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FOREWORD

Portugal was pleased to have hosted the “Fifth International Conference on Alternatives to Methyl
Bromide”. Previous European conferences that were held in Tenerife (1997), Rome (1998),
Heraklion (1999) and Sevilla' (2002) made important contributions towards Europe’s endeavour to
phase out methyl bromide, an ozone depleting pesticide. Once in widespread use, a range of
alternatives have now largely replaced methyl bromide leaving only ‘critical uses’ and quarantine and
pre-shipment’ uses permitted from 1 January 2005.

Agriculture is a very important sector in many countries and especially to those in Europe. Many
agricultural producers and food processors are aware of consumer demand for pesticide-free
products, and have made efforts to reduce and eliminate pesticides in the food chain and the
environment, wherever possible. The phase-out result is beneficial for our long term health and the
future health of life on this planet. It is within this context that methyl bromide users in Europe are
striving to replace methyl bromide with sustainable alternatives as soon as possible.

The Conference in Lisbon brought together farmers, food processors, researchers, extension
workers and industry that have a vested interest in the successful replacement of methyl bromide
with viable alternatives. The Conference obtained the best information available on alternatives that
are both under development and those already implemented worldwide. In particular, the
conference focused on the identification of alternatives for critical uses.

Critical uses are those uses of methyl bromide for which alternatives have yet to be developed,
based on strict criteria established by the Parties to the Montreal Protocol and, additionally for
Europe, Europe-wide and Member State regulations. The European Community is one of eight
Parties that have requested critical uses. The papers presented in this conference by 55 pest and
disease control experts from 10 Member States and 7 countries show that a range of alternatives to
methyl bromide have been developed recently and, when implemented, could reduce or even
eliminate the need for critical uses.

Topics on alternatives to methyl bromide covered in the conference included:

Keynote papers that summarised the procedures for critical use exemptions (CUEs) for methyl
bromide submitted to, and evaluated by, the Montreal Protocol’s technical experts, and the results of
their work; the procedures for licensing methyl bromide for CUEs; The impact of European legislation
on pesticides including methyl bromide and its alternatives; an update on methyl bromide and ozone
depletion; agriculture certification standards; industry-government partnerships for rapid registration
of alternatives; technology transfer; and the importance of leadership in eliminating methyl bromide;

Overview papers that examined the development and implementation of alternatives in tomato and
strawberry crops where most of the methyl bromide is consumed;

Scientific and commercial papers that showed the new products under development and the state of
play for alternatives that have been on the market for a range of crops for some time. These papers
were grouped into sessions on Strawberry production; Cut-flowers and ornamentals; Improved
application methods; Quarantine and pre-shipment; Tomato, pepper and other vegetables;
Structures, commodities and artifacts; and International standards, technology transfer and adoption
of alternatives.

Alternatives Fair where companies were invited to display and demonstrate products and equipment
on methyl bromide alternatives;

Alternatives in use that consisted of summary presented by the co-chairs of each of the sessions;

Posters were displayed that supported the presentations made by experts.

' Go to Sevilla Conference Proceedings for papers




The Conference was an opportunity for all those involved in developing, implementing and using
alternatives to examine the potential for replacing existing MB use, and future methyl bromide CUEs,
with alternatives.

This conference showed in many papers and speeches that, based on experience with using the
alternatives, the alternatives are as cost-effective as methyl bromide, some less expensive.
Innovative technology is now being used to deploy alternatives more effectively in the past in the
same way that methyl bromide operations were optimized over the past 40 years of its use.
Integrated pest management has always been important, but techniques that rely on this are now
becoming more prevalent for replacing methyl bromide with sustainable alternatives.

The spirit to find alternatives is alive and well — they need to be taken up as soon as possible !
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SUMMARY OF REPORTS OF THE MEETINGS OF THE PARTIES TO THE MONTREAL
PROTOCOL ON EXEMPTIONS FOR THE CRITICAL USES OF METHYL BROMIDE FOR 2005 AND
2006

M.F. HILDEBRAND
Ministry of Housing, Spatial Planning and the Environment, P.O. Box 30945, 2500 GX The Hague,

The Netherlands
martijn.hildebrand@minvrom.nl

ABSTRACT

In 1992 methyl bromide (MB) was added as controlled substance to the Montreal Protocol. Developed
countries must phase out most uses by 1 January 2005, with the possibility of critical use exemptions
(CUEs) where alternatives have yet to be implemented. The Parties could not resolve differences in
opinion on the amount and time period for the CUEs which led to the scheduling of the first
Extraordinary Meeting of the Parties (ExMOP1) in March 2004. ExMOP1 agreed the amount of MB
for most of the CUEs for 2005, the level of production necessary to satisfy the CUEs (taking stocks
into account), and conditions for granting and reporting on CUEs. Discussions between the Parties
will continue on CUEs at the meeting in November 2004 for additional CUEs requested for 2005 as
well as CUEs for 2006. The amount of MB finally allocated for CUEs in 2005 will depend for many
Parties on the amount that can be licensed, taking into account national regulations on ozone
depleting substances and alternatives that have become available since the CUEs were first
requested.

Keywords: Methyl bromide, Montreal Protocol, critical use exemptions, MBTOC
INTRODUCTION

In 1994, the Parties to the Montreal Protocol (‘the Protocol’) agreed to phase out the harmful ozone
depleting substance (ODS) methyl bromide (MB) for most of its uses in developed countries on 1
January 2005 (Batchelor 2002). However, ten years later, the Parties could not agree on the
appropriate quantity of MB to be used for critical use exemptions (CUEs) after the phase out date.
This resulted in, for the first time in the history of the Protocol, the scheduling of an Extraordinary
Meeting of the Parties some 4 months later.

The first section of this paper addresses the role of the Meeting of the Parties in the CUE process, the
role of the Methyl Bromide Technical Options Committee (MBTOC) and its parent body the Technical
and Economical Assessment Panel (TEAP). The second section summarises the results of the First
Extraordinary Meeting of the Parties, including the discussions that were held and the decisions that
were taken on MB by the Parties. The final section discusses the review of the membership and
operations of MBTOC, and comments on the future of CUEs.

THE CRITICAL USE EXEMPTION PROCESS
The CUE procedure

The control measures for the phase out of MB were agreed by the Parties in 1994. Countries whose
economy is in transition (CEITs) and developed countries needed to reduce their consumption2 of MB,
resulting finally in a 70% reduction on 1 January 2003 and a total phase out of consumption on 1
January 2005 with possible CUEs. The criteria and procedure for determining whether or not a
request for a CUE can be recommended to the Parties by MBTOC-TEAP are contained in Protocol
Decisions 1X/6 and XllI/11 as well as the “Handbook on Critical Use Nominations for Methyl Bromide”
(‘Handbook’, TEAP 2002, 2003). The Parties supplemented these procedures and criteria by
agreeing Decision Ex.I/4 at the Extraordinary Meeting of the Parties in March 2004.

2 ‘Consumption’ is defined in the Protocol as production plus imports minus exports of controlled substances.
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The current nomination to the Parties for a CUE, the evaluation bodies and the role of the Parties to
the Protocol can be described as follows:

1) A Party submits its nomination(s) to the Ozone Secretariat in accordance with the procedure
set forth in Decision XllI/11 and the Handbook. The deadline for submissions is 31 January of
each year. This enables MBTOC to evaluate nominations and to provide a progress report to
TEAP in time for the meeting of the Open-ended Working Group, which is held each year
around July;

2) MBTOC categorises the results of its evaluation of each nomination as either ‘recommended
for approval’, ‘not recommended for approval’ or ‘unable to recommend’;

3) The Parties review the TEAP report at the Open-Ended Working Group and, on the basis of
this review, can propose a Decision for adoption by the Parties at the end of the year. The
report is usually considered ‘preliminary’ as additional information is sometimes sought from
the Party when the information is deemed by MBTOC to be insufficient to categorise the
application;

4) MBTOC convenes a meeting after the OEWG to consider the comments made by the Parties
at the OEWG and to finalise the report based on additional information received by the
Parties. A Final Report is prepared by MBTOC for review by TEAP. This report is published
before the Meeting of the Parties;

5) The Meeting of the Parties takes decisions on the critical use categories to be granted and the
permitted levels of production and concumption of MB necessary to satisfy the CUEs.

Methyl Bromide Technical Options Committee

The TEAP is responsible for the tasks specified in Article 6 of the Montreal Protocol in addition to
those requested from time to time at Meetings of the Parties. The TEAP analyses and presents
technical information. TEAP is the parent body for six Technical Options Committees that mainly
document alternatives to ODS for the Parties to the Protocol.

MBTOC was created in 1993 (Andersen & Madhava Sarma 2002). The main task of this Committee is
to document each four years the technical feasibility of chemical and non-chemical alternatives and
subsitutes for MB. The latest MBTOC Assessment Report was published in 2002. Recently MBTOC
has also become responsible for the evaluation of critical use nominations by Parties.

The first evaluation by MBTOC of the CUEs was published in the May 2003 TEAP Progress Report. It
was followed by the MBTOC/ TEAP Supplementary Report on Critical Uses (October 2003) published
for the consideration of the November 2003 Meeting of the Parties, and the MBTOC/ TEAP 2™
Supplementary Report3 (February 2004). These reports were discussed at the First Extraordinary
Meeting of the Parties. The Supplemental Nominations for consideration at the March 2004 ExMOP
submitted recently by Parties requesting CUEs in 2005 and 2006 were published by TEAP (June
2004) and considered by the Parties at the OEWG in June 2004.

Difficulties related to critical use exemptions

Since the publication of the first MBTOC report on CUEs several difficulties arose which included:
e The difficulty in the interpretation of ‘economic feasibility’ in Decision IX/6 as part of
determining whether an alternative is ‘...technically and economically feasible’;
e CUEs requested by Parties that in some cases exceeded 30% of a Parties 1991 base level
consumption (‘phase in instead of phase out’) as this is the maximum level of consumption for
the two years preceding phase out;

® Nominations in the 2004 round by Parties that also nominated in the 2003 round and by Parties who nominated in 2004
for the first time
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e Unknown stockpiles reported to be large that should be used before MB is produced for
CUEs;

e ‘Liberal interpretation’ of criteria determining the validity of an exemption by MBTOC leading to
large CUEs;

e Requests by some Parties for multi-year agreement of CUEs while other Parties regard
annual evaluation as important; and

e Perception by developing countries that developed countries are not ‘playing by the rules’ by
requesting large amounts of MB for CUEs when developing countries have made significant
progress in the phase out of MB

THE FIRST EXTRAORDINARY MEETING OF THE PARTIES

As a result of these difficulties, the Parties agreed to an Extraordinary Meeting of the Parties
(ExMOP1) which was held in Montreal from 24 to 26 March 2004.

Extensive consultation between Parties by way of workshops in Brussels and Buenos Aires, and
bilateral consultations preceded this meeting. The media, environmental and industrial NGO’s and
stakeholders kept a close watch on the outcome of these meetings since the meeting in Nairobi had
failed to reach an agreement on the issue of critical use exemptions. Dr Klaus Topfer, Executive
Director of the United Nations Environment Programme (UNEP), held bilateral discussions with the
Parties to discuss views on CUEs.

During the ExXMOP1, some Parties expressed their concern on the large amount of MB being
requested for CUEs and that it would affect the integrity of the Protocol. There was no agreement on
multi-year exemptions. Nevertheless, after three days of intense negotiations the Parties agreed five
decisions. With regard to the critical uses of MB decisions Ex.I/3 and Ex.I/4 are of special importance.

The Parties in Decision Ex.I/3 agreed on the critical use exemptions for MB for 2005. At Mop16 in
November 2004 Parties will consider the nominations in the 2004 round (new, additional and deferred
CUNs for 2005 and CUNSs for 2006). The results are summarized in Table A.

The Parties also agreed on the levels of production and consumption necessary to satisfy critical uses.
Parties with a critical use level in excess of the permitted level by the Parties are to make such
difference up by using stocks. Parties should also endeavour to allocate the quantities of MB as listed
in Table 1. In exceptional circumstances Parties may request reconsideration of approved critical use
exemptions.

Furthermore the Parties established conditions for granting and reporting critical use exemptions for
MB in Decision Ex.l/4. Most important elements in this decision are the establishment of a Methyl
Bromide Alternatives database, development of national management strategies for phase-out of
critical uses of MB, and descriptions of the methodology to determine ‘economic feasibility’. The
Parties hoped that with this decision more fairness, certainty, confidence, practicality, flexibility and
transparency would be brought into the evaluation and recommendation process.
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Table 1: Critical use exemptions approved and additional for 2005, shown as a percentage of the national
consumption of MB in 1991

Country Exemptions for 2005 Additional Total potential Percentage of
approved at ExMoP1 exemptions exemptions for national MB
(tonnes MB) requested for 2005 2005 (tonnes | consumption in 1991
(tonnes MB) MB) (baseline year)

Belgium 47 14 61 20%

France 407 95 502 12%

Germany 45 45 55%

Greece 186 60 246 26%

Italy 2.133 166 2.299 33%

Poland 45 45 23%

Portugal 50 50 No data

Spain 1.059 1.059 25%

UK 128 6 134 21%

EU-25 total’ 4.010 431 4.441 18%

Australia 145 2 147 21%

Canada 55 7 62 25%

Israel 1.123 1.123 31%

Japan 284 464 748 12%

New Zealand 95 95 70%

Switzerland 9 9 20%

uUs 8.942 493 9.435 37%

Total OECD 13436 2.624 16.060

As with other ODSs for which the volumes are agreed as essential or critical use exemptions by the
Parties to the Protocol, each Party must now consider the appropriate amount to license for 2005. In
this context, the EC is required under Regulation (EC) No 2037/2000 to agree CUE quotas for each
category for use from 1 January to 31 December 2005 in each Member State. This is necessary as
the Regulation has criteria that are more strict than the Montreal Protocol for determining CUEs.

REVIEW OF MBTOC AND FUTURE OF THE CRITICAL USE PROCESS
Review of the working procedures and terms of reference of MBTOC

Decision Ex.I/5 was agreed as the Parties recognized the need to strengthen MBTOC, and to enhance
the transparency and efficiency of MBTOC’s critical use evaluation procedures. This decision
established a process to review the working procedures and terms of reference of MBTOC. An Ad
hoc Working Group (AHWG) was designated and representatives met immediately prior to the 24"
meeting of the Open-ended Working Group (July 2004 Geneva). Although time had been limited for
the participants of this meeting, it did however result in consolidated proposals on procedures and
terms of reference of MBTOC that were discussed at OEWG. The issue of further guidance had
proven to be more difficult. The OEWG decided to reconvene the AHWG prior to MOP16 (November
2004), and Parties were asked to provide inter-sessional comments (especially on further guidance) to
assist the work of this group.

The future of the CUE process

A great deal of attention and energy has recently been put into consultations, discussions and
negotiations on MB-CUEs. Although this caused a sensation under the Protocol and fixed everyone’s
attention on this very succesfull Treaty again, it can only be hoped that this additional attention will
further accelerate the end of MB used for CUE’s. Both Parties nhominating critical uses, and Parties
adopting a critical attitude towards these uses, need to build faith in the future of this process. The
future will determine if and how fast these nominating Parties will be able to complete the phase out
MB.

* This includes the nomination submitted by the Netherlands for 120 kg'’s.
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ABSTRACT

Methyl bromide (MB) is a significant ozone depleting substance that was added to the Montreal
Protocol in 1992. European Community Regulation (EC) 2037/2000 on ‘Substances that Deplete the
Ozone Layer’ established more stringent controls on MB than the Protocol such as earlier and greater
reductions in MB consumption, a cap on the amount of MB that can be used for quarantine and pre-
shipment, minimum qualification requirements for fumigators, and a ban on the sale of MB in
disposable cans. MB consumption is scheduled to be phased out in the EC by 1 January 2005 for the
vast majority of its uses. After this date, MB can only be imported, produced and placed on the EC
market to satisfy those uses agreed to be critical. Requests for critical use exemptions (CUES)
submitted to the Montreal Protocol must also be submitted to the Commission to determine the
amount that can be licensed for use in the EC, pursuant to the criteria contained within relevant
decisions of the Montreal Protocol and the Regulation. Based on this requirement, Member States
have submitted requests to the European Commission for CUEs for 2005. This paper discusses the
main criteria and procedures that are being used to determine the amount that should be licensed for
CUEs in 2005.

Keywords: methyl bromide, Montreal Protocol, alternatives, regulations, critical uses, ozone layer,
disinfestations

INTRODUCTION

The Montreal Protocol on Substances that Deplete the Ozone Layer has at least 170 signatory Parties
(countries) and is now widely acclaimed 17 years after its introduction as one of the most successful
international environmental treaties. The Protocol establishes phase out schedules to eliminate
*consumption of harmful ozone depleting substances (ODSs) including methyl bromide (MB) (Anon
2000a). MB, first listed officially as an ODS by the Protocol in 1992, has an ozone depletion potential
(ODP) of about °0.4 (Anon 1999). Substances which have an ODP greater than 0.1 are normally
phased out rapidly; for example, methyl chloroform (ODP 0.12) was scheduled for phase-out by 1996.

The EC reflected in its own legislation the agreements achieved under the Protocol and, moreover,
incorporated elements more strict than the Protocol where feasible. Regulation (EC) No. 2037/2000
on ‘Substances that Deplete the Ozone Layer’ (‘the Regulation’) entered into force on 1 October 2000.
The Regulation now applies to 25 MSs including those’ that joined the European Union on 1 May
2004.

The first section in this paper discusses Protocol agreements on MB for developed and developing
countries, and related EC legislation pertaining to agricultural uses of MB consumed for quarantine
and pre-shipment (QPS) and non-QPS uses. The final section discusses the impact of the Montreal
Protocol and the Regulation on the use of MB for critical use exemptions (CUEs) from 1 January 2005.

CONTROLS ON METHYL BROMIDE

‘Consumption’ is defined as ‘Production + Imports — Exports’ which in effect controls the reduced amount of MB that can be
placed on the market each year, relative to the consumption in each country in 1991.

All ODPs are relative to CFC-11 which has an ozone depletion of 1.0. The vast majority of CFC production was banned in
developed countries in 1994.
Cyprus, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Malta, Poland, Slovakia and Slovenia
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Montreal Protocol
Developed countries

Under the Protocol, governments around the world have agreed a MB phase-out schedule for
developed countries (including most countries with economies in transition, CEITs) consisting of a
25% reduction in consumption in 1999 relative to 1991 levels, a 50% reduction in 2001, a 70%
reduction in 2003 and a total phase out of consumption by 1 January 2005 with possible critical use
exemptions. Developed countries are permitted to produce MB to meet the Basic Domestic Needs of
developing countries based on Protocol agreements that take into account the declining MB
requirements in developing countries.

The amount of MB consumed for quarantine and pre-shipment 8(QPS) applications was excluded from
control as the Parties in 1992 considered MB to be important for rapid disinfestation of a small, but
highly-valued, proportion of international food trade. It was also considered important to avoid new
non-tariff trade barriers at a time when such trade was likely to increase in developing countries.

Developing countries

The Protocol typically allows developing countries ten years longer than developed countries to
comply with ODS phase out schedules in recognition of their generally lower level of infrastructure and
financial resources. The Parties therefore agreed a MB phase-out schedule for developing countries
consisting of a freeze in consumption in 2002, relative to their average consumption in 1995-1998, a
20% reduction in 2005 and a total phase out by 1 January 2015 with possible critical use exemptions.
The MB consumed in QPS applications was excluded from control.

To assist developing countries to meet their MB commitments in the Montreal Protocol, the Protocol's
Multilateral Fund has provided funds of about $60 million for demonstration and investment projects in
more than 55 developing countries. On the basis of progress in the adoption of alternatives to MB,
some developing countries have accelerated their national phase out schedule to avoid further
dependency on MB and potential consumer boycotts of MB-treated commodities in developed
countries. Examples of developing countries which plan to phase out major uses of MB by 2007
include Morocco, Jordan and Turkey.

In the light of such progress by developing countries, the Parties to the Protocol agreed to review in
2003 the developing country MB control measure. The Protocol's Technology and Economic
Assessment Panel (TEAP) April 2002 summarised developing country progress in alternatives which
provided a useful basis for the review. In 2004, the Parties to the Montreal Protocol will consider three
additional interim reduction steps, between 2005 and 2015 as there was no agreement by the Parties
in 2003 to a revision of the control measure. The reasons for the lack of agreement are provided by
Hildebrand (2004).

European Community

Articles 3 (production) and 4 (placing on the market) in the Regulation contain the most information
pertaining to MB. In general, the regulation requires the Member States to take earlier and slightly
larger reduction steps in MB consumption compared to the Protocol. Moreover, the EC became the
first Party to place a limit on the amount of MB that could be used for QPS purposes. The
Commission, in consultation with MSs, is required to encourage the development and use of MB
alternatives as soon as possible. Examples of activities to date include EC-funded research projects
and co-funding of several international conferences on MB alternatives.

In other articles of the Regulation applicable to MB, Article 16 bans MB placed on the EC market in
disposable containers. Article 17 requires MSs to have in place qualification requirements for
fumigators and to define the minimum qualification requirements for personnel involved in MB
installations and operations. All precautionary measures practicable must be taken to prevent and

8 The Seventh Meeting of the Parties decided in Dec VII/5 that Quarantine Applications are treatments to prevent the

introduction, establishment and/or spread of quarantine pests (including diseases), or to ensure their official control, where
‘official control’ is that performed by, or authorised by, a national plant, animal, environmental protection or health authority;
and ‘quarantine pests’ are pests of potential importance to the areas endangered thereby and not yet present there, or
present but not widely distributed and being officially controlled; The Eleventh Meeting of the Parties decided in Dec. XI/12
that Pre-shipment Applications are those non-quarantine applications applied within 21 days prior to export to meet the
official requirements of the importing country or existing official requirements of the exporting country. ‘Official requirements’
are performed by, or authorised by, a national plant, animal, environmental, health or stored product authority.
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minimise leakage of MB from fumigation installations and operations in which MB is used. When MB
is used in soil fumigation, it is mandatory to use virtually impermeable film (VIF) for a sufficient period,
or other techniques which ensure at least the same level of environmental protection.

QPS controls

The Regulation capped the use of MB for QPS the amount of MB that was placed on the market
(imported and produced) in the period 1996-1998. Commencing in 2002, MSs have reported to the
Commission annually on the quantities of MB authorised for QPS in their territory in the previous year,
the purposes for which it was used and progress in evaluating and using alternatives for QPS. The
Regulation aims to ensure that MB consumption for QPS is reduced over time as alternatives are
developed.

In an emergency, if unexpected outbreaks of particular pests or diseases so require, the Commission,
at the request of the competent authority of a MS, may authorise the temporary use of MB. Such
authorisation may be for 120 days or less and cannot exceed 20 tonnes.

Critical uses
Article 3(2)(ii) of the Regulation states that,

“In the light of the proposals made by Member States, the Commission shall, in accordance
with the procedure referred to in Article 18(2), apply the criteria set out in Decision IX/6 of
the Parties, together with any other relevant criteria agreed by the Parties, in order to
determine every year any critical uses for which the production, importation and use of
methyl bromide may be permitted in the Community after 31 December 2004, the quantities
and uses to be permitted and those users who may take advantage of the critical exemption.
Such production and importation shall be allowed only if no adequate alternatives or
recycled or reclaimed methyl bromide is available from any of the Parties”.

Any request for critical uses of MB is therefore evaluated firstly in the Montreal Protocol and secondly
by the Commission / Management Committee. Each evaluation is for different reasons. The Montreal
Protocol in effect determines the maximum amount that can be produced or imported by the
nominating Party, whereas the amount agreed by the Management Committee determines the amount
that can be licensed according to Article 3(2)(ii). These procedures are consistent with those used for
licensing CFCs for essential uses for metered-dose inhalers that follow Decision 1V/25 in the Montreal
Protocol and Article 3(1) of the Regulation.

There are several criteria in the italicised text above which are important when considering that
amount of MB that can be licensed for CUEs in the EC in 2005:

Proposal by Member States to the European Commission: Agreement in the Montreal Protocol to a
volume of MB being eligible for CUEs in 2005 by amount, category and MS e.g. 300 tonnes for flour
mills in the UK, becomes in itself the maximum amount that can be agreed under the Regulation to be
placed on the EC market, by import or production, for that purpose for the period 1 January — 31
December 2005. Currently, 10 MSs have applied to the Commission for MB for CUEs for this period
(see Hildebrand 2004 for details).

The Commission has commissioned a report by a team of experts to analyse the CUE requests and to
advise if the amount of MB requested complies with the criteria contained within the Montreal Protocol
and the Regulation.

Procedure referred to in Article 18(2): Article 18 refers to a Management Committee which is chaired
by the Commission and which aims to promote the implementation of the Regulation. The members
of this Committee are experts from the MSs, usually from environment departments. Article 18(2)
refers to specific procedures that can be used by the Committee in reaching a decision, including the
use of qualified majority voting.

Apply the criteria set out in Decision IX/6: This Decision was agreed by the Parties in 1997 and is the
main decision that contains criteria for determining whether MB requested should be recommended
for a CUE. In making any application to the Commission, Member States are requested to pay
particular attention to the criteria contained in Decision IX/6. The use of MB bromide should only be
considered “critical” if the MS determines that:
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(i) “The specific use is critical because the lack of availability of MB for that use would result
in a significant market disruption;

(i) There are no technically and economically feasible alternatives or substitutes available to
the user that are acceptable from the standpoint of environment and health and are
suitable to the crops and circumstances of the nomination;

(iii) All technically and economically feasible steps have been taken to minimise the critical
use and any associated emission of MB; and

(iv) It is demonstrated that an appropriate effort is being made to evaluate, commercialise and
secure national regulatory approval of alternatives and substitutes, ... and that research
programmes are in place to develop and deploy alternatives and substitutes....

(v) MB is not available in sufficient quantity and quality from existing stocks of banked or
recycled MB.”

Decision IX/6 makes it clear that it is the nominating Party that is responsible for ensuring compliance
with criterion (i) above. Each Member State is therefore required to support its view that the specific
use is critical because the lack of availability of MB for that use would result in a significant market
disruption.

The Regulation makes specific reference to the criteria in Decision IX/6 in order to ensure that any MB
placed on the market for CUEs takes this decision into account immediately prior to licensing. This is
important as many of the applications to the Parties for CUEs were based on evidence of a lack of MB
some 2-3 years earlier and hence the need for a ‘final check’ to ensure that any recently developed
alternatives have been taken into account, leaving MB to be licensed only for those uses that are
consistent with Decision IX/6.

The quantities and uses to be permitted: The Management Committee decided that the fumigators
should be assigned quotas of MB for CUEs as Article 17 requires MSs to have in place qualification
requirements for MB fumigators in the EC. For the past three years, the import, export and production
of ozone depleting substances in general has been managed using an ODS website. This website
allows the European Commission to issue a licence only to those with a valid quota and a use
compliant with the Regulation.

There are currently more that 200 enterprises who have a password access to debit a quota
registered on the ODS website. All quotas on the website have been agreed for each enterprise and
substance following the procedures of Article 18, that is, by the Commission assisted by the
Management Committee.

Similarly, the fumigators would be assigned a quota by MS and category of critical use. Each
fumigator assigned a quota would enter the website to request a licence to have MB imported,
produced or used from stock for their particular CUEs to which they have been assigned in 2005. The
quota assigned to each fumigator will depend on the outcome of the meeting of the Management
Committee and the relative market share per category of use provided to the Commission by the
relevant MS competent authority.

Once assigned a quota, a fumigator would be able to transfer all or a portion of the quota to another
fumigator within the same category of use, provided there is agreement of both fumigators concerned
and the relevant MS competent authority. A quota transfer is permitted in such cases when a
fumigator may not be able to use their assigned CUE quota.

Stocks of MB: Pursuant to Decision 1X/6(1)(b)(ii), the European Community is only able to allow the
import or production of MB for critical uses if it is not available in sufficient quantity and quality from
existing stocks of banked MB, and under Article 3(3)(ii) of the Regulation, from ‘....recycled or
reclaimed MB from any of the Parties’.

Pursuant to Article 20 paragraphs 1 and 3 of the Regulation, each MS has been requested to report
on the quantity of MB available within its territory for all intended uses® on or about 1 November 2004
that is likely to be carried over to 2005. This period is likely to be reliable for assessing available MB

Critical and non-critical but excluding feedstock, BDN, IPR, laboratory and quarantine and pre-shipment uses
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stocks as it is unlikely to be used significantly in the cooler winter months of November and December
in Europe. Nil returns are required in cases where MB is unlikely to be available as it has been
banned for all intended uses®. MSs must ensure that all quantities for the intended uses’ are
accounted for, particularly those that could be stored in locations where MB has been used in the past
such as, for example, in locations used by producers, importers, fumigation companies, fumigators,
farmers and mill owners.

The Commission / Management Committee will be meeting in October and December to agree quotas
for CUEs. As a result of the decision taken on critical uses a Commission Decision will be published
in 2005. Fumigators are expected to be able to request a licence on the ODS website in early January
2005 for any uses of MB agreed by the Management Committee to be critical.
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ABSTRACT

Council Directive 91/414 EEC states that active substances cannot be used in plant protection
products unless they are included in a positive European Union list. An EU programme of evaluation
to create this list is underway. Most of the active substances under evaluation are pesticides but
many - such as growth regulators, pheromones etc - are not. All plant protection uses are covered
and not just those in agriculture. Pesticides used in other areas, for example as veterinary drugs or as
biocides, are covered by other legislation. Once a substance is included in the positive list, Member
States may authorise the use of products containing them.

The following are not considered plants, parts of plants, or plant products and therefore they are not
required to be considered by the Directive: Steam or hot air treatments; solarisation; grafted plants,
use of resistant rootstock; crop rotation; cultural practices; substrates, soil-less cultivation; heat
treatments; cold / freezing treatments; aeration of grain; hermetic storage; pressure or vacuum
treatments; reduced levels of oxygen or increased levels of carbon dioxide.

Progress in the evaluation of the dossiers is given in the presentation for a number of alternatives to
methyl bromide including 1,3-dichloropropene, metam sodium, etridiazole sodium tetrathiocarbonate,
sulfuryl fluoride, phenamiphos, chloropicrin, malathion, cadusafos, pirimiphos- methyl, oxamyl,
deltamethrin, carbofuran, and propamocarbe.

Guidance Documents - for the implementation of Council Directive 91/414/EEC (Plant Protection
Products) can be found on

www.europa.eu.int/comm/food/plant/protection/resources/publications _en.htm

Other documents on the internet include http://europa.eu.int/comm/food/plant/protection/index_en.htm.
For substances status: Doc. 3010; For general status : “State of the Works” (Rev. 66); For background
: Report to Council and Parliament.
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ABSTRACT

Strawberry yields have risen by about 300% since the 1940’s due to improved varieties, virus elimination
through certification schemes and the use of methyl bromide (MB) for soil disinfestation. Strawberry
breeders focused on yield at the expense of disease resistance which explains the reason that strawberry
varieties grown today are highly susceptible to soil-borne pathogens and highly dependent on soil
disinfestation. The international ban on the use of MB after 2005 for soil disinfestation in developed
countries has resulted in over 100 research trials worldwide commissioned in the last 10 years to search for
non-chemical and chemical alternatives. So far, the most effective alternatives are 1,3-dichloropropene
mixed with chloropicrin (PIC, 65:35); and drip-applied, emulsifiable formulations of either chloropicrin alone
or 1,3 D/PIC; combined with or without follow up treatments with metham sodium. Methyl iodide,
ethanedintrile, and propylene oxide show promise. Strawberry production in hydroponic substrate systems
in greenhouses is suitable for supplying niche markets or for production in cool climates with short cropping
cycles. Solarisation is a good alternative in some circumstances. Varieties resistant to some pests but not
others limit widespread use of this technique. Soilless cultivation produces high yields due to the double
cropping system but currently this method produces only 5% of the world’s strawberries. IPM systems
produce 20-30% of the world’'s strawberries but IPM systems are knowledge intensive and in themselves
not a direct replacement for MB. The requirement to phase-out MB has been a unique opportunity for the
strawberry industry to critically examine the sustainability of its production system. The strawberry industry
should consider switching to the next best fumigant alternative, develop IPM systems, or invest in the
development of alternative soilless production systems for industry and environmental sustainability.

Keywords: methyl bromide, strawberry fruit, methyl bromide, alternatives, 1,3-dichloropropene,
chloropicrin, ethanedintrile, propylene oxide, metham sodium, Montreal Protocol

INTRODUCTION

Yields of the modern strawberry have risen by around 300% since the 1940’s due to improved varieties,
virus elimination through certification schemes and the use of methyl bromide (MB) for soil disinfestation.
The widespread use of MB in the industry has also enabled breeders to focus on yield as a major
determinant for selection, resulting in the development of extremely high yielding strawberry varieties
(Duniway 2002a). This, however, has been at the expense of development of plants with a high level of
disease resistance, so as a consequence several recently bred strawberry varieties are highly susceptible to
soil-borne pathogens and highly dependent on soil disinfestation (Browne et al. 2003; Martin, 2000).
Effective soil disinfestation is also critical to the production of high quality certified planting material for the
fruit industry.

The announcement that MB was an ozone-depleter and listed for phase-out under the Montreal Protocol in
1992 alarmed strawberry industries around the world because it challenged the very nature of their
production systems. Without a suitable replacement for MB, it was reported that strawberry industries would
suffer between 35% to 52% vyield loss in Australia and USA respectively (Porter and Mattner 2001, 2002;
Shaw & Larson 1999). For this reason, research on alternatives to MB has been more vigorous in the
strawberry industry than for any other crop affected by the phase-out. Whilst the impending ban on MB
represents the greatest challenge to the strawberry industry in the modern era, in other ways it has been a
‘godsend’ because it has forced industries to critically examine the sustainability of their production systems.

This paper discusses the effect of the Montreal Protocol on use of MB. It documents the approaches that

strawberry industries have taken to phase-out MB and the issues that have driven change in strawberry
production systems.

29



INTERNATIONAL REGULATIONS ON METHYL BROMIDE

Continued use of MB after 2005 through a specific Critical Use Exemption (CUE) is only available to
industries which justify to the Parties of the Montreal Protocol that the specific use is critical because it
complies with the criteria of Montreal Protocol Decision 1X/6 and other relevant Decisions (see Hildebrand
2004 for details).

In spite of several alternatives being available to replace MB in many production regions, several major
strawberry fruit industries have applied for CUEs mainly because they consider that the alternative is not
fully effective or available due to environmental restrictions such as township caps, buffer zones and porous
soil types, and time is needed for commercial phase up of alternatives. In some instances, industries are
being required to restructure cropping practice to ensure market windows are maintained by improving
application methods for alternatives, and giving consideration to longer plantback times and altered crop
performance when using different alternatives.

The international strawberry fruit industry has applied for approximately 3000t of MB for CUEs in 2006. This
is the second largest request in total for CUE's by a particular industry. In order to comply with emissions
reduction mandated under Decision IX/6, CUE recipients should use impermeable films (eg. VIF) and/or
lower rates of MB in MB/PIC formulations and consider less frequent fumigation with MB.

ALTERNATIVES TO METHYL BROMIDE

The suitability of alternatives to MB has been reviewed comprehensively by the Methyl Bromide Technical
Options Committee (Anon 2002) and also by other authors in many other countries (Ajwa et al. 2004;
Duniway 2002a and b; Martin & Bull 2002; Porter & Mattner 2002). The major chemical and non-chemical
alternatives adopted or considered for adoption to replace MB are shown in Table 1.

TABLE 1: Main alternatives to methyl bromide being implemented or considered for use by the strawberry fruit industry.

1. In-kind chemical alternatives Main issues which may affect adoption”

1,3-D/chloropicrin e More precise application requirements than MB; New drip application methods
for EC formulations; Longer plantback under most conditions

1,3-D EC followed by metham sodium « Combination treatment applied by drip irrigation sequentially about a week
apart

Chloropicrin alone » Both injected and EC formulations effective; Odour and buffer zones are a
critical issue in some countries eg. Israel

Metham combined with chloropicrin o Effective, but application presently difficult as can’t be mixed; Longer plantback
than MB

Methyl lodide  Effective, first registration pending in US; Cost may be prohibitive, therefore
mixtures with PIC (30:70) should be considered as a means to reduce cost

Dazomet ¢ Application conditions critical as good moisture required for effectiveness;
Could be applied in bands to reduce cost; Longer plantback than MB

Cyanogen, sodium azide, propylene e Some early results promising especially for weed control with the first two

oxide, dimethyldisulphide products; All products require further development

1.In-kind non chemical alternatives

Solarisation ¢ Only suitable where treatment can be applied during warm (>35°C) climates, ie.
suit crop rotation

Steaming o At present impractical and costly for open field application

2.Methods which avoid the need for disinfestation

Resistant varieties e Some conventional varieties have specific pathogen tolerance

Hydroponics/ soilless substrates o Effective in cool regions, cost effectiveness questioned in temperate climates
3.  Other alternatives

IPM, Crop rotation, Organic amendments, e Generally these techniques are used to improve management of crops, but are
Biofumigation, Biologicals, Propane not yet considered in-kind replacements to MB.

burners for weed control

# - Buffer zones and other local regulatory issues affect the uptake of any fumigant alternatives

CHEMICAL ALTERNATIVES

During the last 5 years, over 100 studies worldwide have been conducted on alternatives in major
strawberry fruit production areas. A sample of these ftrial results reported at the International Methyl
Bromide Alternative Outreach Conferences in the USA (Table 2) have demonstrated that at least three
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chemical alternatives are giving yields equivalent to MB, and that these trends are consistent across
different regions of the world.

TABLE 2.  Average comparative performance of chemical alternatives relative to methyl bromide for yields of
strawberry fruit (Data taken from MBAO studies 1999 to 2003)

Treatments MB/Pic Unt TC35 Pic MS Mi MS &Pic Daz Pic EC Inline Inline & Inline &
Pic MS

1. USA

No. of studies 43 40 29 16 22 18 ND 6 5 5 6 ND

Relative yield 100 68 101 98 82 101 94 98 104 108 92 101

2. Spain

No. of studies 16 8 16 8 4 ND ND 10 ND ND ND ND

Relative yield 100 78 103 104 80 96

3. Australia

No of studies 11 11 5 3 3 ND 3 2 ND ND ND ND

Relative yield 100 84 123 101 97 101 101

MB/Pic = Methyl bromide/chloropicrin; TC35 = 1,3 D/chloropicrin (Telone C35); Pic = chloropicrin alone; MI = Methyl iodide; MS and Pic = Metham sodium
followed by chloropicrin; Daz = Dazomet granules; PIC EC = emulsifiable concentrate of chloropicrin: In Line = drip applied emulsifiable concentrates of
1,3 D combined as indicated with chloropicrin or metham sodium. ND = No Determination

Whilst these data have not been subjected to a full meta-analysis, they demonstrate the broad spectrum
control of diseases that can be achieved with combinations of different fumigants. For example, one
fumigant mixture, 1,3-D/Pic (Telone C-35), whether injected into soils or drip applied, has been consistently
effective across major production regions in USA, Spain and Australia. In all three countries, the product
has already been successfully adopted for a substantial proportion (>20%) of strawberry fruit production in
each country. It has been so successful in Australia that no application for a CUE was made for use in
2006.

Other alternatives have also given similar results to MB, eg. PIC applied alone or combined with metham,
methyl iodide and Telone C-35 'In Line' followed by metham sodium. Several new products have also given
promising results in recent trials, eg. ethanedinitrile and sodium azide (Mattner et al. 2003; Norton 2003).
Identification of the conditions for applying and optimising the movement of other fumigant chemicals
through soils is a key to their further successful and rapid adoption. Industries also need assurance that the
alternatives will perform consistently from year to year in different soil types eg, plantback times for some
alternatives have been inconsistent (Table 3).

TABLE 3: Plant back times recommended and observed in field trials in Australia

Fumigant Recommended Plant back Plant back determined in field tria
MB (70:30, 50:50, 30:70) 3 weeks 2 weeks

Chloropicrin 3 weeks 2-3weeks

Dazomet 2-4.5 weeks 2-12 weeks

Metham sodium 2-3 weeks 2-8 weeks

Telone C35 2 weeks 2-6 weeks

NON CHEMICAL ALTERNATIVES

Solarisation and steaming: Solarisation in hot climatic regions offers an excellent alternative for soil
disinfestation for strawberry fruit production providing periods of hot climatic conditions suit the crop rotation.
Solarisation alone or combined with IPM (organic amendments) is used as an alternative to MB in several
arid regions (eg. Jordan), but has varied effectiveness in other regions, eg. Huelva, Spain (Batchelor 2000,
Lopez-Aranda et al. 2000, Romero 2000). Solarisation is up to 80% cheaper to apply than MB and provided
it is used with a suitable crop rotation can produce acceptable yields (Batchelor 2000). At present steaming
is difficult for strawberries as cost, time requirements and access to power, fuel and water prevent open field
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use on a large scale. Recent advances in mobile machines (e.g. Celli Pty Ltd, Italy) may improve the
adoption of this technique.

Resistant varieties: Development of resistant varieties as an alternative to MB has been difficult to attain
due to the need for durable resistance to the wide range of major pathogens affecting strawberries. Recent
studies have shown vastly different levels of tolerance to Phytophthora spp. and Pythium spp. in existing
and newly released varieties in the US (Browne et al. 2001). The cultivars, ‘Aromas’, ‘Camarosa’ and
‘Pacific’ generally offered much better tolerance to Phytophthora than ‘Diamante’, ‘Gaviota’, ‘Pajaro’ and
‘Selva’ (Martin 2000).

Soilless culture/hydroponics: As market pressures against use of harmful pesticides increase, more and
more strawberries will be produced in substrates under hydroponics. Currently, only a small proportion
(<5%) of the world’s strawberries are produced this way, and usually for crops that fetch high prices (early
season, niche markets). Holland, Japan, Italy, New Zealand, UK and China are some of the key producers
of hydroponic strawberries. Scotland produces 28 ha (7% of total production) of strawberry fruit in substrate
systems (Batchelor 2000). These substrate systems produce 46% more fruit per year than crops in MB
treated soil, because growers are able to crop twice per year. Although the substrate systems cost
approximately 60% more than production in soil with MB, the substrate system is more profitable from the
third year onwards. Efforts to reduce initial set up costs for substrate systems will increase their adoption as
an alternative to MB worldwide.

Integrated Pest Management and other methods: Between 20 to 30% of the world’s strawberries are
grown without MB fumigation using a range of IPM techniques. The key components are clean mother and
runner stock, good crop rotation, biofumigation, fungicide dips, herbicides and strategic use of organic
amendments (Batchelor 2000). Although many of these methods are not a direct replacement for MB,
knowledge of how to optimise their use for strawberry crops can dramatically improve pest and disease
control and yields (Bull et al. 2002; Mattner et al. 2004).

FUTURE CHALLENGES AND BENEFITS OF THE METHYL BROMIDE PHASE OUT

In 1995, the phase out of MB threatened production of strawberry fruit in several major production areas
worldwide, however research and development of new strategies since then have ensured that the majority
of strawberry fruit production is no longer threatened. With less than one season left to adopt alternatives to
MB on farm, growers should already have considered commercial scale up of at least one alternative to MB
to ensure viability and future sustainability.

The strawberry fruit and runner industries should not be complacent and rely on CUEs being available for
substantial periods after 2005. Even though some CUE's have been agreed by the Parties the MB
requested has yet to be licensed by the national authorities. Moreover, future markets are demanding more
‘environmentally friendly’ production practices and no industry will be truly sustainable until such practices
are implemented. The strawberry industry has three options; it can switch to the next best fumigant
alternative, develop integrated crop management systems based largely on varieties with greater resistance
to disease or invest in the development of alternative soilless production systems which enable soil and
environmental sustainability. Whichever strategy, the industry needs to develop a greater understanding of
the chemical and biological factors which maximise crop yield and place less reliance on chemical fumigants
to support the industry. Is the industry ready and if not, can it afford to wait?
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ABSTRACT

A project was initiated in 1997 in Spain to find alternatives to methyl bromide (MB) for use in both
high-elevation nurseries and strawberry fruit production. In nurseries, all the fumigants reduced
quantitatively the soil fungal populations, but only MB:PIC, and Dazomet caused a clear reduction in
the fungal genera composition. However, the inconsistency of weed levels and yield results are
problems that remain to be solved to find alternatives to MB. In strawberry fruit production, several
fumigant alternatives applied under VIF films could be appropriate short and medium-term alternatives
to MB when applied under low pressure nematode populations. However, some of them are not
registered yet in EU and/or Spain, and their environmental impact must be carefully studied.
Furthermore, EU policy on future agrochemical use (including 1,3-D and/or chloropicrin) is uncertain.
For these reasons and others, Spain and other important strawberry producer countries worldwide
have applied for critical use exemptions for the use of MB in 2005.

Keywords: new chemicals, nurseries, fruit production, critical uses.

RUNNER PRODUCTION (STRAWBERRY NURSERIES)

Finding technically and economically feasible alternatives to methyl bromide (MB) for strawberry
nurseries is a difficult task. Despite of this fact, research funds have not been forthcoming to solve
this problem. Official research projects involved on MB alternatives for strawberry nurseries only exist
in United States (California) and Spain. However, many developed countries have applied for Critical
Use Exemptions (CUEs) for the use of MB from 1 January 2005: Australia (35.7 t), Belgium (3.4 t),
France (40.0 t), Canada (79.5 t), Israel (140 t strawberry plus nursery), Italy (100 t), Spain (230 t) and
United States (55 t). These CUE exemplify the difficulty globally in finding alternatives.

In the case of the Spanish high-elevation strawberry nurseries (around 1,150 ha and more than 600
million plants), several key points should be considered:
a) The requirement to comply with strict plant health production standards in order to comply with
a special regulatory system (EU and national regulations on certification and control of
strawberry plants);

b) Intensive international-national traffic of mother and commercial runner plants;

c) The particular agro-environmental surroundings of nurseries: Fumigants are applied in the
winter in March; relocation of nurseries to minimize soil stress and soil-borne pathogen
contaminations; and current production success of the nursery with the previous type of crops
planted in the nursery e.g., cereals, vegetables, fallow.

These particular conditions have the following consequences:

a) The effectiveness of the soil fumigation is dependent on the weather conditions (soil
temperature and humidity);

b) The cycle of cultivation (April-October) makes it difficult to use non-chemical MB alternatives
due to the long plant-back time (time between fumigation and planting), even for chemical
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alternatives. If the nurserymen try to apply physical (soil solarization) or chemical alternatives
in the previous summer (July-August), these 7-8 months delay in plant-back time result in
uneconomic cultivation and involve a risk of soil-borne pathogens re-contamination, weeds in
particular. Moreover, plastic film used for soil solarization in the area of Castilla-Leon
(Northern Central Spain) has a 95% of damage from violent hail storms during July and
August.

Due to the international phase out of MB, a specific project was initiated in 1998 to find short-term,
technically and economically feasible alternatives to MB for strawberry nurseries. This project was
designed to determine the efficacy of chemical alternatives compared to the standard used in
strawberry nurseries MB:PIC (400 kg/ha) when applied in the same general conditions. Experiments
with a randomized block design with 3-4 replications in large scale plots were carried out in two
locations: Arévalo-Vinaderos (Avila) and Navalmanzano (Segovia). A brief description of the
treatments is shown in Table 1. From 2003, a demonstration programme was initiated at Avila
(Cabezas de Alambre) and Segovia (Navalmanzano-Mudrian). MB alternatives for strawberry
nurseries are required to solve three problems: a) soil-borne pathogens (fungi and nematodes)
control; b) weeds; c¢) Consistent yield of commercial runner plants.

In terms of the results, nematodes were abundant in all locations. In Navalmanzano (Segovia),
populations consisted of Rhabditidae, Dorilaimidae non parasitics, Mononquidae and a low proportion
of Tilenquidae from diverse genera (Aphelenchus spp., Scincura spp., Tylenchus spp.,
Tylenchorhynchus spp., Pratylenchus spp., Neotylenchus spp.), none of them parasitic on strawberry.
In Arévalo-Vinaderos (Avila), the populations were consistent with the previous cereal cultivation:
Pratylenchus zeae, Heterodera avenae, Punctodera spp., besides other Tilenquidae and Rhabditidae.
Also in this location, no strawberry parasites were detected. All the chemical treatments did reduce
nematode populations.

In relation to the soil-borne fungal pathogens, a summary of our results (1999-2002) was presented
recently (De Cal et al. 2004a) and a poster prepared showing the effects of chemical alternatives on
soil-borne diseases in our experiments (1999-2003) (De Cal et al., 2004b). In summary, Verticillium
wilt (caused by Verticillium spp.) and crown rot (caused by Phytophthora cactorum) were the main
diseases. Chloropicrin (pic), 1,3D-PIC (Telopic™) and Dazomet (Basamid™) compared well with MB
fumigation for control of strawberry nursery diseases. All the fumigants reduced quantitatively the soil
fungal, but only MB:PIC, and Dazomet caused a clear reduction in the fungal genera composition.

Weed control experiments commenced in 2002 and were previously reported (Melgarejo et al 2003).
The results of chemical alternatives on weed control obtained in our 2003 experiments and
demonstrations were presented elsewhere (Garcia-Méndez et al. 2004). In summary, results obtained
on weed control in 2002 were very inconsistent. The results of the 2003 experiments, however,
showed that Telopic™, Metam Sodium (MS) + PIC, and Dazomet were equivalent to MB:PIC. This
contrasted with the 2003 field demonstrations that showed MB:PIC was better than other herbicides.
The most recent 2004 observations undertaken on experiments and field demonstrations could
reverse these results again. Inconsistent weed control is a problem that remains to be solved.

The vyields (commercial runner plants harvested/mz) obtained as a result of different trials are
presented in Table 1. Yields from alternative treatments produced inconsistent results between
locations and years. Moreover, yield results obtained in large scale demonstration trials started in
2003 to facilitate the transfer of the most promising alternatives also showed inconsistent results
(Table 2). In contrast, standard MB:PIC (50:50, 400 kg/ha) gave consistent results between locations
and years.
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STRAWBERRY FRUIT PRODUCTION

The strawberry fruit production in Spain is located in Huelva area (6,500 ha and 270,000 t have been
estimated for 2003). A specific project to find short-term technically and economically feasible
alternatives to MB was initiated in 1997 (Project INIA). A description of MB alternatives research on
strawberry fruit in the USA, Spain, Italy and other Mediterranean countries was published recently
(Ajwa et al. 2003).

From 1997/98 to 2000/01, field scale experiments were performed on two farms in Huelva. More than
25 alternative treatments were considered. Annual cv. ‘Camarosa’ production under small tunnels
was monitored. Soil treatments were ranked into four groups of MB alternatives according to their
decreasing efficiency: 1°) 1,3-D:PIC (61-35) (Telopic™), 2°) MB:PIC (67-33) or (50-50); PIC alone;
Solarization + MB; Dazomet, 3°) Solarization + MS; MS alone, and 4°) Solarization + biofumigation;
biofumigation alone; solarization alone; electromagnetic fields; and untreated controls (Lopez-Medina
et al. 2003, Medina et al. 2004). From 2001/02 to 2003/04, field scale demonstrations were performed
in five (2001/02) and two (2002/03 and 2003/04) farms, respectively. Cv. ‘Camarosa’ was cultivated
under large plastic tunnels in each farm. Results showed that the agronomic response to 1,3-D:PIC
(61-35) was similar to that obtained with MB:PIC (50-50), even with 50-55% dosage under black VIF
film. Yield obtained with Dazomet was not consistent all along the three-year period. In the case of
Sol.+Biof. and Sol.+MS (2001/02), the control of Pratylenchus penetrans nematode populations and
yield were poorer than in the MB:PIC and Telopic™ treatments (Medina et al. 2004). Results from
2003/04 field scale demonstrations showed promising results with Propylene Oxide (PPO,
PropozoneTM) soil treatments.

In 2002/03 and 2003/04 a new series of experiments were initiated at two locations. On each orchard:
“Occifresa” (Moguer) and “Cumbres Malvinas” (Palos de la Frontera), a complete randomized block
design with 3 replications (78 m?/rep.) and 10 fumigant treatments was used. Treatments can be
categorized into three groups: a) new chemical alternatives; b) implemented alternatives with VIF films
and reduced dosage to 50-65% of standard; and c) new mixtures with chloropicrin (Table 3).
Fumigations were conducted on September 26-27, 2002, and mid-September, 2003. Cv. ‘Camarosa’
was cultivated under large plastic tunnels in each farm. Planting was carried out in mid-October 2002
and 2003.

Populations of P. penetrans nematodes in location 1 (“Occifresa”), and Meloidogyne hapla in location
2 “Cumbres Malvinas” were detected every year. The tesults of the control of these populations are
given in Table 4. Despite of the presence of soil-borne pathogens yields were optimal in both
locations and years (Table 5). Our results showed that VIF film applications improved the
performance of chemical alternatives. In this case, increased dosage from 50% to 65-70% of the
standard applied under polyethylene (LDPE) films and mixtures of chemical fumigants (DMDS™ and
MS) with PIC yielded significantly better results.

PPO gave promising yield under VIF shank-application. However, its capacity to control P. penetrans
populations was very weak. Yields with calcium cyanamide were unacceptably low probably due to
losses of the fumigant due to excessive irrigation and soil leaching when applied. As in the previous
years of experiments and demonstrations, average yield and fruit weight obtained with Telopic™ and
PIC alone were satisfactory. However, PIC alone resulted in very weak control P. penetrans.

CONCLUSIONS

After six years of research, the results on weed control and yield using MB alternatives in strawberry
nurseries still seem to be inconsistent. However, alternatives for strawberry fruit production were
more promising. Several chemical fumigant alternatives applied under VIF film could be an
appropriate short and medium-term solution when lethal soil-borne strawberry pathogens are at low
levels, such as those found in Huelva. However, several aspects remain unsolved: Some of these
chemicals are not registered yet in Europe and/or Spain, their environmental impact must be studied
carefully and, EU policy on future agrochemicals use (included 1,3-D and/or chloropicrin) is uncertain
due to the Directive 91/414/CEE (review of plant protection products placed on the market). For these
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reasons and others, important strawberry producing countries (United States, Spain, Italy, France,
United Kingdom, Israel, and Australia) have applied for CUEs for the use of MB in 2005.
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TABLE 1: Treatments and yield (commercial runner plants harvested per m?, 1998-2003).

1998 1999 2000 2001 2002 2003
Locations:» C.Ala. | Nav.1 | Are. Nav.2 | Vin.1 Nav.3 | Vin.2 | Nav.4 | Vin.3 Nav.5 | Vin.4 Nav.6
Treatment: ¥
MB(50/50)pe’ | 53a 48a 52a 51a 67ab | 67ab 63a 78a 56ab | 57a 70a 58a
MB(50/50)vif* | 55a 44ab 54a 53a 63ab | 83a 50b 69b 64ab | 43ab - -
MB(33/67)vif | - - - - - - - - 57ab | 42ab 65ab | 46a
Telopic pe 39 38ab 51a 69a 53bc 53b 50b 72a 62ab 37b - -
TeloneC17pe | 46ab 41ab - - - - - - - - - -
Telopic vif - - - - - - 65a 70a 55abc | 42ab 62abc | 44a
Pic pe 38b 35b 53a 59a 62abc | 66ab - - - - - -
Pic vif - - - - - - - - - - 58bcd | 41a
Dazomet - - 48a 56a 55bc 58b 60b 66a 42cd 37cd 58bcd | 49a
MS pe - - - - 53bc | 63b 58a 29b 55abc | 49ab - -
MetamK pe - - - - 68a 62b 48b 34b 53abc | 37b - -
DMDS pe - - - - - - - - 47bcd | 40b - -
DMDS vif - - - - - - - - - - 53cd 44a
DMDS+pic vif | - - - - - - 58bcd | 51a
MS+pic vif - - - - - - 68a 44a
Propozonepe | - - - - - - 64ab 43a
Untreated 13c 18c 42a 45a 49c 17¢ 45b 12b 38d 19¢c 51d 36a
P < 0.05 LSD Test; 'pe = applied under polyethylene film (LDPE); vif = applied under VIF film
TABLE 2: Demonstrations. Yield (commercial runner plants harvested per ha) in 2003.

Locations
Treatment Surface (m?) Cabezas Alambre (Avila) Navalmanzano-Mudrian
(Segovia)

MB:pic (50:50) 400 kg/ha PE 3,300 446,889 492,528
MB:pic (50:50) 300 kg/ha VIF 3,300 436,581 481,350
Telopic 600 kg/ha PE 3,300 382,221 426,984
Telopic 300 kg/ha VIF 3,300 372,618 346,962
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TABLE 3: Treatments applied to soils prior to planting in 2002/03 and 2003/04.

Experiments 2002/03: 2 locations

Experiments 2003/04: 2 locations

Treatments’ Description Treatments’ Description
Untreated Untreated

MB+pic (50-50) | “LDPE film, 200 kg/ha | MB+pic (50-50) LDPE | “LDPE film, 200 kg/ha
LDPE

MB+pic (33-67) VIF

2V/IF film, 100 kg/ha

MB+pic (33-67) VIF

VIF film, 150 kg/ha

Dazomet-rot-VIF

V/IF film, 125 kg/ha

Dazomet-rot-VIF

3V/IF film, 200 kg/ha

Dazomet-dir-VIF *VIF film, 125 kg/ha MS + pic VIF ’LDPE film, 200 kg/ha (MS) + 125 kg/ha (pic)
Telopic VIF | ?VIF film, 135 kg/ha Telopic VIF VIF film, 150 kg/ha

(1,3D+pic) (1,3D+pic)

Chloropicrin VIF (pic) | *VIF film, 100 kg/ha Chloropicrin VIF (pic) | ?VIF film, 150 kg/ha

DMDS VIF VIF film, 200 kg/ha DMDS + pic VIF VIF film, 125 kg/ha (DMDS) + 125 kg/ha

(pic)

DMDS LDPE

’LDPE film, 400 kg/ha

Calcic cyanamid

°LDPE film, 700 kg/ha

Propozone LDPE
(Propylene oxide)

’LDPE film, 250 kg/ha

Propozone VIF
(Propylene oxide)

VIF film, 250 kg/ha

"Treatments in the same row were applied to the same replications each year.  Shank-application under pre-formed
beds mulched with black film. *Broadcast soil surface localization, rotovator and mulching with black film. “Localization
under pre-formed beds mulched with black film

TABLE 4: Control of nematode populations at the end of the growing season.

2002/2003 2003/2004

Loc. 1 | Loc.2 Loc. 1 | Loc.2

Occifresa C. Malvinas Occifresa C. Malvinas
Treatments Pratylenchus | Meloidogyne Treatments Pratylenchus | Meloidogyne

penetrans’ hapla® penetrans’ hapla®
Untreated 161.5 ab 0.07 a Untreated 50.1 ab 1.97 ab
MB+pic (50-50) 23.2 bc 0.00 a MB+pic (50-50) 6.3 b 0.17 cd
LDPE LDPE
MB+pic (33-67) VIF 21.8 bc 0.27 a MB+pic (33-67)VIF 03 c 0.10 cd
Dazomet-rot-VIF 65.3 bc 0.00 a Dazomet-rot-VIF 112.0 ab 1.40 bc
Dazomet-dir-VIF 124.3 ab 1.00 a MS+pic VIF 6.2 bc 1.07 bcd
Telopic VIF 55 ¢ 0.00 a Telopic VIF 9.8 bc 0.00 d
Chloropicrin VIF 110.0 bc 0.00 a Chloropicrin VIF 83.8 ab 0.00 d
DMDS VIF 28 ¢ 0.00 a DMDS+pic VIF 12.7 bc 0.00 d
DMDS LDPE 93.5 bc 0.00 a Calcic Cyanamid 51.5ab 2.80a
Propozone LDPE 3209 a 0.27 a Propozone VIF 2420 a 0.70 bcd

P. penetrans': individuals/g roots; M. hapla’: Severity Index Scale: 0 (No symptoms) to 4 (all roots attacked); P < 0.05.

TABLE 5: Experiments (2002/03 and 2003/04). Total commercial yield.

2002/2003 Total yield" | Relative yield” | 2003/04 Total yield' | Relative yield”
Untreated 890 c 845 ¢ Untreated 800 c 69.3 c
MB+pic (50-50) LDPE 1053 a 100 a MB+pic (50-50) LDPE 1155 ab 100 ab
MB+pic (33-67) VIF 1036 a 98.4a MB+pic (33-67) VIF 1165 ab 100.8 ab
Dazomet-rot-VIF 1014 ab 96.3 ab Dazomet-rot-VIF 1067 b 924 b
Dazomet-dir-VIF 1025 a 97.3a MS+pic VIF 1101 ab 95.3 ab
Telopic VIF 1059 a 100.6 a Telopic VIF 1122 ab 97.2 ab
Chloropicrin VIF 1038 a 98.6 a Chloropicrin VIF 1193 a 103.2 a
DMDS VIF 1000 abc 95.0 abc DMDS+pic VIF 1160 ab 100.4 ab
DMDS LDPE 899 bc 85.4 bc Calcic Cyanamid 814 ¢ 705 c
Propozone LDPE 985 abc 93.6 abc Propozone VIF 1123 ab 97.2 ab

"glplant; “Relative yield in relation to MB standard treatment MB+pic (50-50) = 100%; P < 0.01
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ABSTRACT

In the mid-1980s, substrate culture of strawberries developed mainly in The Netherlands and Belgium
where strawberries are grown now intensively year round on small farms. Due to the limited available
surface area and increasing knowledge on methods for growing vegetables and cut-flowers in soilless
conditions, substrate culture of strawberries has gained much interest and has become a common
cultivation method. In the 1990s the technique has spread in central Europe, mainly UK and the north
of France and ltaly. More recently, substrate culture has developed significantly in the southern
regions of Spain, France and ltaly due to the phase out of methyl bromide. On the other hand, the
interest in northern Europe (Germany and the Scandinavian countries) is rather limited. Currently, the
production area of strawberry soilless culture in Western Europe can be estimated around 1270 ha or
2.7 % of the total production area which is estimated to be around 47,000 ha.

Keywords: soilless culture, Fragaria x ananassa, strawberry production, greenhouse, substrates
INTRODUCTION

Substrate systems have been of great interest to growers with intensive strawberry cultivation in
greenhouses and plastic tunnels. Initially the soilless system was an alternative for strawberry
production on contaminated soils (Phytophthora spp., Verticillium spp., nematodes) under permanent
structures. The use of pesticides can be minimized and fruit rot and damage by grubs or other insects
are limited. Strawberries from substrate culture are clean and well ripened because they are not
touching the soil, straw or plastic but instead are hanging free in the air. By extending the production
period, using cold stored plants, a continuity of supply to the markets is feasible which prolongs sales.
Compared to imports and traditionally-grown strawberries premium prices can be obtained for
separately-marketed, substrate-grown strawberries. The better working conditions of substrate-grown
strawberries can attract labour more easily and increase picking speed. Out of season production
enables the growers to divide the labour force over a longer period and to reduce peak harvest
periods. Substrate systems also create the possibility of increasing plant density to increase both
productivity and profitability to overcome higher installation and annual costs.

OVERVIEW OF PRODUCTION AREAS IN EUROPE
Northern Europe

In Scandinavia and Germany there is only limited interest in substrate culture. Land is available for
crop rotation and soil disinfection is traditionally not being used and/or prohibited. In Scandinavia the
fruiting season is limited by the climate. Strawberry production on substrate is more susceptible to
frost and demands heating systems. Extending the production season in tunnels competes with high
quality imports and can only be profitable for niche home markets.

Traditionally in Germany and Scandinavia grow most strawberries outdoors in the normal season.
Pick your own systems still represent a relatively large percentage of the production. Germany has
known only very recently tunnel culture and substrate production. Only about 20 ha is situated around
high populated areas such as Berlin, Dusseldorf and Koéln. In Scandinavia substrate culture does not
exceed 10 ha.

Central Europe

The greenhouse production is situated primarily in Belgium (160 ha) and The Netherlands (140 ha).
In Belgium the acreage of substrate-grown strawberries in polythene tunnels fluctuates around 100 ha,
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which is 30% of the total surface under plastic. In The Netherlands it is around 30 ha. The use of soil
disinfectants is restricted in The Netherlands (every 4 years based on soil analysis) and MB is not
used in Belgium due to the high cost price and satisfactory results which are obtained with 1-3
dichloropropene (Telone). The reduction of herbicides and fungicides for traditional soil production
makes growers switch from traditional summer production in the soil with waiting bed plants (sixty day
plants) to substrate culture, especially in Belgium and The Netherlands.

The UK has expanded significantly the production of strawberries in greenhouses in the last 3 years to
about 80 ha today. On the other hand, the strawberry production in the UK under portable and
multispan tunnels has increased spectacularly from 150 ha in 1997 to around 1000 ha in 2004, of
which about 75 ha is grown in peat and coir. Also, in the Republic of Ireland, tunnel production has
boomed recently and now 16 ha of greenhouses and 25 ha of walk-in tunnels use substrates.
Protected cropping still remains of marginal importance in Switzerland and Austria.

Southern Europe

MB is being used mainly in southern Europe to control nematodes and the fungal diseases
Phytophthora spp and Verticillium spp. Research for alternatives to MB is global and substrate culture
is one of the alternatives.

Although there has been a 30% decline in total strawberry acreage in France, over the past five years
soilless culture has expanded significantly especially in the southern regions (from 70 ha in 1999 to
265 ha in 2004). The majority of substrate production occurs in multispan plastic tunnels. Initially,
substrate culture started in the north of France; Pays de Loire (29 ha) and Nord Pas de Calais (10 ha).
Now dominating regions are Lot-en-Garonne (87 ha) and Dordogne (65 ha). During the summer the
day-neutral varieties are being cultivated on substrate culture in the region Dordogne. Production on
substrate under glass is mainly situated in Bretagne (37 ha). Substrate culture has expanded also in
the South-East Pyrenées and Rhéne (33 ha).

In Italy, the soilless culture had aready developed in the last decade and has stabilized at a surface
area of 150 ha. In the northern mountain area (Trentino and Alto Adige) strawberry soilless culture
covers about 90 ha. In the Verona area, soilless culture covers about 40 ha which means 10% of the
strawberry total surface. In the other Italian regions substrate culture is of minor importance: Cesena
(2 ha), Battipaglia (12 ha), Metaponto (2 ha) and Sicily (4 ha).

The largest strawberry production area of Europe is situated in the south of Spain (Huelva). Almost
3000 ha are grown in large tunnels. Because of the ban of MB researchers are looking for alternatives
and substrate culture has attracted interest. In the last two years substrate culture (peat, coir) has
been established under large walk-in tunnels and multispantunnels. The area is estimated around 61
ha. Smaller substrate production sites can be found in Almeria and Tenerife-island.

Portugal has expanded its soilless culture (45 ha) very recently in the Algarve and Alentejo regions
(Lieten et al. 2004). The production areas in Europe are summarised in Table 1.
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Table 1: Overview of the estimated strawberry production in Europe (2004).

Country Total surface Protected Substrate Tendency substrate
in ha cropping in ha culture in ha culture in the near future
* *%
Belgium 2250 470 330 Stable
The Netherlands 2200 170 200 Small increase
United Kingdom 3200 680 155 Stable
Ireland 200 66 35 Stable/small increase
Germany 11.000 80 20 Small increase
Switzerland 410 50 15 Small increase
France 3700 1480 265 Strong increase
Italy 3900 3025 150 Small increase
Spain 7000 1900 61 Strong increase
Portugal 600 300 45 Increase
Greece 365 320 1 Stable
Austria 1200 10 2 Stable
Norway 1790 10 0.5 Stable
Sweden 1900 15 3 Stable
Denmark 1060 5 1 Stable
Finland 4500 8 4 Stable/small increase

*Greenhouses and large tunnels ** Exluding Frag. vesca and including outdoor soilless production systems
SUBSTRATES

The basic product for soilless culture being used is mainly peat moss. On the other hand, to contend
with the regulations of the peatland exploitation, alternative sustainable substrates are being
developed. Several organic materials such as wood fibres, composted pinebark, cork and vine
shoots, coir dust and coir fibres are considered renewable resources without ecological drawbacks.

Polystyrene as additive and rockwool are not biodegradable and in some countries cannot according
to environmental regulations be plowed into the land. Although rockwool can be recyled by the
manufacturing companies the interest as substrate is very limited. Pure coir dust and coir fibres
represent about a quarter of the market. Sometimes it is used as pure substrate, very often it is mixed
with peat. Advantage of coir is that it can be compressed in bricks and rehydratated very easy which
is cost-saving for transportation. However, coir can contain high concentrations of K, Na and Cl and
fixates Ca, Mg and Fe. These can result in leaf and tip burn, inferior fruit quality, Fe-deficiency and
Na-toxicity symptoms. For these reasons, coir has to be washed with a Ca / Mg / Fe-containing
solution prior to planting.

In some regions of Europe, local waste products are being used as substrate such as pine bark in the
south of France. In ltaly there is natural production of perlite, which explains the popularity of this
substrate in certain regions. Compost based on garden and crop waste is being used on a small scale
as an alternative to peat in Belgium and The Netherlands. Sometimes compost can have a lack of air
porosity and an high salinity content. Trials with grape bagasse are going on in Spain and Italy.

Several organic substrates can contain high carbon sources available for microbial activity which can
lead to N-retention. Organic substrates should be composted long enough and in some cases
prefertilised. Woodfibre has a high porosity, a low buffering capacity and an easily usable water
content. Typical for woodfibre is its fast volume reduction and its high organic matter. Composted vine
shoots are characterised by their high cationic exchange capacity. Like vine shoots, pine bark shows
a high porosity value (a high air capacity) and a relatively low water-holding capacity so it needs more
frequent irrigation (Longuesserre 2001).

In case substrates are re-used for a second crop cycle, leaching with water is necessary in order to
remove excessive salts. Also freezing of peat substrates during winter improves their physical
properties. However, re-used peat, especially for summer plantings, usually reduces vigour and yield
by 8 - 10% (Lieten 2004). The re-use of coir mixtures can be sometimes more successful due to their
more stable composition (Evenhuis et al. 2001). As a consequence of their specific physical and
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chemical properties irrigation schedules and nutrient solutions will need to be adjusted for alternative
and re-used substrates.

ACTUAL SOILLESS SYSTEMS
Bag culture

The first experiments on pea bags were done in the mid-1970s with forcing cultures but became in the
1990s the main growing method in central Europe. The bags are small plastic co-extruded bags
which contain between 8 and 18 liters of peat mixture, coir, pinebark or perlite. Due to the high costs
of growbags, the labour (150 hrs/ha) for removing bags and extra costs for plastic waste at the end of
cultivation, bags only represent about 15% of the area in The Netherlands and Belgium. In some
European countries where the environmental laws on plastic waste are less strict more bags are used.
Sales companies have some interest in compacted coir bags in relation to cheaper long distance
transportation to France, Spain, Italy and UK but in general bag culture in central Europe is
decreasing. Due to local production, perlite is mainly commercialized in plastic bags in Italy.

Container, buckets, small pots

Dutch and Belgian growers started to grow strawberries in plastic buckets in the early 1980s. These
PE-pots are about 22 cm high, 20 cm wide and can contain 5-7 liters of substrate. Bucket culture has
developed since the mid-eighties and still represents about 20% of the production systems in Belgium
and The Netherlands. Since the late 1980s several types of right-angled containers have been
introduced. These containers are about 15 cm high, 20 cm wide and 50 to 60 cm long. They can
contain between 10 and 20 liters of substrate. Containers now represent 60% of production in
Belgium and The Netherlands and the system is being used in most European countries.

A variation on the buckets, small pots of 1.5-2 litres, has been developed in the 1980s. Advantage of
the system are the cost savings in reduced substrate and the possibility of growing young plants
directly in the pots and storing the pots completely with plants in cold storage which reduces labour.
The system represents about 5% of the substrate surface in Belgium and the Netherlands, France, UK
and Switzerland.

Systems

Pots, buckets and containers can be filled with substrate with specially adapted machines with which
also trays for plant production can be filled. After the harvest there is no plastic waste material.
Substrate can be extracted by machine and composted. The support structures are suspended from
the glasshouse roof or placed directly in the soil. The rows are usually about 1.2-1.3 m apart and
approximately 1.2-1.5 m from the ground. In northern Europe, there is a wide variation of horizontal
support systems being used. Buckets can be suspended from the greenhouses and tunnels. On
larger farms, buckets and containers are usually placed in gutters (5 Euro/m?) which collect the
drainage water (The Netherlands, Belgium). Smaller pots can be lodged into pre-drilled holes in PVC-
pipes which serve as canals for the drainage water. In France and ltaly they are placed on a support
structure consisting of wooden piles and iron wires. A typical support structure for bags and
containers consists of a cheaper iron framework on piles in which a plastic is folded so it can serve as
gutter to collect the percolate (€2.5/m?).

ECONOMICS

Soilless culture requires higher costs such as support structures (€2.5-5/m?), irrigation and fertilizer
units (€2-3/m?) and substrate (€2.5/m?). The higher yields due to increased plant density, higher
picking speed and premium prices which can be fetched for the separately-marketed strawberries can
overcome the higher installation and annual costs and increase profitability.

The profitability depends also very much on the annual yields which can be obtained. In The
Netherlands and Belgium with the cv. Elsanta two crops in a tunnel can be obtained - 6 kg/m? in spring
and 3.5 kg/m? in autumn (€2.2 Euro/kg costs and revenues 8 €/m?). In the greenhouses three
successive crops with Elsanta are normal: 6 kg /m? in spring, 3 kg/m? in the summer and 4 kg/m? in
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the autumn. The revenues are better then the traditional culture in the soil (costs €2.6 /kg and
revenues €12 /m?). The costs are summarised in Table 2.

Table 2: Yield and costs in soil and soilless culture of cv. Elsanta in Belgium.

Tunnel production * Summer production **
Soil Soilless Soil Soilless
Yield (kg/m?) 4.7 9.5 2.2 4.2
Costs (Euro/m?) 9.5 14 4 7.6
Total income ( Euro/m?) 13 29 6 11.7
Profit (Euro/m?) 3.6 15 2 4.1

* Spring and autumn ** 60 day plants

In France, yields are lower with varieties such as Gariguette (3.8 kg/m?) and Darselect (1.2 kg/m? in
autumn and 4.5 kg/m? in spring) but due to superior quality the growers are paid very well on the
markets (respectively costs €3.6 /kg and €2.10 /kg and revenues €13 /m? and €12 /m?).

RECIRCULATION

Due to the environmental restrictions there will be strong control in Europe on the quality of the
leaching of drainage water, particularly for NO3, PO, and SO,. In the future, closed systems may be
regarded as a good ecological agrarian practice (GAP), avoiding pollution of the environment and
saving on water sources. By recycling up to 25% of the water, 35% of the fertilizers can be saved
(Lieten 2000; Longuesserre 2002) which can have economic advantages.

In Belgium and The Netherlands environmental laws require open soilless systems to be converted to
closed growing systems and many new installations have been designed to accommodate water
collection and water storage. The percolate from strawberry cultures has to be recycled or alternatively
used for other crops.

Recycling implies more risks of rapid transmission of fungal diseases (Fusarium, Phytophthora frag.,
Verticillium), bacteria (Xanthomonas), and nematodes which can easily lead to crop losses. Most
fungicides are not registered in Europe for irrigation water application so the discharge water has to be
disinfected prior to re-use. Several systems are used such as UV-radiation (Runia 1994) , slow sand
and rockwool filtration (De Bruijn 1995; Wohonka 1992) which are preferred due to their flexibility of
design and size, simplicity, reliability and relatively low installation costs. Prior to discharging the
percolate into the environment the water has to be cleaned up by biofiltration. In several countries,
vertical flow reed beds and surface flow systems (Bryan & Findlater 1991;Green & Upton 1991) are
used to remove pollutants and nutrients from excess waste water from substrate cultures.
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ABSTRACT

Strawberry growers in Spain and other Mediterranean countries have for many years depended on
methyl bromide / chloropicrin (MB/PIC) to control insect and soil-borne pests before planting. The
future loss of MB after 2005 has initiated a search for alternative fumigants or new and modified
productions systems such as soilless growing systems. Soilless growing systems can achieve a
sustainable, efficient and environmentally-friendly growing system for strawberry production without
the use of MB. Organic substrates like peat, coconut fibre, grape bagasse compost, composted cork
or inert substrates like rockwool or perlite are feasible. Soilless systems can be adapted to fix a wide
variety of economic situations from low capital input to high capital input. Substrates usually give
higher yields than when MB is used in the open field, they extend the growing sea