in appendix 5. A
genera description of technical developmentsin GM sugar beet (traits and trials) is aso presented
in Appendix 2.

4.3.4.1 GM herbicide tolerant sugar beet: summary of international impact evidence

As GM herbicide tolerant sugar beet is not currently grown commercialy, the only available
literature relating to impact derives from trials and forecasts. Summarising the literature to date on
this (potential) impact (see appendix 5 for further details) on farm profitability:

» Impact on yield will probably be positive and could be within the range of +5% and
+15% (May 2003, Dewar et d 2003 and Gianess et a 2002). Triasin both the UK
and the USA suggest that yield gains derive from reduced phytotoxicity problemsin
the crop (less spraying and a reduced variety of herbicides used) and improved weed
control. Yield enhancement is likely to be greatest where farmers experience
significant weed problems and have difficulty in maintaining reasonable control.
Reduced levels of yield relative to conventional crops may, however arise if the
technology is sold (possibly initially) in varieties that are not al leading varieties and
where the weed control in the herbicide tolerant crop is I€eft late (ie, after weeds have
had time to become established). The latter case scenario may arise when farmers
experiment with timing of spraying during early adoption and would probably not
occur once experience has been gained;

» Impact on costs of production and profitability would be expected to be positive (see
section 4.3.4.4 below for further analysis). Thisis one of the main benefits predicted
to arise from adoption (as has been the case in other herbicide tolerant crops). This
will potentially arise from reduced costs of weed control. Clearly the extent to which
profitability benefits will occur will depend on the technology fee charged (see below)
and the level of cost savings experienced by growers. The greatest savings are likely
to be where farmers currently have above average weed problems and control costs
and the lowest level of savings will be with farmers with below average weed control
costg/problems. In some cases, farmers with good weed control, and lower than
average costs of control would probably not derive any benefit after paying the
technology fee/seed premium;
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»  Some of the more intangible benefits cited in herbicide tolerant crops like oilseed rape
and soybeans are likely to important factors affecting adoption by farmers. These
include convenience, reductions in crop consultancy costs, gains from switching to
minimum tillage and benefits in rotations/follow on crops like cereds, given that sugar
beet is often considered to be a‘ cleaning crop’ in rotations.

4.3.4.2 Generic cost issues. technology costs

As with the application of GM technology to any crop, the impact on costs and profitability will be
affected by the cost of technology. Drawing on the only work to date to impute a possible cost of
the technology (May 2003), this could be in the region of £20-£30/ha. Some illustrations of
possible impact based on this level of technology fee are presented in sub-section 4.3.4.4 below,
athough it is again highlighted that the price of the technology in the UK will be determined
according to commercia criteria at the time of launch and may not be equal to the level assumed in
the analysis by May or the analysis below.

4.3.4.3 Generic demand issues

Whether there is amarket for GM sugar beet and whether there is a price differential between GM
and non GM sugar beet are factors that UK farmers will take into consideration when examining
whether to use the technology (see section 3 for more detailed discussion).

a) Will there be amarket for GM sugar beet ? The analysis presented in section 3, suggests
that (based on perceptions of current consumer attitudes to GM crops) as the vast mgjority
of sugar usage is used for human food, thisis likely to be a crop in which GM crop
adoption will be potentialy be dow and limited (relative to for example oilseed rape).
The unique position of British Sugar as the monopoly buyer of sugar beet and the sole
supplier of seed will aso play an important role in determining adoption. Whilst current
British Sugar policy of not wanting to use GM sugar beet operates, there will be no
domestic market for GM sugar. Nevertheless, if British Sugar were to change its
commercial policy (eg, in the light of increased import competition likely in 2008/09 or to
service new non food market opportunities that may well develop (notably bio-ethanal)), it
is possible that a market might develop where GM sugar could be sold. In addition, it is
possible that, if the demand for bio ethanol were to develop in the EU, export market
opportunities for GM sugar could develop, as has recently developed for UK growers of
oilseed rape, selling to Spanish manufacturers of bio-diesdl).

b) Price differentials between GM and non GM sugar beet may affect the profitability impact
assessments made by farmers considering adoption. As appliesto all GM crops, any
assessment of the possible impact of this variable on profitability should take into account
the limited nature of current farm level price differentials between GM and non GM crops
in general and that the price differential is not dwaysin favour of non GM supplies (eg,
the literature review presented in gppendix 5, identifies examples in North America of
both soybean and oilseed rape growers of GM crops being paid premia by oilseed crushers
relative to baseline commaodity prices for supplying material with lower than average
levels of (weed) impurities.

4.3.4.4 Glyphosate tolerant sugar beet: possible impact in the UK

Both GM herbicide tolerant sugar beet and fodder beet have also been extensively trialed in the
UK, France and Denmark. However, since the EU moratorium, product approva for commercia
cultivation has been stalled

The possible costs/benefit implications of adopting glyphosate tolerant sugar beet are discussed in
detail in appendix 5. Drawing on this analysis, the following impacts could occur:

» Reduced number of herbicide applications from an average 4.5 to 2 applications and as a
result a reduction on the average level of expenditure on herbicides. May (2003) estimates
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that the likely herbicide costs for afarmer using herbicide tolerant sugar beet would be
between £13/ha and £27/ha plus an application cost of £13/ha (ie, atotd of £26/hato
£40/ha). This compares with the current average herbicide costs (including application at
an assumed cost of £29/ha) for conventiona sugar beet of £129/ha-£149/hausing May’s
data, £84-£104/ha using FARM data, £102/ha using ADAS data and £167/hausing
Velcourt data. Assuming atechnology fee/seed premium of £20-£30/ha (May 2003), this
would result in an approximate net saving on herbicide costs of £80/ha based on May’s
data, £36/ha using FARM data, £44/ha using ADAS data and £109/ha using Velcourt data;

» Based on trids data and existing analysis such as May 2003, Dewar et a 2000 & 2003 and
Gianess et a 2002, an increaseinyield islikely. This could be within arange of 5% to
10%. At 5% (relative to an average yield of 50 tonnes/ha) thisis equal to an additional
£75/hain gross margin and at 10% it is equd to an additiona £150/ha. If we were, in
addition to assume that UK sugar prices fell by about 18% (see section 1 and appendix 1 -
a possible scenario post 2008/09), the additional revenue would be £61.5/ha at a 5% yield
gain and £123/haat a 10% yield gain;

» Possible additional cost savings from reduced use of crop consultants, greater management
flexibility, adoption of minimum tillage practices, improved rotational weed control and
reduced stubble control. These possible savings will vary by farm and could be within the
range of zero to £32/ha (these boundaries are based on the respective views of FARM and
May);

» The possihilities of herbicide tolerant volunteers and resistant weeds devel oping might add
aminor additional herbicide cost relative to current usage/costs (see oilseed rape above,
section 4.2). In sugar beet this would probably be even less of an issue than in oilseed

rape.

In sum, the analysis above suggests that the overall benefit at 2002 costs and prices of using
herbicide tolerant sugar beet would be between £111/ha and £291/ha. At possible 2008/09 prices,
the net benefit is between £97.5/ha and £264/ha. This range of possible benefitsis clearly
dependent upon the assumptions used (as derived from the various trials datalliterature on the
subject). It dso highlights the wide variability in the performance of different growers and hence
the range of likely impacts of the technology, if adopted.

Lastly, as highlighted section 4.3.4.2, the cost of the technology/seed premium that might be
charged for herbicide tolerant sugar beet will affect impact on profitability. Using the ‘rule of
thumb’ cost: benefit ration ratio referred to in section 3, and assuming the technology is not
commercialy available for another five years (ie, using 2008/09 possible sugar prices), the charge
for the new technology could be set in the region of £23/hato £80/ha depending on the
commercid criteria used by the technology provider and the nature of competition from
conventional seed. The reader should note these possible technology fees are presented as
illustrations of what might occur. Commercia reality tends to be more complex than this and, for
example, the technology provider may also consider reducing the herbicide cost (eg, glyphosate)
and may have to take into consideration possible reductions in herbicide prices by competitors
serving the non GM herbicide tolerant crop market.

4.4 Potato

4.4.1 The importance of potato production in the UK
The total area of potatoes grown in the UK was about 162,000 hectaresin 2002. Thisis roughly
divided into early crops and main crop, which respectively account for about 20%-25% and 75%-

80% of the total area (Table 25). Average yields have fluctuated between 40 tonnes’ha and 50
tonnes/ha for main crop and 24 tonnes’ha to 30 tonnes/ha for earlies.
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Pricesin recent years have fluctuated from between £147.16/tonnes in 1998 to as low as about
£60/tonne in 2002. The number of registered producers has falen from 27,498 in 1982 to 6,143 in
2000. Specidisation is now key to remaining in the sector and necessitates investment in
irrigation, cold storage and marketing.

Table25: UK potato crop area, yield & production 1982-2001

1982 1992 2000 2001
Potato area (‘000 ha) 161 155 146.2 146.4
Early area (' 000 ha) 35 52 58 55.6
Main crop (‘000 ha) 123 103 88.2 90.8
Early crop yield (t/ha) 233 29.3 29.2 239
Main crop yield (t/ha) 40.8 49.2 41.0 44.8
Production (‘000 t) 6,539 7,481 5,510 5,397

Source: British Potato Council
Note: Regionally the breakdown of production is 75% in England, 19% in Scotland, 4% in Northern Ireland and 2% in
Wales

Tota available suppliesin Great Britain were 8.3 million tonnes in 2001/2002 of which 6.6 million
tonnes were sourced from domestic production. The imports of processed potatoes (eg, frozen)
account for 20% of human consumption at 1.27 million tonnes, with limited quantities of ware and
new potatoes imported (224,000 tonnes and 195,000 tonnes respectively). Wastage accounted for
just under one million tonnes of potatoesin 2001/2002 (Table 26).

Table26: Summary of suppliesand disposals of potatoesin Great Britain (‘000 tonnes)

2001/2002
Supplies
Home crop 6,410
Carry-over from previous year 192
Imports
New potatoes 195
Ware 224
Processed (raw equivalent) 1,274
Seed for next crop 37
Total supplies 8,338
Disposals
Human Consumption 6,300
Seed for next crop 393
Exports 349
Wastage 976
Closing stock 317

Source: HM Customs & Excisg, Intrastat, MAFF/DEFRA and British Potato Council

Of the 5.0 million tonnes domestically produced and used for human consumption, 62% is as raw
potatoes (of which 64% is consumed in the home and 36% by caterers) and 38% is processed (of
which the split is 50:50 between home and catering).
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4.4.2 Conventional potato production

The mgjor agronomic disease is potato blight and the key pest is nematodes which limit
productivity and require a range of control methods including crop rotation, use of resistant
cultivars, fungicides and pesticides.

4.4.2.1Potato pests and diseases

a) Nematodes

Potato Cyst Nematode (PCN) is an important agricultural pathogen comprising Globodera
rostochiensis and G. pallida (potato cyst-nematodes, PCN) which are often key pests of the potato
crop occurring in 64% of potato fields in England and Wales (Minnis et a. 2002). PCN is
currently the most important factor limiting the production of potato in the UK and causes an
annual yield losses of approximately £43 million based on the mean UK value of the crop from
1990-1995 (Haydock PPJ. and Evans K. 1998).

Current control measures include resistant cultivars, rotation and nematicides. The variety Maris
Piper has been widely used for nearly 40 yearsin the UK to provide some resistance to G.
rostochiensis (Dale and De Scurrah 1998). However, frequent use of Maris Piper has increased the
prevalence of G. pallida, to which it is susceptible, and this form of PCN species is now the most
common in UK potato fields (Minnis et a 2002). Breeding for resistance to G. pallida has
continued for over 50 years but it has proved difficult to provide a range of agronomically
acceptable cultivars.

Rotation lengths for potato cropping are commonly 1 in 5 years (it accepted that longer rotations
would be beneficial for PCN control (Haydock, P. 2003) but this causes financial penalties on
growers). Fumigants and granular nematicides are important aspects in the control of PCN.
Granular nematicides are used on approximately 28,000 ha each year at a cost of over £8M to the
growers (Evans K. and Haydock PPJ. 2000). The European Council Directive 91/1414/EEC had
proposed that the most commonly currently used granular, carbamate nematicide (aldicarb
products (Temik®)) should all be withdrawn within an 18 month period, however, the Council of
Ministers on the March 19th 2003 adopted an alternative proposal under which adicarb products
will still be withdrawn within 18 months but certain "essential uses’ will continue to be authorised
until 31 December 2007)“°. Aldicarb is used on potatoes, carrots, parsnips, onions and ornamentals
in the UK and covered by this need for “essential use”*. This comes after the carbofuran
carbamate nematicides (Furadan®, Y altox®) were not supported by the European Directive and
these products are “ subject to phased revocation”.

At arecent conference into PCN Research Priorities (Rothamsted, March 2003) the frustration
with PCN management was evident as it was suggested that potentially all fields used to grow
potatoes be treated. Environmental groups such as Friends of the Earth, are calling for aban on
the use of these endocrine disrupting pesticides and have called for government to provide funding
for research into alternatives to chemical pesticides™.

b) Potato Blight

Potato late blight is one of the most devastating plant diseases and can cause complete crop loss if
not controlled. The diseaseis caused by afungus-like organism, Phytophthora infestans, which is
a specialised pathogen of potato and, to alesser extent, tomato (another member of the plant
family Solanaceae).

“8 Big Issue South West, No 532, March 24-30 March 2003
49 www.pesticides.gov.uk/ec_processEC News/aldicarb_Mar03.htm
50 \iwvw.foe.co.uk/pubsinfo/briefings/html/20020911100949.html
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Many approaches have been developed to control it but the search for effective control measures is
a continuing challenge - the fungus still poses a mgjor threat, and it has evolved to overcome most
of the control measures used:

» Fungicidal control. Control of potato blight traditionally relied on copper-based
fungicides such as Bordeaux mixture (consisting of copper sulphate and calcium oxide).
Organic growers are permitted to use this product, subject to approval from the certifying
body, until the 31 December 2005. However, copper is potentially phytotoxic, so disease
forecasting was devel oped to better enable growers to predict when the environmental
conditions were highly conducive to spread of the pathogen and thus when the growers
needed to spray to protect crops. Forecasting methods for blight epidemics differ in
different countries but in Britain they are based on the "temperature-humidity rule"
devised by Beaumont (1947). After a certain date (depending on locality) blight was
found to develop within 15-22 days following a period when the temperature was not less
than 10°C and the relative humidity was over 75% for 2 consecutive days. Radio stations
now broadcast warnings of the Beaumont periods or updated versions of these in the early-
morning farming programmes. Copper is a broad-spectrum fungicide which acts as a
protectant — it must be applied to prevent disease. It has been superseded by modern
systemic fungicides, which move within the plant and can both protect and eradicate
exigting infections. These fungicides are much more specific in their mode of action.
Chief among these for control of potato blight are the acylaanine fungicides such as
metalaxyl and furalaxyl. They act specifically on the RNA polymerase of Phytophthora
and closdly related fungi. However, resistance to them can develop quickly in the
pathogen population — it requires only a single gene mutation leading to a minor change in
the RNA polymerase molecule. In many parts of the world, P. infestans is now resistant to
these fungicides. Other products used include the UK include Pencycuron, Mancozeb,
Cymoxinal, Fluazinam and Fentin hydroxide;

» Haulmdestruction. If P. infestans gets established on the potato foliage then sporangia
can be washed down into the soil to infect the tubers, or the tubers can be contaminated
with sporangia during crop harvesting. This can lead to rotting of the tubers during
storage, and carry-over of inoculum from one season to the next. In order to minimise
these problems it is common practice to destroy the foliage (the haulm) with sprays of
sulphuric acid or herbicide 2-3 weeks before the tubers are lifted;

» Resistance breeding. The cultivated potato (Solanum tuberosum) originates from the
Andean region of South America, where there are several other species of the genus
Solanum  The potato blight fungus is aso thought to have its centre of origin in this
region and the species Solanum demissum proved to be an important source of resistance.
By the 1940s/50s conventiona plant breeding (crossing and back-crossing) bred this
resistance into commercia potato cultivars. Four major resistant genes (termed R genes)
were discovered and were introduced successively into commercia cultivars. However,
within afew years of each R gene being introduced widdly into potato cultivars, the
fungus was found to be able to attack these plants — the resistance was overcome by new
strains (termed physiologic races) of the pathogen that developed in response to the
selection pressure imposed by the specific R genes. Thus, race 1 of the pathogen could
cause disease of potato cultivars carrying the R1 gene, and so on. With four R genes there
are apossible 16 combinations — you can breed potatoes with, for example, R1 and R2, or
R1 and R4, or R1, R2, R3 and R4, etc. But eventually a pathogen race would emerge that
had the corresponding virulence genes to overcome al these. For long-term control, this
form of resistance breeding based on afew "magjor resistance genes' seems destined to fall.
So, many plant breeders now prefer to develop cultivars that have "polygenic” or "field
resistance" to the pathogen. Such plants have combinations of several "minor" genes, none
of which gives absolute resistance, but together they slow the rate of development of the
fungus and enable the plant to tolerate infection;
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» Emergence of new pathogenic strains through sexual crossing. The continued genetic
variation via recombination of the fungus continues to lead to emergence of new
pathogenic variants. This continues to hinder al attempts to control this disease.

4.4.2.2 Codts of production

As highlighted above the market for potatoes is complex with processors seeking potatoes of
specific quality for processing and the consumer demanding high quality potatoes for home
consumption. Each market requires a different type of tuber, which can be produced using a
different variety and production programme. The key types of production are:

» Maincrop “ware’ or table production — largest outlet requiring heavy yield of saeable
medium sized potatoes free from blemishes. Crop islifted at full maturity;

» Earlies— planted and harvested early to exploit demand for new potatoes in early summer.
The crop continues over the summer with prices falling as production increases,

» Potatoes for processing — generally grown under contract — crisping, chipping, dehydrated
and canned potatoes each have specific characteristics in relation to size, shape, dry
matter, reducing sugar content and starch.

The dynamic factors that influence potato production on the UK are water availability, varieties,
nitrogen availability, weed control, pests and diseases. Table 27 below illustrates arange of costs
for main crop, chipping and crisping potatoes.

Seed

Seed costs vary considerably depending upon the age of the variety and the seed rate. For main
crop potatoes using the variety Estima at a seed rate of 3 tonnes’ha at £280/tonne compares with
chipping potatoes using Maris Piper at a seed rate of 1.97 tonnesha at a seed cost of £180/tonne.
The supply of potato varieties in the UK include domestically bred varieties and varieties bred in
other countries; especially the Netherlands. Farmer-saved accounts for between 15-25% of the UK
seed market.

Fertiliser

At current levels of application of between 220-250 kg/ha of nitrogen, 180 kg/ha of phosphates
and 300 kg/ha of potassium optimum yield levels are obtained. High levels of nitrogen application
do not typicaly result in higher yields. Fertiliser costs vary from £179-£191.30/ha

Nematicides

Potato cyst nematodes limit the cultivation of potatoes to once every four to six years. As
discussed above PCN can cause considerable crop losses and although growers use varieties with
some tolerance to PCN they typicaly use a nematicide such as adicarb which is soil applied.
Current expenditure is between £235-£294/ha.

Insecticide

To limit crop losses most potato growers plant virus-free potato seed multiplied in aphid-free
regions (aphids act as vectors for the spread of potato viruses). In addition growers use alimited
quantity of aphicide such as pirimicarb during cropping.

Herbicide

Weeds are not a magjor problem in main crop potatoes with the crop producing aleaf canopy
relatively quickly and growers ridging the crop which disturbs any weeds that may be present.

The UK crop typically receives a single treatment of herbicide pre-emergent and one to remove the
leaf material (haulm) before harvesting. Costs are around £63.90-£65.0/ha.
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Fungicides

Although some varieties have some degree of resistance to potato blight the main control is by the
use of fungicides. Growers take no risks with blight and typically make 4-6 applications of
fungicides at a cost varying from £109.04/ha up to £152.14/ha.

Miscellaneous costs
These include the British Potato Council Levy of £36.50/ha and cost of marketing and bags at
£7.00/tonne, equal to £306.60/ha.

No account has been made for irrigation, transport and storage costs in the gross margins presented
in Table 27.

Table27: Gross margins of UK potatoes 2001/2002 (£/ha)

Vecourt ADASmain ADAS ADAS
main crop crop cv chipping crisping
pre pack Esima  potatoescv  potatoescv
cold stored Maris Piper Saturna
Yield: tonnes’ha 44 44 - -
Price £/tonne 100 89 - -
Total salesvalue/ha 4,400 3,878 - -
Variable costs
Seed 715 840 306 552
Fertiliser 179 191 181 188
Herbicides 65 64 64 64
Fungicides 145 152 109 111
Nematicides 235 294 29 29
Insecticides 16 16 16 16
Other sprays 109 4 8 4
Misc costs 253 307 36 36
Total variable costs 1,717 1,869 1,014 1,266
Grossmargin 2,683 2,010 - -

Source: Velcourt Group, ADAS

Wastage

As highlighted in Table 26 above 976,000 tonnes of potatoes are downgraded due to poor tuber
size, diseases losses and damage. During storage tuber |oose an estimated 5% of crop weight
costing £14.3 million/year and 8% of the crop fails to meet size specification for the processing,
pre-pack and baker market costing the industry £24 million/year.

4.4.3 Alternative production systems: organic potato production

The area of organic potatoes grown in the UK has increased from 2,081 hain 2001 to 2,750 in
2002. This area represents about 1.9% of the UK areaand 1.2% of UK production. A key driver
for the organic potato sector is price from the retail sector for either early or ware potatoes. There
is currently avery limited, if any, market for organic processing potatoes.

In the retail sector, high quality standards are required (largely based on visual characteristics) and
as aresult organic potatoes tend to suffer more than non organic potatoes in terms of the % of the
crop downgraded/rgjected. Prices have aso falen recently from £170-350/tonne for main crop
potatoes and £400-600/tonne for earlies (Source Lampkin 2002) to £100-200/tonne and £200-
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400/tonne respectively (Premium Crops 2003). Another feature of the market has been the influx
of imports, attracted by the high prices, which has now contributed to faling prices. Largely asa
result of thisthe UK market is now perceived to be over supplied and domestic growers are now
advised to enter into a contract with aretailer to ensure a secure price rather than risk the
variability of open market sales.

Yields vary depending upon water availability (rainfall & irrigation), place in rotation and quality
(incidence of scab, splits, blight, skin blemishes, tuber size) which can downgrade a significant
proportion of the harvested yield. Yields of between 60%-70% of conventional yields are possible
resulting in a marketable yield of 25 tonnes’ha for main crop potatoes and 12 tonnes/ha for early
potatoes. At £200/tonne the total revenue is £5,000/ha for main crop and £4,800/ha for early
potatoes.

Gross margins based on £200/tonne and £400/tonne for main crop and earlies are projected to
result in agross margin of £3,212/ha and £3,035/ha respectively (Table 28).

Table 28: Projected organic potatoes gross mar gin 2002/03 (£/ha)

Maincrop Early
Marketable yield 25 12
Price 200 400
Revenue 5,000 4,800
Variable costs
Seed 938 1,200
Fertiliser 50 50
Blight control 50 25
Weed control 44 44
Casua labour 621 381
BPC Levy 40 40
Haulm removal 20 0
Other 25 25
Total variable costs 1,788 1,765
GrossMargin 3,212 3,035

Note: Marketableyield is 70% of grossyield. No account of transport costs.
Source: Lampkin 2003.

Seed

The derogation on the use of non-organic seed ends at the end of 2003. Organic potato growers
will therefore need to budget for purchasing organic seed that retails at a premium over
conventional potato seed of around £150.00/tonne>*. The high seed cost reflects the high costs of
organic potato seed multiplication. Organic growers also need to select varieties that are high in
resistance to blight and nematodes and establish rapidly to limit weed control costs. Seed costsin
2004 may therefore rise by over £100-155/ha from £938/ha to over £1038/ha.

Fertiliser

The main soil nutrients are provided by farm yard manure applied at a rate of 25 tonnes/ha. Lime
is applied after potatoes to avoid scab. Potassium sulphate may also be applied on lighter soils
(prior approval required).

51 Personal communication with Specialist Potatoes Limited 2003.
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Crop protection

As indicated above, organic growers can use permitted copper preparations to control blight at a
maximum rate of 8 kg copper/halyear until the end of 2005. With the majority of organic potato
growers using protective copper fungicides alternative strategies are being evaluated (Zarb et al
2002). Due to the aggressive nature of potato blight, satisfactory levels of control are unlikely to
be achieved through improvements/development of just one component of the blight management
strategy (Tamm et a 1999). Control systems for late blight in organic production therefore
increasingly have to rely on the appropriate integration of different control strategies such as
avoiding excessive crop nutrient supply, preventing incidence of primary inoculum sources and
preventing tuber blight by early foliage removal. Average cost of these actions are £50/ha.

Weed control

Normal practice isto use chain harrows, ridgers or purpose built weeders ten days after planting.
The number of passes depends on weed competition. Other practices include inter-row post-
emergent weeding and flaming. Average cost of weed control is £44.00/ha.

Nematode control
The main methods of control are use of resistant varieties and seven year rotations. Recently
converted organic ground not previously used for potatoes will usually be low in nematode levels.

4.4.4 GM developments in potato

During the 1990’ s considerable research was conducted by the public and private sector using
biotechnological methods to understand the plant genetics of:

Carbohydrate metabolism (targets improved quality);
Fungal resistance;

Virus resistance;

Herbicide resistance;

Metabolic change;

Insect resistance;

Marker gene development;

Nematode resistance.

VVVVVVYVYY

The main UK applicable example of GM potato research and devel opment is nematode resistance.
Thisis examined further in the sub-sections below (virus resistant and herbicide tolerant potatoes
are dso briefly considered). A more in depth examination of literature on the impact of this
technology is presented in appendix 5. A general description of technical developmentsin GM
potatoes (traits and trias) is also presented in Appendix 2.

4.4.4.1 GM potatoes. summary of international impact evidence

Thereis very little literature on the possible impact of GM potatoes in the UK context. GM
technology developments of relevanceto the UK are at least several years away and are till in the
early stages of development (nematode resistance). Drawing on the limited literature, the
technology may offer some farmers yield and quality improvements and may offer cost savings,
most notably in reduced use of fungicides and insecticides.  Applicability of the technology to the
UK is discussed further in the sub-sections below.

4.4.4.2 Generic cost issues. technology costs

The impact on costs and profitability of any GM potato application will be affected by the cost of
technology. The higher the cost, the lower the level of possible benefit is likely to be, and vice
versa. As relevant technology applicable to the UK is at least severa years away, no analysisis
presented of possible different levels of cost.
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4.4.4.3 Generic demand issues

Whether there is amarket for GM potatoes and whether there is a price differential between GM
and non GM potatoes are factors that may affect take up of the technology (see section 3 for more
detailed discussion).

a) Inrelation to whether there is amarket for GM potatoes, the analysis presented in section
3, suggests that (based on perceptions of current consumer attitudes to GM crops) as a
major share of potato usage is used for human food, thisis likely to be a crop in which GM
crop adoption will be potentially ow (relative to for example oilseed rape). Also, given
the market-led rgjection of the technology (virus resistant and herbicide tolerant potatoes)
in the US in 2000/01, GM potatoes are not currently high up the priority list for
commerciaisation by the biotechnology companies and potato breeders. However, some
potato use is for non food uses (eg, starch) where users are generaly indifferent to the
technologica origin of potatoes — thisis aso the sector that is currently pursuing
regulatory approval for potatoes containing a GM quality trait (potatoes with high
amylopectin levels) which will add value to the potato starch used in the paper sector.

b) Pricedifferentials between GM and non GM potatoes may affect the profitability impact
assessments made by farmers considering adoption. Such assessments should take into
account the limited nature of current farm level price differentials between GM and non
GM crops in generd and that the price differentia is not aways in favour of non GM
supplies.

4.4.4.4 Nematode resistant potatoes. possible impact in the UK

Transgenic resistance to potato cyst nematodes has been achieved but has yet to be commercialy
deployed. Severa distinct approaches are under development. The strategy based on the
expression of inhibitors (cystatins) targeted against nematode digestive cysteine proteinasesis
most advanced (eg, research at Leeds University). A series of small-scale UK field trials funded
by SEERAD has demonstrated that expression of a cystatin in potato confers partia resistance to
PCN on cv Desiree. These field trials together with containment glasshouse trias have established
effective resistance against many nematode species (eg. PCN on potatoes 79 + 9%, M. incognita
onrice 83 = 5%). Cystatins are highly biosafe; they are neither alergens nor toxins to mammals.
Cydtatins are present in common foods (maize and rice seeds; chicken egg white) and part of the
normal diet of people in the UK. Cystatins are environmentally biosafe and they do not harm non-
target insects such as aphids or leafhoppers when expressed congtitutively in potato. In addition
there is no evidence of adverse effects on aphid parasitoids. Promoters are available which restrict
expression of the protein to the feeding sites of PCN, further supporting the biosafe use of
cystatins. This approach results in minimal expression elsewhere in the plant including the tubers.
Current work has established that expression of cystatins either constitutively or mainly at PCN
feeding sites does not harm the soil microbial community or earthworms.

This demongtrates that it may be possible to develop a GM nematode resistant potato, however this
research is till at afairly fundamental level and is at least ten years away from possible
commercidisation. We do not provide any analysis of possible impacts on the UK potato grower
because there is no data ‘to work on’” from trias, as no field scale trials examining impacts on
yields, costs of production etc have yet been established. The only relevant benchmarks to
consider are that currently farmers spend an average of £235/ha-£294/ha on nematicides (this
accounts for roughly 15% of total variable costs of production) and the main method of current
control used (aldicarb) is scheduled for withdrawal from use post 2007.

4.4.4.5 Other GM potatoes: insect, virusresistant potatoes and herbicide tolerant potatoes:
possible impact in the UK

These potentia applications of GM potatoes in the UK are reviewed in appendices 2 and 5. GM
potatoes have been marketed and consumed in the USA and Canada and have demonstrated the
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opportunity for growers to reduce pesticide usage and costs. However, there is little prospect of
these products coming to the market in the UK over the next few years because a) the original
technology provider, Monsanto has withdrawn from the potato sector, b) Colorado Potato Beetleis
not a problem in the UK, so there would be no market and c) weeds are not amajor problem to UK
potato growers (relative to nematodes, viruses and fungal diseases).

4.5 Forage maize

4.5.1 The importance of forage maize in the UK

The area of forage maize in the UK is about 100,000 hectares, having increased from about 20,000
hain the early 1990s. The UK only grows 2,000 hectares of grain maize which includes sweet
corn in the south of England.

Forage maize is an important crop to the UK dairy industry, providing about 1.2 million tonnes of
dry matter, equal to 600,000 tonnes of whest, to supplement livestock rations over the winter.
Silage produced from forage maize is normally grown by individual farm enterprises for 'home' or
local consumption, and usualy for cattle feed. In dry conditions maize produces more forage than
ryegrass and with the introduction of new varieties the crop may be grown on awider scale if
warm, dry summers become more common.

Maize has a different and more effective mechanism of photosynthesis from all other mgjor crops
in the UK which ismeansthat it is most effective at warm temperatures. In an average growing
season in the UK, despite rapid advances in plant breeding, maize only just receives sufficient
degree-days and solar radiation to produce viable yields. UK growers are therefore recommended
not to grow the crop above 500 feet and not further north of Liverpool and Cheshire. The cropis
vulnerable to adverse weather conditions in its establishment stages where cold weather can ow
down establishment and allow weeds to become dominant.

A comparison of the total cost of producing forage for silage by growing forage maize relative to
whole wheat forage (approx, 10,000 ha grown) and permanent pasture illustrates the economic
importance of forage maize to the UK dairy industry (Table 29).

Table29: A comparison of forage maize ver sus whole wheat and per manent pastur e 2003
(E/ha)

ForageMaize WholeWheat Permanent Pasture®

Seed 111.15 49.40 0.00
Fertiliser 54.34 108.68 123.50
Sprays 66.69 1235 741
Cultivation, spray, fertilizer

spreading 12350 140.79 0.00
Foraging and clamping 111.15 98.8 271.70
Total cost before IACS 466.83 521.17 402.61
IACS -69.16 -239.59 0.00
Production cost with IACS 397.67 281.58 402.61
Fresh Weigh yidd (t/ha) 37.05 29.64 24.70
Dry matter (%) 32% 35% 25%
Dry yield (t/ha) 11.86 10.37 6.18
DM Cost with IACS (£/t DM) 3354 27.14 65.20
52 Assumes 3 cuts of silage and no value for late season grazing
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DM cost with no IACS (£/t DM) 39.38 50.24 65.20
Source: Kelly P (2003)

Approximately 80% of forage maizeis grown on IACS land and is therefore eligible for arable
area payments. The cost of producing one tonne of forage maize dry matter with IACS is around
half the cost of permanent pasture at £33.54 compared with £65.20/tonne. Without IACS area
payments forage maize is sill very price competitive £39.38/tonne/dry matter (DM) compared
with whole wheat at £50.25/tonne and permanent pasture at £65.20/tonne/DM. Whole wheat
forage requires higher levels of fertilizer, crop protection products and application costs.
Permanent pasture is more expensive as it requires three cuts of grass, harvesting and
transportation, followed by three fertiliser applications to optimize grass production.

A comparison of the nutritional value of forage maize compared to grass silage and whole also
illustrates the importance of the crop to the dairy farmer (Table 30). The data are typical values
achieved over the last two years from dairy farmersin the South West. Quality varies depending
upon growing conditions and climate. The average maize silage dry matter was 32% compared
with 35% for whole wheat silage and 25% for grass silage. Metabolisable Energy (ME) levels are
very smilar with protein levels for forage maize and whole wheat being lower than grass silage.
However, both forage maize and whole whesat a so provide a good source of starch which is not
available from grass silage.

Table 30: Nutritional values of forage crops

Maize silage Grasssilage Fermented whole wheat
DM% 23-44 17-45 30-50
ME (MJkg DM) 10.3-11.7 9.6-12.7 10.7-115
Protein % 6.5-10 9.5-17 5511
Starch % 10-38 - 835

Source: Kelly (2003)

4.5.2 Conventional forage maize production®

About 50% of the UK forage maize areais cultivated continuoudly for a 4-5 year period, the
remainder is cultivated annually in rotation. The ground is usually ploughed to incorporate surry
and farm yard manure (FY M) with sowing at the end of April-early May. The grower has awide
selection of hybrid varieties to select forage maize best suited to the farm conditions and rotational
constraints (for example follow-on planting of winter whest).

Forage maize seed costs £111/ha compared with zero cost for permanent pasture. The growing of
forage maize alows the dairy farmer the opportunity to utilize durry and farm yard manure in
early spring at arate of between 20-50 tonnes’ha. The incorporation of FYM by ploughing into
the soil/seed bed minimizes manure run-off which can occur when FYM is applied to permanent
pasture. Typically the forage maize grower will apply one application of fertiliser to top-up the
nutrient demands of the crop to optimize yield at £54.34/ha compared to three fertilizer
applications on permanent pasture, after each cut, at a cost of £123.50/ha. Applying slurry and
farm-yard manure for silage production on permanent pastures can also downgrade the silage with
contamination.

To control weeds an estimated 95% of growers typically use an application of atrazine, whichisa
soil residua broad-spectrum herbicide, either pre- or post- emergent (the split is estimated at 50:50
rising to 70:30). Depending upon soil type, the incidence of difficult weeds such as black

53 Source: Mostly from Kelly 2003, personal communication
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knightshade, and the rate of establishment of a crop canopy, a second application of either pyridate
or bromoxynil is made. A second application is estimated to be applied on 20%-40% of the crop
area. To ensure good weed control without the need for a second application post emergent, about
20-30% of growers are using a single application (mixture) of two residual herbicides atrazine and
pendimethalin.

4.5.3 Alternative productions systems: organic forage maize

The area of organic maize in the UK is estimated to be about 500 ha all of which is forage maize™.
The cost of production is estimated at £360/ha (excluding manure application) - £140/ha for
contract harvesting, £135/ha for seed, £35/hafor minera fertiliser and £50/ha for manual,
mechanical and/or thermal weed control (Lampkin 2002). These costs are very similar to
conventional forage maize with the exception of weed control where manual labour replaces the
cost of herbicide and spray costs. Weed populations may become very high in early May resulting
in high demands for labour and mechanical cultivation which may increase weeding costs
considerably.

No details are available on yield but given that both organic and conventional systems use farm
yard manure and slurry they may be very similar. However, organic growers are unlikely to use
their farm yard manure on forage maize if it is required on other cereal crops for soil fertility
building to maximize grain yields. The lack of availability of labour to control a flush of weedsin
mid-late May could also result in lower yields.

4.5.4 GM developments in maize

During the 1990’ s considerable research was conducted by the public and private sector using
biotechnological methods to understand the plant genetics of :

Herbicide tolerance;

Insect resistance;

Male stexility /nove hybrids;

Enzyme production and digestibility;

Fungal resistance;

Enhanced protein production;

Abiotic stress resistance (drought tolerance);
Carbohydrate metabolism (starch quality and content).

VVVVVYVYYY

The main UK applicable example of GM maize research and devel opment has been glufosinate
tolerant forage maize. Thisis examined further in the sub sections below. A general description
of GM developmentsin maizeis given in appendix 2. Analysis of findings on the commercia
impact of GM traits in maize (for herbicide tolerant grain maize and insect resistant maize) is
presented in appendix 5.

4.5.4.1GM herbicide tolerant (to glufosinate) forage maize: summary of international impact
evidence

We did not identify any published work on the possible impact of herbicide tolerant forage maize.
(it isnot currently commercially available to farmers and no trials data were identified). The
analysis presented in sub section 4.5.4.4 draws on findings relating to the possible application of
other glufosinate tolerant crops and examination of how the technology might apply to current
practice.

> Soil Association “in April 2002 there was 500ha of organic maize being grown in the UK (from our 'Food and Farming Report
2002). All of thisland areawould be producing maize for forage.” Personal communication 2003
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4.5.4.2 Generic cost issues. technology costs
The eventually impact on costs and profitability will be influenced by the cost of technology. The
higher the cost, the lower the positive impact on returns and vice versa.

Aswe have not identified any research that has examined the possible impact and/or imputed a
possible technology cogt, this element of analysis has not been undertaken in sub section 4.5.4.4
(we have no basis on which to impute a possible cost).

4.5.4.3 Generic demand issues
I ssues such as whether there is a market for GM forage maize and is there a price differential
between GM and non GM forage maize may affect use of the technology.

a) Inrdation to whether thereis a market for GM forage maize, the analysis presented in
section 3, suggests that because dl of the crop isfed to livestock, thereislikely to be a
reasonable market for GM forage maize, even if GM (grain) maize and sweet corn were to
be excluded from markets that service direct human food consumption.

b) Pricedifferentials between GM and non GM forage maize may, in theory, affect the
profitability impact assessments made by farmers considering adoption. However, as the
majority of the crop is consumed on-farm, the crop is not often traded, making this issue
largely redundant in any assessment of whether to adopt or not.

4.5.4.4 Glufosinate tolerant forage maize: possible impact in the UK

a) The technology

A summary of the technology is presented in section 4.2.4.4. Drawing on the information
presented in appendices 2 and 5, the possible impacts of using glufosinate tolerant forage maize to
the UK grower include:

» Possible cost savings;
» Possble yield increases.

These are discussed further below.

b) Possible reduction in production costs

Current levels of herbicide expenditure in the UK are fairly low at an estimated £6/hafor asingle
application with atrazine plus £9/ha application cost. Where atrazine is used in combination with
pendimethain herbicide total costs rise to £24.81/ha plus an application cost of £9/ha (Table 31).
Where a second, post emergent application with bromoxynil is applied after atrazine only, the total
cost is £24.20/ha plus £18/ha for application costs. The range of current costs is therefore £15/ha
to £42.2/ha. The likely cost under the glufosinate tolerant crop is either one application of
glufosinate post-emergent which would cost the grower between £16-£21.44/ha plus an application
cost of £9/ha (ie, total cost of £25/hato £30.44/ha) rising to between £54-£60.88/ha for two
applications based on 2 litres’ha (based on £8 to £10.77/litre for glufosinate).

However, the use of atrazine is becoming more restrictive and may be banned in the near future. A
recent opinion by the EU Standing Committee on Plant Health in January 2003 did not accept
some of the UK's calculations for predicted environmental concentrations of atrazine and its
metabolites in groundwater and concluded that the available monitoring data does not demonstrate
that concentrations of the active substance or its breakdown products will not exceed 0.1ug/l in
groundwater. The future for atrazine in the UK therefore appears limited.

If atrazine were to be banned growers would need to select alternative herbicides which would
increase cost. For example, if pendimethalin was used pre-emergent followed by bromoxynil post-
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emergent the total herbicide cost would rise to £37.01/ha plus £18/hafor application costs (total
costs of £55.01/ha). The glufosinate tolerant option would compare at anywhere between £25/ha
and £61/ha

On the basis of these costs, glufosinate tolerant forage maize would provide the largest cost
savings on herbicide use for farmers who currently use two sprays and could revert to one
application of glufosinate (also it would be attractive if atrazine were to be banned). Where
farmers would need to use two applications of glufosinate the cost savings would be significantly
reduced and may be margind.

If glyphosate tolerant forage maize was used, the likely cost of herbicides would probably bein the
range of £13/hato £27/ha plus application costs of £9/ha-£18/ha (ie, total cost of £22/ha-£45/ha).
This suggests that glyphosate tolerant forage maize would potentially be more attractive to farmers
from a cost saving perspective.

The authors do however, highlight that this analysisis not based on trials results and the UK’ s
Farm Scae Trials may provide more information on the dose rate and the number of treatments
likely to be used. This analysis aso takes no account of any seed premium/technology fee that
would be charged for the herbicide tolerant crop.

Table 31: Herbicide expenditure on forage maize

Herbicide Rate |/ha Unit cost per £/halapplication of

litre herbicide (excluding

application costs)

Atrazine 3.0 £2.00 £6.00

Pendimethalin 3.3 £5.70 £18.81

Bromoxynil (sometimesin 2.0 £9.10 £18.20
mixture with prosulfuron)

Glufosinate-ammonium 2.0 £8-10.77 £16-21.44

Derived from various sources

¢) Possible yield increases

The application of atrazine post-emergent can cause yellowing of the crop and is estimated to hold
back the crop by 5-8 days. Pre-emergent application with soil residua herbicides may aso slow
down the rate of seed germination which reduces the total number of sunlight hours the crop
absorbs solar energy and therefore crop yield. Detailed data is not available on thisimpact but the
use of a post-emergent contact broad-spectrum herbicide, such as glufos nate-ammonium or
glyphosate, that does not “knock-back” the plant and delay germination could increase yields by
between 10% and 20%. A 10% increasein yield this would equate to an additiona 1.19 tonnes of
maize dry matter which costs £46.70 (based on £39.38/t X 1.19) to produce.

Given the limited nature of the possible cost saving benefit identified above (ie, for some farmers
who currently only use one application of herbicide or in cases where the spray regime for the
herbicide tolerant crop requires two applications), take up of this technology in forage maize will
probably depend on its ability to deliver yield benefits to the levels suggested above. If it does not
deliver reasonable yield gains then after taking into consideration a need to charge some form of
technology fee or seed premium, the benefits to be derived by the UK forage maize farmer will be
limited to only some farmers. It may necessitate afairly low technology fee and/or be
accompanied by a reduction in the herbicide price (eg, of glufosinate) to facilitate take up.

The reader should, however note that there is very little data available (eg, trails data) on the
possible impact of herbicide tolerant forage maize (and none was supplied to us in the course of
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this study, other than personal communications). The analysis presented above is therefore
speculative and not based on empirical evidence of herbicide tolerant forage maize grown in the
UK (or elsewhere).

4.6 Herbicide tolerant crops in the rotation

In the sections above, we have reviewed the possible impact and adoption of a number of herbicide
tolerant crops in the UK. One point not examined in the crop-specific sections is the possible role
of herbicide tolerant crops within the whole arable farm context. It islikely that farmers faced
with the option of, for example herbicide tolerant wheat, oilseed rape and sugar beet would not
choose to grow the varieties containing the same trait in al crops (eg, glyphosate tolerancein al
three crops) but would use amix of herbicide tolerant crops and conventional crops (eg,
glyphosate tolerant sugar beet, glufosinate tolerant oilseed rape and conventiona whesat). In this
way this would contribute to minimizing the onset of weed resistance and problems of herbicide
tolerant volunteers.
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5 Impact on profitability: a case study (oilseed rape)

In this section, the analysis presented in the earlier sections has been drawn upon to suggest
assumptions that the Strategy Unit of the Cabinet office might use for its quantitative analysis of
the potential impact of GM crops on UK farming profitability. In essence this also acts asaform
of summary and conclusions for a case study crop, applicable to the UK context.

The case study assumptions and boundaries suggested are presented as a table supported by notes
relating to each assumption.

The summary table below provides an overview of the parameters that might be used by the
Strategy Unit for its quantitative (Spreadsheet) analysis of potential impact of GM technology on a
case study crop. The GM crop and trait(s) suggested for undertaking the quantitative analysisis
GM oilseed rape containing hybrid vigour derived from GM technology and herbicide tolerance
(to glufosinate). This crop case study is suggested for the following reasons:

» Oilseed rape is an important arable crop in the UK, accounting for about 10% of the UK
arable area”;

» GM oilseed rape has been grown commercialy in North America since 1996 and therefore
there are studies and analysis available about the commercia impact of the technology;

» These are probably the first GM trait(s) that will be available commercialy to UK farmers.

Table32: Herbicide tolerant and GM hybrid winter oilseed rape

| ssuelvariable Suggested boundaries for analysis
Likely date of commercial 2006-2008
availability to UK farmers

Oilseed rape farm level Forecast in five years time +8% relative to 2002/03 levels.

prices: generd Boundaries: no change to + 12%

GM versus non GM price No difference. Boundaries: 3% in favour of GM (cleaner seed

differential and higher oil content) to 3% in favour of non GM (sold into
human food uses)

GM market potential Likely no problem in finding outlets — maor markets in non food

use sectors (industria oils, biofuels)

Basdine farm gross margins  Adjust for price changes (see above) and apply MTR changes to
before assessing impact of area payments (higher rate/tonne but modulation applicable to
technology: year to be examined — eg, 19% for 2013)

Impact of GM technology on Assume +10%. Boundaries: +5% to +15%

yidd

Impact on total variable costs Assume no change. Boundaries: a saving of 5% to extra costs of

of production (excluding 5%

price of technology)

Longer term possible Amend impact on costs of production by 1% (ie, no change
implications (5-10 years after  becomes +1%). Boundaries no change to total costs of
adoption) of weed production to +2%

shifts/resistance and

volunteers

%5 The only crops with greater shares of the arable area are wheat and barley. These are not selected as case studies because a) in the
case of barley, thereisno on going GM research that is likely to deliver GM traits in foreseeable future and b) in the case of wheat, GM
products are at least several years away from possible commercidisation in the UK and there is very limited data available on possible
impact
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Other impacts. convenience,  Difficult to quantify. Assume no change (a conservative

impact on rotation assumption). Boundaries. +1% to revenue to —1% to revenue

Co-existence implications Assume additional costs involved for compliance audit

and compliance requirements  requirements (eg, adherence to SCIMAC type guidelines) at

(on GM producers) +0.5% to variable costs. Boundaries zero to +1% on total variable
costs

Co-existence implicationsfor  Assume zero provided that SCIMAC separation distances are
non GM producers complied with. Upper boundary: none suggested

Cost of technology to farmer  Assume +£15/ha on costs of production (or +60% on seed cost).

Notes

1

Boundaries: = +10/hato +20/ha

Date of commercialisation. This assumes the moratorium is lifted in late 2003 to late
2004 and allows time required to complete regulatory approvals process, seed trials and
bulking of commercia quantities of seed. Intotal 3-5 years from 2003. See appendix 2
for further details.

Oilseed rape farm level prices. Pricesin five years time based on forecasts for changes
in world prices (ie, increasing from current historic low levels because of increases in
global demand for oilseeds). See section 2.5 and appendix 1 for further details.

Price differential between GM and non GM . Range includes positive differentia in
favour of GM due to provision of cleaner seed (+1% to price) and higher oil content (+2%
to price) to asmdl farm level premiafor non GM (oil) material used in the human food
sector. See section 4.2 and appendix 5. Net effect would be as follows, take current price
= 100, add 8% for world price changes to 2008 and then either deduct 1% (to 7%) if GM
oilseed rape sdlls at a premium or add 3%, if non GM oilseed rape trades at a premium
Market potential for GM oilseed rape. Asthe mgority of oilseed rape is used in the non
food sectors (industria oils and animal feed), where there are lower levels of demand for
non GM supplies (relative to the human food use sectors), it is not expected that there
would be any significant problemsin finding outlets for GM oilseed rape. See section 3.1
and appendix 3.

Basdline gross mar gins befor e assessing the impact of GM technology. The basdine
dataisfor 2002 and is taken from section 4.2. These margins should then be adjusted to
reflect changes in the assumed price (see above) and changes to the level of area payment
that may arise from the Mid Term Review reform proposals (see section 2.3 and appendix
1).

Impact of GM technology on yield. Boundaries and average yield improvement
assumptions are based on the reviews of impact literature in North America, Australia and
UK-based tridls. The UK based trials demonstrate the highest yield gains and therefore
represent the upper boundaries used. The lower boundaries and average reflect findings
from other countries, although given that some of thisimpact is related to herbicide
tolerant oilseed rape without the benefit of the GM derived hybrid rigour, it is possible that
the lower boundary may be a conservative figure (ie, the lower boundary could be a higher
yield gain). See section 4.2 and appendix 5 for further details.

Impact on total variable costs (excluding price of technology). Boundaries and average
suggested based on the review of international literature (see appendix 5) and analysis of
possible impact in the UK context (section 4.2).

Longer term cost implications — possible development of weed resistance and
volunteer problems. Thisisaposshility to take into consideration for 5-10 years after

adoption. The lower boundary suggested (no change) reflects the possibility of no impact
on farm costs (ie, no problems with volunteers or resistance and/or the solution for
addressing the problems do not incur additiona costs). The average and upper boundaries
reflect varying degrees of additional problems but in both cases add only marginal extra
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costs. Thisreflects the existing practices for weed control on most farms whereby weeds
problems (including existing problems with weed resistance and volunteers) are dedt with
through the use of tank mixes of different herbicides. Any additional requirement to add
another or different (possibly more expensive) herbicide will have limited impact. See
section 4.2 and appendix 5.

9. Other impacts such as convenience, impact on rotations. Suggested boundaries are
based on the international literature review (appendix 5) and are conservative. This
reflects the limited nature of empirical evidence that has quantified these benefits. These
are aso often difficult to value.

10. Co-existence ‘compliance costsfor GM growers. These assume that some form of
guiddlines for GM crops must be complied with (eg, SCIMAC) and that there may be
costs involved in meeting these requirements. Given that most of the guideline
requirements relate to good agricultural practice and the type of measure already
undertaken as part of a quality assurance scheme (eg, Assured Combinable Crops
Scheme), the additional costs will, on average be related to compliance audit costs only.
The boundaries used are based on existing fees charged for membership of schemes for
which independent inspection to confirm compliance of conditions is undertaken (see
sections 3.3 and 4.2, and appendix 4). It isaso possible that these inspections might be
undertaken as part of the farm audits proposed in the Mid Term Review. |f so, the costs
involved might also be wholly, or partly covered from CAP funding.

11. Co-existence ‘costsfor non GM growers. The zero cost assumes that the SCIMAC
guidelines for separation distances are a condition of use (50 metres for non GM crops and
200 metres for organic crops). No upper boundary is suggested because these separation
distances possibly have significant ‘margin for error’ built into them. For example, in
Australia, co-existence is considered to be deliverable with non GM crops a a5 metre
separation distance and Ingram (2000) recommended that a 1.5 metre separation distance
would ensure that a 1% tolerance for cross pollination could be met. Also, thereis no
empirical evidence available to suggest that adventitious presence of GM materia in non
GM crops will be a problem at these separation distances. See sections 3.3 and 4.2, and
Appendix 4.6 (notably work by Rieger et a 2002).

12. Cost of technology. Boundaries used are based on asimple rule of thumb (see sections
4.1 and 4.2) that relates the cost charged for the technology relative to the possible farm
level benefit. Commercia realities may differ significantly from this and therefore the
cost of the technology could be higher or lower than the range suggested.
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Appendix 1: Future policy and market environment likely to be

faced by UK farmers

This appendix provides an overview of the likely direction of the parts of the Common
Agricultural Policy (CAP) that have direct relevance to arable crop production in the UK together
with discussion of other market and institutional factors that will affect UK arable crop farming.

The rationale for providing this discussion is to help frame the upper and lower bounds for the
possible adoption and impact of GM crops in the UK that the Strategy Unit of the UK Cabinet
Office is undertaking.

A 1.1 CAP policy

A 1.1.1 General

The foundation for the CAP in the next few years will be the nature of the regime set by Agenda
2000 plus what is ultimately agreed in respect of the provisions of the Mid Term Review (MTR)
proposals of January 2003 (Com 2003, 23 Final). The policy context below assumesthe MTR is
adopted as proposed for ceredls, oilseeds and pulses. Section 4.1.4 offers our views on the likely
changes that may occur in sugar palicy.

A 1.1.2 Cereals

Key support mechanisms relevant to the UK

> Intervention support prices for common wheat, barley and maize set at €95.35/tonne from
2004/05;

» Areapayments payable on cereal crops based on relevant (existing) regional reference
yields multiplied by €65.98/tonne less any penalties applied for overshooting maximum
guaranteed aress;

» Degressive modulation of the above area payments will occur. All member states are
required to modulate progressively at rates that vary according to the level of direct
payments received. For farmers annually receiving under €5,000 per year, no direct aid
reduction will apply, for farms receiving between €5,000 and €50,000 per year, cuts begin
a 1% in 2006, increasing progressively to 12.5% by 2012 and for farms receiving over
€50,000 in direct payments per year, the aid cuts applied will begin a 1% in 2006 and
progressively rise to 19% by 2012. This modulation money is to be used to fund
additiona rural development measures;

» Thebaserate for set-aside is 10% - set for a minimum period of 10 years, is non rotational
and known as environmental set-aside.

Changes implemented as a result of the Mid Term Review

» Reduction in the leved of intervention price for wheat, barley and maize by 5% (based on
the pre Agenda 2000 level) — the intervention price therefore falling from €101.3L/tonne
by €5.96/tonne to €95.35/tonne;

» Abolition of intervention for rye;

» Compulsory degressive modulation introduced on area payments — a possible 19% cut
applicable on dl farms receiving more than €50,000/year by 2012 (starting in 2006/07).

Page: 93

Final report for the SU by PG Economics Ltd



Consultancy support for the impact of GM crops on UK farm profitability

A 1.1.3 Oilseeds and protein crops

Key support mechanisms

» No provision of intervention support for any crops;

» Area payments payable on oilseeds (rapeseed, sunflower, soya, linseed/flax) and protein
crops at the same rate as cereals for cereals (€65.98/tonne) and using cereal reference
yields. Protein cropsto receive an additiona €9.5/tonne (set at €55.57/ha) supplement;

» Degressive modulation — see cereals above;

» Thebaserate for set-asideis 10% (see cereals).

Changes implemented as a result of the Mid Term Review

» Increasein area paymentsin line with cereals (as aresult of the lowering of the cereal
intervention support price);

» Removd of oilseed-specific maximum guaranteed areas (strictly speaking not part of the
Mid Term Review but as a result of the alignment of oilseed area payments with cereal
area payments”®);

» Set-aside land can no longer be used to grow oilseeds for energy (biofuel) crops—an
additional aid (not crop-specific) of €15/hais however available up to an EU maximum
guaranteed area of 1.5 million hectares for plantings on non set-aside land;

» Compulsory adoption of degressive modulation — see ceredls.

A 1.1.4 Other crops

Although strictly falling outside the Mid Term Review, the sugar regime is likely to have begun
implementation of reforms in the next few years. Proposas for reform are likely to be proposed in
July 2003 (after the Mid Term Review has been agreed) and will be scheduled for implementation
from 2006/07 onwards. In the sugar sector, the reforms are likely to result in (these are persona
views expressed by the authors):

» Cutsinthe A and B production quotas possibly equal to 5% per year over afive year
period to 2011/12;

» A 30% cut in the intervention support price for sugar and the minimum prices paid to
farmersfor A & B sugar —to be implemented over the same five year period. For
example, the A Quota price paid to farmers would fall from €47.01/tonne (current) to
€32.91/tonne in 2010/11,;

» provision of direct (area) payment compensation for these support price cuts phased in
over 5yearsbased on atarget of the cereal rate (proposed at €66/tonne but currently
€63/tonne) payable at the cerea referenceyield. Based on average EU sugar beet and
cereal yields the provision of area payments would be roughly equal to 48% compensation
for the cutsin price support;

» digibility to plant sugar for non food (biofuel) purposes.

As Agenda 2000 has effectively set the area payment rate at a uniform level for most arable crops
(supplements for durum whest, rice and protein crops excepted), the MTR proposes to decouple
direct payments and to make as a condition for receipt of payment, compliance with mandatory
environmental standards (based on respect of statutory ‘good’ management practices). Details of
how these elements of support delivery administration may work have not yet been put forward.

Overadl, the measures proposed in the MTR will, if adopted, move more of the agricultural budget
out of commodity-based support (known as market measures and direct payments) and into rura

% The EU Commission assumes that the alignment of the cereal and oilseed area payments frees the EU from its Blair House
obligations to limit support to the oilseed sector, as limited by the oilseed-specific MGAs. It is assumed that thisis not chalenged by
the US government.
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development. Potentially this should make additiona provision of funds for agri-environmental
and organic development measures at the national and local level according to national and
regiona priorities. However, the bulk of agricultura support payments will continue after the
MTR to be based on market measures/direct payments. Thusin the 2003 EU agricultural budget
of about 45 hillion euros, 90% was accounted for by market measures and direct payments. This
share would fall, if the MTR proposals are adopted, to about 87%-88%.

A 1.2 Trade environment
There are three key trade environment issues of relevance:

a) EU accession of possibly 10 new membersin 2004: countries such as Hungary and
especidly Poland have significant agricultural sectors and, in general, their respective
agricultural sectors operate to alower average cost base than counterpartsin the EU. An
amost inevitable consegquence of the EU expanding to 25 countries will be increased
levels of competition within the enlarged market.

b) WTO —the Millennium Round. It is uncertain when this Round will be finalised and
agreed for implementation. A reasonable suggestion is implementation from (July)
2005/06. All measures agreed are likely to be implemented over asix year
implementation period (as was the Uruguay Round). For the purposes of this project the
most important and relevant provisions we assume are likely to be agreed are:

» A further cut in the value and volume of mainstream commodities on which
export subsidies can be paid each year (total eimination is a possible outcome).
These cuts to be made relative to the original base used in the Uruguay Round
Agreement. Additional provisionsto limit the use of export credit/guarantees, the
provision of exports as food aid and activities of State Trading Enterprises are also
likely be agreed;

» A further cut (base = the origin bases used for the Uruguay Round) in the level of
import duties. In ceredsthisis not likely to have a mgjor impact because of the
mechanism and level of duties applied in recent years and the volume of import
free or reduced duty ceredls that can enter the EU. Infive yearstime, the EU is
likely to be importing broadly similar volumes of cereals as in 2002/03 and any
further import duty cuts agreed in the next WTO are unlikely to have a significant
impact on EU cereal markets — the same will apply to oilseeds which effectively
trade at world market prices aready and which are subject to zero import duties
currently. Therefore this measure has most relevance to the sugar sector (see also
) below);

» A commitment to further reduce the level of Aggregate Measurement of Support
(AMS);

> Probable retention of the designation of ‘ Blue box>” for direct payment support
measures (ie, the direct payments mechanisms that now form an integral part of
the CAP) or classification of degressive modulation as ‘Green Box'. Either way
this would mean that these support measures will continue ‘not to count’ against
AMS reduction commitments. However, countries like the EU retaining such
measures will commit to reduce the level of support to Blue Box measures over
the period of implementation of the Round (probably an agreement to reduce by

57 Blue Box payments do not currently ‘count’ against the requirements to reduce AMS. The main classification of Blue Box payments
are the direct payments paid in the EU and these are being targeted by some WTO partners for re-classification as Amber Box payments
which would count against AMS caculations. Green box payments, mainly relate to what are sometimes referred to as production
neutral support mechanisms (including notably agri-environmental schemes) and do not count against AM S calculations
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15%-20% to 2012) in line with the degressive modulation provisions in the Mid
Term Review.

¢) Everything but Arms Agreement. This agreement will have amajor influence on the EU

sugar market because it will, by the marketing year 2009/10, permit the duty-free
importation of sugar into the EU from the 48 least developed countries of the world. In
the interim period, starting in 2001-02, a duty/tariff-free quota (starting at about 197,000
tonnes of sugar and rising by 15% per year) has been established for sugar imports from
these countries and starting in 2006-07, the * generally applicable’ import duty on sugar
from these countries is to be reduced in successive stages of 30% in 2006-07, 50% in
2007/08, 80% in 2008/09, culminating in duty-free access in 2009/10.

A 1.3 Prices

Table 33 summarises our price projections for key arable crops grown in the EU in five years time
based on a combination of market forecasts (eg, USDA, European Commission) and forecasts of
changes to the EU support mechanisms, where these play an important role in influencing internal
EU price levels (notably for sugar). The following assumptions have been made:

>

>

The € to $ exchange rate is assumed to be parity (ie, it has fluctuated significantly over the
last year but is assumed to be parity largely for smplification of the analysis);

The US Farm Bill of 2002 (the Farm Security and Rura Investment Act - FSRIA) sets the
base for US support prices operating in 2008. In turn, asthe US is aleading exporter of
wheat, maize, barley and soybeans, these support prices have an impact on world prices.
In sum, the 2002 US Farm Bill is likely to result in support levels for cereals grown in the
USrising relative to the level of support for soybeans. It is assumed that this will
contribute to US plantings and production of cereals being higher than otherwise and
plantings/production of soybeans being lower than otherwise (ie, if the pre-2002 Farm Bill
support regime operated). In turn these changes to production will contribute negatively
on world prices for cereals and positively on world prices for soybeans™;

EU proposals for requirements on the share of bio-fuelsin total fuel usage are assumed to
be largely adopted ‘ as proposed’ in 2001 but not on a compulsory basis. Thisis assumed
to boost demand for oilseeds, notably rapeseed and provide a small, positive contribution
to internal EU oilseed prices,

Intervention for rye is abolished so that intervention is no longer an attractive and regular
‘target’ market for farmers — this will contribute to a significant fall in internal EU prices
for rye;

The sugar regime is finally subjected to reform and support prices are to be reduced by
30% over afive year period starting in 2006/07.

Table 33: Forecast farm level market pricesin five yearstime (2008) - % differencesrelative
to 2001/2002 prices

Crop EU 15 countries
Soft wheat 0

Feed barley -1

Grain maize +1

Rye -15
Oilseed rape +8

Sugar beset -18

%8 US domestic policy changes will affect the world markets for wheat, barley, maize and soybeans (and other oilseeds) because of the
importance of the US asaglobal exporter of these commodities
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Note; All changes take into account forecast changesin world prices, implementation of the Mid Term Review, EU
accession effectively from 1.1.2005and sugar reform implemented from 2006/07

A 1.4 Biofuels

The EU Commission put forward a proposa in 2001 that, if adopted, will require al Member
States to target biofuels accounting for 2% of total petrol and diesel used by road transport in 2005.
This share of the fuel market is expected to rise by 0.75% per year up to 5.75% in 2010. In
2008/09, the requirement would be 4.25% of total road transport fuel derived from biofuel sources.

To achieve these goals, a number of measures are proposed (notably the provision of tax
incentives), including the *encouragement’ of the EU agricultura sector to grow suitable crops for
the manufacture of biodiesel (sugar beet, cereals (notably maize) and oilseeds (notably rapeseed).
The MTR proposes an energy crop supplement payable of €45/hectare. As such, these measures
are likely to encourage additional plantings of suitable arable crops.
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Appendix 2: GM technology developments in arable crops of
relevance to the UK

A 2.1 Oilseed rape

Rapeseed (Brassica napus) has a diploid chromosome number of 38 and is sdlf-fertile, with about
80% of the seed arising from self-pollination. Historicaly, breeding programmes have emphasised
recurrent and mass selection for particular agronomic or biochemical traits. Crosses among the
various Brassica species have been widely used to broaden the genetic base. Over the last ten
years breeders have introduced top cross, restored and composite (variety associations) hybrids.
The first successful composite hybrid was introduced onto the UK market in 1996 and the restored
hybrids from 1997. Hybrids have been moderately successful and now account for 12 out of 23
varieties on the UK Recommended List, but only account for 20% of the UK crop area as farmers
prefer to have the option of farmer-saved seed which is not possible with hybrids. The
conventional variety Winner introduced in 2002 is very competitive with hybrids and has the
added advantage that farmers can produce farmer saved seed.

The typical period to breed a new variety isthree to five years from the initial cross to entering
officid list trials. National List trials and multiplication will require an additiona three years.
When introducing a new gene using genetic transformation a breeder will require an additiona two
to four yearsto alow for gene stability and expression testing and field evaluation before back-
crossing or pedigree breeding to produce a new variety. The cumulative time period from initial
gene insertion to the commercia grower is therefore between eight and ten years.

The introduction of hybrids has made the oilseed seed market more attractive to plant breeders,
dthough with an estimated EU farm level retail vaue of about €135 million, it is equa to only
10%-12% of the EU maize seed market (and hence is a less attractive market to seed companies).
Historically individual varieties have obtained substantial market shares and have remained
competitive over several years. However, with the introduction of hybrids there is now a quicker
turnover of varieties, resulting in lower market shares and variety-life.

By far the most important agronomic trait under development in the EU has been herbicide
tolerance, followed by the development of novel hybrid rape (Table 34). The main herbicide
tolerance traits have been glufosinate followed by glyphosate and to a very limited extent, oxynil.
Work on fungal resistance and lipid metabolism has remained at a fundamenta level with no
serious effort to develop commercia GM varieties in Europe.

The rapid dow down in new trials across Europe in 2001 and 2002 has resulted in a near
termination of GM oilseed rape development. Bayer CropScience are persevering with their
glufosinate and novel hybrid technology but they have aso withdrawn from a number of trials.
Monsanto are currently not requesting approval for cultivation of their glyphosate tolerant oilseed
rape in Europe (Table 35).

Table 34: Oilseed rapetraitstrialed in the EU 1998-2002

Total

Trait

Herbicide tolerance 97
Male sterility 39
Fungal resistance 13
Lipid metabolism 11
Devel opment 10
Metabolic change 7
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Marker gene

Fruit ripening

Insect resistance
Carbohydrate metabolism
Protein production

Total traits 186

Total trials 125
Source: PG Economics
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Table 35: Oilseed submission under 2001/18 Part C (asat 17 February 2003)

GM trait GM Event/Applicant/Use
Glyphosate tolerance Monsanto: GT73 —import and food use but not for
cultivation in Europe

Seedlink InVigor hybrid + glufosinate  Bayer CropScience: Ms8 x Rf3. Import, use and

cultivation

Glufosinate tolerant Bayer CropScience: T45 Import and use only

Glufosinate tolerant Falcon Bayer CropScience: GS40/90pHoe6/Ac. Import, use &
cultivation

Glufosinate tolerant Liberator Bayer CropScience: Liberator pHoe6/Ac Import, use &
cultivation

Source: EU JRC

In 1994 the UK considered GM rape known as ‘"M S1RF1' tolerant to the broad spectrum herbicide
‘Liberty' (glufosinate ammonium) and producing hybrid seed, from the company PGS (now Bayer
CropScience) in an application for a Part C approval under Directive 90/220 for seed production.
After due consideration and agreement by member states, the UK issued consent in 1996. A
further application under Part C was made through the French Authorities for general cultivation
and animal feed. Approva was given by most member states in 1997, although the French
Authorities did not issue the consent. UK National List seed trias for avariety of this rape were
complete and the ail is approved for food use. The moratorium, however blocked the fina
approva of thisline. It has subsequently been superseded by M S8RF3, which does not use an
ARM (antibiotic resistance marker).

In October 1998 MS3FR3 was in the final stages of the Part C process and National List trialsin
the UK. However, concerns about the environmental impact resulted in the Event being blocked
by the moratorium. It isnot known if the varieties developed back in 1998 are of limited
commercial value today as they would have been incorporated into parental lines which have
subsequently been superseded by other hybrid and conventional varieties.

Bayer CropScience has branded its novel male sterility + glufosinate “InVigor” hybrid rape.
Commercia material is marketed in the USA and Canada, and Bayer CropScience is seeking
approvd in Augtralia. To coordinate its globa marketing strategy Bayer CropScience is planning
to use the MSBXRF3 Event in all new varieties. By February 2003, Bayer had applied for import,
use and cultivation for Event Ms8 X Rf3 (which has superseded the old event Msl X Rf2 which
used an antibiotic marker). Bayer CropScienceis also seeking import, use and cultivation
approval for glufosinate tolerant oilseed rape using Event pHoe6/AC.

It isworthy of note that Monsanto has not yet submitted an application for cultivation of
glyphosate tolerant oilseed rape in the EU, only for import and use. This may be a commercia
decision, which takes into consideration glyphosate’ s use as an oilseed rape desiccant and the need
to remove volunteers (possibly glufosinate tolerant) in the oilseed rape-whesat crop rotation.
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A.2.2 Sugar beet

Almost all sugar beet seed used in the UK is now genetic mono-germ. Varieties are hybrids (either
diploid or triploid) and a complex system of male sterile and restorer linesis used to produce seed.
Plant breeders usually maintain close control of parental lines and seed production.

Using conventional techniques, the development of new sugar beet varieties requires 10-12 years
from the initial crossto commercial release. Thistime period can be shortened by two to three
years by producing two generations a year in greenhouses and bulking up large quantities of seed
prior to acquiring official recommendation on nationa lists.

GM traits can be incorporated into elite parental lines by back-crossing, entering into field tria
evaluations and comparisons with other hybrid combinations. With official nationa list trids
taking an average of three yearsin Europe it is estimated that, from initia transformation to variety
release, takes six to nine years.

By far the most important agronomic trait under development has been herbicide tolerance (Teble
36). The main herbicide tolerance traits have been glyphosate followed by glufosinate. Work on
other traits has been of a fundamenta nature with no serious effort to develop commerciad GM
varieties.

The rapid dow down in new trials in 2001 and 2002 has resulted in a near termination of GM
sugar beet devel opment.

Table 36: Sugar beet traitstrialed in the EU 1998-2002

Trait Total
Herbicide tolerance 109
Virus resistance 15
Marker gene 9
Fungal resistance 3
Carbohydrate metabolism 2
Male sterility 2
Stress resistance 2
I nsect resistance 2
Nitrate metabolism 1
Total traits 145
Total trials 119

Source: PG Economics

An application from Monsanto to market GM fodder beet tolerant to the herbicide 'Round-up'
(glyphosate), was made through the Danish Authoritiesin 1997. Both GM herbicide tolerant sugar
beet and fodder beet have aso been extensively trided in the UK, France and Denmark. The
moratorium resulted in EU product approval (Part C) for commercid cultivation for glyphosate
tolerant sugar beet being stalled in early 1999. Monsanto also applied for novel foods approval for
foods and food ingredients derived from Roundup Ready sugar beet. Theinitial assessment report
is «ill pending.

Monsanto have aso worked closely with sugar beet breeders who have incorporated glyphosate
tolerance into their elite germplasm. The submissions that have been made by Monsanto in
collaboration with Syngenta and KWS are for import, use and cultivation and relate to Events H7-
1 and T9100152.
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Table37: Sugar beet - EU regulatory status (asat 17 February 2003)

Trait Regulatory approval date

90/220 Environmental release

Pending (Part C)

Glyphosate tolerance/fodder beet Monsanto/DL F/Danisco - 1998 Production of seeds and

roots, animal feed (Stage 5 of Part C)
258/97 Novel foods
Pending
Glyphosate tolerance Monsanto — Foods and food ingredients
2001/18 Part C
Glyphosate tolerant (RoundupReady)  Monsanto - T9100152. Import, use & cultivation
Glyphosate tolerant (RoundupReady) KWS SAAT, Monsanto H7-1 Import, use & cultivation

A.2.3 Potato

Genetic transformation of potato is relatively straight forward, athough the time required to breed
new varieties and multiply commercia quantities of potato seed is extensive and expensive.
Traditional potato breeding requires 12 to 15 years and due to the inability to back-cross breeding
lines to remove undesirable effects the advent of genetic engineering offers the breeder an
atractive technical proposition as an additional tool. The Netherlands and the UK are the main
breeders and multipliers of potato seed in Europe due mainly to climate, location and
infrastructure.

In the 1990’ s the technology providers were working with breeders with established varieties and
adding single/multiple gene Events. The time from transformation to the market, including trials
and seed multiplication, isin the region of 10 years.

Breeders earn royalties based on the area of seed certified and seed retailers on margins resulting
from the contracting of seed multiplication and sale to farmers. Co-operatives play amaor rolein
the seed trade across the EU. There are also alarge number of small *hobby’ breeders. Single
varieties can be successful and dominate the market (eg, Bintje in the Netherlands for French
fries).

By far the most important agronomic trait under development in Europe has been alterations to
carbohydrate metabolism. The two main targets have been high amylopectin potatoes and
improved processing potatoes. Other traits have been evaluated but none serioudly for the
development of commercia varieties (Table 38).

As the potato is a good modd crop for the molecular biologist it was used extensively in the early
1990s to evaluate GM technology (eg, for virus resistance using coat protein technology).
However, with the development of robust gene transformation and regeneration protocols in other
crops and the imposition of the moratorium, the number of field trials has fallen at the same rate as
trials for maize, oilseed rape or sugar beet.

Table38: Potatotraitstrialed in the EU 1998-2002

Trait Total
Carbohydrate metabolism (targets improved processing quality) 53
Fungal resistance 10
Virus resistance S
Metabolic change 8
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| nsect resistance

Marker gene

Devel opment

Nematode resistance
Bacteriaresistance
Inducible gene expression
Nitrate metabolism
Amino acid metabolism
Stress resistance

Total traits 102

Total trials 95
Source: PG Economics
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Three major companies account for 38 out of 95 trails, the remaining 57 tria's being conducted by
32 different organisations, of which 38 trias were conducted by public organisations (eg,
universities, ingtitutes undertaking fundamental research).

Table39: Potato - organizationsinvolved in EU field trials 1998-2002

Bayer CropScience 15
Syngenta 13
Amylogene HB, Sval6f Weibull AB / BASF 10
Max-Planck

IPK Gatersleben

INRA

Advanced Technologies Limited

Swedish University of Agricultural Sciences

BBA

BZK

Danisco Biotechnology

Germicopa S.A.

Metapontum Agrobios Sl

Scottish Crop Research Institute

Technische Universitét Miinchen

CIMA

AVEBE Research & Development

Bioplant, Biotechnol ogisches Forschungsabor GmbH
Boread Plant Breeding Ltd.

Cooperative Telervereniging voor de Afzet van Landbouwproducten "De
ZP.C"B.A.

DLF-Trifolium A/S

Eberhard-Karls-Universitét Tibingen
Georg-August-Universitét Gottingen
GSF-Forschungszentrum fir Umwelt und Gesundheit GmbH
HZPC Holland BV

Instituto de Tecnologia Quirrica e Biologica
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Instituto of Sustainable Agriculture
Monsanto Company

Plant Research International BV

PlanTec BiotechnologieGmbH

Solavista GmbH & CO KG

The National Institute of Agricultural Botany
Universidat PUblica de Navarra

Universitét Hohenheim

University of Leeds

Total
Source: PG Economics
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Although there have been alarge number of field trials only one submission has been made by
Amylogene under Part C of 90/220 for industrial starch varieties with altered starch (high
amylopectin) composition. In July 2002 this application obtained a favourable opinion from the
EU Scientific Committee. In February 2003 the company re-submitted under the requirements of
the amended Directive 2001/18. No submission has been made under the Novel Foods Directive
as the extracted starch will be identity preserved and used only in the paper industry.

Table40: Potato - European regulatory status (at 17 February 2003)

Trait Regulatory approval date

90/220 Environmental release Pending Part C

Altered starch composition Amylogene — 2002 (Part C Stage 5)

2001/18 Part C

Altered starch composition EH92-527-1 Amylogene. Industrial use, cultivation
A 2.4 Maize

Maize is a cross-pollinated crop that can be easily controlled by breeders to produce hybrids. The
simple process of flower or silk removal is the basic principle behind the development of hybrid
maize. Breeders develop parental lines which, when crossed, produce hybrid seed. The technique
is labour intensive but the increase in crop yields is considerable (a multiple of 3-4 compared to
non-hybrids). The time from initial cross to commercia release can take severa years, but with
higher multiplications rates and detailed information on parental linesit is possible to introduce a
new variety in 4-6 years, though normally the expected time period is 7-9 years.

In addition to this period is the time to undertake gene transformation and expression trials
required to get aforeign gene stably introduced into elite breeding germplasm that can then be
used in avariety development programme. From initial gene transformation to the commercial
farmer can therefore take between 7-10 years.

The EU maize seed market (including forage maize) is estimated to be worth around €1,200-
€1,300 million and is characterised by relatively high margins on seed sdles. It ishighly
competitive with many organizations working with seed multipliers and distributors to introduce
new and improved varieties. For example, in France there are hundreds of varieties listed and
between 50-100 new varieties launched each year. The commerciad life of avariety is therefore
very short (5-7 years) with new varieties offering dightly better characteristics (eg, yield, time of
flowering/harvest, disease tolerance, drying costs, stem content). Given these dynamics and the
need to develop varieties for different locations no single variety can usually expect to obtain
greater than 2%-4% market share.
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An overview of the importance of different traits can be summarised by analysing the EU’s SNIF
database of GM field tria applications. Using each reference asasingle tria (eg, herbicide
tolerance and insect resistance are listed as two separate traits) there have been 290 traits trialled
over 218 separate trials between 1998 and 2002.

Herbicide tolerance and insect resistance dominate, accounting for 52% (153 trials) and 35% (103
trials) respectively of the European maize traits evaluated in field tridls.  The dominant herbicides
are glyphosate and glufosinate. The other traits of importance with near term prospects are novel
male sterility being devel oped by BioGemma (Limagrain) and improvements in digestibility.

Table4l: Maizetraitstrialed in the EU 1998-2002

Trait Number of trials
Herbicide tolerance 153

I nsect resistance 103

Male sterility

Metabolic change
Enzyme production
Fungal resistance

Protein production

Stress resistance
Carbohydrate metabolism
Endotoxin expression
Frost tolerance

Marker gene dimination
Virus resistance

Total traits

Total trials 218

Source: PG Economics
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Table 42 below lists 35 organizations that have undertaken the 218 GM maize trias across Europe
in the 1998-2002 period. The magjor players are Monsanto, DuPont, Syngenta, Limagrain and
Bayer CropScience. The two lead technology providers Monsanto (Glyphosate) and Bayer
CropScience (Glufosinate) have worked closely with the lead breeders to maximise the possibility
of getting their traits incorporated into arange of varieties required for the different agronomic
conditions across the maize growing regions of Europe.

Monsanto has been concentrating its ‘ collaborative’ efforts with the leading French maize breeders
— Limagrain, Coop de Pau, Maisadour and Syngenta which account for around 40% of the seed
market. Bayer CropScience has agreements with Pioneer, Syngenta, Limagrain and other maize
breeders across Europe.

The importance of the relationship between the technology providers and the breeders cannot be
under estimated, as without it, the technology provider will not obtain the breadth of exposure in
the germplasm base to obtain good market penetration.

Table42: Maize - organizationsinvolved in EU field trials 1998-2002

Applicant Total
Monsanto 45
Du Pont/Pioneer 3
Syngenta 3
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Limagrain 22
Bayer CropScience

Meristem Therapeutics

Asgrow

RAGT

Association Générale des Producteurs de Mais (A.G.P.M.)

Dow

EMILSEMA

Instituto Sperimentale per la Ceredicoltura-Sezione di Bergamo
Maisadour

SENASA

Agrar Semillas SA.

KWS

Pau-Euralis

Verneuil Semences

Consiglio Nazionale delle Ricerche

Coop de Pau

GEVES

Hellaseed SA.

Instituto Nacional de Investigacion y Tecnologia Agrariay Alimentaria
CNR lIstituto per lo Studio degli Ecosistemi,

Istituto Sperimentale per la Patologia Vegetale di Roma

JP Sampoux Pau Semences (Groupe Pau Euralis)

Koipesol Semillas, SA.

Mai's Angevin

ORSEM Hyhbrides

Pausemences Avenue Gaston Phoebus - BP29 -

Rustica Prograin Genetique

SDME

SHia

Seminis Vegetable Seeds Iberica SA.

Universitét Hohenheim, Institut fur Phytomedizin

Total 218

N
=
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Before the moratorium was imposed the technology providers and breeders were rapidly
advancing the commercialisation of GM maize in Europe. Table 43 below illustrates the breeders
and traits that are the subject of EU environmental and market rel ease regulations.

Due to the moratorium and the introduction of the Novel Foods Regulation (EC) 258/97 only one
maize line developed by Syngenta— Bt-176 — obtained full environmental and marketing approval
and is currently marketed in Spain. In addition, in 1995 Bayer CropScience (AgrEvo) applied
through the French Competent Authorities for EU-wide product (Part C) approval for import,
cultivation and animal feed use for T25 maize tolerant to the herbicide glufosinate ammonium
(trade name 'Liberty"). After due consideration by member states consent was granted by the
French in August 1998. However this variety has yet to be marketed as it has not been entered on
the EU Common Catalogue.
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The introduction of the Novel Foods Regulation resulted in the other GM maize lines pending
approva and waiting for the lifting of the moratorium. The magjority of which have been
withdrawn due to the elgpsing of time and the need to remove antibiotic resistant markers (ARMS).

As of the 17" February 2003 seven Events have been re-submitted and placed on the EU’s JRC
central database, although some other Events that were pending have been submitted to Competent
Authorities by the 17" January 2003 but have not yet been forwarded to the Commission (eg, Bt
11 in maize, re-submitted in France).

Table43: Maize - EU regulatory status

Trait Event/Applicant/Regulatory approval/date
90/220 Environmental release
Approved
Glufosinate tolerance T25 (Bayer) — 1998 — import & cultivation
Corn Borer resistance (Bt) Bt-176 (Syngenta) — 1997 — import & cultivation
Mon 810 (Monsanto) — 1998 — import & cultivation
Glufosinate + Corn Borer (Bt) Bt-11 (Syngenta) — 1998 import and processing — no cultivation
Pending (Part C)
Glyphosate tolerance GA 21 (Monsanto) 2000 (Stage 5 of Part C)
Corn Borer resistance (Bt) MON 809 (Pioneer) 1998 (Stage 6 of Part C)
Glufosinate tolerance + Corn Borer Bt-11 (Syngenta) 2000 (cultivation only) (Stage 4 of Part C)
resistance (Bt) T25 + MONB810 (DuPont/Pioneer) 1999 (Stage 4 of Part C)
258/97 Novel foods Pending
Glyphosate tolerance GA 21 (Monsanto) — 2002
Corn Borer resistance (Bt) Bt-11 (Syngenta) — 2002
MaisGard/Glyphosate Monsanto — 2000

Glufosinate tolerance + Corn Borer T25 + MON810 (DuPont/Pioneer) — 2000
resistance (Bt)

Glyphosate tolerance Line NK603 (Monsanto) 2001

Notified as substantially equivalent to

the Commission

Corn Borer resistance (Bt) Mon 810 (Monsanto) — Food and food ingredients produced
from maize 1998

Glufosinate tolerance T25 (Bayer CropScience (AgrEvo)) — Starch and il etc from
maize

Corn Borer resistance (Bt) Bt-11 (Syngenta) — food etc from maize

Corn Borer resistance (Bt) Mon 809 (Pioneer) — food ingredients

2001/18 Part C

Glyphosate tolerance NK603 (Monsanto) — import & use only

Glyphosate tolerance + Bt NK603 + mon810 (Monsanto) — import for all maize uses (no
EU cultivation)

Insect resistant (Bt) & glufosinate Event 1507, Pioneer Hi-bred, Mycogen Seeds. Import & use

tolerant only

Roundup Ready (glyphosate tolerant)  Events GA21 & MON 810. Monsanto. Import and use only
& insect resistant (Bt)

Insect resistant (Bt) & glufosinate Event 1507. Pioneer Hi-bred, Dow AgroSciences, Mycogen

tolerant Seeds. Import, use and cultivation

RoundupReady (glyphosate tolerant)  Event GA21. Monsanto. Import & use only

Insect resistant (Bt) Events MON 863, 810. Monsanto. Import & use only
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Of the seven submissions only one is for cultivation in the EU, the other six cover Events that
are/being developed in other countries. Event 1507 confers insect resistance and glufosinate
tolerance and has been submitted by Pioneer, Dow and Mycogen. The same Event has aso been
submitted for import and use only.

In addition breeders need to demonstrate that any new varieties are suitable for agronomic use
(VCU) and are distinct, uniform and stable (DUS). Breeders can submit new varieties to national
authorities which will trial the lines against specific criteria over atwo year period. If they are
entered onto a Nationd List they can then be placed on the European Common Catalogue for
marketing across Europe. However, the moratorium has resulted in new GM varieties waiting for
entry onto the European Common Catalogue. As considerable time has elapsed these varieties are
unlikely to now be competitive and we are aware that seven have now been withdrawn.

In addition two Bt maize varieties ‘Compa CB’ and ‘ Jordi’ developed by Syngenta are on the
Spanish Nationa List and one glufosinate tolerant line Chardon LL is on the Netherlands National
List. However, dl these varieties have not been placed on the European Common Catalogue
because of the Moratorium.

The UK has aso undertaken nationa list trials on two glufosinate lines developed by Syngenta
‘Chardon LL’ and ‘ Sheridan’. They are waiting to go onto the UK National List but are also held
up by the moratorium. Before they are released onto the market they will need to be re-submitted
under 2001/18 with extra information on post-marketing monitoring, labelling and agricultural
impact.
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Appendix 3: GM versus non GM derived crop product markets in
the EU

This appendix examines the development of distinct markets for non GM derived product markets
in the EU to date and their possible future development. The analysis focuses mainly on the
markets where soybeans and derivatives are consumed and to a lesser extent on the market for
maize. Thisis because these markets are the mainstream markets in which some GM derived
crops and derivatives have been permitted for import and use in the EU and hence have been the
focus of developments in recent years.

A3.1 The EU market for non GM soybeans and derivatives

A3.1.1 Background®®
Soybeans
» The EU produces about 1.1 to 1.2 million tonnes of soybeans (about 5% of total
consumption). Thisis mostly found in Italy (70%) and France (26%);
» Importsin 2001 were about 17.35 million tonnes, up significantly on 2000 when the
volume of imports was about 14.5 million tonnes. The EU exports negligible volumes of
soybeans.

Soymeal
> 1n 2001 the EU used about 29 million tonnes of soymeal (28 million tonnesin 2000). In
terms of supply availability, thisis derived roughly 52% from imported meal and 48%
from EU crushings. Aswith bean imports, the volume imported in 2001 was significantly
up on 2000 when about 14.8 million tonnes were imported;
» The EU exports annualy roughly 1.5 to 1.9 million tonnes of soymeal, mostly to adjacent
countries in Central Europe.

Soyoil
» There are negligible imports of soyail into the EU, with the vast mgjority of consumption
(1.84 million tonnes) being derived from domestic crushings of beans;
> Exports of soyail were about 1.1 million tonnes in 2001 — marginally higher than 2000
when 1.08 million tonnes were exported.

The UK uses about 0.19 million tonnes of soy oil and 2.11 million tonnes of soymeal (2001 usage
data).

Soybean/meal supply

Soybean supply is dominated by Brazil and the USA, which in 2001 accounted for 9.5 million
tonnes (55%) and 6.14 million tonnes (35%) respectively of total EU imports. The balance came
from Argentina. In addition, domestic EU production accounted for about 6% of total supply
availability or the equivaent of 7% of imports. A comparison with 1998-2000 shows that US
exports have been within the 6 to 7 million tonnes range, whilst supplies from Brazil have risen
significantly from about 5.5 million tonnesin 1998 to 9.5 million tonnesin 2001. In respect of the
additional import volumes that have occurred since 2001 (post meat and bonemeal use ban),
amost al of this has come from Brazil.

In relation to soybean meal imported directly into the EU (as distinct from the product of beans
crushed in the EU), Brazil and Argentina account for the vast majority of imports with 49% and

59 Base statistical sourcesinclude Oil World, Eurostat and USDA
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46% respectively of tota imports. The baance came mostly from the US and India with 3% and
0.5% respectively of total imports.

Both Brazil and Argentina have increased the volume of exports to the EU since 1998.
Overdl, the EU used (2001) the equivaent of 35 million tonnes of soybean equivalents.

Uses

» About 0.2 million tonnes of wholebeans/roasted beans are used in food products and 1.5 to
1.8 million tonnes of beans are used in animal feed across the EU (mostly as full fat soy
used in compound feeds);

» Refined soy ail is mostly used for food uses of which the main ones are margarine,
shortenings and as a cooking oil. About 80% (1.47 million tonnes) of total EU soy oil
(2001) is probably used in the food industry, about 10% (0.18 million tonnes) is used in
animal feed and the balance of 10% used in industria products;

» The primary use of al soybean (protein) mealsis as a protein source in anima feed rations
and about 95% plus of al soybean meal in the animal feed sector.

A 3.1.2 GM versus non GM market developments in soybeans and
derivatives®

GM versus non GM ingredient use in the human food sector

This largely began in 1998 and the initial focus was on the use of soybeans/derivatives in human
food. Here the European food industry, largely driven by European retailers developed strategies
based on:

a) Where possible, switching to using aternative non GM derived ingredients (eg, the
replacement of soy oil with sunflower or rapeseed oil). Thiswas relatively easy for a
number of food products like confectionery and ready meals, where soy ingredient
incorporation levels were low (eg, 1%). Also in products like margarines and shortenings
where least cost formulation principles are used, much of the soy oil used was replaced by
rapeoil. Hence, the GM issue resulted in some switching away from soy derivative
incorporation in food products even where the DNA/protein from GM soy could not be
detected (eg, soy ail);

b) If soy or derivative usage could not be readily replaced, non GM derived sources of supply
were sought. This focused mainly on Brazil (but not exclusively) and involved the
initiation of identity preserved (IP) supply lines (traditional supply lines use commodity
based systems where there is broad mixing of seed in bulk for transportation) to ensure
non GM derived supplies to customer-specific tolerances were adhered to. In turn this
bought increasing attention to the issue of segregation/identity preservation (1P) and the
associated costs. Probably 50%-80% of all soy oil used in the EU is currently derived
from non GM beans. This does, however, not necessarily mean that al of the users
specificaly request that supplies are derived from non GM sources of supply.

Empirical evidence to date suggests the additional cost initialy involved has been within a very
broad range of aslow as +2% to as high as +150% of the farm-gate price of soybeans. Over the
last 2-3 years this has fallen and remained consistently in arange of 1% to 20%

Where |P sources of non GM derived soya were used, the supply chain (from farm and up to but
not beyond food manufacturers) has largely absorbed any additiona costs (of the IP trails). This

%0 The main references used for this section are Brookes (2001) and Brookes (2001a)
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preparedness to do so has mainly occurred because soya ingredient incorporation in most human
foodsis very low (eg, less than 1% for soya lecithin in a chocolate bar) and hence any additional
on-cost of obtaining non GM derived supplies has been small relative to total production costs.
Also in the case of products like margarine the relative cost of switching to rapeoil was not
significant in 1998/99, athough in the last year, increases in the price of rapeoil relaive to
alternatives has probably made this move more difficult for the manufacturers of margarine and
other soy oil based foods.

To date, the net effect at the consumer level has been no change in the price of end products.

GM versus non GM ingredient usage in the animal feed sector
Over the last 2-3 years, the focus of attention surrounding the markets for GM derived and non
GM derived soybeans and meal, in the EU, has moved onto uses in the animal feed sector.

The market for non GM derived versus GM derived soybean meal in the European animal feed
sector has, to date, largely followed the same route of the market associated with food uses (see
above). Thus:

» Those demanding livestock products from animals fed a diet containing non GM derived
protein material have focused on sourcing soymeal from countries that currently do not
(legally) permit the planting of GM soy varieties. This has concentrated on Brazil and to a
lesser extent other non GM sources such as Indig;

» Much of this demand has been based on the use of what is known as ‘soft IP systems, in
which the non GM derived beans or meal have been sourced and certified as coming from
non GM growing regions within Brazil (officially anon GM growing country), but are
often not subject to testing verification procedures or are accompanied by
guarantees/certification as to the precise non GM status (ie, no tolerance levels for possible
contamination (adventitious or otherwise) is given by the supplier). Clearly the use of
‘soft IP' systems™ have much lower levels of cost associated with them (2%-5% price
differential) than ‘hard IP systems in which thereis strict IP of non GM soybeans or meal
from point of production through the supply chain, the setting of strict tolerance levels for
adventitious presence of GM derived material (eg, 0.1%) and regular testing through the
supply chain to ensure that supplies meet buyer specifications (average price differential in
2002-03 8%-20%). The highest price differences relate to the tightest tolerances and
provision of strict (hard) IP requirements (especially servicing the organic sector) and
during the end season period for Brazilian origin meal (November-February). The lowest
price differentials occur immediately post harvest in Brazil (March-June) and where soft
IP systems are used (in some cases the additional cost involved amounts to little more than
testing by suppliers who then add a margin before selling onto the EU feed sector).

» It has been reasonably easy for the European buyers to identify and obtain supplies of non
GM derived soybeans and soymed at ‘ competitive prices —in other words at similar or no
more than a 5% price differentia relative to commodity traded soy (ie, non segregated that
may contain GM derived soy). This has been mainly because of a) the use of * soft IP
systems and b) the total volume required in the EU has been significantly below the supply
availability in the non GM producing countries such as Brazil and Indig;

» The additional costs involved in securing supplies of non GM derived soybean meal for
use