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FOrEWOrD

fOrewOrD

for decades, methyl bromide has been used as the fumigant of choice in intensive agriculture around the 
world as well as in the storage treatment of perishable goods and commodities. however, due to its high 
ozone-depleting potential, in 1992, methyl bromide was included among the Ozone Depleting substances 
under the  montreal protocol. since then, phase-out schedules for this chemical were agreed upon, for all 
parties to the protocol, and financial support was granted to assist developing countries with their phase-
out activities.

since 1996, the United Nations Industrial Development Organization (UNIDO) has implemented a total of 
175 projects in 55 developing countries for the elimination of more than 8,000 metric tonnes of methyl 
bromide, representing 70 per cent of the total phase-out of this chemical in developing countries.

this has been a great challenge for UNIDO and, at the same time, has created opportunities to promote a 
variety of non-chemical alternatives and to contribute to the overall development of countries and local 
communities. All projects have provided market headway to various agricultural sectors by making them 
more competitive on the international markets, which are increasingly requiring produce compliant with 
environmental standards.

the results achieved by UNIDO would not have been possible without the assistance provided by the 
multilateral fund for the Implementation of the montreal protocol and bilateral donors such as canada, 
Italy, Japan, france and spain, as well as by numerous governments, universities, experts, colleagues, 
friends and partners with whom we have worked over the past decades. Our deepest thanks and gratitude 
go to all of them.

this publication stems from the contribution of UNIDO to the phase-out of methyl bromide and is aimed 
at supporting key stakeholders (i.e. National Ozone Units, phytosanitary authorities, growers, fumigators, 
technical assistants, trainers, researchers, customs officials, chemical importers and pesticide dealers), as 
well as other parties involved in this thematic area. furthermore, each section of this publication contains 
its own supporting information, allowing flexibility in using the chapters individually according to the needs 
of the various stakeholders. we hope all stakeholders will find this toolkit useful and keep on working for 
the phase-out of methyl bromide with the enthusiasm and spirit of cooperation they have shown over the 
past 20 years. 

Stephan Sicars

Director, environment branch, UNIDO

Stephan Sicars
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eXecUtIVe sUmmAry
 

part I – phAsING OUt methyl brOmIDe  
fOr cONtrOlleD Uses 

the montreal protocol and methyl bromide

the montreal protocol on substances that Deplete the Ozone layer was signed in 1987 by a group of countries 
mindful of their obligation “to take appropriate measures to protect human health and the environment 
against adverse effects resulting or likely to result from human activities, which modify or are likely to modify 
the ozone layer…”. 

the parties to the montreal protocol established the multilateral fund (mlf) to provide financial assistance 
to Article 5 countries to phase out ozone-depleting substances (ODss), and designated four Implementing 
Agencies to undertake projects and other actions on the ground: the United Nations environment programme 
(UNep), the United Nations Industrial Development Organization (UNIDO), the United Nations Development 
programme (UNDp) and the world bank.

In 1992, methyl bromide was listed as an ODs and specific control measures were agreed on for its phase-
out. when emitted to the atmosphere, the methyl bromide molecules will break and release bromine, which 
is far more destructive than chlorine (present in many other ODss). the methyl bromide phase-out directly 
impacted agriculture and food safety and security, giving rise to very specific challenges, since this fumigant 
was in commercial use for over 60 years to control soil-borne pests, diseases and weeds and for disinfesting 
food-processing buildings and stored durable commodities among others.

In addition, methyl bromide is a well-established treatment for quarantine and pre-shipment (Qps) control 
of a diverse range of pests and diseases on many commodities in trade. the montreal protocol exempted 
methyl bromide for Qps purposes from the phase-out controls, because in 1992 it was considered that there 
were no feasible alternatives for such treatments and that the unavailability of methyl bromide would put 
international trade and many agricultural businesses at risk. 

A clear differentiation between controlled and exempted uses is thus essential to ensure the sustainability 
of the phase-down achieved for controlled uses and, most importantly, avoid methyl bromide intended for 
Qps from being used for controlled used (now banned).

the UNIDO toolkit aims at providing key stakeholders impacted by the regulations of phasing out methyl 
bromide with essential tools to maintain the methyl bromide phase-out achieved in a sustainable manner.  

controlled uses

All uses of methyl bromide not intended to provide treatments for Qps control are considered to be “con-
trolled uses” and are meant to be phased out. controlled uses of methyl bromide are now fully phased out 
except for some “critical uses”, which parties can obtain under very specific circumstances. but such exemp-
tions, when approved by the parties, are granted for a period of one year.  

when requesting critical uses, a large number of reporting requirements must be met, including a detailed 
application, a comprehensive list of alternatives which are available in the country that is submitting the 
nomination, a national phase-out strategy and an annual accounting framework with reports of methyl bro-
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mide use and the quantity acquired and used, as well as stocks of methyl bromide that are available at the 
beginning and the end of each year.

 
exempted uses (Qps)

In 1992, the use of methyl bromide for Qps treatments accounted for about 10% of the global consumption. In 
the absence of site-specific alternatives, methyl bromide thus continues to be available after the 2015 phase-
out deadline due to the Qps exemption and could thus be used for any controlled application. 

parties have nevertheless been urged to adopt alternatives for Qps treatments and to reduce the use and 
emissions of methyl bromide whenever possible. At present, the protocol’s methyl bromide technical Op-
tions committee (mbtOc) estimates that about 40% of methyl bromide used for Qps treatments could be 
replaced with immediately available alternatives.

the montreal protocol requires parties to report annual data on production, consumption, feedstock uses 
and destruction of ODss, including methyl bromide consumed for Qps applications.  UNIDO has been assist-
ing parties with Qps reporting. A logbook format in this regard has been developed, which licensed fumiga-
tors should fill in whenever applying a Qps treatment ( http://www.unido.org/en/what-we-do/environment/sa-
feguarding-the-environment/emerging-compliance-regimes/phase-out-of-methyl-bromide/unido-toolkit.html ).

 
Global consumption of methyl bromide for controlled uses

phasing out methyl bromide for controlled uses has been a very successful effort worldwide. the global base-
line consumption went down from nearly 80,000 metric tonnes in 1992 to less than 500 metric tonnes in 2014 
(wholly comprising critical uses). Article 5 parties made great strides by phasing out more than 85% of con-
trolled uses ahead of the 2015 deadline.

reasons for using methyl bromide, sectors and stakeholders involved

methyl bromide was mainly used as a soil fumigant for controlling soil borne pests, diseases and weeds  
affecting the production of some high value crops. A smaller proportion (10%) was used in some countries for 
post-harvest fumigation of durable commodities (e.g. grain, dried fruit and other foodstuffs) and structural 
fumigation (e.g. warehouses, mills). 

Users in Article 5 parties were diverse, ranging ranged from small farmers to very large enterprises. the advan-
tage perceived by users when using methyl bromide to treat soil or commodities was that this fumigant eradi-
cated virtually all living organisms present in the soil or infesting commodities or structures. 

Aside from direct users, a variety of stakeholders were impacted by the phase-out. these included government 
authorities, researchers and technical assistants and importers. 

 
Actions undertaken by UNIDO to assist the phase-out  
of methyl bromide

UNIDO positioned itself as a proactive agency ready to provide tailor-made solutions to each country requesting 
its assistance. since 1996, UNIDO has acted as an implementing agency in 55 out of the 77 Article 5 countries 
where the mlf has funded projects aimed at phasing out methyl bromide, working on its own, or sometimes in 
cooperation with other agencies and/or specific donor countries, and always in coordination with governments 
requesting its assistance. 

http://www.unido.org/en/what-we-do/environment/safeguarding-the-environment/emerging-compliance-regimes/phase-out-of-methyl-bromide/unido-toolkit.html
http://www.unido.org/en/what-we-do/environment/safeguarding-the-environment/emerging-compliance-regimes/phase-out-of-methyl-bromide/unido-toolkit.html
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Alternatives implemented

Alternatives were carefully selected taking into consideration the specific circumstances of each country and 
sector. furthermore, acceptance and agreement from key stakeholders, availability of and economic feasibility 
of the selected options and training and technical assistance were also considered. A wealth of information 
on methyl bromide alternatives is now available for virtually all climates, growing systems and circumstances 
under which methyl bromide was previously used.

the main technologies selected for replacing methyl bromide for each key sector in countries where UNIDO im-
plemented projects are summarized in this toolkit. In addition, case studies from countries where alternatives 
proved to be particularly successful are also featured.

ensuring a sustainable methyl bromide phase-out 

experience has proven that the best option when replacing methyl bromide is to adopt a multi-disciplinary 
approach giving way to sustainable production practices, which often increases the competitiveness of the 
sectors involved. UNIDO thus used an integrated approach to manage pests and diseases on the crops. this 
provides an efficient means to respond to consumers’ demands of high quality products, which at the same 
time require observance of environmental, health and socio-economic standards, as well as food safety and 
security. this has opened and widened markets, particularly for horticultural products exported from Article 5 
parties. A sustainable phase-out should further comprise economic, regulatory and political aspects.

Impact of the methyl bromide phase-out

the phase-out process generated much information particularly on intensive agricultural production systems 
where methyl bromide was primarily used.  A large number of growers and other key stakeholders were trained. 
As a result, growers all over the world learned how to comply with strict sustainability standards and have be-
come more competitive. they also have opportunity to access new markets for their products.  A more rational 
use of chemical products also benefitted the environment and human health. the phase-out of methyl bromide 
also provided women in some sectors with ample opportunities to improve their general welfare; for example, 
sectors adopted grafting technologies employed a large number of women. 

part II -AssUrANce Of cOmplIANce wIth the 
methyl brOmIDe phAse-OUt 
part II of the toolkit provides the various categories of stakeholders with different tools in order to assist them 
in sustaining the phase-out achieved. each section describes the role of the stakeholder category and con-
tains relevant definitions and decisions derived from the montreal protocol. specific tips to ensure correct 
operation are also included.

compliance tools for National Ozone Officers (NOUs)

National Ozone Officers play a key role in maintaining governments’ commitments acquired under the  
montreal protocol. they authorize and monitor methyl bromide consumption; monitor compliance with legislation  
relating to methyl bromide and update regulatory efforts; report on the consumption (for both controlled and 
Qps uses) and other issues to the Ozone secretariat and the mlf; participate in negotiations and propose 
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topics for discussions and modifications to the Decisions of the montreal protocol; and translate these into 
Decision text when necessary.

compliance tools for customs and phytosanitary authorities 

customs officers are instrumental for the enforcement of pesticide regulations, particularly restrictions on  
imports. It is essential that they are well informed on the current legislation and that they are able to correctly 
identify products coming in, their destinations and their proposed uses. 

phytosanitary authorities need to work in close collaboration with customs officers as their work is highly  
inter-related.  this is the only way that bans and restrictions placed on chemicals, quarantine dispositions and 
authorized treatments can be adequately enforced. A clear understanding of the concepts of “Quarantine” and 
“pre-shipment” is critical for both customs and phytosanitary authorities. 

compliance tools for importers

As suppliers of methyl bromide (whether for critical uses or Qps treatments), importers play a critical role in 
supporting the phase-out of methyl bromide. A special permit or quota authorization may be required to source 
the methyl bromide. If they also provide fumigation services, they most likely need to request supervision or 
license from official authorities. 

In addition, importers are often also suppliers of alternatives, and as such play a key role in supporting the 
sustainability of the phase-out.

compliance tools for technical assistants and extension staff

technical staff and individuals involved in academic activities play a crucial role in supporting information dis-
semination efforts and the successful adoption of alternatives. research findings and results of experiments 
often provide the basis on which the efficiency of alternatives is assessed and ways to optimize their imple-
mentation.

compliance tools for direct users

Direct users are ultimately the stakeholders most affected by the phase-out of methyl bromide. replacement 
of methyl bromide often requires direct users to introduce changes in their production systems, including vary-
ing the investment components, getting extensive training and addressing problems differently. the approach  
taken by UNIDO allowed users to conduct experiments with respect to new technologies, which helped them 
gain confidence with their use.

UNIDO has always emphasized the need to integrate different options and develop a comprehensive approach 
towards pest and disease control. the Organization always kept in consideration the long-term sustainability 
of alternative fumigants – even when they do not damage the ozone layer, – and worked towards achieving 
sustainable production systems. Assessing the technical and economic feasibility of potential alternatives is 
also very important. In many cases, implementing alternatives required changes in, for instance, production or 
storage systems while maintaining access to specific markets and complying with quality and other commercial 
requirements.
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pArt I – the methyl brOmIDe phAse OUt
1. INtrODUctION – the mONtreAl prOtOcOl AND methyl brOmIDe 

1. introduction – The Montreal 
Protocol and methyl bromide

the United Nations environment programme (UNep) 
montreal protocol was signed in 1987 by a group of 
countries, which were already signatories to the 
Vienna convention for the protection of the Ozone 
layer, “to take appropriate measures to protect 
human health and the environment against adverse 
effects resulting or likely to result from human 
activities which modify or are likely to modify the 
ozone layer”.  A large number of compounds were 
classified as “ODss” (Ozone Depleting substances), 
mostly in industrial sectors, and were deemed 
responsible for the significant thinning of the ozone 
layer over Antarctica, a thinning which appears 
during the southern hemisphere spring and is 
know as the “ozone hole”. the ozone layer prevents 
harmful UV rays from reaching the earth’s surface. 
without the protocol, UV radiation levels would 
have increased to extremely dangerous levels, with 
disastrous effects to our planet.

the parties to the montreal protocol established the multilateral fund (mlf) to provide financial assistance 
to Article 5 parties for phasing out ODss and designated four implementing agencies to undertake projects 
and other actions aimed at replacing these substances: the United Nations Industrial Development 
Organization (UNIDO), UNep, the United Nations Development programme (UNDp) and the world bank.

In 1992, methyl bromide was listed under the montreal protocol as an ODs and specific control measures 
were agreed for its phase-out. this fumigant has a high ozone-depleting potential (ODp). when emitted to 
the atmosphere the methyl bromide molecules break, releasing bromine, which is far more destructive than 
chlorine (present in many other ODss).

methyl bromide is a unique ODs as its phase-out directly impacted agriculture and food safety and security, 
giving rise to very specific challenges. work on methyl bromide-related issues started as early as 1994, with 
the identification of priority sectors using methyl bromide and the assessment of its possible alternatives. 
Over the years, UNIDO has positioned itself as the implementing agency with the most experience on methyl 
bromide, undertaking over 70% of the projects related to this substance. 

methyl bromide is a fumigant that was in commercial use for more than 60 years to control pests including 
various soil borne fungi, bacteria, insects, mites, nematodes and rodents as well as many weeds and seeds. 
It was also used extensively to disinfest food-processing buildings (e.g. mills, warehouses, ship-holds 
and containers) and stored durable commodities such as grain (including rice, wheat, maize and others), 
dried fruit and other dried foodstuffs and beans (e.g. coffee, cocoa). It had many more miscellaneous uses 
including disinfesting museum artefacts that could be subject to damage from pests. 

methyl brOmIDe 
phAse-OUt DIrectly 
ImpActeD AGrIcUltUre 
AND fOOD sAfety 
AND secUrIty, GIVING 
rIse tO Very specIfIc 
chAlleNGes. 

The ozone hole as illustrated by NASA

Ozone hole

220 Dobson 
Units

Total Ozone (Dobson Units)

110 220 550440330
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In addition, methyl bromide is also a well-established treatment for quarantine and pre-shipment (Qps) 
control of a diverse range of pests and diseases on many commodities in trade; including timber, wooden 
packaging and various perishables such as fruits, vegetables and cut flowers. the protocol exempted Qps 
of methyl bromide from phase-out controls because in 1992 it was considered that there were no feasible 
alternatives for such treatments and that, in consequence, the unavailability of methyl bromide would put 
international trade and the livelihood of many agricultural sectors at risk. 

the sustainability of the methyl bromide phase-out is sensitive to the montreal protocol, for two main 
reasons. first, the methyl bromide production capacity, although reduced, will ensure the availability of 
the chemical in the market for exempted uses (Qps). secondly, the end users of methyl bromide were not 
subject to significant technology conversion; therefore it might be possible for them to go back to their 
previous practices that involved application of methyl bromide. In contrast, other ODss (e.g. refrigerants) 
generally require production plants to undertake significant technological conversions, thus going back to 
the previous practices would rarely be justifiable. 

this dual use of methyl bromide – controlled and exempted – poses various challenges and requires 
a clear understanding of the implications.. As of 1 January 2015, however, using methyl bromide for 
controlled uses would bring a country under non-compliance with the montreal protocol, unless it was for 
approved critical uses.

the UNIDO toolkit aims at providing key stakeholders impacted by the methyl bromide phase-out with 
essential tools to maintain the methyl bromide phase-out achieved in a sustainable manner. It includes a 
historical perspective of methyl bromide use around the world in the past and its remaining uses, actions 
taken by countries to achieve the phase-out in different sectors, and information on alternatives to methyl 
bromide as well as how best to implement them.

the UNIDO tOOlkIt 
AIms At prOVIDING 
key stAkehOlDers 

ImpActeD by the 
methyl brOmIDe phAse-

OUt wIth esseNtIAl 
tOOls tO mAINtAIN 

the methyl brOmIDe 
phAse-OUt AchIeVeD IN 

A sUstAINAble mANNer. 
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2. Methyl bromide uses and  
controls under the Montreal Protocol

considering the different nature and aim of treatments traditionally conducted with methyl bromide, as 
explained in the previous section, these treatments were classified under the protocol as controlled and 
exempted (Qps) uses.

2.1. controlled uses
All uses of methyl bromide not intended to provide treatments falling within the definition of Qps (see 
section 2.2) are considered to be “controlled uses” and are meant to be phased-out. these include for 
example pre-plant soil fumigation in the production of many crops such as strawberries, vegetables, tobacco 
seedlings and cut flowers; treatment of stored grain; and disinfestation of flour mills. for a more detailed list 
of controlled uses of methyl bromide and the main sectors and regions where these occurred, see chapter 3.

control schedules leading to the phase-out of controlled uses of methyl bromide were agreed under the 
montreal protocol in 1995 and 1997 as shown in table 1 below:

TAbLE 1. PHASE-OuT SCHEDuLES FOr CONTrOLLED uSES OF METHyL BrOMiDE uNDEr THE MONTrEAL PrOTOCOL

Developed (non-A5) Parties* Developing (A5) Parties*

> 25% cut on production and consumption by 
      1 January 1999 according to 1991 baseline

> 50% cut on 1 January 2001

> 70% cut on 1 January 2003

> total phase-out by 1 January 2005 with provision 
   for critical Use exemptions (cUe)

> freeze on production and use on basis of 
   average levels for 1995 – 1998  
   (baseline consumption) in 2002

> 20% cut on production and use according to 
   1995-98 baseline, as of 1 January 2005

> phase-out by January 2015 with provision for cUe

* Parties to the Montreal Protocol are classified as Article 5 (A5) or Non-Article 5 (Non-A5) in relation to their consumption of ODS. In general, 
A5 Parties are developing countries whilst non-A5s are developed countries

2.1.1. critical Uses

As shown in table 1, controlled uses of methyl bromide are now fully phased-out except for remaining 
“critical Uses”, which parties can obtain under special permission.

 critical uses of methyl bromide refer to very specific cases where the applicant (a party) shows, by submitting 
very detailed information, that no economically or feasible alternatives exist for a particular methyl bromide 
use under specific circumstances.

the critical Use Nomination (cUN) process is very complex and in principle needs to follow Decision IX/6 
of the protocol, whereby the applicant needs to provide proof that alternatives do not work and/or lead 
to significant market disruption.  Nominations are assessed by the protocol’s methyl bromide technical 
Options committee (mbtOc), which may recommend the nomination in full or only partially, or may 
altogether not recommend it. the parties will then decide whether or not to grant the critical Use exemption 
(cUe). exemptions are granted only for one year.  

All Uses Of methyl 
brOmIDe NOt INteNDeD 
tO prOVIDe treAtmeNts 
fAllING wIthIN the 
DefINItION Of Qps Are 
cONsIDereD tO be 
“cONtrOlleD Uses” 
AND Are meANt tO be 
phAseD-OUt.

pArt I – the methyl brOmIDe phAse OUt
2. methyl brOmIDe Uses AND cONtrOls UNDer the mONtreAl prOtOcOl
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As per Decision ex I/4, parties that have been granted critical Uses must submit information to the Ozone 
secretariat on stocks available in 2015 and yearly thereafter. they must also present a National management 
strategy indicating how they plan to phase the authorized critical Uses out.

2.1.2. reporting requirements for critical Use exemptions

Decisions from the montreal protocol established a large number of reporting requirements when critical 
Uses are authorized, for example:

> Annual reports on the implementation of Decision IX/6 (the main Decision defining cUe)

> Databases of alternatives for soil fumigation and postharvest uses which are available  
in each country submitting cUNs

> Detailed nominations (a special handbook exists guiding the applicant on this process,  
it includes a specific timetable which should be observed.  
see http://ozone.unep.org/en/node/5737 and  
http://ozone.unep.org/en/data-reporting/data-reporting-and-tools

> A National phase-Out strategy describing how the applicant party intends to replace methyl bromide, 
which needs to be updated.

> An annual accounting framework reporting methyl bromide use, quantity acquired and used and  
methyl bromide stocks at the start and end of each year.  
see http://ozone.unep.org/en/data-reporting/data-reporting-and-tools

2.2. exempted uses (Qps)
As mentioned earlier, since methyl bromide was classified as an ODs in 1992, quarantine and pre-shipment 
(Qps) uses were specifically excluded from control measures because at the time it was considered that no 
feasible and equally efficient alternatives to methyl bromide were available for a diverse range of treatments 
carried out for Qps.

Although in 1992 Qps was about 10% of global methyl bromide consumption at the time, this was 
nevertheless significant in trade of commodities treated with methyl bromide in the absence of site-specific 
alternatives. such trade could be between countries (international) but also within a country (national), 
when a quarantine pest or disease was limited to a certain region. 

ever since the exemption came into force, however, parties have been urged to adopt alternatives to 
methyl bromide for Qps and reduce emissions and use of this fumigant whenever possible. At present, the 
protocol’s mbtOc estimates that up to 40% of Qps uses of methyl bromide could be replaced with feasible 
and immediately available alternatives.

because phase-out of controlled uses is now almost complete, over 90% of methyl bromide world 
consumption is now destined for Qps.

Up tO 40% Of Qps Uses 
Of methyl brOmIDe 
cOUlD be replAceD 
wIth feAsIble AND 

ImmeDIAtely AVAIlAble 
AlterNAtIVes.

Up tO 40% Of Qps Uses 
Of methyl brOmIDe 
cOUlD be replAceD 
wIth feAsIble AND 

ImmeDIAtely AVAIlAble 
AlterNAtIVes.
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2.2.1. Definitions

to clearly differentiate between controlled and exempted uses, it is essential to understand the following 
definitions.

specifically, the seventh meeting of the parties decided in Decision VII/5 that:

a)   “Quarantine applications”, with respect to methyl bromide, are treatments to prevent the introduction, 
establishment and/or spread of quarantine pests (including diseases), or to ensure their official 
control, where:

 i.  Official control is that performed by, or authorized by, a national plant, animal or environmental 
protection or health authority;

 ii.  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;

b)  “Pre-shipment applications” are those treatments applied directly preceding and in relation to export, 
to meet the phytosanitary or sanitary requirements of the importing country or existing phytosanitary 
or sanitary requirements of the exporting country.

the definition of ‘pre-shipment’ is unique to the montreal protocol and refers to “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 those “performed by, 
or authorized by a national plant, animal, environmental, health or stored product authority”. pre-shipment 
treatments target non-quarantine pests that may be present in both the exporting and importing country. 
these pests usually affect storage or end-use quality of the exported commodities, and are outside the 
scope of the International plant protection convention (Ippc).

the definition of a quarantine pest under the montreal protocol differs from that under the Ippc in that 
it refers to “pests of potential importance” while the convention definition refers to “pests of potential 
economic importance” and this is in reference to the effect of changes (e.g. in biodiversity, ecosystems, 
managed resources or natural resources) on human welfare.

the Ippc deals with pests of plants – specifically pests of propagation material and seeds for planting 
– that do not include pests that affect quality in storage or livestock. Under the montreal protocol, Qps 
treatments may also refer to ‘sanitary’ treatments, e.g., against human or animal pathogens and vectors 
(e.g. mosquitoes), covered by international agreements such as those monitored by the world health 
Organization (whO).

2.2.2. reporting requirements

Article 7 of the montreal protocol requires parties to report annual data on production, consumption, 
feedstock uses and destruction of ODs.

Decision IX/28 (1997) approved official forms for ODs reporting, including data on methyl bromide 
production and consumption for Qps applications. the beijing Amendment (Article 7(3)) further requires 
annual data on amounts used for Qps.

Qps data remained confidential until 2008 when the parties made it public information through Decision 
XX/6. this Decision further encouraged parties to submit a National management strategy for Qps. 

pArt I – the methyl brOmIDe phAse OUt
2. methyl brOmIDe Uses AND cONtrOls UNDer the mONtreAl prOtOcOl
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The Eu submitted such a strategy, which can be found at: http://ozone.unep.org/Exemption_information/
Quarantinne_and_preshipment/Dec_xx-6_Strategy_to_reduce_emmission_of_mbr_for_QPS-European_
Commission-07072010.pdf

In 2012, Decision XXIV/15 emphasized the importance of methyl bromide data reporting for Qps, and 
asked parties who had not yet established procedures for data collection on methyl bromide use for Qps or 
wishing to improve existing procedures, to consider elements identified as essential in the technical and 
economic Assessment panel (teAp) 2012 progress report (section 10.4.4).

2.2.3. UNIDO logbook for Qps reporting

UNIDO has had the opportunity to assist some parties with Qps reporting. A logbook format has been 
developed, which licensed fumigators should fill whenever applying a Qps treatment. this should then 
be sent to the NOU every 3-4 months, for reviewing and consolidating data. the logbook form is intended 
to collect information on methyl bromide consumption for Qps purposes and should be electronically 
completed by each fumigator involved in Qps applications with methyl bromide in each country. It should 
then be submitted to pertinent authorities on a periodical, but specific basis (day, month and year).

In summary, the following information required for the logbook includes:

1. General information and company contact details, including fiscal information (i.e. VAt No.)
2.  Data directly related to the treatment conducted, comprising seventeen questions of which seven are 

considered essential (in bold):
i. Date of treatment
ii. category treated
iii. Commodity treated
iv. location of fumigation (port, airport, other)
v. type of fumigation enclosure (ship, aircraft, chamber etc.)
vi. Volume of space treated 
vii. Total of methyl bromide (in kg) used for this commodity/treatment
viii. methyl bromide formulation (pure or in mixture with other chemical)
ix. total kg of methyl bromide recaptured (if any)
x. If recaptured, techniques available
xi. Placed on the local market (after fumigation)
xii. Country/ies of destination (if exported)
xiii. if the commodity is exported, tentative date of export
xiv. Name of National Authority authorizing treatment
xv. location of Authority
xvi. Name of Authority/company in importing country
xvii. commodity treated

Although at present the montreal protocol only requires reporting of total quantities of methyl bromide 
consumed or produced for Qps purposes, keeping track of actual categories of use will evidently help in 
tracking methyl bromide use and enforcing the ban on controlled uses. In addition, it will help parties 
comply with new requirements which may eventually be put in place by the parties to monitor Qps uses.

uNiDO draft Logbook, is available for download at: 

http://www.unido.org/en/what-we-do/environment/safeguarding-the-environment/emerging-
compliance-regimes/phase-out-of-methyl-bromide/unido-toolkit.html

countries are welcome to use it and adopt it to their needs.
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2.3. supporting framework:  
National Ozone Officers (NOUs) and projects
through the mlf also, the montreal protocol established National Ozone Units within the governments 
of each Article-5 parties1. these units are in charge of the ozone programmes in each country and serve 
as a channel of communication with the implementing agencies. NOUs have played an instrumental role 
in achieving the required phased-out of ODs, including methyl bromide, by providing and disseminating 
relevant information, bringing key stakeholders together and coordinating project activities. 

three main types of projects were put in place to assist with the phase-out (table 2).

TAbLE 2. TyPES OF METHyL BrOMiDE PrOjECTS DEvELOPED WiTH ASSiSTANCE FrOM THE MLF,  
GOALS AND ACHiEvEMENTS

Project Type Goals and achievements

Technical  
Assistance and 
Training 

key for improving data collection on methyl bromide consumption, integrating the 
NOUs to phase-out activities and developing or strengthening policy packages 
aimed at sustaining the phase-out achieved. 

Also important in providing training and demonstrations on the implementation of 
alternatives.

Normally not aimed at replacing specific quantities of methyl bromide.

Demonstration Instrumental in raising awareness on methyl bromide phase-out, identifying key 
sectors impacted by phase-out and evaluating alternatives. 

Generally not aimed at phasing a particular amount of methyl bromide out. 

served to identify problems hindering adoption of alternatives and provided 
essential lessons for investment projects implemented later. 

investment Generally implemented once successful alternatives were identified during the 
demonstration stage. 

carried agreement from the country to phase methyl bromide consumption out for 
controlled uses by an agreed deadline, and to support sustainability of the phase-
out achieved with a policy package aimed at banning future methyl bromide use for 
controlled uses.

In general, investment projects included an agreement from the country involved to phase methyl bromide 
for controlled uses out entirely, and to support the phase-out with a policy package banning methyl bromide 
imports for controlled uses. 

the capacity to track actual use of methyl bromide imported into the country, and specifically to ensure that 
methyl bromide intended for Qps use does not deviate into controlled applications is extremely important. 

supporting the registration of alternatives to ensure their availability for users is also crucial.

1  Parties to the Montreal Protocol are classified as Article 5 (A5) or Non-Article 5 (Non-A5) in relation to their consumption of ODSs.  
In general, A5 Parties are developing countries whilst non-A5s are developed countries

NOUs hAVe plAyeD 
AN INstrUmeNtAl 
rOle by prOVIDING 
AND DIssemINAtING 
releVANt INfOrmAtION, 
brINGING key stAke-
hOlDers tOGether 
AND cOOrDINAtING 
prOJect ActIVItIes. 

pArt I – the methyl brOmIDe phAse OUt
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3. Controlled uses of methyl bromide: 
historical perspective

3.1. Global consumption
phasing out methyl bromide for controlled uses has been a very successful global effort. from a baseline 
consumption of nearly 60,000 metric tonnes in 1992 among non-Article 5 parties, consumption went down 
to less than 500 metric tonnes in 2014 (wholly corresponding to critical uses). Article 5 parties on their part 
made great strides by phasing more than 85% of controlled uses out ahead of the 2015 deadline.

FIg 1. GLOBAL CONSuMPTiON OF METHyL BrOMiDE (CONTrOLLED uSES) 1992-2015

Source: Ozone Secretariat database, 2015. MbTOC CUN final reports 2014, 2015. Decisions of the Parties

3.2. main countries using methyl bromide:  
past and present
In 2001, fifteen countries accounted for about 86% of total Article 5 consumption of methyl bromide, and 
had a baseline at or larger than 500 metric tonnes. peaks of consumption were evident in the baseline years 
(1995-1998) and sometimes also right before the required 2005 reduction step, representing 20% of the 
baseline level. 

Under the protocol, “consumption” means production plus imports minus exports of controlled substances 
(montreal protocol, Article 1). 

by 2013 and often ahead of the phase-out deadline for developing countries, many of these countries had 
phased-out methyl bromide completely (e.g. brazil, lebanon, morocco, turkey and Zimbabwe) and by 2014 
most of them reported zero consumption. 
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3.3. reasons for using methyl bromide,  
sectors and stakeholders involved
As stated previously, methyl bromide is a highly efficacious broad-spectrum fumigant, which became 
an increasingly preferred method for pest and disease control among farmers around the world after its 
introduction in the 1970s. It was mainly used as a soil fumigant for controlling soil borne pests, diseases 
and weeds in the production of some high value crops. however, there are many examples of agro-industries 
that developed with high success and never depended on methyl bromide. 

similarly, methyl bromide was also widely used in some countries for post-harvest fumigation of durable 
commodities (grain, dried fruit and other foodstuffs) and structural fumigation (warehouses, mills). 
however, some large grain producers never adopted methyl bromide for treating such commodities. 

commercial strategies and good results undoubtedly account for the widespread use of methyl bromide in 
some countries.  

3.3.1. Variety of methyl bromide users

methyl bromide users in Article 5 parties were diverse, ranging from small farmers (0.5 hectares (ha) and 
less) to very large enterprises (sometimes even hundreds of hectares). there was also much variation with 
respect to the level of technical expertise, as this was not necessarily correlated to the size of the operation, 
but possibly more to the destination of the crop – local market or export, the latter generally imposing 
stringent quality requirements and in consequence being more technically demanding. Other key factors 
coming into play were the availability and price of alternatives, general experience in their use and the 
relative ease or difficulty to implement them.

An important issue is that methyl bromide consumption was not restricted to technically advanced 
enterprises. simple, low technology methods of methyl bromide fumigation – particularly disposable 
methyl bromide canisters – were used in many Article 5 parties and stimulated methyl bromide use because 
large and expensive injection rigs and professional applicators for soil treatments were not required. early 
banning of methyl bromide canisters in some Article 5 parties was a key factor in achieving the phase-out 
more quickly and efficiently.

pArt I – the methyl brOmIDe phAse OUt
3. cONtrOlleD Uses Of methyl brOmIDe: hIstOrIcAl perspectIVe
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3.3.2. categories of use

As a versatile product, methyl bromide was used for many and varied purposes. these are summarized in 
table 3.

TAbLE 3. HiSTOriC CONTrOLLED uSES OF METHyL BrOMiDE WOrLDWiDE

Controlled uses of methyl bromide

How initial difficulties in 
replacing methyl bromide 
were solved

iN SOiL

pre-plant treatment to control soil borne pests 
(nematodes, fungi and insects) and weeds of 
high-value crops such as cut flowers, tomatoes, 
strawberry fruit, cucurbits (melon, cucumber, 
squash), peppers and eggplant; 

changing production 
schemes to adopt an 
Integrated pest management 
(Ipm) approach (such 
schemes may include 
fumigants).

to control ‘replant disease’ in some vines, 
deciduous fruit trees or nut trees; 

treatment of seed beds principally against fungi for 
production of a wide range of seedlings, notably 
tobacco and some vegetables;

Adapting substrates/ 
floating trays systems, 
training.

to control soil borne pests in the production of 
pest-free propagation stock, e.g. strawberry runners, 
nursery propagation materials, which in some cases 
need to meet certification requirements;

high health requirement 
(“disease-free” plant 
material) required hygienic 
measures, Ipm.

iN DurABLES

 
 

to control damage caused by cosmopolitan insect 
pests in stored products such as cereal grains, dried 
fruit, nuts, cocoa beans, coffee beans, dried herbs, 
spices, also cultural artefacts and museum items;

longer treatment times 
necessary with phosphine 
required changes in 
logistics, combining options. 
this and other alternatives 
required adopting an Ipm 
approach.

iN STruCTurES 
AND TrANSPOrT

to control insects and rodents in flour mills, pasta 
mills, food processing facilities and other buildings;

to control insect pest and rodents in ships and 
freight containers, including aircraft, empty or 
containing durable cargo.

Source: Extracted from the MbTOC 2006 Assessment Report

3.3.3 key sectors

Although methyl bromide was used for controlling a wide variety of pests, diseases and weeds, such uses 
were somewhat concentrated on a relatively low number of sectors. traditionally, about 90% of controlled 
uses were applied for soil fumigation in various intensive agriculture sectors and the remaining 10% in 
postharvest and structure treatments. Although these proportions remained relatively stable throughout 
the phase-out period, the actual sectors changed as alternatives were found more easily for some sectors 
than for others as shown in fig. 2 below.
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FIg.2. MAiN SECTOrS uSiNG METHyL BrOMiDE 2001 -2013 iN ArTiCLE 5 PArTiES (CONTrOLLED uSES)*
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* Tonnages correspond to total methyl bromide usage, in metric tonnes, for all Article 5 Parties in the given year

Source: MbTOC Assessment Reports 2002, 2006, 2010 and 2014.

In 2015 only critical uses of methyl bromide remained: a total of 369 metric tonnes of methyl bromide were 
approved by the parties for fumigation of strawberries, strawberry and raspberry runners, ginger, tomato 
and structures in Article 5 parties.

3.3.4. targeted pests and diseases

Overall, the number and type of pests, diseases and weeds that were controlled with methyl bromide in 
the past was not very large. the advantage perceived by users when treating soil or commodities with this 
fumigant was its wide spectrum of action, whereby a single fumigant eradicated virtually all living organisms 
present in the soil or infesting commodities or structures. Often, it was unnecessary to identify the pest 
present and there were cases where fumigation was performed as a preventative treatment which, as it 
turned out, was not really required. 

table 4 lists pests, diseases and weeds typically controlled or prevented in key consuming sectors of the 
past with methyl bromide. the list is only meant to illustrate the variety of organisms controlled by methyl 
bromide and is not comprehensive. pests and diseases and the severity of their attacks vary with the crop, 
cultivar grown, location, environmental conditions and other factors. 

the ADVANtAGe 
perceIVeD by Users 
wheN treAtING sOIl Or 
cOmmODItIes wIth thIs 
fUmIGANt wAs Its wIDe 
spectrUm Of ActION, 
whereby A sINGle 
fUmIGANt erADIcAteD 
VIrtUAlly All lIVING 
OrGANIsms preseNt IN 
the sOIl Or INfestING 
cOmmODItIes Or 
strUctUres. 

pArt I – the methyl brOmIDe phAse OUt
3. cONtrOlleD Uses Of methyl brOmIDe: hIstOrIcAl perspectIVe



22

UNIDO tOOlkIt fOr sUstaINable cOmplIaNce  
wIth the methyl brOmIDe phase-OUt 

TAbLE 4. KEy PESTS AND DiSEASES TrADiTiONALLy  
CONTrOLLED WiTH METHyL BrOMiDE iN KEy CONSuMiNG SECTOrS

SOiL FuMiGATiON

Crop Pathogens or pests

Tomato viruses:  tomato mosaic, Double streak, spotted wilt, ringspot
Fungi: root and collar rots (Pythium, Rhizoctonia solani, Sclerotium rolfsii)
wilts (Fusarium oxysporum f.sp. lycopersici, Verticillium spp)
Oomycetes:  late blight (Phytopthora infestans) 
Nematodes: root-knot (Meloidogyne spp), stubby root (Rotylenchus spp)  
false root-knot (Naccobus spp)

Strawberry  
(fruit and runners)

Fungi: wilt (Fusarium oxysporum f.sp. fragariae)
root rot (Rhizoctonia solani, Pythium, Macrophomina phaseolina)

Cucumber, 
melon, 
watermelon

Bacteria: soft rot (Erwinia carotovora)
Fungi: root rots (Phomopsis, Pythium)
wilts (Fusarium, Verticillium)
Vine decline (Monosporascus cannonballus)
virus: Green mottle, cucumber mosaic, melon necrotic spot

Pepper Fungi: root rots (Pythium spp, Scerotinis sclerotiorum, Rhizoctonia solani)
Oomycetes: blight (Phythopthora spp); late blight (Phytopthora infestans)

Lettuce and 
medicinal plant

Nematodes: root-knot (Meloidogyne spp)
Fungi: rots (Rhizoctonia solani, Pythium spp, bremia spp Fusarium spp)

Cut flower Fungi: wilts (Fusarium oxysporum, Verticillium spp)
root rots (Rhizoctonia, Pythium, Sclerotium)
Nematodes: root-knot (Meloidogyne spp) cyst (Heterodera spp)
Bacteria: crown gall (Agrobacterium tumefaciens)

Eggplant Fungi: wilts (Fusarium oxysporum, Verticillium spp)
root rots (Rhizoctonia, Pythium, Sclerotium)
Nematodes (Meloidogyne spp)

Ginger Bacteria: wilt (Ralstonia solanacearum)
rot (Pythium spp)

Tobacco Damping off (Pythium sp, Rhizoctonia sp, Fusarium sp, Alternaria sp)

All Weeds: Nutsedge(Cyperus spp), portulacca spp, witchweed s(triga spp,)

COMMODiTiES (AND STruCTurES)

Wheat, 
maize, 
rice, 
others

red and confused flour beetles (Tribolium spp)
flat headed flour beetle (Cryptolestes spp)
warehouse moth (Ephestia (Anagasta) cautella)
Grain weevil (Sitophilus granarius)
maize weevil (Sitophilus zeamais)
Grain moth (Sitotroga cerealella)
lesser grain borer (Rhyzopertha dominica)
sawtoothed beetle (Oryzaephilus surinamensis)
khapra beetle (Trogoderma graniarum)*

Dates Date moth or karob moth (Ectomyelois ceratoniae)
sawtoothed beetle (Oryzaephilus surinamensis)

* For many countries, this is a serious quarantine pest
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3.3.5. key stakeholders

Identifying and involving key stakeholders impacted by the methyl bromide phase-out proved essential 
to the success of projects. Aside from direct users, a variety of stakeholders are impacted in one way or 
another by the methyl bromide phase-out (table 5). 

TAbLE 5. MAiN STAKEHOLDErS iNvOLvED iN THE METHyL BrOMiDE PHASE-OuT

Stakeholders issue of interest

Government authorities pesticide registration, environmental issues, customs officers, quarantine 
and phytosanitary inspection 

research/ academia research centres, universities, training centres

Suppliers/ importers companies that import, produce or otherwise source alternatives or 
materials needed to implement alternative technologies. Authorized 
methyl bromide importers (for Qps or critical Uses)

Direct users Growers, contract fumigators, including licensed methyl bromide 
fumigators for Qps

Technical assistants/ 
extension staff

consultants or technicians assisting growers or producers on production 
practices, postharvest handling and storage and others 

Others trade associations, cooperatives, local or regional organizations

pArt I – the methyl brOmIDe phAse OUt
3. cONtrOlleD Uses Of methyl brOmIDe: hIstOrIcAl perspectIVe
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4. Actions undertaken by  
uNiDO to assist the phase-out 
from 1994 onwards, the multilateral fund initiated activities aimed at assisting Article 5 parties with 
the methyl bromide phase-out. since that time, nearly 400 projects have been implemented, to provide 
technical assistance and training, disseminate information, demonstrate and trial alternatives under 
varying circumstances and environments, and directly replace methyl bromide in commercial sectors. 

Approximately UsD 140 million have been invested in these efforts, with very good results overall. table 6 
shows the general distribution and expenditures for such projects from 1994 until 2014 and the phase-out 
progress made.

TAbLE 6. NuMBEr OF PrOjECTS SuPPOrTED By THE MLF, iMPACT AND ExPENDiTurES

 Project type
No. 

Projects

impact (tonnes) Phased out (tonnes) uSD approved by 
Dec 2014ODP Metric ODP Metric

investment 129 8,054 13,423  6,865 11,422  110,159,000 

Demonstration 44  23 39  23 39 14,119,000 

Technical assistance 74  292 486  414 691 7,785,000 

Training 21  6 11  6 11 1,739,000 

Project preparation 130  –   –  –   – 3,411,000 

Total 398 8,375 13,958  7,309 12,182 137,214,000 

Source: Multilateral Fund Secretariat, 2015. Numbers have been rounded

4.1. UNIDO’s role
from the very start of the process aimed at substituting methyl bromide in Article 5 parties, UNIDO positioned 
itself prominently as a proactive agency ready to provide tailor-made solutions to each country requesting 
its assistance. working on its own or sometimes in cooperation with other agencies and/or bilateral 
agreements with specific donor countries, and always in coordination with Governments requesting its 
assistance, UNIDO has acted as an implementing agency in 55 out of the 77 (or over 70%) Article 5 parties 
where the mlf has funded projects aimed at phasing methyl bromide out, from 1996 to date (see fig.3). 

work conducted by UNIDO includes project preparation, technical assistance, demonstration and 
investment projects, mostly in individual projects but also at the regional level. the agency has worked on 
all key sectors using methyl bromide for controlled uses in the past and in the process generated a wealth 
of information.

UNIDO hAs ActeD As AN 
ImplemeNtING AGeNcy 

IN 55 OUt Of the 77 
(Or OVer 70%) ArtIcle 5 

pArtIes where the mlf 
hAs fUNDeD prOJects 

AImeD At phAsING 
methyl brOmIDe OUt, 

frOm 1996 tO DAte
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FIg 3. uNiDO’S PrESENCE (COuNTriES COLOurED iN BLuE) iN METHyL BrOMiDE  
PHASE-OuT rELATED ACTiviTiES iN DEvELOPiNG COuNTriES (ALL PrOjECT TyPES) 1994 - 2015

Source: MLF. Two countries in light blue (India, Jamaica) depict cancelled projects 

4.2. Overview of alternatives implemented
the alternatives and replacement technologies to be implemented were selected carefully taking into 
consideration the particular circumstances of each country and sector. these included, in the first instance, 
acceptance and agreement from key stakeholders, particularly direct users; availability of products and 
supplies required to implement the selected alternatives; training and technical assistance; and economic 
analyses to further ensure the feasibility of the selected options. 

A strong integrated pest management (Ipm) approach where replacement of methyl bromide is conceived 
as a production system combining different options was always the rule. see more information on Ipm in 
section 4.3.

In addition, many study tours were organized, where methyl bromide users and other stakeholders were 
able to observe and discuss alternatives already put successfully in place at the commercial level in similar 
sectors and conditions. this encouraged information exchange and served to build trust in the selected 
alternative options.

the following table summarizes the main technologies selected from each key sector previously using 
methyl bromide, in countries where UNIDO implemented investment projects aimed at fully replacing 
methyl bromide, or other kinds of projects that supported the full phase-out. the majority of these projects 
are now finished.

 

 

 

A strONG INteGrAteD 
pest mANAGemeNt 
(Ipm) ApprOAch 
where replAcemeNt 
Of methyl brOmIDe 
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TAbLE 7. TECHNOLOGiES ADOPTED iN METHyL BrOMiDE PHASE-OuT PrOjECTS iMPLEMENTED By uNiDO, By rEGiON

region Country Sectors Technologies selected 

CENTrAL 
AMEriCA/ 
CAriBBEAN

Cuba tobacco seedlings floating trays., biocontrols

structures (mills),  
stored grain

phosphine + cO2 and heating,  
sulfuryl fluoride

Dominican 
rep.

melons, cut flowers, 
tobacco

floating trays, solarisation, metham 
sodium (ms), steam, substrates

Guatemala melon, watermelon,  
cut flowers

chemicals, grafting, biocontrols, steam

Honduras melons, watermelons chemicals, floating trays, grafting, 
biocontrols

Mexico melons, peppers, 
tomatoes, strawberries 
cut flowers, 

Grafting, chemicals, Ipm, steam, 
solarisation

stored grain, flour mills phosphine + cO2

SOuTH 
AMEriCA

Argentina tomatoes, strawberries, 
cut flowers 

chemicals (1,3-D/pic, ms, Dimethyl 
disulphide (DmDs), steam, floating trays, 
grafting

Brazil tobacco seedlings

cut flowers

floating trays, substrates, metham sodium 
(ms), steam, solarisation (solar collectors)

Colombia bananas Dazomet. eradication of affected areas 
with glyphosate + quarantine and 
monitoring of diseased areas

Chile strawberries,  
tomatoes, peppers

1,3-D/pic, steam, steam + trichoderma, 
ms (rotary-spading injection)

ecuador cut flowers substrates, chemicals, biofumigation 

uruguay tomato, peppers,  
cut flowers

solarisation + chemicals (1,3-D/pic, ms, 
DmDs), biofumigation, steam

NOrTHErN 
AFriCA

Egypt tomato, pepper, 
strawberries, cut flowers,

substrates, steam, biofumigation, grafting

stored grain, dates phosphine, ph3 + cO2

Morocco tomatoes, cucumbers, 
peppers, strawberries, 
bananas, cut flowers, 
green beans

1,3-D/pic, ms, grafting, solarisation + 
chemicals, steam, substrates, compost

Libya tomatoes, cucumbers, 
peppers

solarization + fumigants, grafting, 
biofumigation

Senegal stored grain  
(peanut seed)

phosphine, (tablets of metallic phosphide) 
Ipm

Tunisia Dates phosphine + cO2 (carbon dioxide)
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region Country Sectors Technologies selected 

SuB-
SAHArAN 
AFriCA

Cote D’ivoire stored grain ph3 (phosphine) + cO2

Kenya cut flowers , horticulture ms (rotary-spading injection), substrates, 
steam, grafting, Ipm

stored grain (maize) phosphine, ph3 + cO2, chilling

Sudan Dates, stored grain phosphine, Ipm

uganda cut flowers ms  (rotary-spading injection), steam, 
substrates, 1,3-D/pic

Zambia Vegetables, tobacco 
seedlings, cut flowers, 
stored grain

Dazomet, floating trays,  
biofumigation + solarisation, ms

post-harvest phosphine

Zimbabwe cut flowers, tobacco, steam, Ipm, floating trays

stored grain phosphine

SOuTH AND 
SOuTH-
EAST ASiA

China strawberries tomatoes, 
peppers, ginger, 

ms, grafting, chloropicrin, 1,3-D,  
limited biocontrol

stored grain phosphine

iran Olive and fruit tree 
nurseries, 

steam, solarisation, with Ipm

Dried fruit, nuts, grain phosphine, Ipm

Lebanon strawberries, vegetables 1,3-D, 1,3-D/ pic, ms, solarisation, 
solarisation + reduced doses of chemicals, 
grafting, crop rotation, biofumigation, 
floating trays

Syria Grain storage, phosphine + cO2 , Ipm

tomatoes and other 
vegetables, cut flowers

solarisation, solarisation + reduced doses 
of chemicals, grafting, crop rotation, 
biofumigation

Turkey tomatoes, peppers, 
eggplant, cucumbers,  
cut flowers, dried fruit

Grafting, ms, 1,3-D, 1,3-D/pic, 
solarisation, substrates, grafting, 
resistant varieties, steam 

Dried fruit, dates cO2 and phosphine

Indonesia stored grain phosphine, Ipm

EurOPE / 
CEiT

Bosnia & 
Herzegovina

tobacco seedlings, 
vegetables, flowers

floating trays, solarisation, biofumigation

Croatia tobacco seedlings floating trays

Macedonia tobacco seedlings, 
vegetables  
(tomatoes, cucumbers)

floating trays, solarisation + biofumigation

romania tomatoes, cucumbers, 
peppers

Grafting, solarisation + 1,3-D/ pic, ms

Source: MLF, 2014, UNIDO 2015. 
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4.3. ensuring a sustainable  
methyl bromide phase-out 

methyl bromide continues to be available after the phase-out deadline due to the Qps exemption and 
could thus be used for any controlled application. In contrast, implementing alternatives to other ODss (e.g. 
aerosols, refrigerants) generally require factories to undertake significant technological conversions, which 
rule out returning to the old substances (ODss).

since experience has proven that the best option when replacing methyl bromide is to adopt a multi-
disciplinary approach that combines different possibilities, that gives way to sustainable production 
practices and that often increases the competitiveness of the sectors involved, UNIDO adopted an integrated 
management approach to pest and disease control.

the basic principle that substituting or avoiding methyl bromide requires a grower to consider agricultural 
production and pest control implies that there is no single replacement for this product. Instead, a whole 
programme incorporating different measures which together lead to disease reduction is the answer. 

the adoption of Ipm systems provided an efficient means of responding to consumer demands of high 
quality products whilst at the same time addressing environmental, food safety and security, health and 
socio-economic issues. Ipm is a broad, rational, ecological approach to pest and disease management that 
combines, either concurrently or sequentially, biological, physical and chemical tools ensuring protection 
of the environment whilst maintaining profitability and fulfillment of consumer demand for decreased or no 
pesticide use. 

together with Ipm, the concept of Good Agricultural practices (GAp) was included, which addresses 
sustainable production from an environmental and social point of view. production within GAp parameters 
has opened and widened markets for many products, particularly horticultural products exported from 
Article 5 to non-Article 5 parties, which increasingly require products that are certified for sustainable 
production through specific standards.

Ipm is a proven and effective technology for growers in many parts of the world and offers an excellent basis 
for the replacement of methyl bromide, as well as other soil fumigants. products such as 1,3-D, chloropicrin, 
dazomet, metham sodium and others may not damage the ozone layer but still pose hazards to human 
health and their use is increasingly restricted around the world.  the Ipm system provides a rational and 
needs-based approach towards pest and disease control with minimized use of chemical interventions 
such as fumigation. 

In Ipm, it is essential to detect pests and diseases at the earliest possible stage, treating foci as soon as they 
appear and using non-chemical options whenever feasible. In summary, Ipm requires a grower to learn to 
recognize symptoms caused on plants by pests or diseases, understand the life cycle of a pest or pathogen, 
its epidemiology and dissemination, surviving forms, alternate hosts and others. with information like this 
at hand, a programme can be developed through which pest populations are reduced using different tools 
in rational combination and timing. In essence, Ipm involves making use of all possible resources – not just 
chemical control – to reduce and prevent the incidence and effects of a given disease or pest. All of these 
contribute in some way to pest reduction and lead to far less usage of chemical pesticides, even though on 
their own they rarely provide a complete cure. 

In its practical application Ipm leads to excellent results not only by improving the efficiency of the business 
but because, over time, it represents significant savings both in natural and economic resources. 

the ADOptION Of Ipm 
systems prOVIDeD 

AN effIcIeNt meANs 
Of respONDING tO 

cONsUmer DemANDs Of 
hIGh QUAlIty prODUcts 

whIlst At the sAme 
tIme ADDressING 

eNVIrONmeNtAl, fOOD 
sAfety AND secUrIty, 

heAlth AND sOcIO-
ecONOmIc IssUes. 
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together with the issues above, a sustainable phase-out should comprise economic, regulatory and political 
aspects as shown in table 8. 

TAbLE 8. FACTOrS iMPACTiNG THE SuSTAiNABiLiTy OF THE METHyL BrOMiDE PHASE-OuT 

Factor Definition

Technical refers to the level of control obtained with the alternatives selected and implemented. 
In general, if alternatives perform similarly or not significantly different to methyl 
bromide, technical feasibility is achieved. however, even more important is that 
the selected production technology is suited to the particular circumstances of the 
productive sector and stakeholders involved – not necessarily in direct comparison 
with methyl bromide.

Economic whether alternatives are affordable, at least to the same degree as methyl bromide. 
Once again, the most important issue is that an acceptable profit is achieved, not how 
such costs directly compare to methyl bromide.  for example, an alternative may be 
more expensive than methyl bromide but lead to higher yields and quality and better 
market penetration, thus compensating the additional investment. 

regulatory If alternatives are locally registered and readily available to users, and/or whether there 
are any restrictions to the use of chemical alternatives (e.g. buffer zones) or regulations 
that may restrict implementation of technologies.

Political whether methyl bromide phase-out is legally supported, for example by entirely 
banning methyl bromide imports for controlled uses or restricting them strictly to 
authorized critical uses if these are authorized. If imports destined for Qps uses can 
be easily tracked and monitored to avoid diversion of use (i.e. that methyl bromide 
imported for Qps ends up being illegally used for controlled uses).

Commercial types of users (e.g. small farmers selling at the local market or exporters competing 
at the international level). the degree of technical development, access to supplies, 
services (e.g. maintenance) and technology updates. whether services and supplies 
related to alternatives are locally available or need to be imported, whether a certain 
production technology allows for competitive access to a given market.

4.4. Impact of the methyl bromide phase-out
the methyl bromide phase-out process generated a wealth of information on agricultural production 
systems, including pest and disease control, fertilization, watering and cultural practices. this is particularly 
relevant to intensive agriculture systems where methyl bromide was primarily used. 

Integrated pest management (Ipm) and Integrated crop management (Icm) programmes, non-chemical 
alternatives (grafting, soil-less culture, biofumigation), crop rotation and others were evaluated from 
technical and economical standpoints and successfully implemented commercially. large numbers of 
growers and other key stakeholders were trained. 

As a result, growers all over the world have gained increased competitiveness, opened new markets for 
their products and learned how to produce within higher sustainability standards. 

In general, a more rational use of chemical products has been put in place (including fumigants, pesticides, 
and chemical fertilizers) with associated benefits to the environment and to human health.

A sUstAINAble phAse-
OUt shOUlD cOmprIse 
ecONOmIc, reGUlAtOry 
AND pOlItIcAl Aspects

GrOwers All OVer 
the wOrlD hAVe 
GAINeD INcreAseD 
cOmpetItIVeNess, 
OpeNeD New mArkets 
fOr theIr prODUcts 
AND leArNeD hOw 
tO prODUce wIthIN 
hIGher sUstAINAbIlIty 
stANDArDs. 
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4.5. Illustrative case studies of  
projects implemented by UNIDO
case studies focus on specific circumstances of a sector and sometimes not on the entire sectors covered 
by the project (e.g. case study in mexico).

4.5.1. Ecuador: cut flowers

since ecuador banned the registration of methyl bromide as a measure to enforce the phase-out of this 
highly toxic pesticide the cut flower sector needed technical assistance to find alternatives. through this 
project, UNIDO assisted flower growers in adopting a non-chemical solution to replace methyl bromide. the 
new method called biosolarization, which combines soil biofumigation and soil solarization, would help to 
maintain soil health. In some specific cases, alternative fumigant (1,3-D/pic) was also used. A robust and 
integrated approach of pest management was taken in all cases. 

ECuADOr

Sectors cut flowers (mainly field grown “summer flowers”)

Technologies selected biosolarization (biofumigation or biodesinfestation coupled with 
solarization), alternative fumigants (1,3-D/pic)

Phase-out 68 metric tonnes 

Donors mlf

Budget UsD 317,000

Partners technical Ozone Unit (UtO) of the ministry of the Industry and productivity 
of ecuador (mIprO); the ecuadorian Association of flower Growers and 
exporters (eXpOflOres); UNIDO

Significance of the sector

ecuador is the world’s third largest exporter of cut flowers (after the Netherlands and colombia), exporting 
primarily to markets in the UsA, canada, russia and europe. Greenhouse roses make up about 75% of 
exports (on a value basis) with the rest largely conformed by a group of cut flowers known as “summer 
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flowers”, which grow in the open field, including gypsophyla, Hypericum, Delphinium, Lisianthus. In 2014, 
the floriculture sector employed over 100,000 people and generated UsD 800 million of business revenue. 
the regions of Azuay, cotopaxi and pichincha located near Quito, the ecuadorian city, are ideal for flower 
production; pichincha in particular is a major rose production site.

Challenges

summer flower production relied heavily on soil fumigation for controlling soilborne fungi, nematodes 
and weeds, which can cause severe losses in yield and quality. baseline consumption of methyl bromide 
was 110 metric tonnes. the country came into non-compliance with the 20% reduction in methyl bromide 
consumption for controlled uses required under the montreal protocol for Article 5 parties in 2005 but was 
able to come back into compliance. In order to support with the complete phase-out of 2015 the Government 
set forth a strong policy package banning methyl bromide for all uses in 2013. Alternatives were urgently 
needed for exporters faced with steep international competition, and stringent quality requirements, as 
well as the market’s demand for flowers produced by sustainable and environmentally friendly practices. 

Strategy

Under the monitoring and coordination of the technical Ozone Unit (UtO) of the ministry of the Industry 
and productivity of ecuador (mIprO), UNIDO worked closely with flower growers and eXpOflOres, the 
ecuadorian Association of flower Growers and exporters. stakeholders involved in the project also included 
AGrOcAlIDAD, a division of the ecuadorian ministry of Agriculture and livestock in charge of pesticide 
registration and imports. 

Technologies selected

After a thorough discussion with the growers involved, UNIDO’s technical assistance was focused on 
trialing and demonstrating biosolarization (biofumigation or biodesinfestation coupled with solarization). 
biofumigation is the emission of volatile compounds resulting from the decomposition of organic matter 
incorporated into the soil, which contributes to pathogen control. solarization is achieved by trapping 
heat from solar radiation under clear plastic to elevate the temperature of moist soil and kill pests and 
diseases. Alternative fumigants, particularly 1,3-Dichloropropene + chloropicrin (1,3-D/pic, commercial 
name Agrocelhone®) were also implemented in particular cases.

biosolarization was found to provide very good results for field-grown summer flowers such as gypsophyla 
spp and Hypericum. this technique combines biofumigation and solarization, which together produce a 

pArt I – the methyl brOmIDe phAse OUt
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synergistic effect, since the time required for effective solarization to take place is reduced. this mainly occurs 
because the organic matter content of the soil is improved and populations of beneficial microorganisms are 
increased. Depleted organic matter, often coupled with deficient fertilization and irrigation practices, were 
found to be a common cause of sub-optimal plant development and yield decline over time (a condition 
often referred to as “soil fatigue”), and not a high incidence of soilborne diseases. biosolarization offered 
a way to correct this situation to the extent that in some cases the need for soil fumigation was questioned.

Under particular circumstances of confirmed high pest pressure, some growers preferred to use 1,3-D/pic at 
least initially, in order to  rid the soil of harmful pests and pathogens.

Technology Transfer

UNIDO used its past technical expertise and tools to provide the flower growers with technical assistance and 
capacity building, and helped the Government of ecuador to comply with montreal protocol requirements 
in a sustainable manner. 

field trials were undertaken to test the selected alternatives on several flower farms in ecuador. In 
particular, growers were able to determine the correct amounts of organic matter and amendments needed 
for optimizing biosolarization results at different locations and for the different types of flower involved. 
On-site training, field days where growers were able to observe results and workshops were conducted. 
Assistance from international experts was provided. All these activities encouraged information exchange 
amongst growers and helped increase their confidence in the alternative systems.

Additional information

castellá-lorenzo, G., savigliano, r. and pizano, m. (2014). breaking the bondage to methyl bromide in 
agriculture - UNIDO experience. Acta horticulturae 1044: 281-287.

Díez-rojo, m.A., lópez-pérez, J.A., Urbano-terrón, p. and bello-pérez, A. 2010. biodesinfección de suelos 
y manejo agronómico. Gobierno de españa, ministerio de medio Ambiente y medio rural y marino. 
madrid, 408 pp.

Jácome, c. 2013. Alternativas al uso de bromuro de metilo en el cultivo de gypsophila paniculata c.v. 
cassiopeia Guayllabamba, pichincha – ecuador. sociedad Agrícola la Victoria sAVIsA s.A. Informe final, 
proyecto ONUDI
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4.5.2. Kenya: post-harvest storage of white maize in silos

phosphine fumigation and grain chilling were chosen as alternative methods for disinfestation and quality 
maintenance of white maize stored in concrete silo bins in kenya, phasing-out the remaining authorized use 
of controlled methyl bromide (11 metric tonnes) in the country. the selected technologies fitted well with 
the existing fumigation infrastructure and the technical expertise of the pest-control personnel. Awareness 
raising and training provided along with an introduction of these technologies offered an opportunity to 
build confidence in the selected options, as well as to assist and monitor the adaptation activities, ensuring 
a successful transition.

KENyA

Sectors post-harvest: storage of white maize, horticulture

Technologies selected phosphine gas integrated with grain cooling

Phase-out 11 metric tonnes

Donors mlf

Budget UsD 310,000 

Partners NOU, ministry of environment and mineral resources, kenya, National 
cereals and produce board (Ncpb), UNIDO

Significance of the sector

white maize is the main cereal crop grown in kenya. About 60% of the grain produced in the country is 
stored at a farm level, while the storage of the remaining 40% is regulated and controlled by the National 
cereal and produce board (Ncpb). the Ncpb provides storage capacity for 1.8 million tonnes, 0.17 million 
tonnes which were fumigated with methyl bromide for protection against pests. the Ncpb holds much of 
its total maize stock in stacked bags in warehouses. A proportion of that stock is held for several years, as 
a strategic reserve against famine.

pArt I – the methyl brOmIDe phAse OUt
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Challenges

since 2011, the Ncpb was the only authorized user of controlled methyl bromide in the country subject 
to phase-out under the montreal protocol. It used methyl bromide to control pests in concrete silo bins 
containing stored white maize at four warehouses: bungoma, kisumu, moi’s bidge and Nakuru. the storage 
of domestically produced white maize requires treatments that result in a grain with very low or zero insect 
numbers at outturn from the silo bins (‘insect-free’), while meeting domestic standards for breakage and 
grain quality. Only a limited set of alternatives fulfill these criteria.

Strategy

UNIDO, in partnership with the Ncpb, took into account the existing infrastructure, technical and economic 
feasibility and availability of selected alternatives, their acceptance, institutional capacity to sustain the 
achieved phase-out by means of technical assistance and training, while the Government of kenya offered 
full cooperation through their agricultural and industrial organizations. further, kenya introduced regulatory 
measures to control the imports and the use of methyl bromide, to monitor consumption, and to ensure 
compliance with the requirements of the montreal protocol.

Technology selected

the alternatives chosen for implementation and sustainable use included phosphine fumigation (at 
bungoma, kisumu, Nakuru) as well as an integrated combination of phosphine fumigation and grain chilling 
(at moi’s bridge), representing already registered pest control measures in the country. both techniques 
were applied using modified, existing infrastructure. furthermore, a strategy for managing pest resistance 
to phosphine was put in place.

the phosphine system provides effective disinfestations and fits well with the fumigation infrastructure 
in silos that were using methyl bromide and also with the technical expertise of the Ncpb’s pest-control 
personnel, which was already familiar with handling and safety requirements for phosphine gas and its 
formulations.

Although phosphine fumigation takes longer to achieve disinfestation than methyl bromide, the equivalent 
treatment rate was achieved by treating multiple grain bins simultaneously. technology utilizing phosphine 
integrated with grain cooling provided a means to (a) avoid the need to repeat fumigations, (b) manage pest 
resistance development risk while ensuring appropriate quality maintenance and sustainable use of the 
alternative fumigant and (c) provide better storage conditions.

Technology Transfer

Awareness raising and the provision of equipment and tools (such as a phosphine generator, phosphine gas 
metres, safety equipment, a chiller, a power generator), a training programme assisted by an international 
expert and technology providers (for managers, technicians and workers of silos), technical assistance 
and international expert visits, enabled proper demonstration, dissemination and transfer of alternative 
methods to the Ncpb personnel.
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4.5.3. Mexico2: tomato, pepper, cucurbit and strawberry

Grafting was the major technology selected by farmers in the production of cucurbits (melons and 
watermelons) and tomatoes in mexico. the technology helped eliminate the use of methyl bromide in these 
sectors, and provided an opportunity for farmers to expand market access, increase yields and grow high 
quality products. Grafting techniques allowed for replacing 406 metric tonnes of methyl bromide in mexico, 
or 27% of the country’s overall phase-out goal for this fumigant. As part of the project, hundreds of women 
were also trained on the grafting technology. this helped generate employment opportunities for mexican 
women, thereby improving their general welfare. 

MExiCO

Sectors tomato, pepper, cucurbit (melon, watermelon), strawberry, cut flower, 
post-harvest (commodities and structures)

Technologies selected Grafting, soilless culture (substrates), vaporization, steam and Integrated 
pest management, soil solarisation and soil-less substrates were used 
for the wide range of crops comprised. In the particular case of cucurbits, 
tomatoes and peppers grafted was the most successful option.

Phase-out 1,491 metric tonnes total. Grafting techniques replaced about 27% of this 
amount

Donors mlf, the Government of Italy, the Government of spain, the Government 
of canada 

Budget UsD 9,222,379 total

Partners the Government of mexico, Unit for the protection of the Ozone layer 
(Unidad técnica del Ozono, UtO) of the secretariat of environment and 
Natural resources (semArNAt), Italy, spain, canada, UNIDO

Significance of the sector

mexico is the world’s second largest exporter of fresh tomatoes accounting for 21% 
of the global market share in 2012. cucurbit exports are also on the rise, with very 
positive prospects.

Challenges

Over the last 25 years, methyl bromide consumption in these two sectors increased 
in conjunction with the expansion of these crops. soil fumigation was used to control 
soilborne pathogens, nematodes and weeds at the pre-plant stage. between 1995 
and 1998, (the baseline years for Article 5 countries) mexico was the largest user of 
methyl bromide in the developing world, with an average consumption of 1885 metric 
tonnes per year. In 2007, methyl bromide consumption was concentrated in six main 
sectors, namely tomato, cucurbits, peppers, strawberries, flowers and structural 
fumigation (e.g. flour mills).

Strategy

In 2008, with funding from the mlf and other donors, an investment project aimed 
at full phase-out of methyl bromide was approved. the Government of mexico 

2  This case study focuses on specific sectors and not on the all sectors covered by the project (as listed in the table).
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worked with UNIDO, the National Ozone Unit and semArNAt to implement alternatives suited for each 
sector, including the grafting technology for the crops addressed in this case study. Different teams worked 
separately in each of the six sectors included in the project and held periodic meetings to exchange 
information and evaluate the implementation progress.

Technology selected

Grafting was the major selected technology in the production of tomato, pepper, melon, and watermelon. 
Grafting units were set up at commercial locations with the support of the project and trials were 
conducted to identify the best-suited rootstocks and cultivars for these products. compared to non-grafted 
plants grown on soil treated by methyl bromide, grafted melons grown on non-fumigated soil produced 
significantly greater yields and enhanced fruit size and firmness. planting densities were reduced by up to 
50% with respect to non-grafted plants and, since grafted plants are more costly, this clearly contributed to 
the economic sustainability of grafting. for example, in the case of tomato production, both the fruit weight 
and total yield were significantly improved, whereas the planting density was reduced by 60%, which 
contributed to optimizing the production cost. strawberry growers mostly preferred alternative fumigants, 
particularly 1,3-D/pic and metham sodium. Application of metham sodium with a “spading machine” 
significantly improved results obtained with this chemical.

Technology Transfer

Awareness-raising activities, training and demonstration sessions allowed for a smooth transition to these 
alternatives. Grafting facilities were established at various commercial sites and rootstocks that were best 
suited for the preferred varieties in mexico were selected. An active training and dissemination program 
involving hundreds of growers and other stakeholders further supported the commercial uptake of this 
technology.

A methyl bromide consumption database was developed including information on consumer’s location, 
type of companies and sectors, consumption volumes and alternatives used for each particular application.



37

Additional information

UNIDO, el injerto que ayuda a las mujeres mexicanas y protege la capa de ozono,

http://www.unido.org/news/press/el-injerto-ayuda-a-l.html (in spanish)

Video (english): https://drive.google.com/file/d/0b4l9z8yy6Ij8b19vbtdraXbpejQ/view?usp=sharing  

Video (spanish): https://drive.google.com/file/d/0b4l9z8yy6Ij8U0rpmetQtG9fbee/view?usp=sharing 

semArNAt  website: http://sissao.semarnat.gob.mx

camacho, f., ricárdez, m. and huitrón, m.V. 2011. watermelon and melon grafting in colima, mexico as an 
alternative to soil disinfection with methyl bromide.  Acta hort. (Ishs) 898:265-269

huitrón-ramírez, m.V., ricardez-salinas, m. and camacho ferré. f. 2009. Influence  of grafted watermelon 
plant density on yield and quality in soil infested with  melon Necrotic spot Virus. hortscience 44(7):1838–1841 

ricárdez-salinas, m., huitrón-ramírez, m.V, tello-marquina, J.c. and camacho-ferré, f. 2010.  planting 
density for grafted melon as an alternative to methyl   bromide use in mexico. scientia horticulturae 126 
(2010) 236–241

4.5.4. Morocco: green bean, cucurbit and tomato

the activities promoted by morocco, UNIDO and Association des Producteurs et Producteurs Exportateurs 
des Fruits et Légumes (Apefel) gave farmers the opportunity to become more competitive in international 
markets as well as to yield higher quality products. In particular, grafting and compost had a significant 
impact on improving crop production. this environmental intervention has not held back the country’s 
industrial development. An introduction to alternatives in morocco took place hand in hand with training 
and research. All new technologies are used in combination with Integrated pest management to ensure 
the effective suppression of pest damage with the least possible hazard to people, property and the 
environment. today, grafting is used for tomatoes, cucurbits and a large proportion of the melon and 
watermelon sectors; while compost is mainly used as a soil fertilizer for various agricultural products. In the 
strawberry sector, however, a chemical alternative (metham sodium) is applied. 

pArt I – the methyl brOmIDe phAse OUt
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MOrOCCO

Sectors tomato, green bean, cucurbit (melon and watermelon)

Soil technologies 
selected

Organic matter (compost), solarization, grafting, soilless production (substrates), 
Integrated pest management (Ipm)

Phase-out 866 metric tonnes total (including all sectors comprised by the project)

Donors mlf, the Government of Italy, the Government of spain

Budget UsD 5,040,000  

Partners NOU, ministère du commerce, de l’Industrie et de l’Arti morocco; Direction de 
la protection des Végétaux, des contrôles techniques et de la répression des 
fraudes (DpVctrf); Association des producteurs et producteurs exportateurs des 
fruits et légumes (Apefel)

Significance of the sector

Agro-industry plays a crucial role in the moroccan economy. fruit and vegetable production not only covers 
the country’s market demand but provides significant exports in particular to european countries. for many 
years the crops grown on methyl bromide treated soil included tomato, strawberry, banana, melon and 
watermelon, green bean, cucurbit and cut flowers. the methyl bromide baseline for compliance for morocco 
was 1162 metric tonnes.

Challenges

Once methyl bromide was subject to controls and phase-out under the montreal protocol, production within 
the high quality standards favoured by end consumers became a challenge. firstly, fewer chemicals were 
available to growers mainly due to the fact that other pesticides and fumigants besides methyl bromide 
were subjected to regulatory measures, and secondly, importing markets were demanding produce grown 
with fewer chemicals.

Strategy

In the best interest of growers, the Direction de la Protection des Végétaux, des Contrôles Techniques et de 
la Répression des Fraudes (DPVCTRF), in conjunction with UNIDO, has directly involved key stakeholders 
throughout the methyl bromide phase-out process. these include private sector institutions, in particular 
Apefel as the main responsible entities for the methyl bromide phase-out activities. Apefel, with support 
provided by UNIDO, took this as an opportunity not only to replace the use of methyl bromide with non-
chemical alternatives, but, at the same time, to sustain the future of agro-industry by promoting sustainable 
agriculture focusing on soil health, optimization of resources and waste reduction.

Soil technologies selected

with the aim of developing reliable, non-chemical soil pest management options in morocco, UNIDO has set up 
a composting pilot unit including a laboratory in Agadir in cooperation with Apefel and international partners. 
this option has further provided an excellent solution to the large amounts of organic waste typically generated 
by horticulture, turning waste into a natural fertilizer that is rich in antagonists. In particular, the integration 
of compost with solarization and grafting has been shown to effectively control soil-borne pathogens. In the 
process, some sectors have adopted alternative chemical fumigants, e.g. 1,3-Dichloropropene + chloropicrin 
(1,3-D/pic) and metham sodium (ms). morocco has also become a leader in non-chemical options, notoriously 
in grafting, which is now very widely adopted in tomatoes, peppers, cucurbits and other vegetables showing 
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excellent results, particularly when used as part of an Integrated pest management (Ipm) scheme. In 2006, 
95 % of the total tomato protected area comprised grafted plants and this is presently still the case. many 
rootstocks are available on the market and their number is increasing yearly. soilless production is also in 
place for some greenhouse crops and circumstances where this option works well.

Technology Transfer and Training

In conjunction with Apefel, a centre for technology transfer (ctt) was developed in Agadir. the centre, 
which promotes new non-chemical control options, has hosted many training events. It has also prepared 
technical and promotional materials including manuals and toolkits to assist growers in their phase-out 
activities, and research and extension services of high technical level are readily available. between 2011 
and 2013 about 1,000 people visited the ctt.

Additional information

besri, m. 2008. New development with tomato grafting as alternatives to methyl bromide in morocco. J. pl. 
pathol. 90: 402

castella-lorenzo, G. savigliano and pizano, m.; breaking the bondage to methyl bromide in agriculture 
– UNIDO experience; VIII International symposium on chemical and Non-chemical soil and substrate 
Disinfestation Acta horticulturae 1044: 281-287

savigliano, r., hanich, Z., pugliese, m. and pizano, m.; high quality compost: a promising future for 
sustainable agro-industry in morocco; VIII International symposium on chemical and Non-chemical soil 
and substrate Disinfestation, Acta horticulturae 1044: 119-125 . 

UNIDO, 2013, high quality compost. towards a 
sustainable agro-industry in morocco, United 
Nations Industrial Development Organization, 
Vienna, Austria, 18 pp.

UNIDO. 2013. project for the elimination of methyl 
bromide in cucurbits and green beans: 2012 annual 
report. project No. mOr/fUm/62/INV/66 UNIDO, 
Vienna, Austria, 97 pp

UNIDO, UNIDO and the montreal protocol 
in morocco, https://www.youtube.com/
watch?v=vvPxqWMew8u  (in french) 
https://www.youtube.com/watch?v=DcnqgFhjZPc 
(in Arabic)

UNIDO, UNIDO and the Ozone Day celebration 
in morocco https://www.youtube.com/
watch?v=9O4ByZrSW6s (in French)

UNIDO, tomato farming in morocco, https: 
//www.youtube.com/watch?v=fDmjpOGeAhA 

pArt I – the methyl brOmIDe phAse OUt
4. ActIONs UNDertAkeN by UNIDO tO AssIst the phAse-OUt
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4.5.5. The Former yugoslav republic of Macedonia: 
tobacco and horticulture

floating tray system (fts), and biofumigation with solarization techniques were chosen as alternative 
methods in the tobacco and horticulture production sectors respectively, in order to phase out the remaining 
use of controlled methyl bromide (45.3 metric tonnes) in the former yugoslav republic of macedonia (fyrm). 
for example, in the production of tobacco seedlings, excellent results were achieved in controlling fungi, 
nematodes and weeds by applying the floating tray system. moreover, the quality of the plants are better 
compared to the ones obtained using the method of methyl bromide, while maintaining the same amount 
of yields. this project resulted in an annual elimination of 45.3 metric tonnes of methyl bromide use in the 
two sectors. by employing the strategy, train the trainers’, the project was able to provide about 12,500 
tobacco farmers and 1,200 vegetable growers with training related to the selected alternative methods. 
furthermore, it enhanced the local production of materials such as floating trays, thereby contributing to 
the overall development of local economy. 

FOrMEr yuGOSLAv rEPuBLiC OF MACEDONiA

Sectors tobacco seedling, horticultural seedlings

Technologies selected soilless cultivation (floating tray system), biofumigation + solarization

Phase-out 45.3 metric tonnes

Donors mlf

Budget UsD 1,075,000

Partners NOU, ministry of the environment, faculty of Agronomy (National 
University) and Institute of Agriculture, UNIDO
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Significance of the sector

tobacco is the major crop produced in the fyrm, with a cultivated surface area of about 22,000 ha, and the 
total yearly production of tobacco leaves is more than 34,700 tonnes, of which over 50% is being exported. 
Annual sale is around UsD 80 million, providing high revenue for farmers (around UsD 2,000 per ha). 
furthermore, tobacco sector employs about 10% of macedonia’s population.

Challenges

tobacco production in macedonia is an important sector that brings high revenues to farmers, but the usage 
of methyl bromide in this sector amounted to over 40 metric tonnes every year,  which is ten times more 
than that used in vegetable seedlings and other crop production. therefore, given the large scale of the 
tobacco production sector and its huge importance to the national economy, as well as the highly toxic 
nature of methyl bromide, it is a particularly pressing issue to phase out methyl bromide in this sector. 

Strategy

the project pursued a close cooperation with a wide representation of stakeholders including both the public 
and private sector, including the faculty of Agricultural sciences who was in charge of the training program, 
the Institute for tobacco, the Institute of Agriculture, the extended network of the Agency for Agricultural 
Development, farmers and companies, and the United Nations Industrial Development Organization. 

Technology selected

the floating tray system (fts) was selected as the best alternative method for tobacco growers. this 
technique was developed in the late 1990s and thousands of growers around the world, after receiving 
training on the implementation, adopted this method in replacement of methyl bromide. In general terms, 
the fts requires the construction of shallow pools (brick or wooden walls, about 12 cm high) which are lined 
with thick black polyethylene and filled with a nutrient solution also containing al algaecide (algae growth 
on the trays can detract from production). tobacco seeds are sown in trays typically containing 288 cells 
(sometimes less, depending on particular circumstances) and filled with substrate. the trays are placed 
inside the pools on the “waterbed” where they float.

based on the results of the initial demonstration project, tobacco farmers changed their way of producing 
tobacco seedlings by adopting the new method that uses expanded polystyrene floating tray systems 
installed in micro-tunnels. 

At the time when the project was implemented, the horticulture sector of macedonia comprised about 300 
ha of glasshouses and 7,000 ha of plastic houses dedicated to tomato and cucumber production. methyl 
bromide use in this sector was however very small compared to the tobacco sector and other pest control 
measures were already in place.  where alternatives were needed, biofumigation combined with solarization 
was introduced, resulting in yield and quality increases as compared to treatment with methyl bromide only. 

Technology Transfer

the selected alternative methods were widely accepted and adopted by farmers and key stakeholders who 
were involved in the phase-out of methyl bromide in these sectors. this can be attributed to the intensive 
awareness-raising and demonstration activities, technical assistance and training that enabled the proper 
transfer of alternative methods. the strategy ‘train the trainers’ provided about 12,500 tobacco growers in 
different regions of the country with training in the related areas. As a result, the floating tray system was 
successfully adopted in the fyrm. 
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Part ii – 
Assurance of 
compliance 
with the  
methyl 
bromide 
phase-out 
> specific tools for key stakeholders

the following sections provide the different categories of stakeholders with tools to assist them in 
maintaining the phase-out achieved. they are intended for use as independent “fact sheets”.
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5. Compliance tools for  
National Ozone Officers (NOus)

5.1. role of the NOU in  
the methyl bromide phase-out

National Ozone Officers play a key role in maintaining Government authorities abreast of commitments 
acquired under the montreal protocol. they are usually part of the delegations attending meetings of the 
protocol (e.g. Open ended working Group and meeting of the parties, regional meetings). they need to act 
on four main areas:

a. Authorize and monitor methyl bromide consumption

b. monitor compliance with legislation relating to methyl bromide and update regulatory efforts 

c.  report on consumption (for both controlled and Qps uses) and other related issues to the Ozone 
secretariat and the mlf

d.  participate in negotiations, propose topics for discussions and modifications to the Decisions of the 
montreal protocol and translate it into Decision text.

NAtIONAl OZONe 
OffIcers plAy A key 
rOle IN mAINtAINING 
GOVerNmeNt 
AUthOrItIes AbreAst 
Of cOmmItmeNts 
AcQUIreD UNDer the 
mONtreAl prOtOcOl. 

pArt II – AssUrANce Of cOmplIANce wIth the methyl brOmIDe phAse-OUt
5. cOmplIANce tOOls fOr NAtIONAl OZONe OffIcers (NOUs)
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5.2. relevant definitions and  
Decisions from the montreal protocol

the following is a compilation of essential pieces of information to be referenced to all NOUs’ in their 
activities. 

issue Definition What the Protocol says or requires Sources of information

Controlled uses All uses not classified as Qps. 
Alternatives have been found 
and are in use for virtually all 
controlled uses

phase-out for controlled uses was 
1 January 2015. there is a provision 
for critical uses

for a more detailed definition of 
controlled uses see chapter 2

Critical uses specific uses allowed by 
parties for particular instances 
or uses where no technically 
or economically feasible 
alternatives are available

should be requested following 
specific timetable. Deadline 
for submitting nominations is 
24 January of each year

see more info - chapter 2

see handbook of critical Use 
Nominations.  
see http://ozone.unep.org/en/
node/5737 and  
http://ozone.unep.org/en/data-
reporting/data-reporting-and-tools   

QPS uses (Quarantine 
and Pre-shipment)

treatments to prevent the 
introduction, establishment or 
spread of quarantine pests or 
to ensure their official control. 
Pre-shipment applications are 
applied directly before export, 
to meet the requirements 
of the importing country or 
existing requirements of the 
exporting country.

exempted indefinitely at present for clear differences between 
controlled and exempted uses see 
flow chart (fig.4).

for Qps reporting guidelines 
see http://ozone.unep.org/en/
node/5740 and  
http://ozone.unep.org/en/data-
reporting/data-reporting-and-tools 

Monitoring and 
reporting

Ozone officers need to 
report promptly to the Ozone 
secretariat, by 30 september 
of each year, on the 
consumption and production 
(if any) of methyl bromide 
for controlled and exempted 
uses. this includes critical 
uses if any.

Under Article 7 both controlled 
and exempted consumption and 
production need to be reported to 
the Ozone secretariat.

If critical Uses have been granted, 
stocks of methyl bromide and a 
National management plan must be 
submitted

for Article 7 reporting  
requirements see  
http://ozone.unep.org/en/ 
data-reporting/data-reporting- 
and-tools 

for definitions refer to chapter 1

for stocks and National management 
plans refer to Decision ex I/4 and 
see http://ozone.unep.org/en/
node/5740
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5.3. tips for smart operation

the following table is a checklist to help Ozone Officers ensure that they are addressing all factors leading 
to sustainable compliance with the methyl bromide phase-out. It may need to be adjusted to specific 
circumstances of sectors or even countries, but should give good guidance to achieve the intended goal.

Area Topic Date due Action list for compliance

rEGuLATOry 
iSSuES

Official regulations in place 
with respect to methyl 
bromide. specific authority 
(or authorities) are normally 
in charge of authorizing 
methyl bromide imports

Generally upon finishing 
a project, to support 
phase-out. No later than 
1 January 2015

check with ministry of Agriculture

check within ministry of environment

check with customs Office

check with foreign relations  
(multilateral agreement obligations)

formulations of methyl 
bromide that are legally 
registered, and specific uses 
permitted

should go in hand 
with point above. As of 
1 January 2015 only Qps 
uses or use under the 
critical use exemption 
allowed

check formulations:

100% generally for Qps, 

98:2, 67:33 etc. for other uses (including Ispm-15)

cap or quota system on 
methyl bromide imports 
Importers should be 
specially licensed for methyl 
bromide

If in place, should be 
enforced/ checked at 
least twice yearly. 

check with pesticide registration

check with customs officers

keep importers informed

tracking system in place to 
ensure final use of methyl 
bromide (ensuring methyl 
bromide imported into the 
country is not diverted to 
illegal uses)

system should operate 
continuously

check with pesticide registration

check with customs officers

check with NOU from exporting country  
(particularly if participating in ipIc)

requirements for 
performing a Qps 
fumigation

every time a fumigation 
is performed

check that fumigation is done under  
official supervision and in response to official 
requirement. 

must respond to the presence of a  
quarantine pest (or Ispm-15)

Go to UNIDO logbook  
http://www.unido.org/en/what-we-do/
environment/safeguarding-the-environment/
emerging-compliance-regimes/ 
phase-out-of-methyl-bromide/unido-toolkit.html 

pArt II – AssUrANce Of cOmplIANce wIth the methyl brOmIDe phAse-OUt
5. cOmplIANce tOOls fOr NAtIONAl OZONe OffIcers (NOUs)
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Area Topic Date due Action list for compliance

rEPOrTiNG 
OBLiGATiONS

Article 7 data – controlled 
production and consumption

Due by sept 30 each year 
(to Ozone secretariat)

Go to Ozone secretariat website http://ozone.unep.
org/en/data-reporting/data-reporting-and-tools

Article 7 data – exempted 
production and consumption 
(Qps)

Due by sept 30 each year 
(to Ozone secretariat)

Go to Ozone secretariat website http://ozone.unep.
org/en/data-reporting/data-reporting-and-tools

recording information on 
Qps applications

record each application; 
consolidate information 
at least twice a year.

If willing, report to  
Ozone secretariat

(Decision XXIV/15)

Go to UNIDO logbook http://www.unido.org/
en/what-we-do/environment/safeguarding-the-
environment/emerging-compliance-regimes/ 
phase-out-of-methyl-bromide/unido-toolkit.html

Go to Ozone secretariat website http://ozone.unep.
org/en/data-reporting/data-reporting-and-tools 

critical Use exemptions If requested, should be 
submitted to the Ozone 
secretariat by January 
24th of each year

Go to cUN handbook 

http://ozone.unep.org/en/Assessment_panels/
teAp/reports/mbtOc/mbtOc_handbook_ver_6_
Dec_07_final.pdf 

National management 
strategy

If requesting cUes from 
2016 onwards should be 
submitted each year.

Go to Ozone secretariat website http://ozone.unep.
org/en/data-reporting/data-reporting-and-tools

Accounting framework 
(stocks available)

If requesting cUes from 
2016 onwards should be 
submitted each year.

Go to Ozone secretariat website http://ozone.unep.
org/en/data-reporting/data-reporting-and-tools
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Area Topic Date due Action list for compliance

STAKEHOLDErS 
iMPACTED By 
METHyL BrOMiDE 
CONTrOL 
MEASurES

key consuming sectors: 

Direct methyl bromide users 
in the past

sectors requesting cUNs  
(if any)

sectors using methyl 
bromide for Qps purposes

Update continuously, 
yearly at minimum

see list of UNIDO projects (table 7)

check with producers or associations  
(if cUNs requested)

check with phytosanitary authorities (NppO), 
customs officers, trade authorities (for Qps uses)

phytosanitary authorities in 
charge of Qps applications 
- National plant protection 
Organizations (NppO)

frequent information 
exchange  
(at least every 3 months)

Go to UNIDO logbook http://www.unido.org/
en/what-we-do/environment/safeguarding-the-
environment/emerging-compliance-regimes/ 
phase-out-of-methyl-bromide/unido-toolkit.html

Go to Ozone secretariat website  
www.ozone.unep.org 

Go to Ippc website www.ippc.int 

pesticide registration 
authorities

frequent information 
exchange  
(at least every 3 months).

check with phytosanitary authorities (NppO), 
customs officers, trade authorities

consider issuing a joint license (imports need to be 
authorized by NOU and pesticide authorities)

licensed methyl bromide 
importers

have full information 
available, update at least 
twice yearly

technical assistants, 
trainers, researchers, 
consultants

keep a list in case 
potential users need 
assistance. Update at 
least yearly

regional networks of  
Ozone Officers

periodic meetings (once 
or twice a year)

OzoneAction www.unep.org/ozonaction/
regionalNetworks/tabid/6203/Default.aspx

Implementing agencies contact periodically

make use of montreal 
protocol meetings 
(agencies are always 
present)

UNIDO www.unido.org and http://www.unido.org/
en/what-we-do/environment/safeguarding-the-
environment/emerging-compliance-regimes/ 
phase-out-of-methyl-bromide/unido-toolkit.html 

UNep OzonAction programme  
www.unep.org/ozonaction

Ozone secretariat www.ozone.unep.org 

Information on alternatives mbtOc reports, 
implementing agencies, 
project reports

contact UNIDO

for mbtOc reports go to Ozone secretariat website

http://ozone.unep.org/en/assessment-panels/
technology-and-economic-assessment-panel 

for UNep publications go to OzonAction website 
www.unep.org/ozonaction

pArt II – AssUrANce Of cOmplIANce wIth the methyl brOmIDe phAse-OUt
5. cOmplIANce tOOls fOr NAtIONAl OZONe OffIcers (NOUs)
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5.4. links to further information

Topic role or why it is important information sources (and links)

Alternatives to methyl 
bromide

Ozone Officers should be able to provide 
different stakeholders with thorough 
information on alternatives.

A summary of alternatives is provided in 
chapter 8.  
further information may be found from 
sources listed in the column at right.

mbtOc reports http://ozone.unep.org/en/ 
assessment-panels/technology-and-economic-
assessment-panel 

critical uses and National management strategies  
http://ozone.unep.org/en/node/5737 

UNIDO publications https://www.unido.org/ 
montreal-protocol.html

meetings, symposia, workshops

regional Ozone officers maintaining communication with ozone 
officers in the region (and other regions) is 
essential for information exchange, problem 
sharing, analysis and identifying solutions or 
ways forward

cAp www.unep.fr/ozonaction 

Ozone secretariat www.ozone.unep.org  

lists of participants from protocol meetings

Network meetings

Methyl bromide 
consumption and 
production reports

Global, regional and individual party 
consumption information is available at the 
Ozone secretariat website for both controlled 
and exempted uses of methyl bromide.

Ozone secretariat Data Access centre

http://ozone.unep.org/en/data-reporting/data-centre 
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FIg. 4 FLOW CHArT – DiFFErENTiATiNG CONTrOLLED FrOM ExEMPTED uSES OF METHyL 

1  Official control is that performed by, or authorized by, a national plant, animal or environmental protection or health authority

2  pests of potential importance to an area endangered thereby and not yet present there, or present but not widely distributed and being officially controlled

3 treatment to be within 21 days of export

Source: UNEP/ IPPC, (2008). Methyl bromide: Quarantine and Preshipment uses.

United Nations Environment Programme, Nairobi, Kenya, 16 pp
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pArt II – AssUrANce Of cOmplIANce wIth the methyl brOmIDe phAse-OUt
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6. Compliance tools for customs 
officers / phytosanitary authorities

6.1. role of customs and  
regulatory (phytosanitary) authorities 

customs departments and customs officers are instrumental for the enforcement of pesticide regulations, 
particularly restrictions placed on imports. for this reason, it is essential that they are well informed on 
the current legislation and that they are able to correctly identify products coming in and are versed about 
their destination and proposed use. phytosanitary and sanitary authorities on their part need to work in 
close collaboration with customs officers, as their work is highly inter-related.  bans and restrictions on 
chemicals, quarantine dispositions and authorized treatments and uses are only a few examples of this. 
the tools below are aimed at assisting customs and phytosanitary officers in ensuring that compliance with 
the methyl bromide phase-out guidelines is enforced.

6.2. relevant definitions and  
Decisions from the montreal protocol

clear understanding of the concepts of “Quarantine” and “pre-shipment” is critical for customs officers. the 
main definitions are presented in the box below. please also refer to the ensuing tables and the flow chart 
explaining the differences between exempted and controlled uses presented in fig.4 of this toolkit. 

QuArANTiNE 
the target pest species to be controlled with methyl bromide fumigation must be identified

 a.  exports: the pest must be officially controlled in the destination country

 b.  Imports: the pest must be officially controlled in the importing country

If the pest is not under official control by Government authorities then this is not a quarantine 
treatment but a controlled use.

Pre-shipment 
the treatment with methyl bromide must be applied 21 days or less prior to export

 a.  exports: the methyl bromide treatment must be officially required by Government authorities 
in the destination country

 a.  Imports: the methyl bromide treatment must be officially required by importing country 
authorities

the requirement for treatment must have been in place before 7 December 1995.

please note that treatments required by companies, banks (letter of credit) or other commercial 
entities are not considered Qps and count as controlled methyl bromide consumption

Important note: All treatments that do not fall within the above definitions are considered “controlled uses”.
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issue Definition or explanatory remarks What the Protocol says or requires Sources of information

Controlled uses All uses not classified as Qps

Alternatives have been found and are 
in use for virtually all controlled uses

phase-out for controlled uses was 
1 January 2015. there is a provision 
for critical uses

for a more detailed definition of 
controlled uses see chapter 2

Critical uses specific uses allowed by parties for 
particular instances or uses where no 
technically or economically feasible 
alternatives are available

should be requested following 
specific timetable. Deadline 
for submitting nominations is 
24 January of each year

see more information chapter 2

see handbook of critical Use 
Nominations. see http://ozone.
unep.org/en/node/5737 and 
http://ozone.unep.org/en/data-
reporting/data-reporting-and-tools   

QPS uses 
(Quarantine and 
Pre-shipment)

treatments to prevent the introduction, 
establishment or spread of quarantine 
pests or to ensure their official control. 
Pre-shipment applications are applied 
directly before export, to meet the 
requirements of the importing country 
or existing requirements of the 
exporting country

exempted indefinitely at present for clear differences between 
controlled and exempted uses see 
flow chart (fig.4)

for Qps reporting guidelines 
see http://ozone.unep.org/en/
node/5740 

Monitoring 
and reporting 
production and 
consumption

Under Article 7 of the protocol Ozone 
officers need to report promptly to the 
Ozone secretariat, by 30 september 
of each year, on the consumption and 
production (if any) of methyl bromide 
for controlled and exempted uses. this 
includes critical uses if any

collaboration between customs 
officers and the NOU is essential 
to achieve prompt and correct 
information reporting

for reporting requirements see 
http://ozone.unep.org/en/data-
reporting/data-reporting-and-tools 

for definitions refer to chapter 1
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6.3. tips for smart operation

Area Topic Date due Compliance action points

GENErAL

rEGuLATOry iSSuES

Official regulations in place 
with respect to methyl bromide. 
specific authority (or authorities) 
are normally in charge of 
authorizing methyl bromide 
imports

Generally upon finishing a 
project, to support phase-
out. No later than  
1 January 2015

check with National Ozone Unit

check within ministry of Agriculture  
(e.g. quarantine service, pesticide 
registration)

check within customs Office

check with foreign relations authority 
(multilateral agreement obligations)

formulations of methyl bromide 
that are legally registered, and 
specific uses permitted

should go in hand with 
point above. As of 1 January 
2015 only Qps uses or 
use under the critical use 
exemption allowed

check formulations:

100% generally for Qps, 

98:2, 67:33 etc. for other uses  
(including Ispm-15)

check agreement and sufficient 
information exchange between customs, 
pesticide registration and quarantine

cap or quota system on methyl 
bromide imports Importers should 
be specially licensed for methyl 
bromide

If in place, should be 
enforced/ checked at least 
twice yearly. 

check with pesticide registration

check with customs officers

keep NOU informed

keep importers informed

tracking system in place to ensure 
final use of methyl bromide 
(ensuring methyl bromide 
imported into the country is not 
diverted to illegal uses)

system should operate 
continuously

check agreement and sufficient 
information exchange between customs, 
pesticide registration and quarantine 

contact NOU 
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Area Topic Date due Compliance action points

QPS APPLiCATiONS

requirements for performing a 
Qps fumigation

every time a fumigation is 
performed

phytosanitary (quarantine) authorities 
should supervise fumigations 

fumigations need to be performed in 
response to official requirement  
(from importing country or officially by 
country of origin). 

fumigations must respond to the presence 
of a quarantine pest, Ispm-15 or an official 
pre-shipment requirement (in which case 
must take place 21 days or less before 
export)

Go to UNIDO logbook   
http://www.unido.org/en/ 
what-we-do/environment/safeguarding-
the-environment/emerging-compliance-
regimes/phase-out-of-methyl-bromide/
unido-toolkit.html 

reason for conducting a Qps 
application (should fit definitions 
from the montreal protocol)

continuously update. 

maintain frequent contact 
with NOU

check your country’s official list of 
quarantine pests

check Ispm-15 (consider treating with heat 
instead of mb)

check agreement and sufficient 
information exchange between customs 
and quarantine 

maintain NOU informed

check with trade authorities (possible bi-
lateral agreements to use alternatives)

recording information on Qps 
applications

record (supervise) each 
fumigation

check and process 
information every six 
months

Go to UNIDO logbook  
http://www.unido.org/en/ 
what-we-do/environment/safeguarding-
the-environment/emerging-compliance-
regimes/phase-out-of-methyl-bromide/
unido-toolkit.html

Go to Ozone secretariat website

http://ozone.unep.org/sites/ozone/
files/dec24-15%284%29-example_data_
reporting_forms.pdf 
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Area Topic Date due Compliance action points

STAKEHOLDErS 
iNvOLvED WiTH 
METHyL BrOMiDE 
CONTrOL MEASurES

key consuming sectors: 

sectors requesting cUNs (if any)

sectors using methyl bromide  
for Qps 

Update continuously, 
through NOU

check with NOU

check with licensed importers/ fumigators

National Ozone Unit At least every 3 months check full list of focal points at  
www.unep.org/ozonaction

ministry of the environment 
ministry of Agriculture

check agreement and sufficient 
information exchange between customs, 
pesticide registration and quarantine 
authorities

keep frequent contact with NOU 

consider joint approval of methyl bromide 
import licenses

methyl bromide importers establish period of renewal 
for licenses

Issue special license to importers

check quantities imported, check 
compliance with quota system (if in place)

fumigators Issue special permit/ registration to 
fumigators

request information as suggested in 
UNIDO logbook http://www.unido.org/en/
what-we-do/environment/safeguarding-
the-environment/emerging-compliance-
regimes/phase-out-of-methyl-bromide/
unido-toolkit.html

SOurCES OF 
iNFOrMATiON AND 
SuPPOrT OF  
PHASE-OuT 
MEASurES

training for customs officers, 
pesticide registration authorities. 

At least once a year make sure training activities  
(e.g. as promoted by UNep) include methyl 
bromide issues. 

hs codes are listed under the 
harmonized commodity Description and 
coding system managed by the world 
customs Organization www.wcoomd.org

In particular, customs codes and chemical 
names under which methyl bromide – or 
mixtures containing methyl bromide – may 
be traded.

Alternatives for Qps for teAp/ mbtOc reports go to  
http://ozone.unep.org/en/assessment-
panels/technology-and-economic-
assessment-panel 

contact UNIDO www.unido.org 

Quarantine treatments or schemes 
approved by Ippc www.ippc.int 

regional networks, organizations continuous OzoneAction, cAp  
www.unep.org/ozonaction 

Ozone secretariat www.ozone.unep.org 
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6.4. links to further information

Topic role Further information

iPiC Do you participate in ipIc  
(informal prior informed consent)?

ipIc is a voluntary mechanism of information exchange on intended 
trade between designated authorities in importing and exporting 
countries which are responsible for issuing trade licenses for 
ODs http://www.unep.org/ozonaction/ecanetwork/Default.
aspx?tabid=29768

relevant international 
organizations and 
agreements

Global or regional organizations 
provide useful linkages and 
information, in relation to methyl 
bromide phase-out and its 
alternatives but also to international 
trade, quarantine pests and 
phytosanitary issues including 
treatments.

the sanitary and phytosanitary 
measures agreement under the 
world trade Organization contains 
important information

>  Ippc (International plant protection Organization)  
www.ippc.int  and linkages to other organizations  
https://www.ippc.int/en/liason/organizations/ 

>   IApc (Inter-African phytosanitary council) 
http://www.au-iapsc.org 

Asian

the Association for south east Asian Nations (AseAN) has specific 
phytosanitary agreements www.asean.org 

the OIrsA (sanitary and phytosanitary regional International 
Organization) of central America www.oirsa.org 

fAO www.fao.org  

wtO (world trade Organization) www.wto.org 

the sps Agreement  
https://www.wto.org/english/tratop_e/sps_e/spsagr_e.htm
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7. Compliance tools for importers

7.1. role of importers

As suppliers of methyl bromide (in the past for controlled uses, or currently for critical Uses of Qps 
treatments), importers play a critical role in supporting the methyl bromide phase-out and as such should 
be well aware of the montreal protocol guidelines. for example, they may require a special permit or quota 
authorization in order to be able to source the methyl bromide. If they also provide fumigation services, 
they most likely need to request supervision from official authorities or be licensed by these to perform 
such fumigations. 

In addition, methyl bromide importers are often also suppliers of alternatives and/or materials associated 
with the implementation of alternatives.  this could include materials as diverse as alternative fumigants, 
machinery, floating trays or resistant rootstocks, as well as maintenance services for required equipment. As 
such, importers play a key role in supporting the sustainability of the phase-out by making methyl bromide 
technically and economically feasible replacements to this fumigant available.

7.2. relevant definitions and  
Decisions from the montreal protocol

issue Definition What the Protocol says or 
requires

Sources of information

Controlled uses All uses not classified as Qps 
Alternatives have been found and are 
in use for virtually all controlled uses

phase-out for controlled uses 
was 1 January 2015. there is a 
provision for critical uses

for a more detailed definition of 
controlled uses see chapter 2

Critical uses specific uses allowed by parties for 
particular instances or uses where no 
technically or economically feasible 
alternatives are available

should be requested following 
specific timetable 

see more info chapter 2

see handbook of critical Use 
Nominations.  
see http://ozone.unep.org/en/
node/5737

QPS uses 
(Quarantine and 
Pre-shipment)

treatments to prevent the 
introduction, establishment or spread 
of quarantine pests or ensure their 
official control.  
Pre-shipment applications are applied 
directly before export, to meet the 
requirements of the importing or 
exporting country

exempted indefinitely at present for clear differences between 
controlled and exempted uses 
see flow chart (fig.4)
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7.3. tips for smart operation

Area Topic Date due Compliance action points

GENErAL
rEGuLATOry 
iSSuES

Official regulations in place with 
respect to methyl bromide. specific 
authority (or authorities) are normally 
in charge of authorizing methyl 
bromide imports

Generally upon finishing 
a project, to support 
phase-out. No later than 
1 January 2015

check with National Ozone Unit
check within ministry of Agriculture (e.g. 
quarantine service, pesticide registration)
check within customs Office
check with foreign relations authority 
(multilateral agreement obligations)

specific authority (or authorities) in 
charge of authorizing methyl bromide 
imports

check with NOU
check with pesticide registration unit
check with customs office
license or permit may be issued jointly

formulations of methyl bromide that 
are legally registered, and specific 
uses permitted

should go in hand with 
point above. As of 1 
January 2015 only Qps 
uses or use under the 
critical use exemption 
allowed

check formulations:
100% generally for Qps, 
98:2, 67:33 etc. for other uses  
(including Ispm-15)
check agreement and sufficient information 
exchange between customs, pesticide 
registration and quarantine

specific uses registered (crop, 
commodity) and destination

As of 1 January 2015 
only Qps uses or use 
under the critical use 
exemption allowed

check with ministry of Agriculture 
(phytosanitary and pesticide registration 
authorities)
check with NOU

cap or quota system on methyl 
bromide imports (jointly agreed 
between importers and authorities, 
in observance with montreal protocol 
guidelines)

Agreed/ revised yearly check with NOU
check with pesticide registration unit
check with customs office

penalties (fines) in place to deter 
potential smugglers from attempting 
illegal imports or distribution

check with NOU
check with pesticide registration unit
check with customs office

STAKEHOLDErS 
iMPACTED By 
THE METHyL 
BrOMiDE 
PHASE-OuT

key consuming sectors: 
sectors requesting cUNs (if any)
sectors using methyl bromide for Qps 

check with NOU
check with licensed fumigators (Qps uses)

National Ozone Unit see full list of focal points at  
www.unep.org/ozonaction

Officials involved with cUes and Qps 
applications

Often authorize imports 
jointly.

check with NOU
check with ministry of Agriculture (pesticide 
registration, phytosanitary authorities)
check with licensed fumigators
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Area Topic Date due Compliance action points

ALTErNATivES

Alternatives to methyl bromide (for 
controlled uses) best suited for each 
sector including their technical/
economic feasibility. Additional 
supplies (materials, equipment) plus 
maintenance services. Alternatives 
need to be registered/ available

for teAp/ mbtOc reports go to http://ozone.
unep.org/en/assessment-panels/technology-
and-economic-assessment-panel 

contact UNIDO www.unido.org 

Alternatives for Qps uses
teAp/ mbtOc reports 
www.ozone.unep.org 

Ozone secretariat 
http://ozone.unep.org/
en/node/5740 

see section on sources 
of information

for teAp/ mbtOc reports go to http://ozone.
unep.org/en/assessment-panels/technology-
and-economic-assessment-panel 

contact UNIDO www.unido.org 

Quarantine treatments or schemes approved by 
Ippc www.ippc.int

7.4. links to further information

Topic role Further information

methyl bromide 
uses and their 
alternatives

It is essential to become familiar with previous 
methyl bromide uses and alternatives, which are 
suitable for specific circumstances of a sector and 
region.

see chapters 1,2

mbtOc Assessment reports mbtOc reports  
http://ozone.unep.org/en/assessment-panels/
technology-and-economic-assessment-panel

Ozone secretariat www.ozone,unep.org
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8. Tools for technical assistants, 
trainers, researchers 

8.1.role of technical assistants and  
extension staff

technical staff and individuals involved in academic activities (research, teaching, training, demonstration 
trials) play a crucial role in supporting information dissemination efforts and accompanying the process 
of successful adoption of alternatives. research findings and results of trials often provide the basis on 
which the efficiency of alternatives is assessed and, most importantly, provide ways to optimize their 
implementation.

8.2. relevant definitions and  
Decisions from the montreal protocol

issue What the Protocol says or requires Sources of information

Controlled uses phase-out for controlled uses was 1 January 2015. 
there is a provision for critical uses

for a definition of controlled uses see chapter 2

Critical uses should be requested following specific timetable. 
Deadline for submitting nominations is  
24 January of each year

see more info in chapter 2

see handbook of critical Use Nominations.  
see http://ozone.unep.org/en/node/5737

QPS uses exempted indefinitely at present, however 
alternatives are available for some categories of use

for clear differences between controlled and 
exempted uses see flow chart (fig.4)

pArt II – AssUrANce Of cOmplIANce wIth the methyl brOmIDe phAse-OUt
8. tOOls fOr techNIcAl AssIstANts, trAINers, reseArchers
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8.3. tips for smart operation

Area Topic Date due Compliance action points

GENErAL

rEGuLATOry 
iSSuES

Official regulations in place 
with respect to methyl 
bromide. specific authority 
(or authorities) are normally in 
charge of authorizing methyl 
bromide imports

Generally upon finishing a 
project, to support phase-
out. No later than  
1 January 2015

check with National Ozone Unit

check within ministry of Agriculture  
(e.g. quarantine service, pesticide registration)

check within customs Office

check with foreign relations authority 
(multilateral agreement obligations)

formulations of methyl bromide 
that are legally registered, and 
specific uses permitted

should go in hand with point 
above. As of 1 January 2015 
only Qps uses or use under 
the critical use exemption 
allowed

check formulations:

100% generally for Qps, 

98:2, 67:33 etc. for other uses (including Ispm-15)

check agreement and sufficient information 
exchange between customs, pesticide 
registration and quarantine

specific uses registered  
(crop, commodity) and 
destination

As of 1 January 2015 only Qps 
uses or use under the critical 
use exemption allowed

check with NOU

Go to Ozone secretariat website  
www.ozone.unep.org 

STAKEHOLDErS 
iMPACTED By 
THE METHyL 
BrOMiDE 
PHASE-OuT

key consuming sectors: 

Direct methyl bromide users in 
the past

sectors requesting cUNs (if any)

sectors using methyl bromide 
for Qps purposes

Update continuously, yearly 
at minimum

see list of UNIDO projects (table 7)

check with producers or associations  
(if cUNs requested)

check with phytosanitary authorities (NppO), 
customs officers, trade authorities  
(for Qps uses)

National Ozone Unit see full list of focal points at  
www.unep.org/ozonaction

Importers (of alternatives and 
methyl bromide). 

frequently update suppliers 
of products and services 
(including maintenance)

list of licensed importers (for both methyl 
bromide if used and for alternatives)

Authorities involved with the 
methyl bromide phase-out, 
cUes and exempted uses (Qps) 

be aware of specific 
regulations, quotas , permits

check with NOU

ministry of the environment, 

ministry of Agriculture (pesticide registration, 
customs, environment, agriculture)

SOurCES OF 
iNFOrMATiON 
AND OTHEr 
iSSuES

Alternatives. specific options 
for each sector and appropriate 
for local specific circumstances, 
often with necessary 
adaptations 

check efficiency (crop yield 
and quality) together with 
technical and economic 
feasibility after every crop 
cycle

check with NOU

for teAp/ mbtOc reports go to  
http://ozone.unep.org/en/assessment-panels/
technology-and-economic-assessment-panel 

contact UNIDO www.unido.org

for UNep publications go to the OzoneAction 
website www.unep.org/ozonaction

projects conducted and 
alternatives implemented  

check with NOU

for teAp/ mbtOc reports go to  
http://ozone.unep.org/en/assessment-panels/
technology-and-economic-assessment-panel 

contact UNIDO www.unido.org
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8.4. links to further information

Topic role Further information

Suppliers Access to suppliers of alternatives and associated 
materials (machinery, equipment and other inputs 
including for example trays, grafted plants or 
rootstocks) and implementation services is essential.

Importers and other suppliers
research/ training centres

Literature/ publications/ 
meetings

being familiar with research results and recent 
publications is important.
participating in training sessions, scientific/ technical 
meetings is also very useful

see chapter 11 for sources of information. 
Annual meetings, literature reviews, contact 
with research teams and research centres.
International society for plant pathology (Ispp) 
http://www.isppweb.org/
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9. Tools for direct users  
(growers, fumigators)

9.1. role of direct users
Direct users were ultimately the stakeholders most affected by the methyl bromide phase-out and those in 
urgent need of a replacement. the gradual process by which in most cases such replacement occurred allowed 
for trials to be conducted and confidence to be gained with respect to new products and technologies.

replacement of methyl bromide often required growers and fumigators to introduce changes in their 
production systems, sometimes varying the investment components, focusing on extensive training and 
addressing problems differently.

9.2. relevant definitions and  
Decisions from the montreal protocol

issue What the Protocol says or requires Sources of information

Controlled uses phase-out for controlled uses was 1 January 
2015. there is a provision for critical uses

for a definition of controlled uses see chapter 2

Critical uses should be requested following specific 
timetable. Deadline for submitting nominations 
is 24 January of each year

see more info in chapter 2
see handbook of critical Use Nominations.  
see http://ozone.unep.org/en/node/5737

QPS uses exempted indefinitely at present. the definition 
of pre-shipment is particularly important for 
persons involved in grain storage

for clear differences between controlled and 
exempted uses see flow chart (fig.4).
for Qps reporting guidelines see  
http://ozone.unep.org/en/node/5740
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9.3. tips for smart operation

since the beginning, UNIDO emphasized the concept of integrating different options and developing a 
comprehensive approach towards pest and disease control, rather than seeking a one-to-one replacement 
for methyl bromide. the long-term sustainability of alternative fumigants – even when they do not cause 
damage to the ozone layer – was always questioned, so working towards sustainable production systems 
was always a clear goal.

In replacing methyl bromide it is essential to be well aware of the target pests and diseases for which control 
is sought, and have complete information on their life cycles, host ranges and the environmental conditions 
conducive to their development. 

Assessing the technical and economical feasibility of potential alternatives is also very important. In many 
cases, implementing alternatives requires changes in production or storage systems, cropping practices 
and others in order for alternatives to work efficiently, as well as maintaining access to specific market 
windows and complying with quality and other commercial requirements.

In the following section, tables 1 and 2 summarize the most successful alternatives adopted in the various 
sectors and countries where UNIDO has worked. they are meant to provide general information and overall 
guidelines on their implementation.

Alternatives have been divided into “in-kind”, or direct replacements and “not in-kind” or options that work 
best as part of an integrated approach. In all cases, observance of the Ipm concept is strongly recommended.
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9.4. links to further information

A wealth of information on methyl bromide alternatives is available for virtually 
all climates, growing systems and circumstances under which methyl bromide 
was previously used. Information sources are listed below and in previous 
chapters. please also see chapter 10.

Topic role Further information

Alternatives It is essential to be aware of alternatives that are in use/ 
available in your region and under your circumstances.
learning about research efforts and results is also 
important.
countries that have requested cUe have submitted 
National management strategies.
plant protection societies (e.g. Ispp) provide good 
information on pests and diseases of many crops and 
their control.
Various meetings on methyl bromide alternatives have 
taken place or still take place, for example the methyl 
bromide Alternatives Outreach (mbAO) conference
composting Associations provide useful information on 
elaborating compost and solving problems that may arise

mbtOc/ teAp Assessment reports  
http://ozone.unep.org/en/assessment-panels/
technology-and-economic-assessment-panel 
National management strategies  
http://ozone.unep.org/en/node/5737 
UNIDO publications  
https://www.unido.org/montreal-protocol.html
International society for plant pathology (Ispp)  
http://www.isppweb.org/
methyl bromide Alternatives Outreach (mbAO) conference 
www.mbao.org 
the United states composting council  
http://compostingcouncil.org
the european compost Network  
http://www.compostnetwork.info

relevant 
activities 
undertaken

what projects were implemented in your country? 
local, regional, international workshops/meetings?

for a full list of projects by country and region see table 7.
final project reports are available from UNIDO  
https://www.unido.org/montreal-protocol.html

regulations regulations to ban methyl bromide for controlled uses 
(with a provision for critical Uses if necessary) and restrict 
uses to Qps only need to be issued by all countries.
knowledge about regulations in place and which 
alternatives are registered is essential

ministry of Agriculture, pesticide registration, 
phytosanitary issues (including quarantine)
customs authorities
ministry of the environment

Suppliers, 
technical 
assistance

Access to suppliers of alternatives, materials needed 
to implement alternatives (machinery, equipment and 
other inputs including for example trays, grafted plants or 
rootstocks) is essential.
similarly, access to technical assistance and keeping 
abreast of research results is very important.

Importers and other suppliers
research/training centres
technical assistance and extension staff

Other users Information exchange with other growers/storage 
companies/fumigators is extremely useful.

trade associations
cooperatives
Growers
storage companies
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i. ALTErNATivES FOr PrE-PLANT SOiL FuMiGATiON

Not in-kind 
alternatives Description

Sector where 
best applicable recommendations

Substrates refers to plant production in artificial 
or soil-less substrates (away from soil). 
sometimes called “hydroponic production”

substrates include various materials 
such as rock wool, tuff, clay granules, 
polyurethane, glass wool, peat, coconut 
husk (cocopeat), volcanic gravel, pine bark, 
grape industry waste, and others

tomatoes, 
peppers, 
strawberries, 
cucurbits 
flowers, 
vegetable 
seedlings, 
nurseries

mostly used in covered or protected agriculture,  
but can be adapted to field cropping (i.e. in egypt).

Initial investment is often high, but higher planting 
densities are possible. yield and quality are 
improved.

locally available substrates generally more 
economical. 

plant/ water relations and pest management need 
close monitoring. 

there is potential ground water pollution from 
systems that do not recycle the nutrient solutions.

Floating trays seedlings are planted in polystyrene trays, 
which contain cells filled with substrate and 
are placed inside a shallow pool filled with 
a nutrient solution. 

seedlings grow faster, and are uniform and 
high quality.  the system is very space-
efficient.

tobacco and 
vegetable 
seedlings

Developed in late 1990´s, were adopted by 
thousands of tobacco growers around the world 
previously using methyl bromide. 

Adopted through methyl bromide projects in 
brazil, croatia, macedonia, romania, Argentina, 
Zimbabwe and others. 

economic feasibility may be challenging if 
necessary inputs (substrates, trays, pelleted seeds) 
are not locally available. 

Steam process whereby hot water vapour is 
injected into the soil to kill pests, diseases 
and weeds, using a boiler and pipes or 
other means of injection.

when properly applied, is an excellent 
alternative to methyl bromide in protected 
agriculture. 

many variables influence its success and 
cost, i.e. the type of boiler and fuel used, 
soil type and structure, soil preparation, 
depth of treatment

cut flowers

seedling 
(nursery)

production

Is more effective and less expensive when a limited 
amount of substrate is treated.

requires relatively large amounts of water.

treated substrate can easily become re-
contaminated if hygienic measures not observed.

Over-heating of soil can lead to mineral toxicity 
(particularly manganese), and excessive kill of 
beneficial organisms.

works best if combined with biocontrols and 
organic amendments within an Ipm programme. 

Grafting A graft is the union of two portions of plant 
tissue that grow together as a single plant. 
It is possible to graft plants with desirable 
commercial characteristics, which are 
susceptible to soil borne diseases, onto 
roots that are resistant to those pathogens. 
the rootstock may be from a different 
cultivar, species or genus within the plant 
family of the scion. 

Grafting provides excellent protection 
against soil borne pathogens of vegetables 
and fruit crops, especially root-knot 
nematodes (e.g. Meloidogyne spp) and 
fungi (e.g. Fusarium spp., Verticillium 
dahliae spp.,) or oomycetes (Phytophthora 
spp).

tomatoes

peppers

eggplants

cucurbits

fruit trees

Generally costly due to requiring intensive labour 
and various supplies, but these are usually 
compensated by higher yields and improved 
quality. Grafted plants are often more vigorous and 
fewer plants are required per unit area.

when used within an Ipm approach including 
alternative chemicals (fumigants, pesticides, 
herbicides) and/or solarization provides an 
excellent alternative to methyl bromide. 

rootstock resistance may break down under 
high pathogen population pressure, when new 
races of the pathogen evolve, and under some 
environmental conditions such as high temperature 
or salinity. 

Increasing number of rootstocks now commercially 
available for most crops. wild local species are also 
successfully used.
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Not in-kind 
alternatives Description

Sector where 
best applicable recommendations

Solarization/ 
Biofumigation

solarization is achieved by trapping heat 
from solar radiation under clear plastic to 
elevate the temperature of moist soil and 
kill pests and diseases. Originally used 
in arid and semi-arid regions with high 
radiation and minimal rainfall, but now 
adapted to many regions. 

biofumigation is the emission of volatile 
compounds during the decomposition of 
organic matter incorporated into the soil, 
which contributes to pathogen control. 

All the combination of these two techniques 
leads to very good soil borne pest and disease 
control comparable to methyl bromide. further 
combination with other options such as metham 
sodium or dazomet, biofumigation, and bio 
controls provides excellent results. 

the process normally takes about four weeks, 
which may require appropriate planning of 
cropping schedules

Compost, 
organic 
amendments

Organic amendments such as composts, 
animal and green manures and various by-
products from agriculture, forest and food 
industries incorporated into the soil help 
manage pathogenic fungi and nematodes. 

populations of beneficial soil 
microorganisms are enhanced and soil 
health and properties improved, leading 
to long-term decline of soil pathogen 
populations.

compost preparation needs to be done in 
observance of environmental conditions 
(temperature, ph, oxygen aeration, 
humidity). 

All long-term approach that can help reduce need for 
soil fumigation and is a relevant component of Ipm. 

possible inconsistency of results due to variable 
processing techniques. large amounts of materials 
are needed for treatment to be effective. 

can be enriched with beneficial organisms such 
as Trichoderma, yeasts and beneficial bacteria 
for more successful results. excellent results for 
example in morocco. Depending on the plant types 
used, process can take between four and five 
months.

Biocontrol 
agents

Various kinds of beneficial organisms but 
in particular fungi of the genus Trichoderma 
are successfully used as part of Ipm 
systems to reduce populations of soil borne 
pathogens. 

All Very successful for example in the melon sector 
in honduras and Guatemala. preparations of 
beneficial organisms are now available in egypt 
and used with excellent results.

massive applications need to be made, and 
viability of the beneficial organisms constantly 
monitored
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in kind 
alternatives Description

Sector where 
best applicable Comments

1,3-D, 

1,3-D/Pic

1,3- dichloropropene (1,3-D) is a soil 
fumigant principally effective against 
soil insects and nematodes, particularly 
cyst nematodes like Meloidogyne sp. 
Often combined with chloropicrin (pic) 
to broaden its range of action to fungi 
and some weeds. Usually injected 15 to 
20 cm into the soil before planting, and 
then compacted and covered tightly with 
canvas, polyethylene or VIf

strawberries

tomatoes, 
peppers, 
cut flowers, 
cucurbits

commercial names include telone, telopic  
and Agrocelhone. waiting periods before  
re-planting vary according to the crop and 
results are influenced by soil type and 
moisture. 

heavy, wet, cold soils difficult to treat. 

1,3-D is a potential contaminant of underground 
water and this causes restrictions to its use in 
some regions

Pic alone chloropicrin alone is used as a fumigant 
mainly against fungi, with good results for 
example in strawberries.

strawberries 
(runners and 
fruit)

commercial names include piclor

Not as widely registered around the world.

Metham sodium liquid, wide-spectrum soil fumigant 
belonging to the group of chemicals 
known as “mItc generators”. effective 
for controlling soil fungi (Verticillium, 
Fusarium, Pythium, Rhizoctonia, 
Phythophthora, Sclerotinia), nematodes 
and weeds. Not a good bactericide.

All miscible in water, suitable for application with 
irrigation systems. efficacy strongly influenced 
by its diffusion in soil, constrained in heavy 
and/or cold soils. 

Application through overhead sprinklers 
ineffective and banned in many countries. 

rotating-spading fumigation equipment 
very effective as it ensures homogeneous 
distribution in soil.

biodegradation of mItc compounds can occur 
after repeated applications in sandy soils. 
Avoiding excessive application rates, rotating 
with other treatments or adding beneficial 
microorganisms such as Trichoderma following 
fumigation are thus recommended

Dazomet Also an mItc generator, Dazomet is a 
granular soil fumigant effective against 
germinating weeds, nematodes (but 
not Meloidogyne cyst nematodes), soil 
fungi and insects (stages that occur 
underground).

All Generally sold under commercial name 
basamid. Application in cold soils may bring 
phytotoxicity problems, so long waiting 
period before replanting may be required. 
biodegradation of mItc compounds can occur 
after repeated applications in sandy soils. 
Avoiding excessive application rates, rotating 
with other treatments or adding beneficial 
microorganisms such as Trichoderma following 
fumigation are thus recommended.

DMDS Dimethyl- disulphide is a more recently 
developed product proving very efficient 
against nematodes attacking many crops. 
It is a good herbicide, controls yellow 
nutsedge, Cyperus spp 

many crops 
including 
vegetables and 
tobacco

commercial name paladdin.

Application may be constrained by its strong, 
pungent odor in some areas.

can be combined with other fumigants  
(pic, metham sodium for enhanced control
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2. ALTErNATivES FOr POST-HArvEST AND STruCTurES

Not in-kind 
alternatives Description Sector Comments

Controlled 
or modified 
atmospheres

modified atmospheres (high cO2, low O2) 
are created through hermetic sealing or 
vacuum. low oxygen environments stop 
development of stored product pests.

Grain and beans 
(cocoa, coffee), 
tobacco, dried fruit, 
nuts

Generally inexpensive and easy-to-use 
technology. Its use is increasing around the 
world. 

Heat treatment A minimum temperature of about 55°c is 
needed, but often should not exceed 60°c 
to prevent treated items from damage. 
humidity control may be necessary. 
simple and inexpensive solarization 
methods have been developed to treat 
artifacts. heat works best as part of an 
Ipm system

flour-mills and 
other structures, 
museum artifacts, 
grain

there are two general types of heat treatments: 
structural (full-site) and spot treatments 
(performed when a pest outbreak is detected).

Although most pests die in less than 1 hour at 
56°c, treated structures must be maintained 
at this temperature for 24-36 hours to ensure 
uniform heat distribution in the structure. walls 
and floors in concrete constructions may even 
be impossible to heat to the required level. 
Insulated floor mats, diatomaceous earth 
and/or insecticide sprays may be needed to 
complement treatment on such surfaces.  

in kind alternatives Description Sector Comments

Phosphine,

Phosphine + CO2

phosphine (ph3) is registered and used 
worldwide.

It is highly toxic, therefore used in low 
concentrations. penetrates well into 
commodities and can be rapidly removed 
by aeration after treatment.

can be combined with cO2 to avoid 
flammability and corrosion risks 
associated to pure phosphine. the mixture 
is also faster acting and less likely to 
induce pest resistance.

stored grain and 
dried foodstuffs, 
spices, tobacco

structures, 
wooden items

Generally acts slower than methyl bromide 
so longer exposure times are required, 
particularly under low temperatures. Overall 
ineffective below 15°c.

reacts with metals such as copper causing 
corrosion so use is restricted when electrical 
equipment or copper fixtures are present.

many pests can develop resistance to 
phosphine, particularly in tropical areas, 
so measures must be taken to avoid this. 
chambers or recipients where treatment 
takes place should have optimum gas-
tightness; correct exposure times and 
appropriate application technology must be 
observed.

Sulfuryl fluoride 
(SF)

sulfuryl fluoride (sO2f2) is a non-
flammable, odourless and colourless 
gas that disperses quickly. Developed in 
the late 1950’s in the UsA as a structural 
fumigant, mainly for termite control. 
has been used for controlling wood and 
structure pests and since 2003 to control 
pests affecting the food industry in some 
developed countries.

buildings, 
furnishings, 
construction 
materials, and 
transport vehicles 
to control a wide 
range of pests

registration of this product is not yet 
widespread in developing countries

Usually non-corrosive, so can be used where 
sensitive equipment and electronic devices 
are present.
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10. Additional information

A large amount of information on alternatives to methyl bromide and their implementation has been made 
available throughout the more than 25 years after this fumigant was labeled an ODs.

As presented in this toolkit, UNIDO has undertaken extensive work on methyl bromide. Important 
examples of such work can be found on the UNIDO website  
https://www.unido.org/montreal-protocol.html 

the protocol’s methyl bromide technical Options committee (mbtOc) conducts very thorough work on 
methyl bromide use and its alternatives, for both controlled and exempted uses. Quadrennial Assessment 
reports, yearly progress reports and other relevant publications can be accessed and downloaded from 
the Ozone secretariat website: 
http://ozone.unep.org/en/assessment-panels/technology-and-economic-assessment-panels 

UNep’s OzonAction programme also offers various reports and other kinds of information on methyl 
bromide, which can be accessed at  
http://www.unep.org/ozonaction/topics/methylbromide/tabid/6221/Default.aspx

Assistance to A5 parties of the montreal protocol is provided through methyl bromide Officers in UNep’s 
compliance Assistance programme (cAp). regional offices and contacts may be found at  
http://www.unep.org/ozonaction/Aboutthebranch/staffcontacts/tabid/6190/Default.aspx 

the multilateral fund for the montreal protocol offers reports on monitoring and evaluation activities 
conducted on ODs including methyl bromide. these can be consulted at  
http://www.multilateralfund.org/evaluation/evaluationlibrary/default.aspx 

pArt II – AssUrANce Of cOmplIANce wIth the methyl brOmIDe phAse-OUt
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UNIDO logbook for Qps reporting, available at  
http://www.unido.org/en/what-we-do/environment/safeguarding-the-environment/emerging-
compliance-regimes/phase-out-of-methyl-bromide/unido-toolkit.html
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LiST OF ACrONyMS 

1,3-D/pic ....................................................................... 1,3- Dicloropropene + chloropicrin
AseAN ............................................................................ Association of southeast Asian Nations
ceIt .................................................................................. countries with economies in transition
cUe .................................................................................. critical Use exemption
cUN .................................................................................. critical Use Nomination
DmDs .............................................................................. Dimethyl-disulfide
eU ..................................................................................... european Union
fts .................................................................................... floating tray system
GAp .................................................................................. Good Agricultural practices
ha ...................................................................................... hectares
IApc ................................................................................. Inter African phytosanitary council
Icm ................................................................................... Integrated crop management
Ipm ................................................................................... Integrated pest management
Ippc ................................................................................. International plant protection convention
Issp ................................................................................. International society of plant pathology
mbtOc ........................................................................... methyl bromide technical Options committee
mlf................................................................................... multilateral fund for the Implementation of the montreal protocol
ms .................................................................................... metham sodium
NOU ................................................................................. National Ozone Unit
NppO ............................................................................... National plant protection Organization
ODp .................................................................................. Ozone Depleting potential
ODs .................................................................................. Ozone Delpleting substance
ph3................................................................................... phosphine
Qps .................................................................................. Quarantine and pre-shipment
sf ...................................................................................... sulfuryl flouride
sps ................................................................................... sanitary and phytosanitary standards
teAp ................................................................................ technical and economic Assessment panel
UNDp............................................................................... United Nations Development programme
UNep ............................................................................... United Nations environment programme
UNIDO ............................................................................ United Nations Industrial Development Organization
UV ..................................................................................... Ultraviolet
VAt ................................................................................... Value Added tax
whO ................................................................................ world health Organization
wtO ................................................................................. world trade Organization
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