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PREFACE

Methyl bromide (MeBr) is a fumigant used to contral arthropods, nematodes, pathogens and weed
Seads in soil in severd crops, such as tometoes, peppers, eggplants, tobacco, strawberries,
ornamentas and other crops.

Some years ago it was discovered that this fumigant is a srong chemicd depleting the Earth's ozone
layer. 1ts 0zone depletion potentid is 0.4, i.e. higher than the admissble threshold of 0.2. In addition,
it isaso known that bromine rdessed by MeBr is 40 times more aggressve then chlarine in bresking
down ozone on a per éom basis.

Governments and internetiond agencies aware of the problem have agread to establish a programme
for phesng out the use of MeBr. Snce the fumigant is used in ssverd hightincome crops the
established phase out gives times to the countries for the development of new dternatives to replace
MeBr.

During the lagt fivesaven years some projects and adtivities have been caried out in severd
countries which hed a high consumption of MeBr as a sl fumigant. The work has been gpplied fidd
research for the development of new adternatives and demondrations of those highly effective onesin

large plots.

As a reallt of the above work there are avalable some published maerids on new MeBr
dterndtives, which destribe the feeshility and the disadvantage of each new pest contral measure.
Some of these publications have come out from severd workshops and symposia organized in
different countries by UNEP, UNIDO and cther organizations

The main purpose of the presant report is to provide information of successully usad dternatives in
some countries or regions, where MeBr phase out is going on. Although the report often shows the
lack of dready veidated dternatives, paticulaly for a region like Africa, the maerid provides
enough dements of the technica and economica success of the use of severd dternatives as well as
those, which are nearly to be introduced into the agriculturd practice.

Agriculturd researchers and extensonigts could use this information for further sudies and / or
validation. This materid, dong with the Manud in preparation by FAO (sponsored by UNEP) @,
can aso be agood reference for the training on new

@ R. Braga, R. Labrada, L. Fornasari and N. Fratini. Manual for Training of Extension Workers and
Farmers on Alternatives to Methyl Bromide for Soil Fumigation. FAO Plant Production and Protection
Paper N. (...) InPrep.



dterndtives in different countries, particulaly for Training of Trainers (TOTS). In addition, FAO /
UNEP do hope that such areport and training activities, wich are part of the Farmer Education and
Traning Programme being caried out by FAO and sponsored by UNEP under the Montred
Pratocal’s Multilaterd Fund, will dso encourage the find vaidation of severd promisng dternatives
to replace MeBr as il fumigant. This will hdp developing countries to meet the MeBr phase-out
requirements under the Montredl Protocal.

FAO / UNEP would ds0 like to acknowledge and gopreciate the contributions kindly given by
sverd eddids from vaious countries from dl over the world, which made possble the

preparaion of thisglobd report.

This publication was prepared by the Food and Agriculture Organization of the United Nations
(FAO) and sponsored by the United Nations Environment Programme — Divison of Technology,
Industry and Economics (UNEP-DTIE), as pat of its OzonAction Programme under Montredl
Protocol’ s Multilateral Fund.

Ricardo Labrada FAO, Rome(I)
Luca Fornasari Montpdlier (F)
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ALTERNATIVESFOR THE REPLACEMENT OF METHYL
BROMIDE IN ARGENTINA

L.A. Salles*, D. A. Sosa** and A. Valeiro**

* EMBRAPA - CPACT, Brazl, ** INTA, Argentina

Summary. Strawberry is an economicaly important crop in Argentina. Cropping of srawberry is
varigble in the regions of the country. Generdly methyl bromide (MeBr) is gpplied as soil fumigant in
the crops. Its use adlows to protect the crop from the attack of severd soil-borne pests. Severd
experiences have been carried out aming at vaidating aready tested dternatives and to adapt them
for the replacement of MeBr. To thisam different chemicad fumigants were compared. Dazomet and
metam sodium were the fumigants compared for the control of soil-borne fungi, nematodes, insects
and weeds. Both products came out as viable dternatives of MeBr.

In addition two other methods, soil solarization and water vapour, were aso validated. The
use of water vapour for soil disnfection is quite old. It conssts of passng a vapour flow through the
s0il pores so that when entering in contact with cold particles are condensed, transforming itsdf into
aliquid and rdeasing heat that dlows the dimination of noxious living organisms. Water vapour was
a little bit difficult to goply. The initid overdl cost of its gpplication may prevent its use. Some
problems related to its gpplication are not easly to overcome in current conditions. Soil solarization,
congsts of use of solar energy to heet wet soil previoudy covered by a polyethylene sheet. The
method athough effective in certain conditions, is not feasible to be gpplied everywhere. The area of
La Plata is a suitable zone for the production of strawberry, especidly for fresh consumption. All
these control technologies can be well gpplied in Srawberry fidds of LaPlaa

Tomato is dso an important crop in the horticultural production of Argentina. Here again
dazomet and metam sodium were effectively used as soil fumigants. Cropping practices of tomato
vary from one zone to another in Argentina, and this may redly condition the use of one or another
fumigant. Obvioudy, aspects of economica feashility of each chemicd should dso be taken into
account to make the decison of their commercid use.

Cut flowers, carnation and lisianthus, are crops that occupy the most important ornamentals
in Argentina. The areas of these crops are being increased every year. Dazomet and metam sodium
showed the same effectiveness dready quoted above for strawberry and tomatoes. These fumigants
are potentia dternatives to replace the present use of MeBr. The green belt of greast Buenos Airesis
the main area of production of these ornamentals.

Tobacco is another economicaly important crop in Argentina. The dternatives for the
replacement of MeBr were evduated in two sysems. a) the conventional system using chemica
fumigants as metamn sodium and dazomet, and b) the soilless sysem usng floaing trays and
supported trays. The results of this vaidation showed that any of these methods may satisfactorily
replace the use of MeBr as soil fumigant for the control of soil-borne pests in tobacco seedbeds.
Soilless systems have the advantage that, in addition to diminate the use of MeBr, it provides uniform
and vigorous crop seedlings. Additionally, these methods decrease the area necessary for tobacco
seedling production.

Congdering the existing results, it is concluded that the replacement of MeBr in strawberry,
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tomatoes, tobacco and ornamentds is perfectly possble and feasible, either usng a chemica
dternative for seedbed desinfection or soilless systems in trays. The sdection of any of these
methods should necessarily take into account aspects of related to cropping techniques in each zone
of the country, economicd feaghility to farmers and environmental safety.

Key words: disnfection, floor, substratum, vapour, dazomet, metam sodium, soiless system,
olarization

[.INTRODUCTION

The Project Ozone (MPIARG/97/186 for horticulture and ARG/98/G63/INTA-PNUD for tobacco)
was funded by UNDP and executed by INTA (Nationd Inditute of Agriculturd Technology). It
dated in 1999, and its main objective was to evduate various dterndives to methyl bromide
(MeBr) for the control of soil-borne pests

Ore of the man condrants to the agriculturd production is the sail degradaion, which is possble
under monocropping conditions or short crop rotations, characteridics of the intendve production
sysems of vegetebles cut flowers and tobacco. The incidence of severd soil-borne peds
paticularly pathogensis dso a condraint to the production of the above-mentioned crops. To avoid
damege and losses caused by these organisms to these crops, soil dignfection has been condantly
required.

MeBr has had wide diffuson in the world and in Argentina has been the mogt used soil fumigarnt. In
recent years MeBr has been usad largdy in the country, eg. horticulture consumes up to 280 tons
annudly, bascdly for tomato production, 230 tons in tobacco, 70 and 60 tons in cut flowers and
srawbery, respectively.

MeBr is one of the main subgtances depleting amospheric and its replacement is a need to protect
the environment. The Government of Argentina has implemented a Program for the protection of the
layer of ozone Within the framework of this programme the projects MPIARG/97/186 for
horticulture and MPARG/98/G63/ INTA-PNUD for tobacco have been implemented in order to
evduae different dterndives, such as water vapour, Soil solaization, sollless sysems and other
chemicd fumigants

1. EVALUATION OF THE ALTERNATIVES

2.1. Srawbery is a commeadadly important aop in Argentina The technology used for
Srawberry production in Argentina varies according to the regions. In generd, soil to be used for
cropping is trested with MeBr previous to planting. This practice, in addition to get rid off severd
soil-borne peds presarves crop yidds and its qudity. Soil-borne pathogens currently cause
important losses to srawberry. Conducted research in the past showed the benefits of soil fumigation
for Srawberry production. Serious reduction of yields has been observed in non fumigated aress of
grawbery due to the severe incidence of soil-borne fungi.



Various expaiments have been caried out in order to vdidate some dternatives to MeBr. They
manly condgged of comparisons of some chemica fumigants

Dazomet is agranular product used & rate of up to 70 g/ nf or 700 kg / ha It is normélly applied
30 days previous to planting. Granules are ditributed uniformly on the soil surface then incorporated
in the soil & a depth of 30 - 40 cm. After its incorporation the soil s irrigated and covered with a
polyethylene sheet. For good effectiveness of the fumigant the soil hasto be wdll prepared.

Metam sodium isafumigant in liquid form, goplied 30 days before planting. Sail isirrigated a 100 %
of fidd capadity immediatdly after the gpplication. Itsratesare 125 en?' / nf or 1,250 litres/ ha

In both cases two different polyethylene films (40 or 80 microns thickness) were o evduated.

The reaults showed thet both fumigants were effective to control soil-borne fungi, nematodes, insects
and weads. They did not afect negaivey plant sand, yidds and qudity of the fruit. In addition, both
palyethylene films gave Smilar results of efficacy.

It was conduded that ather dazome or melan sodium are feesble dtenaives to MeBr in
Srawberry in Argentina

Other two methods tested were soil solarization and weter vapour. The latter was a bit difficult to
aoply properly (see detallsin the section concerning vapour).

Soil solarization conggts of udng Olar energy to heat the il previoudy wetted and covered with a
polyethylene film. The method dthough interesting, is not feesble to be goplied every year. Its
effectiveness is highly dependabdle on the prevaling environmental conditions such as the ar
temperature, rainfdl and others. One of the requirements for its effective gpplication isto  prepare
the soil with good leveling and free of dods The sail is then irrigeted to fidd capacity and covered
with a trangoarent polyethylene film (30 to 40 microns thickness). Solarization works wel when ar
temperatures and sun radiation are high. The soil should remain covered with the film up to Sx-eght
weeks Soil solarization isan environmentdly safe method, which in gppropriate conditions diminates
harmful soil-borne organiams.

The area of La Paa is an important one in the production of drawbery, espedidly for fresh
consumption. This is in fact the region where these new technologies can be wel introduced and
adapted.

2.2. Tomao is ancther important horticulturd crop in Argentina. The techniques for cropping it
vary from one region to ancther. In addition, tometo is one of the mgor consumers of MeBr in the
country There is no doubt that the negative action of soil pathogens affect the production of
tomatoes and MeBr is the fumigant effectively used for the contral of soil-borne pathogens. Sall
dignfection with MeBr in tomatoes dreedy darted in the 40s.

Metam sodium and dazomet seem to be the main sail fumigants to replace the presant use of MeBr.



Although they are well known products it is necessary to adjud thar rates and ways of  gpplication
to meke sure thair successin tomatoes.

Formal is a solution, which contains 40 % of formadehyde, which has been evauaed for its action
agang man bacterid diseases in tomatoes. This chemicd, however, shows problems of human
toxiaty.

In field trids metam sodium was evauated a the rate of 125 cn® / nf, while dazomet was teted a
70 g/ nf and formadehyde 40 % (Formol) & 250 cn?'/ nf.

After dl these trids it wias recommended to use these chemicds only when soil moisiure is 40-70 %
of the fidd capacity and temperatures between 18 and 24°C. Soil, as usud, mugt dso be well
prepared. The treated soil surface should remain moisted from 7 to 10 days before the gpplication.
After the gpplication the sail is to be irrigated with 5-10 litres of water / i then covered with a
polyethylene trangparent film of 100 microns during the whole period of exposure. Before planting
the palyethylene film is taken awvay and the sail is dightly removed for rdesang remaning ges thus
avoiding any possble gas phytoxiaty.

The reaults obtained in these trids did not show ggnificant differences among the treatments tested,
i.e. dazomet a 70g / nf, Vapam a 125 cn? / nf and formadehyde at 250 ont’ / nf. Such results
are Imilar to others obtained in Srawbarry in different parts of the world. These treetments are easy
to goply ather in Srawberry or in tometo. In any case, the goplication of any of these four chemicas
in tomato should be adapted to the characteridics of the soil and cropping practices in the different
regions of the country. No less important is dill to determine the economicd feeshility of these
chemicas

2.3. Cutflowers such as camnation and liganthus, are the main ormamentas flowersin Argentina
The area of these crops has increasad during the recent past. Production of these ornamentd's can be
usd for internd consumption and for export.

One of the mgor condraints to this type of production is the negative incidence of diseases causd
by Fusarium fungi. The pathogen is usudly presant in the soil and it is normdlly resgtant to adverse
conditions that dlow it to remain for longer periodsin the sail. It is dso adle to survive conditions of
dress as water excess and drought. The fungusis dso tolerant to various pedticides. A combination
of factors in soil, dill to be precisdly determined, brings about the infection of the crop at different
growth stages, caudng high plant mortdity and huge reduction of the production.

Results of recent survey in greenhouses of ornamenta production report thet diseese caused by
Fusarium is present in 100 % of the areas This problem with others rdated to ornamentd
production compesto use MeBr as soil fumigant in greenhouses.

Research conducted recently dearly showed the possibility to use successfully other control methods
for soil dignfection, uch as the dazomet, metam sodium and water vapour. Soil olarization is an
ussful method, but with limitations if environmental condiitions of the seeson change, i.e low ar
temperatures and heavy rainfdll.



Due the increesad use of MeBr and the problems caused by diseeses, some dterndives were
evauated, such as dazomet, applied a 70g/ nf, 36 days before planting. The soil was covered with
a polyethylene trangparent film of 50 microns during 21 days after the gpplication. The film was then
removed to dlow the relesse of gases ill remaining in the soil. Metam sodium a rate of 125 en? in
5 litres of water / nf was applied 36 days before planting. Then the same steps as described for
dazomet were followed.

Water vapour was gpplied 15 days before planting with a machine for Serilisstion Sterilter 50,
endowed with atank of 50 litres of cgpadity, burner, tank of fud and a dosficator of vapour. Sall
temperature in the firgt 15 cm, immediately after the application, osaillated between 50 and 90°C.

After the gpoplication of these tresiments, tests were made to evaduate tharr control over Fusarium.
There was no sgnificant differences among the trestments.

Crop productivity, i.e flower production, was dso Smilar among the trestments Dazomet and
metam sodium showed nearly the same effect, which was better than water vgpour. Both products
can be congdered as dterndivesto MeBr in ornamentals

The green bdt of Great Buenos Aires is the main area of production of cut flowers in Argentina
Although these are rdativey recant, arees have increesed, S0 a this point, new dternatives will
undoubtedly used in the near future to effectively replace MeBr.

Water Vgpour is an old method for soil dignfection. It congds of passing aflow of vapour through
S0il pores or any other subgratum, that when taking contact with the cold particles it condenses,
trandorming itsdf into liquid and rdeaang heet, which destroys severd noxious living organisrs. It is
well known thet the tolerance and / or susceptibility of these organisms depend on thar physiologicd
date a thetime of the trestment. One agpect is d o the temperature to be provided by the vapour in
s0il. Temperatures of 70-75°C are lethd to many harmful organisms, but undesirable if to presarve
usgful floraand faunain soil. Temperatures of 60°C can be enough for the control of most of soil-
borne pathogens, nematodes and seeds.

The dfectiveness of the use of vapour of water depends on severd factors as temperaiure, the
uniformity of its digribution, soil depth that vegpour reeches, etc. Good effectiveness is dso
dependable on time of goplication and the qudity of land preparaion. Vgpour should dso reech 10-
16 cm soil depth to be effective enough.

The sysem generdly conggts of achieving the exchange of heat among the hot gases rdeasad from
the burner impdled through the body of the bailer. The commercd boilers are operated through
dectriaty or with fues The mobile bailers of the Project MPIARG/97/186 used gas-0il because of
its avalability in rurd aress. After andysng the offer of various bailers in the market, it was decided
to use TX-40 of 3 bar of pressure and 400 kg per hour of vapour generation for goplication with
badge.

For soil gpplication two methods were tested: @) low carp of plagtic or canvas, which didribute the



vgpour by means of tube-diffusers placed in soil; b) with mobile badge mounted to the tractor.

The sysem with mobile plate presents advantages in productivity, Snce it is able to treet large aress
a reduced codt than the system of gpplication usng acarp.

Although the cogt of vgpour gpplication with mobile plates is more expendve than the gpplication of
MeBr, it is a viddle dterndive. It controls a wide oectrum of soil-borne pests and it effectivdy
protects crop of tomatoes and srawberry.

24. Tobacco is grown in seven counties in Argentina In the lagt two years nationd annud
production was about 113.000 tons and the vaue of the production is US$220-230 million. Two
sysems were evduated as dterndives for the replacement of MeBr in tobacco production: @) in the
conventional syslem, which indudes use of ether soil fumigant metam sodium and dazomet, and b)
the soilless systems, which indudes the evauaion of floating trays and supported trays

In the convertiond sysem two fumigants were goplied in conventiond seedbeds that is to sy,
seadbeds built on the leve of the floor whose borders were built with plywood and sakes A layer
of forest organic s0il was deposit on the seedbed surface, previoudy Seved to separate the dicks
and roots of trees

Seven days previous to the gpplication of metam sodium the seedbeds were aoundantly watered and
covered with a carp of trangparent pladic to simulate biologicd activity in the soil. Methan sodium
was goplied a rate of 100 o’ / nf. After its gpplication, it was incorporated a little more water and
the seadbed again was covered with the plagtic during the next 28 days. After this period the
seedbed was uncovered and |eft for aeration during ancther 12 days

Dazomet was a0 applied similar to metan sodium. Itsrate of gpplication was 50 g/ nf. Just after its
goplicaion on the soil surface it was incorporated usng a hoe and followed by another abundant
watering. Later the seedbed was covered with a pladtic film for 28 days, then uncovered and left for
agration during 12 days.

Planting density was the same one used in the region (0,15 g of raw seeds/ nf). After planting, a
light irrigation was made and the seedbed was covered with atrangparent pladtic of 80 microns.

The evduation of germinated plants and crop sand and development showed thet MeBr effect isfar
better than the one given by both new fumigants In any case, metam sodium and dazomet showed
some degree of il disnfection, but not equa to MeBr.

The advantage hereis that Metan sodium and dazomet are less toxic than MeBr, which makes them
eeder to hande and much sffer for humans Metam sodium gpplication is 40 % much chegper then
dazomet. However, both fumigants, probably due to some leve phytoxidity, presented reduced crop
seadling dand and low effedt agang soil-bome fungi. The fumigants were effective agandt
nematodes and weeds.

The soilless sysem dlows the production of tobacco seedlings without the nesd of use MeBr, snce
the subdrate is guarantead pest and disease-free and contains the main nutrients required for optimal



plant growth.

The soiless sysem developed for tobacco is an opened hydroponics, where the solution with
nutrientsis not dways recyded.

Seadling production through this sysem is carried out in pladtic poals of 10 m long, 1,20 mwide and
10-15 cm height. It isimportant that the land in the pools be well levelled covering the surface with a
layer of 2 cm of sand to avoid punciures in the plagtic. The borders can be built with diverse
meterids (wires, plywood, bricks, others). The covering of the internd part of the pool is carried out
with black pladtic of no less of 200 microns. The poadl is full with dean water until it reaches 3-5 cm
of the superior border. The poal is protected by a micro-tunnd of transparent plagic UV of 150
microns, which is kept by iron arches of 6 mm diameter. The plagic was fixed to both ends by
dakes placed one meter of the head of the poal. The pools has to be opened often. The dimensons
of the poals can be changed according to the Sze of the greenhouse.

Tobacco planting is carried out in syrofoam trays with 288 amd| cdls per tray, previoudy filled in
with a Serilised subgratum. Pdlletized seeds are used, which favours better digribution a the time of
planting. Trays are placed in the poadl and left floating during 60-80 days until the seedlings are well
developed. During this period the seedlings are regularly checked, epedidly the whole pool system
vertilation (open during the day on the laterd up to 15 cm of height and dosed a night), mantaining
condant the leved of water, fertilisng the water (15N 10P 15K or 20N 10P 20K), udng foliar
treatments for pest control (Confidor, Carbendazim, Iprodione, Kasugamicing, Agrimicina and
others) tregting water with copper hydroxide, and pruning the plants three times.

The pools of supported trays sysem are amdler (4 x 1 x 0,5 m) then those used in common floating
trays Itswals are built with bricks. In this sysem plagtic tray of 50 x 33,5 x 0,5 cm, with 150 cdls
each one, is used. The podl isfilled in with water and due to the fact that plagtic trays do not flodt, it
is supported by the pladtic, immersesin avolume of water that arrivesto 2 cm height. The reposition
of water to keep the required leve is condant.

The handling and managing procedures of the supported tray and floating tray systems are badcaly
the same thing, with very few variaions such as in the supported trays it is caries out only two

prunings.

Of soilless sysems, the sysem of supported plastic trays presents additiona advantages, such asthe
seadling development cydle is shorter (10 days), seedlings with better root system, easy remova of
seadlings from the trays, better managing of the trays amdler sorage gpace and bigger durahility.
The dissdvantage is the biggest initid cogt of acquistion and bigger care with the repostion of the
water inthe pool.

Vdiddion of these dternatives demondrated that they can replace the presant use of MeBr in
tobacco seedling production.

Congdering the evduated sysems technicdly it is evident as more gppropriated the soilless systems,
ance besdes the dimination of MeBr, it represants a technological progress for produaing uniform



seadlings for thar quick establidiment in the fidd and to establish more homogeneous plantations:
Additiondly, it decreases the necessary condderable space for seedling production (75 % less
surface).

Any of these sygems of seedling production in trays can be adopted for tobacco seedling production
in Argentina
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EFFECTIVE ALTERNATIVESTO METHYL BROMIDE IN
BRAZIL

L.A. Salles
Brazilian Agriculturd Reseaerch Corporation - Agriculturd Research Center for Temperate Climate
(EMBRAPA - CPACT), Pdotas, Brazl

Summary. Three vdidated dternatives to the use of MeBr for soil fumigation are presented: (1)
solarization of conventionad seedbeds; (2) the use of metam sodium in conventiona seedbeds; and
(3) the “floating trays’ system. Solarization proved to be a technicdly feasble and codt-effective
non-chemical dternative to MeBr to produce heathy and adequate seedlings. Metam sodium is a
very good dternative, too. It is very easy to apply, practicaly odorless, and it is safer and easer to
use than MeBr. The float production system produces tobacco seedlings for transplant that are of
greater uniformity, with a much stronger root system and at reduced labor codts.

Key Words: methyl bromide, dternatives, solarization, metam sodium, soilless cultivation, floating
trays

. INTRODUCTION

Crops grown in sail, induding tobacco, are exposed to soilborne pathogens (fungi, viruses and
bacteria), nematodes, arthropods and weeds. As a method of trestment againg a wide range of
pests MeBr isusad in many geogrgphica regions of the world. MeBr gppeared on the market in the
1930s and has been used in Brazil for more than five decades. Itslargest useisin tobacco seedbeds,
accounting for more than 95 % of Brazlian use of this pestidde. The widespread use of this fumigant
has been encouraged by its Smple mode of goplication and technology needed.

In the early 1980s the connection between haogenated hydrocarbons and the dedtruction of the
ozore layer in the dratosphere was made and later it was confirmed that MeBr was dso implicated
in this phenomenon. Congderable evidences have been accumulated thet MeBr is a potent ozone
Jepletor and the possihility of diminating this fumigant from agriculturd use was srongly congdered
ancethen.

Thereis dill generd consensus that, because of its vardility, there is no sngle dternative chemicd
trestment, or combination of treatments, that & present can fully subgitute MeBr. However,
dternaives to its use are currently avalable for spedfic problems and additiond dternatives may be
deveoped usng non-chemicad methods, new organic amendments, biologicd contral, culturd
practices, and physicd and chemicd methods Many of the dternaives to be used should be part of
an overd| integrated pest manegement sysem and should dso be combined with other pest control
tacticsto achieve an economicaly susainable method of management.



To find new technologies in order to avoid the use of MeBr in tobacco seadbeds was the dbjective
of the demondraion project jointly developed by EMBRAPA, EPAGRI, SNDIFUMO ad
UNIDO during the years of 1998, 1999 and 2000. This project was joined by the effort of the
Brezilian tobacco sector to find economicd and technically feesble dternatives to the use of MeBr
for production of tobacco seedlings The fidd work was carried out in the tobacco production
regions in Rio Grande do Sul and Santa Catarina. These two dates are located in the southern part
of Brazil, between latitudes of 23 and 32°S.

This document describes in addition to the conventiond seedbeds, three validated and mogt
promisng dternaives deveoped by the Brazilian tobacco companies and by the EMBRAPA /
EPAGRI / SINDIFUMO and UNIDO cooperdtive project:

a) solarization of conventiond seedbeds
b) use of metam sodium in conventiond seedbeds, and
©) "floating trays'sydem.

I[I. CONVENTIONAL TOBACCO SEEDBED

Thetraditiond tobacco nursery, or seedbed, in southern Brazil is made directly on the soil, messuring
25mlong by 2 mwide The soil isrisen of 10 - 15 cm above the ground levd.

Due to the fact that weeds, soilborne pests and dissases are common in the tobacco aress, it is
necessary to suppress those potential pest problems in order to produce an acceptable quantity and
qudity of seadlings For this purposs, the fumigant MeBr has been usad for fumigation of the
tobacco seedbeds.

Seedbed inddlaion should be levded and the soil wel prepared free from dods, undecomposed
roots and gaks, and with enough moigure. If the oil is excessvely wet, it is necessary to wait until it
reaches ided moidure o, if very dry, it is necessary to water uniformly; to build a contour ssgment
(barrier) on the surface of the seedbeds, to avoid flash flooding.

Prior to punching bromide cans (680 g per can), trangparent plagtic anti-UV 100-micra sheet should
be kept dretched for a least three days. It is not desrable to dart seedbed trestment if room
temperature is bdow 10°C. It is convenient to alow the seedbed to be fumigated for a leest three
days. Sowing (3.5 g of raw seeds per seedbed) should be done only after 2 days dapsed from
removd of pladic shet.

A pladtic film is condantly used on the ssedbed to protect the emerging and young seedlings from
sunburn, adverse temperatures, wind, rain, ec.

Control of foliar diseases, such as dternaiose, ydlow gunt, sore shine, damping off, sderatiniarat,
is currently done with fungicides (thialbendazole, mancozeb, iprodione, maneb) sorayed every week
or jud after arainy day. Control of insect pests is not normdly required in the seedbed. Snalls are
locdly potentid problems.
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Despite of potentid problems pointed out due to the use of MeBr, labor intense use, qudity of
seadling, etc., conventiond tobacco seedbeds are il usad and preferred by a large proportion of
tobacco growers in the south of Brazil. It is conddered a very chegp process and with an adequate
cost-bendfit ratio (Table 1).

Table 1. Cost of production (in US$) of seedlings for one hectare of tobacco with
conventional seedbeds with methyl bromide (sourcez EMBRAPA /

EPAGRI / SINDIFUMO / UNIDO project, 1998 - 2000)

Item Unit Quantity | Duration | Unit cost Total cost
Plagtic-fumigation nt 143 2 0.21 14.71
Plagtic-rainmay n 143 2 0.06 4.49
Methyl bromide Can 5 1 3.89 19.49
Fertilizers Kg 25 1 0.21 5.43
Seeds Pack 2.5 1 1.71 4.29
Iprodione Kg 0.11 1 54.67 6.12
Mancozeb Kg 0.45 1 9.73 4.38
Imidacloprid Pack 0.5 1 8.62 4.31
Labour W/h 75.6 1 0.68 51.84

Total 115.06

[1l. CONVENTIONAL SOLARIZED SEEDBED

In the conventiond seadbed, the soil isirrigated until its ssturation, to improve heat trangportation in
the soil profile, and covered with anti - UV 100mm transparent pladtic, during a period of & leest 60
days. Normdly, the pladic is I€ft in its place during the summer, lad in February and removed just
before the sowing period, i.e. by May. After the period of solarization, the pladtic isremoved and the
aeais sowed. Before sowing the sall is revolved only superficidly. Control of disease, insect pedts
and snalls are done as explained for the conventiond seedbeds.

Solarization is a process which, due to the diversty of conditions, requires more research and
development of the methodology, the type of pladtic film, the period of gpplication, etc. In southern
Brazil, which has a temperate dimate, temperatures reech up to 60°C a 10 cm of depth, which is
high enough to kill the most common wesds and soilborn pests

It should be mentioned that solarization could be a complicated process for use on alarge scde The
effectiveness of thismethod is directly linked to dimeate, that is, the amount of sunlight received during
the solarization process. It should be an ided method for tropicd dimates. It is conddered a very
chegp process and with an adequiate cogt-benefit ratio. Solarization showed the lowest cost among
dternatives Sudied in southern Brazil (Table 2).
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Overall, solarization proved to be a technically feasible and cost-effective non-
chemical alternative to MeBr, to produce healthy and adequate tobacco seedlings.

Table2. Cost of production (in US $) of seedlings for one hectare of tobacco
with conventional solarized seedbeds (source: EMBRAPA / EPAGRI /
SINDIFUMO / UNIDO project, 1998 - 2000)

Item Unit Quantity | Duration | Unit cost Total cost
Plastic-solarization nt 143 2 0.26 18.79
Plagtic-rainmay nt 143 2 0.06 4.49
Fertilizers kg 25 1 0.21 5.43
Seeds pack 2.5 1 1.71 4.29
Iprodione kg 0.11 1 54.67 6.12
Mancozeb kg 0.45 1 9.73 4.38
Imidacloprid pack 0.5 1 8.62 4.31
L abour W /h 75.6 1 0.68 51.84

Total 98.55

V. CONVENTIONAL SEEDBED USING METAM SODIUM

Metam sodium is a broad spectrum soil fumigant thet is used to control nematodes, weeds, and fungi
afecting a variety of economicaly important fruit and vegetable crops. In generd, metam sodium is
conddered a technicaly sound and cod-effective dternative to MeBr to control pedts in the soil
which afect high vaue fruit and vegetable crops This fumigant is readily avallable, moderatdy toxic
and versatile and has been usad in avariety of commercid gpplications to treet soils prior to planting
for the control of annua weads, nematodes and soilborne pathogens.

Metam sodium is awater-soluble liquid that after having been gpplied to the soil becomesages. Itis
goplied in the conventiond seedbeds at arate of 75-80 ml / nf, and the soil is covered with a plagtic
film during 4 to 5 days, to improve the fumigation effect. Prior to the goplication, soil moaigure is
increased by irrigation. It could be gpplied with ordinary back sorayers, or watering cans.

When the pladtic is removed, the soil must be revolved (up to 15 - 20 cm of depth) to rdesse
possible gases that remained in the soil. A sdfe intervd for waiting is from 7 to 21 days dter the
pladtic is removed, before planting, depending on the amount of organic materia and the temperature
of the sail.

Metam sodium is a very good dterndive to MeBr, espeddly for farmers who want to continue to
use chemicds for soil desnfection, or Serilization. It is a very essy product to apply, practicaly
odorless Metam sodium is safer and easer to use than MeBr.



One of the grestest advantages atributed to the use of metam sodium is the low cogt. However, the
cogt of seadlings produced with metam sodium in southern Brazil was practicaly equd to thet of
seadlings obtained with MeBr (Table 3). It is possble to goeculae that metam sodium il haes a
higher price dueto itssmdl scde of commerad use

V. FLOATING TRAYS("FLOAT") SYSTEM

Currently, in the gate of Rio Grande do Sul, south of Brazl, 60 percent of tobacco seedlings are
produced with the float sysem. This sysem dso prevals in Santa Cataring, the second largest
tobacco-producing Sate.

The tobacco sector is rgpidly shifting from the outdoor seedbed method, which requires fumigeting
the soil (with MeBr), to onHfarm plastic houses, which use floaing trays and the soilless sysem. The
hift is occurring primarily because seedingsgrownin

Table3. Cost of production (in US $) of seedlings for one hectare of tobacco
with metam sodium in conventional seedbeds (source. EMBRAPA /
EPAGRI / SINDIFUMO / UNIDO project, 1998 - 2000)

tem Unit Quantity | Duration | Unit cost Total cost

Plagtic-fumigation nt 143 2 0.26 18.79
Plagtic-rainmay n 143 2 0.06 4.49
Metam sodium I 8.43 1 1.83 1541
Fertilizers kg 25 1 0.21 5.43
Seeds pack 2.5 1 171 4.29
Iprodione kg 0.11 1 54.67 6.12
Mancozeb kg 0.45 1 9.73 4.38
Imidacloprid pack 0.5 1 8.62 4.31

L abour W/h 76.6 1 0.68 52.52
Total 115.74

[PAGEWITH FIGURES 13

16



plagtic houses are less labor intengve and therefore can be chegper over the long run. It is estimated
thet 75 % and 100 % of tobacco seedlings will be produced in plastic houses in southern Brazil by
the season of 2000 / 01 and 2003 / 04, respectively. A big advantage of this sysem is the fact thet
the production of tobacco seedlings requires 50 to 60 days until they reech aheight of 15 - 20 cm.
In the conventiond seedbed three months are necessary for seedlings to complete their devel opment.

There are two types of plagtic house production sysems; the direct-sseded float sysem in low and
in the high tunndl. However, usudly the high tunnd isnat bang adopted due to the currently very high
cods for its condruction. The float sysem in low tunnd is the most common sysem and is ussd by
goproximatdy 60 % of tobacco growers in southern Brazil. The float sygem uses commerddly
prepared and sanitized media The mogst commonly used media preparation contains fermented pine
barks, expanded varmiculite and perlite. In brief, the float is a way to grow seedlings developed in
gyrofoam trays, with gpecid media, where the seedlings are grown in apool with weter.

The condruction of the float sysem should begin with the poal. The float should be built next to the
farmer’s house, on a wel ventilated Ste, with good sunshine exposure and on a leve surface. To
build the poadl, the fird thing to do is to levd the surface and to congruct the four Sdes of the pool

usng 10 cm high bricks (Fgures 1 and 2). A complete pool module has 10.55 m long by 1.45 m
width and 10 cm high. A black plagtic is put ingght and over the poal edges and the podl isfilled up
with water. Water qudity is extremdy important and fundamentd to prevent seedbed diseeses

Therefore, only use drinking weter treated with copper sulfate upon placement in the float bed. The
outsde edges of the black plagtic are covered with soil (Figures 3 and 4). Eleven wire arches, 1.06
m gpart and 0.90 m high a the center of the pool, are fixed just besde the laterd pool edges (Figure
4). Four wood gtakes are fixed at both ends of the pool to support the wire arches and the platic.

The top of the stacks as wdl as any sharp end, should be covered with ordinary pladtic, or other
meaterid to protect the plagtic covering (Figure 5). Anti - UV 100 mm trangparent pladtic is expanded
adong one Sde of the podl and then expanded over the arches. The pladtic edges are fixed with amdll

dacks a the end of the poal (Figure 6). Eleven rubber drips are used to tighten the pladtic tunnd

over the arcade. It is used one rubber drip on each wire arch Ste (Figure 7). Tobacco seedlings are
produced in 200 cdls gyrofoam trays (34 x 68 x 6 cm) that are maintained floating in the poal. To

prepare the trays, the firg gep is to wet the media as dedred. The media is put on the trays and

dightly compacted by shacking or knocking the tray. The media leftover is taken out of the tray.

Seading, with a specid seeder tray, is done in hdf of the tray with only one coated seed per cdl and

inverting the tray pogtion, repeating the operaion again & ancther haf of the tray but putting two

seads per cdl to prevent enough seedlings for possble trangolant. When the tray is seeded it is ready
to be put in the podl (Figure 8). The water leve in the podl should be maintained a 3-5 cm of depth.

Fungicides and dgeecides (eg. thidbendazole, mancopper, iprodione, mancozeb) are periodicaly
sorayed and added in
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the water to prevent fungd diseases and devdopment of dgae (Figure 9). Aerid dipping is Sarted
when seadlings are 5 cm tdl and repeated once, or twice. Clipping tools are disnfected with Sogp
and water before use, or reuse. Clipping should be done outsde of the pool area. Clipping makes
the seadlings uniform, sronger and more resstant. For the success of the float, two agpects should
be conddered carefully: ventilation and fertilization. For aproper ventilaion it is necessary to keep
the 9des of the plastic open during the day and dosed only during the night, or in days with strong
winds or rain (Figure 10). Ancther agpect isthe drict control of water fertilization. Fve hundred
grams of the fertilizer (20N, 10P, 20K) should be added to the pool every 10 - 15 days, as shown
in AHgure 9. In acomplete pool module, 10.55 m long by 1.45 m wide, 60 styrofoam trays are
housad and more than 10,000 usable seedlings could be produced (Figure 10).

Thefloat production sysem produces tobacco seedlings for trangplant thet are of gregter uniformity,
with amuch stronger root sysem and a reduced labor coss

Switching from the conventiond sysem to produce seedlings to the float system resuits in some
difficulty to quantify benefits such as more uniform trangplants, much sronger and abundant root
system, less replants and possible savings, that offsat a dight increase in production cods (Table 4).

Table4. Cost of production (in US$) of seedlings for one hectare of tobacco with
float system in low tunnel (source: EMBRAPA / EPAGRI / SINDIFUMO
/ UNIDO project, 1998 - 2000)

Item Unit Quantity | Duration | Unit cost Total cost
Styrofoam trays un 100 5 1.68 33.60
Manual seeder un 1 10 51.20 5.12
Wire sted arches un 16 5 1.14 3.66
UV plastic n? 47 2 0.26 6.18
Rubber bidders un 16 2 0.34 2.79
Lumber m 38 3 0.37 4.70
Nails kg 0.5 3 1.02 0.17
Black plastic nt 42.3 1 0.33 14.26
Substrate kg 165 1 0.17 29.23
Coated seeds un 21 700 1 0.0006 12.40
Fertilizers kg 4 1 0.21 0.87
Copper kg 0.12 1 4.14 0.50
Iprodione kg 0.01 1 54.67 0.87
Labour W/h 48 1 0.68 32.91
Total 147.65
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Increesed cogts assodiated with float production indude agreater capita investment than required by
conventiond growing practices Hoat aso reguires more management then conventiona growing
sysemsto be successful. However, float production reduces labor needs, primarily for the person
pulling up seedlings, boxing them, and trangporting them to the fidd for trangplantation.

Production cogts for conventiondly grown tobacco seedlings for one hectare were US$ 115.06 with
MeBr, US$ 115,74 with metam sodium and US$H 98.55 with solarization. With the float sysemin
low tunndl the production cost was US$ 147.65.

Adjusments in current float system, such as the Sze, materias and management may dso reault in

additiond savings For example, as the Sze of the tunnd increases, the codts of producing tobacco
seadlings decrease. Different manegement techniques can dso reduce the difference in codts.
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CHAPTER II: NORTH AMERICA
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FIELD VALIDATION OF METHYL BROMIDE ALTERNATIVES
IN FLORIDA FRESH MARKET VEGETABLE PRODUCTION
SYSTEMS

D.O. Chellemi.
USDA, ARS, U.S. Horticulturd Research Laboratory

2001 South Rock Road, Fort Pierce, FL 34945
dehdlemi @ushrl . arsusdagov

Summary. Severd dternaives to methyl bromide (MeBr) have been vdidaed in vegetable
production systems in the southeastern United States. All of the dternatives have demonstrated the
potentia to replace MeBr in the specific cropping systems in which they were evauated. However,
al dternatives lack the same broad spectrum of control achieved with MeBr fumigation and have
more stringent gpplication requirements. Thus, additiona knowledge of pest biology and application
technology is required by the growers to implement these adternatives. Growers must dso cope with
the management of additiona information and a more complex decison making process regarding
the selection and implementation of dternatives.

Key words: methyl bromide, chemicd dternatives, solarization, culturd prcatices, strawberry,
pepper, tomato

. INTRODUCTION

Horida is the leading producer of fresh maket tomaoes and pepper in the United Sates
Combined these two commodities comprise 23,760 ha and produce over US $745 million worth of
tomato and pepper. MeBr fumigation is conducted on 93 % of the tomatoes and 83 % of the
peppers grown in Horida and together they account for 25 % of the tota consumption of MeBr in
the United States and 8 % of the globd methyl bromide consumption.

A dosr examindion of the crop production sysems used in Horida is necessary to undersand
many of the condraints impacting the devdopment of dterndives to MeBr. Since the 1960's,
growers have usad a production system in which seedlings are trangplanted into pre-formed 76 -
100 cm wide by 20-25 cm high beds that have been fumigated with methyl bromide and covered
with polyethylene plagtic. MeBr is gpplied to the raised beds by shank or chisdl injection methods
A high levd of inputsis required to sustain economic yidds Preharvest production cogts can exceed
$16,000 per ha while expected yidds in tomato can reech ashigh as 2300 kg / ha  Land suitable
for these production systems is limited and associated rentd cods are high, forang growers to
practice as sudaned monoculture over many years  This in turn ecdaes the build-up and

subsequent damege inflicted by soilborne pests.
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I[l. CHEMICAL ALTERNATIVES

Since 1996, the Universty of Horida has conducted 69 large scde fidd demondraion trals of
chemicd dterndives to MeBr. Thirty-ax were conducted on tomato, 28 on srawberry and 3 on
pepper.  Each demondration trid was conducted on a commeda aea by the grower. The
minimum Sze for treated areas was 0.2 ha. Attempts were mede to collect crop yidd informetion
independently from two sources: 1) amal research subplots and 2) grower pack-out from entire
treeted blocks.

The dternative fumigants evauated were various mixtures of 1,3-dichloropropene and chloropicrin.
In addition, the herbicide pebulate was induded in the tometo trids and the herbiade napropamide
was induded in the pepper trids.

Using data collected from grower pack-out, the average loss in the dterndive plots was 1.12 %
when compared to the MeBr trested plots (Noling and Gilregth, 2000). In the 12 trids were yidd

data was collected from the grower, the dternetive trestment had higher yidds in 3 trids and methyl

bromide resulted in higher yidds in 9 trids  Dissese and nematode pressure was low in dl of the
trids Problems were encountered with soil incorporation of the herbicides and phytatoxicity was
obsarved when pebulate was not thoroughly mixed into the sall prior to planting.  Recertly, trids
have been implemented usng broadcast gpplications of 1,3-dichloropropene plus chloropicrin to
avoid problems assodated with worker exposure and requirements for workers in the field to wear

full protective dothing. A deep placement 76 cm coulter sysem has been adepted to optimize
fumigant diffuson patter and retention when compared to tradition shank injection sysems

I11. NON - CHEMICAL ALTERNATIVES

Since 1995 il solarization has been vaidated in 21 large scdle demondration plots in commercid
production farms by the U.S. Department of Agriculture, Agricultura Research Savice  The
minimum Sze for treated areas was 0.2 ha. Attempts were mede to collect crop yidd informetion
independently from two sources: 1) smal research subplots and 2) grower pack-out from entire
treeted blocks.

In addition, additiond large-scde fidd plots were established to evduate various mixtures of 1,3
dichloropropene and chloropicrin & low rates in combination with soil solarization.

Soil solarization practices were modified to be compaible with the dandard crop production
sydems  Strip Slarizaion was peformed on rased beds usng dear, low dendty polyethylene film
or dear, virtudly-impameablefilm. Following a 9x to eight wesk solarization period, the film was
painted white with latex paint to dlow it to function as horticultural mulch.

In tomato, average marketable yidds in the solarization treatments were 5 % less than the adjacent
MeBr fumigated plots. In pepper, average marketable yidd were 2 % less than adjacent methyl
bromide fumigated plots. When solarization was combined with degp disking down to 25 cm depth
prior to goplication of the pladtic, yidds were 23 % greeter than adjacent methyl bromide fumigated

26



plots. In plots were solarization was combined with low rates of dternative fumigants, yidds were
13 % than in the adjacent methyl bromide fumigated plots

Solarization was found to provide adequate contral of weeds induding ydlow and purple nutsedge.
Disease pressure was low in dl plots Solarization did not provide acoeptable levels of contral for
root-knaot nematodes. Technica problems assodiated with gpplication of solarization induded fallure
to provide adequate paint coverage to the pladtic following termination of the solarization period.
This resulted in excessve hedting of the soil and some dameage to the subsequent arop.  Drip
irmgation tubing was mdted by the solarization treatment when tubing was placed directly on the
urface of the soil beneath the pladtic film. This problem was corrected by burying the tubing a to a
depth of 5cm.

Vaiahility in results in the solarization trestments can be atributed to the complex mode of action of
larization and the influence of ambient conditions.  Solarization works through a combinaion of
physcd, chemicd, and biologicd changes in the il prafile. Many of these changes depend on sail
type, moisiure, and resdent microbid populaions. Additiondly, thermd inectivation is a function of
time and tempeaaure and vaies depending upon the ambient conditions during the time of
Solarizaion. Thus, it isnot possble to prescribe a precise trestment period thet will provide a broad
levd of contral prior to goplication. This in turn creates a levd of uncertainty anong growers and
remains one of the biggest factors impeding the widespread adoption of soil solarization.  Sail
olarization should nat be percaved as a dand-done replacement to pre-plant fumigation with MeBr
for soil dignfesaion due to problems with condstency of arange of environmenta conditions and
cropping sysems. However, soil solarization is compatible with mogt nonchemica methods for pest
management and desarves serious condderation as a fundamental component of pest management
programs that use the biodlogica knowledge of pests to sdect and integrate tactics promoting safe,
profitable, and durable pest manegement.  Its importance and potentid contributions to 1PM
programs have been discussed

V. ALTERNATIVE PRODUCTION SYSTEM

The benefits of crop ratation and minimum tillage were incorporated into an dternative production
sydem by designing alow-input production sysem for tomato usng minimum tillage practicesin
exiding Bahiagrass padiure. Horida done has over 2.5 million acres of improved Bahiagrass
pagture. Through adesign that is compatible with pasture crops, the dternative sysem increases
access to those pagtures. In addition to reducing input cods, minimum tillage techniques consarved
the integrity of the mulches

The dterndtive production sysem was vdidated in a 3 ha demondration plot etablished by a
commerdd tomato grower.  Comparisonsin pest pressure, production codts, and marketeble yidds
were made in an adjacent 3 haplot fumigated with MeBr. Marketable yidd in the dternative
production systems was 36 tons per haas compared to ayidd of 42.5 tons per hain the methyl
bromide fumigated plot. However, production costs were reduced by $2000 per hain the
dterndive production sysem. Thus, the net return (per ha) was $2888 in the dternative production

27



sysem and $2320 in the conventiond production sysem.  The results demondtrated thet profitable
yields can be obtained in avegetable production system designed to meat severd environmentd and
economic goas
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ALTERNATIVESTO METHYL BROMIDE FOR SOIL
FUMIGATION IN SPAIN

A.Belo*, J. A. Lopez-Pérez*, L. Diaz-Viruliche*, J. Tello**
*Dept. Agroecology, Center for Environmentd Sciences, CSIC, Madrid, Spain
**Dept Flant Production, ETSIA, University of Almerig, Spain

Summary. Until 1998, Spain was the fourth country in the consumption of MeBr in the world,
with atota of 4,191 t used. MeBr was applied as a soil fumigant to 8,988 ha of various crops,
mainly strawberry (33 %), pepper (29 %), cut flower (9 %) and cucurbits (9 %). To reduce the
consumption of MeBr, it is recommended the application of reduced dose (20-40 g / nf) under
virtudly impermegble film (VIF), and formulaions of MeBr with a high content of chloropicrin (35—
50 %). Among chemica dternatives, the combination of 1.3 dichloropropene (1.3-D) plus
chloropicrin, dazomet, or reduced doses of metam sodium have been demonstrated to be as
effective as MeBr when gpplied with solarization. Among the non-chemicad dternatives,
biofumigation and solarization are outstanding, and so are soil-less cultivation, crop rotation, resstant
vaidies, and grafting, which are effective means of control when included in an integrated crop
management system (ICM). The dternatives cost less, are as effective as MeBr, and do not pose
problemsin gpplication.

K ey wor ds: strawberry, pepper, vegetables, cut flowers, biofumigation

. INTRODUCTION

The date of diminaion of MeBr in Spain, as an EU member, isin the year 2005, exoept for criticd

uses whenever condusive technicd, economic and sodd reasons are indicated. There will be a
gradud withdrawd of up to 60 % in the year 2001 and up to 75 % in 2003, since the remaining 25

% should have been withdrawn in 1998. It should be remembered thet the use of MeBr in Spain, for

control of pethogens in vegeadles is centered on a limited number of fung (Fusarium

oxysporum, Phytophthora and Verticillium) and only on root-knot nematodes
(Meloidogyne). Cases exis where MeBr gpplication does not solve phytopethologicd problems,

gnce the effectiveness of MeBr depends on soil conditions such as pH, moisture, depth, content of

organic metter, biologica activity and temperature (Belo and Telo 1998). EU expertsfed thet if 40

% of the farmers usad dose reduction methods and 50 % used dternatives, a 90 % reduction could

be ataned. All this demondrates that MeBr can be rapidly diminated in the EU, Snce dternatives
are economicdly and technicdlly vidble in the mgority of cases (Tierney 2000).

The mgor nonchemicd dterndives are

Solarization, which uses solar energy to control soil pathogens,
biofumigation, which is based on the use of gases from the biodegradation of organic matter
cultivetion on subdtrates
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resdant varieties

grafting in vegetables aswdl asin perennid plants
deaming and

biologicd contral.

Among the outdanding chemica dternatives, whenever gpplication is paformed correctly, are found:

mixtures of 1.3-D plus chloropicrin, dezomet and meam sodium.
the use of virtudly impermedble film (VIF), which permits reductions of up to 80 % of gpplied
MeBr.

Outdanding are ds0 ICM techniques, which congg in a combination of biologicd dterndives,
cultivation prectices and reduced doses of low-risk chemicd products However, it mugst be
remembered that chemicd products are an dternaive 0ldy to comply with the gradud reduction
imposed to the Parties by Montred Protocal, and in no way are they a solution for the future. They
are only short term solutions as subditutes for MeBr to avaid the possible economic impect from the
prohibition during the next few years (Bdlo et al. 1998, MBTOC 1998).

[I. CONSUMPTION OF MeBr

The consumption of MeBr in Spain does not surpass 8988 ha of treated crops, a negligible
percentage in comparison to the totd surface devoted to vegetable and fruit crops Mot of the
vegetable aress tregted with MeBr in Spain does not reach reach 1 % (Table 1), except for
grawbearies only in Hudva (331 %) and srawbery nurseries in CadillaLeon, where MeBr is
goplied in mogt of the fidds, and cut flowers in Cadiz (20 %). Among the Autonomous Soanish
Communities, Anddusa (1,930 t), Vdenda (877 t), Murcia (719 t), Cadlile-Leon (304 t) and
Cadonia (130 t) gand out for thar consumption. The consumption of the remaining communities is
wel bdow 100 t; and is zero in Aragon, Adurias, Cantaria, La Rigja and the Basque Provinces
(Fg. 1, Tadle 1).

With regard to crops, srawberry isthe mog treated, with 33 % of itsarea (1,399 t), then pepper 29
% (1,206 t), vegetables in generd 12 % (540 t), cut flowers 9 % (393 t), cucurbits 9 % (356 t),
tomato 5 % (213 t) and others 3 % (134 t). Latdy with the enforcement of regulaions for integrated
production in ditrus and the use of floa tray techniques in tobacco seedbeds, MeBr is practicaly not
used for these crops (Table 1; Fg. 2). On the other hand, MeBr is a forbidden pesticide according
to the mgarity of ICM’ sregulaions, which represent over one million hain our country.
1. BACKGROUND ON THE SEARCH FOR ALTERNATIVESTO MeBr IN
SPAIN

Since 1992 an intensve work on the development of new dternatives to replace MeBr in Spain has
been carried out. Its mgor results were summarized by Bolivar (1999), who pointed out that:

(1) a decrease in the dose of MeBr can be effective for complying with the 75 % reduction
established by the EU for the year 2003;
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(2 trestments with the mixture of 1.3-D plus chloropicrin give results Smilar to MeBr;

(3) biofumigation plus solarization gives good results when gpplied under gppropriate conditions
(4) there are dill no dternativesin Spain for srawberry or cut flower nursaries and

(5) that pepper crops present problems of soil deterioration.

V. PRODUCTION OF TOMATO AND OTHER CROPSWITHOUT MeBr

The cultivation of tometo is a good example of a MeBr reduction in Spain, Snce only 875 ha ae
treated with this fumigant (Vares 1998), which represents 10 % of the area cultivated in controlled
environments and only 1.5 % of the totd area for this crop (60,155 hags MAPA 1996). The low
consumption of MeBr in tomatoes is noteworthy because this crop uses 5,271 t (37 %) being the
number one in MeBr consumption in the Eurgpean Union.  The nonruse of MeBr in tomatoes in
Soan is due to the absence of severd highly virdlent pathogens among them the drain 2 of
Fusarium oxysporum f. sp. lycopersici; Sclerotiumrolfsii (only found in indudrid tomato in
Edremadura); Phytophthora spp., which does not cause problems in Spain; Pyrenochaeta
lycopersici + Colletotrichum coccodes + Rhizoctonia solani complex, which has been
found only in the Basque Provinces and the aosence of highly pethogenic nematodes thet affect
cropsintropica countries (Telo 2000).

As dterndivesto MeBr, Spain is usng resgant varidies atifidd and natura subdrates such asthe
sand-covered soils of the southern part of the peninsula and of the Canary Idands, grafting,
biofumigation, crop rotation and falow land, planning the time for sowing, preventative meesures in
seadbeds and chemicd controls Steam is not used because of the high cogt of this technique. In
summer Dlarization occurs naturdly, as a phenomenon, but this technique, in generd, is not
widespread among famers.

A bidlogicd contral of tometo pathogens exids through other soil organisms since large populaions
of Pasteuria penetrans have been frequently observed parastizing Mel oi dogyne sop. in tomato
fidds Therefore, it is assumed that they have an important role in the regulaion of the populations of
these nematodes (Bdlo et al. 1997; Tdlo 2000).

MeBr consumption is low or non exising in grapes, in bananas in the Canary Idands, fruit trees and
vegetablesin the Ero River Vdley, tobacco in Edremadura, and dtrustreesin generd. The use of
MeBr in these cropsisof only 78t (1.5 % of the totd consumption) to treat 136 ha (0.05 %) (Bdlo
and Tello 1998).

V. ALTERNATIVESTO MeBr

The Minidry of Agriculture, Fishing and Food (MAPA)'s regulaions, which went into effect in June
1998, established a dose of 20 - 40 g mi?, by which a reduction could be achieved of over 50 % of
the consumption of MeBr in Spain. At the same time, this measure induded the reduction of MeBr
concentration in its formulations, by increesing chloropicrin from 2 % to 50 %, equd to more than 30
% reduction of the total MeBr then consumed. By thisway atotd reduction of 70 — 80 % was
foreseen to be reached.



Srawberry producers in Hudva have been goplying MeBr in grips and / or mixed with chloropicrin
(67 % of MeBr + 33 % of chloropicrin), techniques which engble the growers to use rates of less
then than 20 g/ m® of MeBr. Other measures gpplied are the use of short-lasting crops for no
more than one year and the use of low doses of chemicd products combined with solarization. The
Srawberry sector contributes over 4 million days of wages ayear to the economy of Hudva, without
counting the wages cregted in the Cadlilla - Leon Autonomous Region's srawbary nurseries The
owners of the Srawberry nurseries in Cadlilla - Leon have been goplying successfully the mixture of
MeBr + chlorpicrin aswell as low doses of MeBr (350-650 kg ha'*) (Bdllo and Tello 1998).

Pepper producers in Campo de Cartagena (Murdia) and in southern Alicante are using 300 kg ha*
as the maximum dose of the 98 % MeBr + 2 % chloropicrin mixture. This rete is 50 % of the
conventiona dose usad. The growers are dso compelled to use MeBr under VIF pladtic.

Pepper cultivation generates employment for 3,569 fidd workers, 1,785 warehouse personnd and
714 indirect jobs, which isatotd of 6068 jobs equd to $ 46 million USin manud labor. Therefore
the importance of peppersinthisareaisevident.

Biofumigation and the use of resgant grafts have <o been dudied as dterndives Biofumigation
was found to be as effective as MeBr whenever it is goplied combined with soil solarizaion in the
months of August and September. Some pepper root socks effective agang Phytophtora wer
aso Hected (Lacasaet al. 2000).

The results obtained by the Project for problemetic cropg("Environmentd-friendly, Economically-
viadble Alternatives to the Conventiond Use of MeBr”) coordinated by MAPA, within the Nationd
Fan for Research and Deveopment, is an evidence that MeBr can be reduced to 80 % for
grawberies by the year 2003. Chemicd and non-chemicd dternatives for carrots were developed
(Lopez-Aranda 1999). Some sound  dternatives vaidated in peppers in Murda (Lacasa et al.
1999). Based on dl thisinformation, it is difficult to understand how the EU experts have shown thet
MeBr sdesin Spain (5,157 t) are 39.6 % of the EU totd.

In Spain, successful gpplication of biofumigation have been obtained in Srawbeariesin Anddusaand

Vdenda peppersin Murdaand CadlillaLa Mancha cucurbitsin Vdenda, CadillalLaManchaand

Madrid; tomato in Vdenda and the Canary Idands, brasscae, cut flowers, dtrus and fruit trees in
Vdenda banana in the Canary Idands and vineyards in CadlillaLa Mancha (Bdlo el al. 1997,

Bdlo and Mdo 1998, Bdlo and Miqud 1998 a, b, Bdlo el al. 1998, Ceballa et al. 1999, Garcia
et al. 1999, Bdlo et al. 2000). Biofumigation has aso been recently gpplied to Swiss chard crops
in Madrid and carrot arops in Anddusa and Alicante The mogt utilized biofumigants have been
goat, shegp and cow manure, and resdues from rice, mushroom, dlive, brassicae, and gardens (Fig.

3.

The codt of biofumigation is minima snce the differences from the goplication of organic matter, a
frequent practice in any ICM system, are in the characteristics of the organic matter and its method
of gpplication. Its effectiveness in controlling nematodes, fungi, insacts, bacteria, and weedsis nearly
the same as with the use of conventiond pesticides Biofumigation may aso regulae vird problems

by contralling vector organiams (Bdlo et al. 2000).
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Biofumigation is an easy technique for famers and technidans to gpply, gnce it differs from the
goplication of organic metter only in the choice of the bicfumigant and in the method of goplication.
The biofumigant should be in the process of decompaosition. The method of gpplication should take
into account the need to retan the gases from the biofumigant that are produced in the
biodegradation of the organic metter for a least two weeks dnceits effect in the mgority of casesis
not biocidd, but raher biodatic. Therefore it is necessary to prolong its action on pathogens
throughout the course of time. A marked herbiddd effect has dso been veified. It has been
demondrated thet any agroindudrid resdue or its combinations whitha C / N ratio between 8 and
20 can have a high biofumigating effect, which can be easlly identified by the faamer Snce it ddivers
the characteridic odor of ammonia It should be kept in mind, however, that not only nitrogen
derivdives have a biofumigaing effect. Therefore, it is advissble to characterize the the agro-
indudrid resdues beforeits gpplication as biofumigants.

During trangportation and Sorage of these organic materids in the fidd, care mugt be taken not to
lose the gases produced from biodegradation, by covering the piles of the biofumigant with pladtic
until the time of application. A dose of 50 t ha'* is recommended, athough when problems with
nematodes or fungi are very serious, 100t ha'* should be gpplied, a dose that can be reduced by
means of cultivation techniques such as goplication in furrows The biofumigant should be digributed
uniformly, S0 that focuses of pathogens will not gppear that could create problems for the crop.
Once the biofumigant is didtributed, it should be incorporated immediatdy into the soil by meansof a
rotatiller, leaving the surface of the soil amooth with the goplication of the ratatiller’s levder. It is
watered, If possble by sarinkling, until the soil is sturated, dthough watering can be done by
flooding, or drip irrigation can be indaled. It is then covered with plagtic for a least two weeks to
retain the gases produced from the biodegradation of the organic métter.

When soils are shdlow (<30cm), the use of pladtic is not necessary; gases can be retaned by
frequent watering, which maintains athin arust of day on the surface. Biofumigetion is recommended
to be carried out when the temperature is over 20 °C, dthough temperature is not a limiting factor.
Biofumigation can be combined with solarization, by kegping the plagtic in place for a period of one
month, athough it has been obsarved that this decreases the bidlogicd diversity of the soil. The use
of locd resources as biofumigants is recommended, Snce the prinaipd limiting factor in biofumigation
isthe cogt of trangporting the organic matter. Some problems may arise in the fertilization of the sail
and in plant nutrition such as phytotoxidty and nitrogen defidency, but they can dl be solved with
adeguite fertilization,

It is recommended to dternate the use of agriculturd resdues with green manure, espedidly from
brassicae, using 5-8 kg m” of green matter, athough combinations of legumes and grass can be
goplied. In the case of the use of green manure cultivated in the same fidd, fast growing plants should
be used to be incorporated at leest 30 days after having been planted, to avoid the increase of
pathogen populaions. The cultivation of brasscae after biocfumigation can sarve as bio-indicators of
possible phytotoxidty, sSnce the germination of these seads is sendtive to phytotoxic substances At
the same time they are very sensitive to phytoparaditic nematodes and permit the detection of aress
in the crop where biofumigation is not effective, acting like trap plants, and like biofumigants when
incorporated into the sail.



The cogt of biofumigaion can reech the same vaue as MeBr, espeddly when anima manure, or
agriculturd resdues, have to be brought from greet distances. Cods can be reduced when green
menure is used, which does not usudly exceed 300 USS$ ha*. But sSnce biofumigetion is actuelly
amply the gpplication of an organic amendment, which isanormd practicein ICM sydems, the cost
could be congdered as zero. Some difficulties could aise & the beginning of the implementation of
biofumigation, but with time the farmer will become more familiar with the method and will choose
the best mixtures of biofumigants and thar rates.

Solarization is a method, which is nat effective by itsdf, epedidly when deding with the contral of
mobile organiams such as nematodes. Due to absorbed heet the nematodes move degper in the sal,
but are again brought up to the surface of the sail when ploughing begins. Solarization has been
efective in 0ils having a high content of organic matter, when combined with biofumigation), or in
shdlow soils Solarization combined with biofumigation should lagt two months if the ar temperature
are over 40°C (Lacasa et al. 1999). However, 30 to 45 days are enough during July and Augud,
when the temperature of the soil is aove 50°C. A loss in the bio-diversty of the soil has been
obsaved dter olarization. The efectiveness of the method increases when combined with low
dosss of commerdd fumigants. This dternative has proved to be efective in drawbaries in Hudva
and carats in Cadiz. Solarization combined with fumigants, such as metam sodium, & rates of 100
cc m?, is a common practice in Span. The effectiveness of this trestment is comparable to those
with MeBr.

Grafting, ams a contralling soil borne diseasss, it conggts of cultivating a sengtive plant on the root
sysem of another one resgant to the disease to be contralled. It is usad in vegetables for
olanaceous plants (tomato, eggplant and pepper) and for cucurbits (meon, cucumber and
waermdon). Grafting can compete with MeBr in production, rdiability and price This technique is
found widdy introduced in Almeriaand Vdendato contral vascular Fusariumwilt in watermelon
(Bdllo 1998, Bdlo et al. 1998).

In Spain tobacco seadbeds can be planted without MeBr, by using the floating tray technique
(Blanco 2000), which alows to obtain seadlings in an essy, ssfe way with uniform root bals qudity
and low cod. Trays remain floating on water in a pool from sowing to trangplanting. Poals can be
located outdoors in plastic micro-tunnels protected by thermd blankets, or indoors, in greenhouses
Thewadls of the podl should be 15 cm high and condructed with bricks, cement blocks metd sheets
or wood. When floaing, the trays should stick out 1 cm above the top edge of the walls. Therefore
the depth of the water in the poal will be goproximatdy 10 cm, since the trays are aout 6 cm high.
The ingde of the pool should be covered with two black plastic sheets. The subdirate is basad on

pedt.

It is necessry to use qudity water and soluble fetilizers which should be uniformly digtributed
throughout the pool. An adeguate fertilizer would be 20-10-20, which should not contain any urea
Nitrogen should be of nitric and ammoniac originin equa parts. It is recommended to add 80 to 100
ppm of nitrogen when filling the poal with water, or one week after sowing. Four weeks later, more
water with 80 to 100 ppm of nitrogen is again added. An excess of nitrogen can meke the plants
more sengtive to diseese,



Expanded high densty (32 - 35 g/ 1) polystyrene trays are used. A tray that gives us good results
meesures 61.5 x 34 x 6 am and conggts of 264 cdls Each cdl should be in the form of an inverted
pyramid or cone. The volume of each cell should range between 16 — 23 cn?. In our trays odls have
avolumedf 17 cn?. Cels are uniformly filled with substrate and seeds are sown in the center of the
cdl. Seads mudt be pdletized, uniform in 9ze and with a germinaing power of over 90 %. During
germingtion an optimum temperature of 21 - 24°C is required. Preventive messures ae
indigpensable to maintain the tobacco plants free from pests and diseases and 0 it is recommended
to dignfect the various dements usad with a solution of water plus 10 % commerdd bleach. This
technique has been usad Snce 1991 in tobacco crops in Caceres (Estremeadura), and is an effective
dternative to MeBr.

Chemicd dternatives The 1.3-D plus chloropicrin (35 %) a a dose of 40 en? / nf is just as
effective an dterndive as MeBr for srawbery crops, aswel as for pepper and other vegetablesin
Spain. But it deds with only atemporary solution to the MeBr problem, snce dueto its cardnogenic
effects and groundwater contamination, it is forbidden in various countries. The only recommendable
chemicd dterndtives are limited to the gpplication of dazomet (50 g / nf) and low doses of metam
sodium (60 - 100 cnt/nf) in combingtion with solarization, which has proven effective as an
dterndive to MeBr for drawbery in Hudva and carot in Cadiz (Lopez-Aranda 1999). In Spain
metam sodium is generdly goplied in doses between 1000-1200 | / ha, but the lowest dose
goproved by the Minigry of Agricultureis6001 / ha(Bdlo et al. 1998).

|ntegrated Crop Manegement (ICM) is being goplied in Spain to mogt of the crops that are treated
with MeBr, espedialy tomato and other vegetables, banana, dtrusfruits, vineyards and fruit trees.

The ICM sydem is effective in regulaing pathogen populaions and increesing crop production.
Vegaable crops of short cyde (2-3 months) may be used astrgp plantsin winter.

The hedth and qudity of seeds and plants are important dementsin ICM. Sowing time is established
by taking into account temperature changes unfavorables to pathogen development. For example, in
the Canary Idands the planting time is dratified, it begins with highlands a the end of summer and
ends on the coagt by the end of autumn.

Resgtant plants can dso be usad, the resstance should be managed gopropriately, in order to avoid
the inddence of more virulent pathogen populations Resstance should be gpplied through grafting,
not only in fruit trees, but dso in vegetables, as root gocks, when varidties sendtive to pathogens
need to be cultivated.

VI. DISCUSSION
Various companies and research teams in Spain have given spedid atention to the deveopment of
new dterndives to MeBr. The resuits obtained have been internationdly recognized. Spain is one of

the countries in the world thet is decreesng  its consumption of MeBr in tomato, fruit trees,
vineyards, banana and tobacco. The bicfumigetion, solarization, grafting, floating trays for tobacco
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seadbeds biologicd control and ICM are sound dterndtives for the replacement of MeBr, whihc
can dso be adapted in other countries.

In Spain, the only crop conddered as“ariticd” usng MeBr is srawbary nurseries. The use of MeBr
inthiscarop isdue manly to the commerdd regquirement of treating these plants with the fumigant.

MeBr consumption in Spain is redivey rationd in the doses usad as well as in the frequency of
goplications In the mgority of casesit is gpplied evary two years, with trestments being locdized in
vay edific areas and crops MAPA''s regulaions have brought a 50 % reduction in MeBr rates,
which isaso an economic achievemert.

Among the chemicd dternatives the cogt of 1.3-D plus chloropicrin has not yet been established, but
it is conddered to be less than MeBr's one However, the gpplication of this mixture has a high
carcinogenic effect and may contaminate underground weter. Therefore its gpplication should be
made in a raiond manner, under the advice of eddized technidans The remaning pesticides
sdected can be gpplied a alow dose when combined with solarization, the cogt baing much lower
than MeBr. Speddized technidans ae not nesded for these gpplications Biofumigation adways
results more economic then MeBr when locd rav maerias are used. It dso increases crop
production by 60 % (Bdlo et al. 2000).

The ICM sysem has used various methods, such as biofumigation with solarizetion in the months of
July-September, the rotation of short cycdle crops thet act as trap plants and biofumigants, resstant
vaieies with grafts and as a lagt resort crops grown on subdtrates (Bdlo et al. 1998). These
dternaives in the mgority of cases do nat generdly imply additiond cogts Although highly qudified
farmers and technidans are necessary to sHect the adequate dternative for each case, which will
make the crop profitable and not be over-whdming to hedth and the environment, and to gpply,
when necessary, low doses of pesticides with limited environmentd risks

VII. CONCLUSIONS

1. MeBr for soil fumigeation in Spain is manly goplied in drawberries (33 %), pepper (29 %),
vegetablesin generd (12 %), cut flower (9 %), tomatoes (5 %) and other crops (3 %0). Regions
with the highes consumption are Anddusa, Murda, Vdenda, Cadlile - Leon and Cadonia
MeBr isnot used in the mgority of the autonomous regions, particularly in tomatoes, whichisthe
mgor world consumer of MeBr. Effective dternaives have been deveoped for tobacco in
Edremadura, which may be usad in other countries sill usng MeBr.

2. There are dterndives for mogt of the crops where MeBr is usad. Ther implementation depends
on the specdies of pathogen to be controlled, the crop and the geographica region. Viadle
dternative methods do not necessarily have the same effectiveness as MeBr, but they are ds0
effective from the technicd and economicdly point of view. In the shart term, chemicd
dternaives will provide enough contral of mgor pests However, in the future the non-chemicd
dternatives will be more sudainable. Although some smdl economic differences may exig, the
dtemnativeswill be vidble in the long term.



3. Among the dternatives to the use of MeBr, in fird place is the dose reduction established by the
“Ministry of Agriculture, Fishing and Food” & adose of 20 - 40 g / nf, according to whether
VIP pladiic is used, or not. At the same time formulations with a high percentage of chloropicrin
(35 — 50 %) are recommended, and treatments with 1.3-D plus chloropicrin, low doses of
metam sodium and other pestiddes in combination with solaization. Among the non-chemicd
dtendives biofumigaion is exogptiondly convenient, and it can be combined with
larization—haoth, whenever possble within an ICM sysem which harmonizes culturd
practices, crop rotetion, grafting and resdant varieties

4. Producers should become aware of the proximity of the ban on MeBr (year 2005). They should
meke dl possble efortsto find dternatives for the control of soilborne pethogens that affect thar
crops and above dl, should not plan any production system depending on MeBr snce now on.
Alterndtives should continue to maintain the qudity and profitability of agricultural production,
without produding a negdtive impect on the hedth of living beings or on the environment. But
mog importantly, they should avoid proposdsfar from our agriculturd and sodid redity.

REFERENCES

Bachdor T., D. Ohm. 1999. The current Satus of methyl bromide in the European Community. In:
Proc. 3¢ Internationd Workshop Abstracts Alternatives to Methyl Bromide for the Southern
European Countries. 7-10 December, Crete (Greece), 130-132.

Bdlo, A.; M. Escuer; R. Sanz; J. A. Lopez-Pérez; P. Guirao. 1997. Biofumigacion, nematodos y
bromuro de metilo en d cultivo de pimiento. In: A. Lopez; J. A. Mora (Eds). Posibilided de
Alterndtivas Viables d Bromuro de Meiilo en Pimiento de Invernadero. Consgeria de
Mediocambiente Agriculturay Agua, Murcia, Eoaia, 67-108.

Bdlo A., JA. Gonzdez, M. Arias, R. Rodriguez-Ké&bana. 1998. Alterndives to Methyl Bromide
for the Southern European Countries. PhytomaEspaiia, DG X1 EU, CSIC, Vdenda,
Spain, 404 pp.

Bdlo A., JA. Gonzdez, J. Pérez Para, J. Tello. 1997. Alternativas al Bromuro de Metilo en
Agricultura. Junta Andducia, Sevilla44 /97, 192 pp.

Bdlo A., JA. Lopez-Pérez, L.Diaz-Virdiche R. Sanz, M. Arias. 1999. Biofumigation and loca
reources a methyl bromide dtematives Absracts 3¢ Internationd Workshop
“Alternatives to Methyl Bromide for the Southern European Countries. 7-10 December,
Crete (Greece), 17 p.

Bdlo A, JA. Lépez, R Saz, M. Escuer, J Herrero. 2000. Biofumigation and organic
amendments. In: Regiond Workshop on Methyl Bromide Alternaives for North Africaand
Southern European Countries. UNEP, 113-141.

Bdlo, A.; M.J. Mdo. 1998. Reduccion de las poblaciones de nematodos con técnicas dternativas
d bromuro de metilo. In: Memoria de Actividades 1998, Resultados de Ensayos
Horticolas, Generditat Vdendiana, Fundacion Cga Rurd de Vdencia, 347-350.

Bedlo, A.; E. Miqud. 1998a Control nematodos por biofumigacion. In: Memoria de Actividades
1998, Reaultados de Ensayos Horticolas, Generditat Vdenciang, Cga Rurd de Vdendia,
351-352.



Bdlo, A.; E. Miqud. 1998b. Control nematodos por biofumigacion en cultivo de cal china In:
Memoria de Actividades 1998, Resultados de Ensayos Horticolas, Generditat Vdendiana,
CgaRurd, Vdencia, 353-3%4.

Bdlo A., J Tdlo. 1998. El bromuro de metilo se suprime como fumigante dd sudo. Phytoma
Espaiia 101, 10-21.

Blanco . 2000. Tobacco seedling production without methyl bromide. In: Regiond Workshop on
Methyl Bromide Alternatives for North Africa and Southern European Countries. UNEP,
199-202.

Bolivar JM. 1999. Current status of methyl bromide dternativesin Spain. In: Proc. 3 Internationdl
Workshop Alterndives to Methyl Bromide for the Southern European Countries. 7-10
December, Crete (Greece), 139-140.

CebadllaV., R. Batud, A. Giner, J. Budo, F. Pomares, S. Zaragoza, JJ. Tuset, P.Cabdlero, M.
Mut, B. Cases, M.D. de Migud, P. Fombuena, JV. Maato, A. Migud, JL. Porcuna
1999. Chemica and non chemicd dterndivesto methyl bromide in the areaof Vdenda In:
39 Internationdl Workshop Altendatives to Methyl Bromide for the Southern Europeen
Countries. 7-10 December, Creta (Greece), 141-145.

Garcia, S; F. Romero; J. J. Shez; A. de Migud; C. Monzo; V. Demdfilo; M. Escuer; A. Bdlo.
1999. Problemdica de la replantacion de meocotoneros en terrenos arenosos en la
comarcade LaRivera(l). Comunitat Vadendana Agraria 13, 43-49.

Lacasa A., P. Guirao, M.M. Guerrero, C. Ros, JA. Lépez-Pérez, A. Bdlo, P. Bidza 1999.
Alternatives to methyl bromide for sweat pepper cultivaion in plagic greenhouses in south
east. In: 3 Internationd Workshop Alteratives to Methyl Bromide for the Southemn
European Countries. 7-10 December, Creta (Greece), 133-135.

Lépez, A. and J. A. Mora (Eds). 1997. Poshilidades de Alternativas Viables d Bromuro de Metilo
en Amiento de Invernadero. Consgeria de Medio Ambiente, Agriculturay AguaMurcia,
130 pp.

Lopez-Aranda J. 1999. The Spanish nationd project on dternaives to methyl bromide The
network in Anddusia In: 3 Internationd Workshop Alterndtives to Methyl Bromide for
the Southern European Countries 7-10 December, Creta (Greece), 163-166.

MAPA. 199. Anuario de Edadigica Agraria 1994. Secretaria Generd Técnica. Minigerio de
Agricultura, Pescay Alimentacion. Madrid, 710 pp.

MBTOC. 1998. Report of the Methyl Bromide Technicad Options Committee. 1998 Assessment of
Alternativesto Methyl Bromide. UNEP, Narobi, Kenya, 354 pp.

Romero F. 2000. Solarization of drawbery crops in Hudva Regiond Workshop on Methyl
Bromide Alternatives for North Africaand Southern European Countries UNEP, 185-190.

Tdlo J 2000. Tometo production in Spain without methyl bromide. Regiond Workshop on Methyl
Bromide Alternatives for North Africaand Southern European Countries UNEP, 161-172.

Tiemey G. 2000. Methyl Bromide Legidative and regulatory agpproaches in the European
Community. Regiond Workshop on Methyl Bromide Alternatives for North Africa and
Southern European Countries. UNEP, 97-106.

Vaés F. 1998. Satus of methyl bromide dterndives in Span. In: A. Bdlo, JA. Gonzdez, M.
Arias, R. Rodriguez-Kabana (Eds). Alternaives to Methyl Bromide for the Southern
European Countries. Phytoma-Espafia, DG X1 EU, CSIC, Vdendia, Spain, 341-360.



Tablel. Cropsand MeBr consumption in Spain (for the year 1995) @

Crop®@ Province MeBr (t) MeBr (ha) % of
Total ha®
1. Potato 1. Vaencia® 3280 602 03
2. Tomato® 2. Alicante @ 110 194 03
“ 3. Almeria @ 102 ® 205 03
“ 4. Murcia® 26 52 01
3. Beans 5. Almeria® rotated with tomato (205) 08
4. Watermelon 6. Almeria® 173® 306 14
“ 7. Vaencia®” rotated with potato (602) 2.7
5. Zucchini 8. Almeria® rotated with watermelon (306) 59
6. Melon 9. Almeria® rotated with watermelon (306) 0.7
7. Cucumber 10. Almeria® rotated with watermelon (306) 52
8. Carrot 11. Cadiz @ 21 50 08
9. Vegetablesin general 12. Cadiz 122 250 0.6
“ 13. Valencia® 75 140 0.03
“ 14. Barcelona ™ 39 62 0.02
10. Cut flowers 15. Cadiz @ 321 495 20.0
“ 16. Barcelona 39 54 22
“ 17. Sevilla® 31 54 22
11. Pepper 21. Murcia 668 1,271 52
“ 22. Alicante 305 560 23
“ 23. Almeria® 203 360 15
12. Strawberry 18. Huelva® 897 2,919 331
“ 19. Barcelona ™ 52 107 12
“ 20. Mgjorca 15 19 0.2
13.Strawberry nurseries 24. Segovia 157 301 30.7
“ 25. Avila 101 282 287
“ 26. Navarre 90 153 156
“ 27. Pdencia 33 129 132
“ 28. Huelva 27 78 79
“ 29. Valladolid 15 38 39
- Citrusfruits, MeBr isforbiddenin ICM 78 136 0.1
- TheCanary Isalnds crop is not specified 79 ?
- Others (consumption < 15 t) 84 171
Total 4,191 8,988

D The percentage of chloropicrin is deducted, although consumption could have diminished by more than 50 %
due to the MAPA regulations of 1998.
@ Cropsaregiven in the order of lesser to greater difficulty to eliminate MeBr.

® According to MAPA (1996).
® Methyl bromideis used biannually.

® Forms part of acrop rotation system.
© Methyl bromideis practically not used for tomato in Spain.
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AVAILABLE ALTERNATIVESFORITALY

M. L. Gullino
DLVAPRA., Turin Universty, Ity

Summary. The use of methly bromide in Italy is extremdy high, ranking second in the world. This
is especidly due to the importance of the Italian horticultura sector, which is characterized by
intengve cultivation of high vaue crops without rotetion. Alternatives to the use of MeBr for soil
fumigation are being increasingly used and others are being developed, in order to meet the deadlines
for MeBr phase-out. Especidly the use of steam, soil solarization, chemicd dternatives and their
combinations, as wel as combinations of cultura practices, physica methods and chemicas, provide
effective control of soil pests.

K ey wor ds: intengve cultivation, fungi, methyl bromide, seam, chemicd dterndives

. INTRODUCTION

Itdian horticulture is characterized by intendve cultivation sysems, highly speddized and usudly of
andl sze, where the high plant dengty and the repeated planting of the same arop, practice very
common in the case of vauable crops, cause a build-up of detrimentd biologica factors in the sal.
The aggressveness and rate of accumulation of different pathogens in the soil depends upon factors
such as hogt susoeptibility to pathogens, cropping history, physical and biological properties of the
s0il, culturd practices, dimeate, control meesures and fidd hygiene.

Soil dignfetation is usudly carried out in the case of protected vegetable and ormamenta crops of
high vaue and sometimes dso in the open fidd (Katan, 1984; Garibadi and Gullino, 1995; Gullino
and Gaibddi, 1995). The man god of soil dignfedation is to diminae, or Smply contral, mgor
soilborne plant pathogens and pests, usuialy before planting. In particularl in the Italian vegetable and
omnamenta sectors, fungl represant the mogt important pathogens to be contralled. A non-
comprehengve lig of the mgor fungd pethogens of vegetable and ormamenta crops in Itdy is
presented in Table 1.

From a technicd point of view, soll dignfestation should be economicdly feesble Under these
perspectives, fumigants are often the method of choice, due to ther rdaive low cost and broad
gpectrum of activity. Certan physcd and chemicd charatteridics of MeBr ande this fumigant the
most widely used in Italy againgt soilborne pethogens. MeBr has a broad spectrum of activity, quick
and degp pendraion into the soil; very short exposure period; fast disspation from the soll after
fumigation; penetration into undecomposed materid; increesad Growth Response effect; good
efficacy in awide range of temperatures, efficacy with more than one

Table1l. Main fungal pathogens of vegetable and ornamental cropsin ltaly




PATHOGEN

Fusarium oxysporum f. p. melonis
Fusarium oxysporum f. sp. cucumerinum
Fusarium oxysporum f. gp basilici
Fusarium oxysporum f. o niveum
Fusarium oxysporum f. . cyclaminis
Fusarium oxysporum f. sp. dianthi
Fusarium oxysporum f. $. lycopersici
Fusarium solani f. 0. Cucurbitae
Fusarium solani f. p. Phaseoli
Fusarium tabacinum

Phytophthora capsici

Phytophthora cactorum
Phytophthora cryptogea
Phytophthora fragariae
Phytophthora parasitica
Pyrenochaeta lycopersici
Pythium ultimum
Rhizoctonia solani

Sclerotinia sclerotiorum
Thielaviopsis basicola

Verticilliumdahliae

HOST PLANT

MELON

CUCUMBER

BASIL

WATERMELON

CYCLAMEN

CARNATION

TOMATOES

CUCURBITS

BEANS

BASIL

PEPPERS, TOMATOES, EGGPLANTS AND
CUCURBITS

STRAWBERRIES

GERBERA

STRAWBERRIES

CARNATIONS, TOMATOES AND OTHER SPECIES
TOMATOES

DIFFERENT SPECIES IN SEEDBEDS

LETTUCE, BEANS, BASIL CARNATIONS,
ARTICHOKES AND OTHER PLANTS IN SEEDBEDS
LETTUCE, CUCURBITS BASIL ARTICHOKES,
BEANS AND OTHER PLANTS IN SEEDBEDS
SEVERAL VEGETABLE AND ORNAMENTAL
SPECIES

TOMATOES, EGGPLANTS, STRAWBERRIES,
CUCURBITS, ARTICHOKES, ROSE AND GERBERA

crop. Itay ranks second in the world, together with Jgpan, and first in Europe for consumption of
MeBr, due to the importance of its horticultura sector (Gullino and Clini, 1998).

Recerttly, the redrictions on the use of MeBr because of ozone depletion, have st an interesting
sdentific, technicd and political debate A high degree of cooperation between the sdierttific,
technicd and palitical sectorsis required, if viable solutions are to be in place for many uses, by the
time MeBr is withdrawvn (Gullino and Clini, 1999). No angle "plugHin® replacement for MeBr
gopearsto exid. At presert, it is possible to distinguish two main categories of dternaives

dterndivestha have replaced the use of MeBr in some aress,
dternatives that are effective for the control of one or more pest organiams (insects, nematodes,
pathogens, or weeds) currently controlled by MeBr in a particular crop but without achieving

widespread use.



1. ALTERNATIVESCURRENTLY USED INITALY

In this section, the technologies dterndtive to the use of MeBr for soil dignfestation currently usad in
Itdy are briefly described, with spedd empheds on ther postive features and condrants
encountered in their implementation under the Itdian culturd and environmentd conditions.

1. NON-CHEMICAL ALTERNATIVES

Cultural practices

In the development of new dterndives to replace MeBr, the naturd goproach is to check the latest
technologica advances and investigate the ways to implement these new sysems or control
practices There is dso some merit, however, in looking back and reviewing the Stuaion which
exiged before MeBr was introduced (Matta, 1988). Crop rotation is one of the best examples, asit
confirms to be extremdy hdpful in controlling the Soreed of many soil-borne pathogens (Pdti, 1981).
A ggnificant commitment to goplied research and technology trander programmes will il be
necessay to take full advantage of the potentid of culturd practicesin the many different agricultura
gtugions.

Resdant varigies

Vaieties which are resdant, or tolerant to one, or few, specific pathogens (and races) are dready
avalable for many crops Resdant hybrids with multiple ressance to severd pathogens exig and
are currently usad in vegetable production (Cirulli, 1988; Laterrot, 1991). In mod cases new
vaidies are deveoped through plant breeding techniques to address specific pest problems, but
gydemdic gendic maodification of germplasm by usng new biotechnologies is becoming more
frequent.

Positive features
ample goplication;
eadly combingble with other contral methods
low environmenta impact.

Constraints
use limited by time and resources, both genetic and finandd, required for developing multiple-
resdant varieties with gopropriate commerdaly acogptable qudity and yidds
difficulty in developing multi-resgant varidies,
resdant genes may be undable in unfavorable environmental conditions, eg. high soil
temperatures, high sdinity, or in presence of “new races’ of pathogens and may limit the efficacy
of resgant plants;
few resdant varigies avallable for ornamentd crops,
limited spectrum of activity;
higher production cogs for F; hybrids.



Soilless cultivation

Soilless cultivation is rgpidly expanding d<o in Itay, dthough dowly in comparison with Northen
Europe. This technique may bridge unusud production periods and drcumdgtances, and may d<o
serve as an answer to the need of reducing the use of soil fumigants. Soilless cultivation represents an
intereding dtermnative to the traditionad agriculturd sysems for high vaue crops such as rosg,
canaion, geabera basl, lettuce ec (Sara 19%4; Tognoni and Sara 1994). The
phytopathologica problems of sailless cultivation systems have been recently reviewed (Gullino and
Garibddi, 1994; Sanghdlini and Rasmussen, 1994). The choice of the mog suitable oilless
cultivation sydem for a given environment rdies on technicd, economica and phytopethologica
fectors.

Soilless cultivation is increesingly adopted in Itay in the case of ornamenta crops (rose, gerberd)
and, in vary limited stugtions, in northem Itay for srawberry. A totd of goproximatdy 100 haiis a
present cultivated soilless in Itay. It must be noted that dl the soilless systemns adopted in Ity are
open, thus without redirculation of the nutrient solution.

Positive features

higher productivity and qudity;

broadly avalable, efficent, performs congstently and increasesyields,

avoids, rather than to control, soilborne pathogens,

better control of crop nutrients and phytosanitary conditions;

recovery of margind aress,

prevents il Sckness

eeder culturd practices,

lower discharge of nutrients and weter in the environment, resuliting in reduced consumption and
environmenta impect (in dosed drcuit systems).

Constraints

higher initid investments;

cods and problems related to the disnfestation, recycing and digoosal of recirculated solution
and subdtrates,

avalahility of varieties adgpted to the specid hydroponic environmen;

high environmentd impect (in open arcuit sysems);

rnsks of root agphyxia excessve dlinity, or gpidemicsin case of mismanagement,

possible establishment of new diseases.

Crop rotation
It is particulaly difficult to goply crop rotation in intengve vegetable and oramenta crop systems
and for thisreason it isnot common in ltay as an dternative to MeBr.



In practice, in Itay, the following rotations can be usd:
a) under greenhouse conditions:
tomeato (or other solanaceous crops) and lettuce;
tomato and cucurbits;
cucurhits, lettuce, solanaceous crops,
b) inthefidd:
dsrawberry, Brassicaceae, cereds.

Positive features
reduction of pathogen and pest inoculum, and improvement of physicd, chemica and bidlogicd
properties of the soil.

Constraints
In case of intengve cultivation, it is not possble to make crop rotation long enough to reduce ol
pathogen and pest populations;
Ineffectiveness agang saverd polyphagous (Verticillium spp. and Rhizoctonia solani) or
longHived pathogens (chlamydospores of Fusarium spp., miccoderatiaof Verticillium spp.
or oogpores of Phytophthora) or some sgrophytes on organic delris, in competition with the
s0il floraand fauna (Pythium spp., Rhizoctonia solani and Sclerotium spp.);
need of additiond land to achieve the same production as a presently achieved with MeBr;
I|m|ted avalahility of dternative crops suitable not only as anon-hog crop but aso from an economic
paint of view.

Physical methods
There are two different physca goproaches to soil dignfedation: deaming and soil solarization.
(Katan, 1984; Gullino and Garibddi, 1995).

Steam
In Itay, geam is dmost exdusvey goplied in the case of high vaue greenhouse crops (Gullino and
Garibddi, 1995). However, new gpplicaion technologies are under devdopment, which might
sgnificantly reduce the costs of such method. At presant it is adopted only in the case of ornamentd
crops (rose, gerbera), or for high vaue vegetables (i.e. badl), due to its high cog. In Itdy, Seaming
is caried out by adopting the modt treditiond technique of sheet geaming. Sheets are smoothed out
over the s0il and endlosad  the edges, geam isthen blown under the sheets and I eft to pendirate the
il

Positive features

broad spectrum of activity;

no Soil contamination;

no waiting period before planting.

Constraints
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low selianiivity: “biologica vacuum” and conseguent pathogen recolonization (*boomerang
effect”);

rlease of heavy metals phytotoxidty for the accumulation of manganess, particulaly in aod soils
awift decompogtion of organic mater and conssquently accumulaion of ammonia, carbon
dioxide and severd other phytotoxic compounds;

solubilization of inorganic compounds;

modification of the solubility and availahility of the nutrient dements,

feagble only on amdl surfaces (benches, seedbeds, soilless cultivation, ec.);

high initid invesments and high energy-consuming technique;

contribution to the globa warming process due to the use of fossl fud.

Soil Slaizaion

Southern Italy provides excdlent conditions for implementation of soil solarization (Cartia, 1989).
However, despite the fact that incentives to the implementation of soil solarization have been
atempted in the pagt (i.e free plagic for soil mulching in the Liguria Region; pladtic recyding in
Sdly), soil solarization is rardy adopted in practice in Itdy. At present a maximum of 50 ha are
Dlarized, expeddly in southen Itdy (Campania and Sdly Regions). Bench solaization and
olarization in greenhouses are new gpplications of this technique that may hdlp its soreading even in
margind dimatic aress (i.e. North-Centrd Italy) and seasons (Garibddi and Gullino, 1991).

Positive features

no harmful resdue effects;

low environmenta impadt;

long-term effects on disease contral;

IGR (Increased Growth Response): increases crop yidd and qudity due to chemicd and
biologicd mechaniams

reaivdy low cog;

no “bidlogicd vacuum” and conssquently no “boomerang effect”. Solarization is a sort of soil
pesteurization which preserves the bendficd soil floraand faung;

Improvement in weter consrvation in the soil and modification of soil temperatures when mulchis
maintained as arow cover during the fallowing crop;

successfully used for disnfegation of artificia growth subdirates and meterids

reduced mulching period and gpplicable in colder dimates, if combined with other pest control
methods.

Constraints

land out of production for at leest 1 month during the hottest part of the year: problems in the
colder growing areesfor cartain summer crops;

for sucoessful trestment agood levd biologica knowledgeis required;

! Severd woil disinfestation techniques (fumigants, steam, etc.) reduce not only the pathogens, but also
the beneficial fauna and flora naturaly present in the soil (“biological vacuum”). In such conditions, ol
can be easily re-colonized by al kind of pathogens, even those usualy considered of minor importance
(“boomerang effect”). Re-infestation takes place through the irrigation water, infected soil particles, or
crop debris, etc.
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dimate and meteorologica unpredictability;

regtriction to certain dimetic areas and seasons,

meaterid and labor intensve practice

digposal and recyding of large amounts of PE films problems and additiona cods,

large amount of irrigaion water required to increese soil themd conductivity and cgpaaity
(espedidly for sandy soils), and to increase susceptibility of pathogens,

limited goectrum of adtivity (dight nematodide effect) compared to MeBr and seam.

2. CHEMICAL ALTERNATIVES

Methyl isothiocyanate (MITC) and its generators

Metam sodium is a liquid soil chemicd, effective for contralling arthropods, some wesds and
soilborne pathogens, prindpdly fungi, and a limited number of paradtic nematode Joedies It is
goplied to the soil by direct injection, or through the immgation sysem. Metam sodium mus be
goplied when soil temperatures are between 15 and 30°C. The gpplication rateis 100 ml / nf (with
formulaions a 32,7 % of ai.). At high inoculum concentrations, low oil temperatures, or for heavy
silsit is necessary to increase the rate up to 800 ml / nf.

Dazomet isagranular pre-planting soil chemica and has been reported to control weeds, nematodes
and fungi. It requires mechanicd didribution in the sail for good movement and efficacy. During the

2
trestment the soil should be covered with plagtic sheets. The gpplication rate is 80-100 g/ m (with
formulaionsa 99 % of p.a).

Positive features
reaivey low cog;
dightly becteriddd.

Constraints
limited oectrum of adtivity (low eficacy agang severd vascular diseeses and some pedific
soilborne pathogens such as Pyrenochaeta lycopersici);
usudly not effective in the presence of high pathogen pressure
inconggtent contral due to non-uniform didribution in the soil;
dimate and meteorological unpredictability;
long waiting period between trestment and planting (gpproximatey 30 days);
high environmentd impedt;
problems with conasency of yidd,
“biologicad vacuum” and conssguent “ boomerang effect”;
. undesrable effects agang the naturd beneficd soil populaion of the (severd mycorrhizee,
Trichoderma spp., Penicillium, etc.);
digposal and recyding of large amounts of PE films problems and additiond codts

1,3 dichloropropene (1,3-D)
Liquid 1,3-D, gpplied to the soil by injection, provides effective control of nematodes, insects, some
weeds and some pathogenic fungi. During trestment the soil remains covered with plagtic mulches.
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1,3D is usudly goplied in combination with other chemicds such as chloropicrin, metam sodium,
etc. Application rateis 12-20 ml / nf (with formulations a 97 % of p.a); higher rate are gpplied to
heavy soils

Positive features
good nematocide effect;
dignt IGR effe;
relaively low cod.

Constraints

limited gpectrum of activity: nematodide with some inssctidde, herbicide and fungiade effects
accderated degradation of 1,3-D by soil micro-organiams fter repested gpplications, resulting in
vaiddeyidd;

inconggtent contral due to non-uniform digtribution in the ail;

long waiting period between trestment and planting (gpproximetely 28 days);

additiond redriction limiting its gpplication rate, geogrgphica arees of use, as wdl as impoang
codly requirements for persond worker ssfety equipment in thefied;

high environmental impect: 1,3-D resdues has been reported in ar and shdlow groundweter;
forbidden in greenhouse and dosed space;

If mixed with metam sodium it rleases a strong odor.

Chloropiain

It is worth mentioning Chlorapicrin, dthough il forbidden in Itdy (because dill regidered as awar
gao), 9nce it is dso a vdid option. Presantly under regidration in Itdy, it controls mog soilborne
fungi, roat destroying insects and other organiams such as dugs, snals and earwigs

[11. DISCUSSION

Snce new fumigants with a broad spectrum of activity and of low environmentd impect have not
been devedloped, yet, growers are forced to use old compounds. In Itdy, recent data mede available
by Agrofarma, showed an increase in fumigant usage in 1998 of 11 % in vaue and 16 % in quantity
(Anonymous, 1999).

Combinations of chemica and non-chemicd dternatives, notably soil solarization, led to encouraging
results examples indude mglam sodium, dazomet, or  1,3-D + chloropicrin in combination with
olaization, or gas impermesble plagtic mulches. Studies are baing conducted to evduate additiond
combinaions and to optimize ratios of chemicds and improved methods of gpplication.

Paticularly interesing gopears the posshility of goplying fumigants such as metam-sodium and
dazomet under pladtic. Covering the soil with low-dengty polyethylene film (LPDE) dlowed to usea
half dose of the fumigants, with generdly good reaults, both under greenhouse and fidd conditions
Moreover, such practices reduced the emisson of unpleesant smdls particulaly in the vidnity of
houses (Gullino et al ., 1998: Minuto et al, 2000).
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Also the combination of two weeks of soil solarization with haf dose of fumigants proved to be
efective in mog cases and dlowed a shortening of Solarization, permitting a reduction in the non
cultivation period. Such a combinaion was efective on subssquent crops, thus confirming the long
term effect described for soil solarization (Katan and DeVay, 1991). The posshility of combining
s0il olarization with reduced dosages of fumigants could indeed increase the number of growers
usng larization as a disnfestation method, hdping to reduce the present dependance on chemicas
It must be dressed that the usage of hdf dose of fumigant in combination with a shorter period of
olarization remains essantid, at presant, in order to achieve an acogptable leve of disesase contral,
especidly in the case of high vaue protected crops (Gullino, 1998). In Table 2, dternative
technologiesin Ity are summarized, presanting them on afeeshility and gpplicability degree bass.

V. CONCLUSIONS

The efficacy, avalability of smple gpplication syslems and technology, together with the broed
Spectrum of adtivity and rdativdy low codt, meke MeBr extremdy difficult to replace. Furthermore,
many of the options are not yet a a Sage where they could be used extensvely without condderable
increese of cods.

The gppropriateness of a given dterndive, or combination of aterndives, is dependent on a varigy
of factors, induding sodd infragructures, dimate, market, presance of pathogens, land avalaility,
s0il type and conditions. The complex interactions among these factors require the choice of the best
dterndives on a case-by-case bads Neverthdess, there are some practices which have widespreed
goplicahility, though not necessarily produding the same yidd and having the same profitability as
MeBr, and which may need locd optimization to peform to thar full potentid. For indance,
dterndives that have been developed in cold dimate and then trandfarred to warmer regions, or
viceversa

Furthermore, to successfully replace MeBr use, many of the dternative processes identified mugt be
usad in combingtions. For soil treetment, there is wide agreement that IPM systems are needed to
replace MeBr-based drategies, 9nce no angle dternative is currently, or likely to become, available.
Ste-gpedific IPM trestment programmes combine two, or more, methods sdected among biologicd,
culturd, physcd, mechanicd and chemicd methods (Albges et al., 1999). Some dterndives have
a limited spectrum of adtivity, thus some combinaions and / or rotations with different dternetives
may achieve broad spectrum pest control and yields gpproaching, or exceeding, those obtained with
MeBr.

On alonger range, Snce the few avalade chemicd dternativesto MeBr (i.e. metam sodium and
dazomet) will be widdy gpplied, their safe gpplication is essentid to obtain asatifactory leve of
disease contral, without causing negetive environmental Sde-effects In this pergpective, it iscrudd
to explait to the utmodt the few availadle fumigants and to use gpplication technologies which parmit
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their dosagesto be reduced while retaining their activity.

The higher cogts and the fear of lass of rdiahility represnt among the growers the mgor limitsto the
wide-goreed of the mog promising dterndives to the use of MeBr dready avalable Moreover,

many countries cannot depend on an effident extenson service web which helps growers to switch
from MeBr to other new techniques

From the results of a survey caried out by Di.VaPRA. (Dipatimento di Vadorizzazione e
Protezione ddlle Risorse Agroforestdi, Turin Univeraty, Itay) with
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Table 2. Technical evaluation of the degree of development, the transferability
into practice and the efficacy of alternative technologies to the use of
MeBr as soil fumigant

EFFICACY
TREATMENTS DEGREEOF | TRANSFERABILI- | SPECTRUM OF CLIMATIC
DEVELOPMENT® TY INTO ACTIVITY DEPENDENCE
PRACTICE?
SPECIFIC [BROAD | Low | HiGH

4 100 g g
NON-CHEMICAL METHODS
Agriculturd practices
Crop rotation 4 75 v v
Resistant varieties 4 75 v v
Grafting 2 60 v v
Soil amendments and 2 60 v v
biofumigation
Soilless cultivation 2-3 60 v v
systems
Physica control
Steam 4 100 v v
Soil solarization 3 75 v v
Biological control 2 50 v v
CHEMICAL METHODS
Metam sodium 4 90 v v
Dazomet 4 90 v v
1,3-D 4 90 v v
Chloropicrin® 1 50 v v

1 1 = a experimental stage in the laboratory; 2 = at experimental stagein thefield; 3 = at small scale;
4 = @ commercial scale.

2 Feasibility: from 0 to 100: O = degree of feasibility in the Italian agricultural redlity (100 = extremely
high feasibility).

% Under registration in Italy.

the help of technidans bedonging to the "Savizi Ftosanitar” and the Growers Assodaions (Gullino
et al., 1998), the lack of know-how and information appears as the main reason for growers lack
of confidence.



A drong action is nesded, in order to meke sure that dternatives to MeBr will be gpplied with along
term perspective, basad on a sudaineble view of agriculture. Extengon sarvice people and other
operators of the sector are thus called to provide the adequiate support to growers in order to help
them to switch from MeBr to other dternative methods The fragmentary and diversfied redity of the
Itdian agriculture makes this task even more difficullt.

In condusion, the diffuson of the sdentific results plays an essatid role in the process of trander
into practice of the new techniques of soil disnfedaion. Only a globd, coordinete gpproach,
involving al actors (growers resserchers, fumigators, technicians, etc.) will dlow to switch smoathly
from MeBr to its dterndtives,
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APPROACHESFOR THE REDUCTION OF THE USE OF
METHYL BROMIDE AND ALTERNATIVESIN JAPAN

A. Tateya
Japan Fumigation Technology Assodaion
1-26-6 Taito Taito-ku Tokyo 110-0016 Japan

Summary. In Japan, each prefecture has its own programme to develop and disseminate
dternatives to methyl bromide, especidly for vegetables, for the phase-out of this fumigant in 2005.
These programmes, which vary depending on the crop, are based on pre-planting treatments. Due to
the efforts of the stakeholders concerned, MeBr for soil fumigation is being gradually replaced by
dternatives and the use of MeBr is decreasing. Physicd, chemical and biological dternatives proved
to be effective in controlling soilborne pests. In order to achieve a broad range control of the various
pests, combinations of different methods are used.

Key Words: methyl bromide, physica dternatives, hot water, orugaoi film, rotations, resstance,
biologica control, fumigants, contact pesticides

. INTRODUCTION

In Jgpan MeBr is mainly used for soil and quarantine trestments. Compared with other pedticides,
the fumigation with MeBr isfadter and leads to better results even under low temperatures

The Jgpanese time frame for the period 1995 - 2000 to contral the production of MeBr was as
follows

1. Freezeof production at the baseleve of 1991 in 1995
2. Hve percent reduction in 1996

3. Ten percent reduction in 1997

4. Hfteen percent reduction in 1998

5. Twenty-five percent reduction in 1999

6. Thirty percent reduction in 2000

To date Jgpan has reduced MeBr production in advance of the control deedlines established by
Montredl Protocol. Starting July 6, 1993, a campaign for the reduction of emisson of MeBr was
conducted by the government and the farmers were encouraged to use dternative methods to this
fumigant. The Minigry of Agriculture, Forests and FHsheries (MAFF) issued a specid naotice to the
farmers, providing guidance on the use and reduction of emisson of MeBr. In case the use of MeBr
was abolutdy necessary, it was srongly recommended to cover the soil surface with polyethylene
film or vinyl film sheat. This practice is suggested particularly for greenhouses

In order to contral the production and use of MeBr in Jgpan, manufacturers and / or importers are
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required to obtain permisson from the Ozone Protection Office of the Minidry of Internationd Trade
and Indudry (MITI) to synthesze and / or import MeBr. After review of the gpplication, MITI gives
apermisson to synthesze and / or import under the production limit of Montred Protocol. After thet
year has passed, they have to report the record of actud amount of synthes's, import, export and
remaning quantity in socks of MeBr for that year to MITI. Therefore, MITI obtains detaled
informetion about the production and consumption of MeBr during each year. All this informetion is
then provided to MAFF by MITI. Theefore, MAFF hes full information on the amount of
production, import, export, shipment for domestic use, and use for quarantine pests. According to
the Artide 7 of Montred Protocol, every country is required to report to UNEP the volume of
production, import and export of MeBr.

In Jgpan, each prefecture has its own programme for the development of the dternatives for MeBr
phase-out. This programme is mainly basad on the crops and soilborne pedts present, and the nesd
to control those pests by soil fumigation as pre-planting trestments, which vary from crop to crop.

Il. CURRENT STUATION OF METHYL BROMIDE USE IN JAPAN FOR SOIL
TREATMENT

In 1999 the use of MeBr for soil trestment in Japan Hill amounted to 4,391 tons (Table 1), which
means an extendve use by famers This fumigant is favourably usad in pre-planting trestments in
crops such as pepper, maon, watermdon, srawberry, cucumber and cut flower for the control of
insects, nematodes, weeds and soil born pathogens

Tablel1l. Salesand volume of MeBr used in Japan (tons) *

Use 1991 1992 1993 1994 1995 1996 1997 1998 1999
Soil 6269 6594 7241 7782 5742 5559 5470 5336 4391
Quarantine 2848 2646 2712 2703 2448 2198 2030 1679 1876
Others 219 121 204 426 523 431 408 269 517
Total 9336 9361 10157 10911 8713 8188 7908 7284 6784

* Source MAFF Plant Protection Divison

such as viruses, bacteria, and fungi. In protected aress, such as greenhouses it is absolutdy
necessary of the use of soil treatments. A remarkable advantage of MeBr isthat it is effective againgt
al sorts of soilborne pests induding plant viruses, with short trestments even under low temperatures
during the winter. For dignfecting the soil in nursery beds and for trangplanting, many farmers gpply
MeBr twice a year. For dl these ressonsiit is dill popular among the farmers. However, the supply
of MeBr in Jgpan has been decreasing and prices increesing and it will be phased-out in 2005. The
farmers redized this trend and they are trying to gpply dternatives to control pests and diseases.



MAFF and locd authorities are making greet efforts to control more pests and diseases with the
exiding subditutes and recommend farmers to use dterndives to this fumigant.

1. ALTERNATIVEMETHODSTO METHYL BROMIDE USED IN JAPAN FOR
SOIL TREATMENT

Chemical control

A. Sl fumigents

Thefdlowing fumigants are currently used in Jgpan:
Chloropicrin

1,3 dichloropropene

Mixture of chloropicrin (40 %) and 1,3-D (52 %)
Mixture of chloropicrin (50 %) and 1,3-D (25 %)
Metam-sodium

Meam-ammonium

Methyl isothiocyanete

Methyl isothiocyanate + 1,3-D

Methyl isothiocyanate - DCIP

WoNoak~wWNE

Fumigants are genadly expendve and therefore famers decide whether to cary out a soil
trestment, or not, depending on the profitability of the crop and the severity of the damage by soil-
born diseases and nematodes, due to the repeated cultivation of the same crop. Fumigants other then
MeBr do not show better efficacy agand nematodes, fungi, bacteria, viruses and weeds dtogether.
A mixture of chloropicrin (40 %) and 1,3-D (52 %) was recently regisered in Japan. Choloropicrin
is more efective agang fungi and bacteria and 1,3-D agand nematodes, therefore this formulation
should effectively control pests and diseases dtogether.

B. Contact type micro-granules
Themaost commonly usad pesticides of thiskind are
1. Ethoprophos
2. Oxamyl
3. Carboaulfan
4. Pyradofos
5. Benfuracarb
6. Foshiazate
7. Dazomet

Fogthiazate and dazomet, contect pesticides used againgt nematodes, are currently the most widdy
used by famers Dazomet is vary effective agang nematodes, soil born dissases and weeds
However, unlessiit is goplied properly, its goplication could cause phytotoxidity to the crop. On the
other hand, it isextendvdy used as dternative in fidds dose to resdentid aress

Sysdemdic gpplication of fodiazate after chloropicrin, or dazomet, seems to be very effective to
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control soil borne pathogens and nematodes. Nematodes, which survive from the fird treatment,
should be afterwards killed with the contact to the micro-granule of fogthiszate. Insufficient efficecy
of chloropicrin and dazomet againg nematodes is covered by fosthiazate

Physical control

1. Sola energy trestment (Solarization)

In regions with high solar radiation, many famers have gradudly come to goply solar energy. This
method of control seemsto be one of the best ways for the contral of soil pathogens. The efficacy in
the control of pests and diseases depends upon the weether. In case of bad weather conditions,
efficacy isusudly lower. In order to exhibit the highest efficacy of this trestment againgt soil petsand
soil-born diseasss it is necessary to use a auffident volume of water. Some farmers are concerned
with the trouble of the equipment to be used in greenhouses, Snceit is exposad to rust. Greenhouse
fadlities tend to degrade because of the high temperaures Moreover, a wae upply is
indigpensable and the trestment is lengthy. This trestment is not suitable for fidd where crops are
planted during the summer.

2. Hot water trestment

This method was developed by Tsukuba Nationd Research Centre. Water is boiled a 95°C and
poured in the fidd. The treetment kills severd organisms, induding pests, pathogens, and weeds, and
the effectiveness lagts up to three years in protected cultivation aress. It is necessary to improve the
equipment producing hot water, redudng its Sze and decreaang its cod, in order to meke it more
afordableto farmers. Thiskind of treatment is not suitable for large aress.

3. Hooding
Thisis one of the mos widdy used methods in areas where eggplants, tomatoes, srawberries and

cucumbers are cultivated. Soilborne diseasss and nemaodes are controlled. In the future, this
method gppears to be one of the most promisng way's to control soil pathogens.

Pest control by cultivation type

1. Rotation with non-hogt plant

For the control of nematodesin taro (Colocasia antiquorum), yam (Dioscorea japonica) axd
other legumes, crop ratation is sometimes gpplied, but in the cultivation of the mgor root crops such
as radish, carrot and chrysanthemum, cropping rotation is not gpplied. In cash crops, rotetion is not
usudly gpplied for nematode contral. The gppropriate rotation must be identified in order to obtain
the dedred results. Rotation from sweet potato to taro, or burdock, which are dl root crops, does
not make sense for the control of nematodes. Ingtead, combination of root crops and paddy rice is
effident to control nematodes in the soil, because of the unfavorable conditions to tharr life obtained
with sail inundation.

2. Rotation with nematode antagonidic plants

Oa grass ginia grass, sorgo, marigold and crotaaria are antagonistic to nematodes and are used to
control nematodes attacking the roots of severd crops However, this method is not popular among
the farmers. It islabor intensve, these grasses need time to grow and therr efficacy seemsto be only
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patid in case of high population dengties of the nematodes. Furthermore, the long time needed for
the cultivation of these grasses (three months, and then an additiond month in the greenhouse) does
not dlow an efficent use of the greenhouse fadlities

3. Useof resgant variety or rootstock

Vaiedies, or rootsocks, resgant to nemaodes have been devdoped only for tomatoes and
eggplants. This method is popular among famers 1t is efective, but some new nematode races
gopeared and in some places the resstance has been overcome.

Biological control of nematodes

Formulations of naturd enemies are usad in Japan to successfully control nematodes.
Thefungus Monacr osporium phymatopagaum (Drechder) Subramanian
was registered to control the nematode Mel oidogyne incognita.
Pasteuria penetrans (Pasteuria wettable powder) is a bacterium which invades the body of
the hog, inhibiting nematode activity and reproduction. The spores of this bacterium are vary
ressant under a wide range of temperatures and dry conditions, being abdle to survive severd
years in the sail. It can build up large populations and is adle to control nematodes for many
Seasons. In case of sarious nematode attack, it is recommended to use it together with chemical
nematocides, except chloropicrin and MeBr. For the control of soilborne diseeses ad
nematodes, chemicd fungiddes and nematocides must not be used together with this bacterium.
With the continuous cultivation of the same aop in the same fidd, the populdions of this
becterium in the soil increase and are adle to control nematodes. Once the populaion of the
nematodes are reduced, the efficacy of P. penetrans lagts very long. Pot test deata showed that
it was dill effective after nine years. Currently its codt is il too high to dlow a generdized use
by farmers,

Combination of existing methods

The improvement of the qudity of products, the use of labor saving practices and lowering cods are
mgor agriculturd gods. Farmers tend to grow repeatedly the same kind of plant in the same fidd,
reuiting in the devdopment of large nematode populaions and heavy reduction of the yidd. The
continuous cropping pettern, which is prevailing anong farmers growing cash crops such as tomato,
pepper and meon, are likdy to result in large nematode populaions. Exiding dternatives do not
exhibit quick and excdlent efficacy and durability as MeBr does. For exiding dterndives it is
difficult to contral both soil-born pathogens and nematodes with a Sngle subdtitute. Therefore it is
necessaty to combine the existing pest control methods to reduce the nematode popul ations down to
an acceptable leve of damage. We have to use this goproach for the development of dterndivesto
MeBr.

IV. CURRENT USE OF THE MAIN AGRICULTURAL CHEMICALSFOR SOIL
TREATMENT
Chloropicrin, 1,3-dichloropropene (1,3-D) and MeBr are the mody widdy used agrochemicas
(Table 2) with the share of 84 % in 1991. However, this figure comes down to 73 % in 1997. Even
though chloropicrin and 1,3-D and their mixture have occupied rather big share, the use of metam
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sodium, dazomet and fogthiazate increesed and famears have been accusomed to use them
effectivdy.

Table 2. Volume of sales of agricultural chemicalsfor soil treatment (tons)

Year 1991 1992 1993 1994 1995 1996 1997 1998 1999

Methyl bromide 6269 6594 7241 7782 5742 5559 5470 5336 4391

Chlorpicrin 5725 5732 6624 7433 8332 8533 8907 8802 8891
1,3-D 12694 13856 14015 13205 12344 10976 12951 12187 11889
MITC 1018 979 940 973 942 897 884 811 71
Metam sodium - - - 28 65 234 202 199 210
Dazomet 769 915 1061 1323 1542 1607 1923 2194 2719
Oxamyl 3007 3162 2816 2743 2627 2546 2474 2126 2288
Fosthiazate - - 1034 1886 2661 3854 4707 4986 5815

* Source MAFF Plant Protection Divison

V. RECENT TRENDSFOR THE DEVELOPMENT OF ALTERNATIVES

In order to encourage the use of dternaive methods to the use of MeBr, the range of gpplication of
the exiding pedicides is being expanded and they are being regidered for dl suiteble target pedts.
Congdering the fact that a present new chemicas are not easlly developed, this goproach is rather
ussful for the devdopment of dternetives, dong with the combination of exiding pesticides. Those
combinations might be as effective as MeBr. Generdly gpesking, the cod is the key factor for the
choice of dternaivesby the famers.

In 1999 the mixture of 40 % chloropicrin and 52 % of 1,3 dichloropropene was regigered. It has
excdlent efficacy for the control of arthropod pests, diseases and weeds. In addition, the gpecid
formulation makesit far lessirritant than regular chloropicrin.

Dazomet is one of the promising subgtitutes which many reseerchers condder effective to the pests,
s0il born diseases and weeds dtogether. It is formulated as micro-granules, so it does not need
irritating additivesfor its ssfe use

Although metam sodium has been dready regigtered, it is now under review for regidration of anew
formulaion for better gpplication. This pesticide needs a lot of water to be effective. Abundant
watering before and after the gpplication dlows metam sodium to diffuse uniformly in the sail.

There are the three kinds of pesticides which can be usad as pre-planting trestments. MeBr, which is
agas and Chloropicarin, 1,3 D and metam sodium which are liquid. Dazomet is in micro-granules
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Despite different formulations, the active ingredient works invariably as gesin the soil. This ges itsdlf
might be phytotoxic, 0 it is necessary to remove it from the soil before planting.

In some prefectures the so-cdled Orugdai film replaces palyethylene trangparent films. This film is
composed of saveard layers of polyamide and polyethylene, which have the propaty of bang
impermeeble to MeBr gas and it is usad to reduce the emisson of MeBr into the amaosphere Using
such a pladic maeid it is possble to ggnificantly reduce the rates of any chemicad used as
fumigants. The problem is that this materid is much more expensve then conventiond polyethylene
trangparent sheets and this prevents its extensve use by famers

Solarization is popular among the growers of mdons, drawbaries, tomatoes, €c. It is quite
effective in the region with high solar radiation during the summer. This trestment is very essy ad
chegp, 0 thefarmers use it whenever possble.

Hooding is dso gpplied as the pre-planting trestment for srawberries, to kill pests and diseases
inthe sall.

Grafting on resdant docks is ds feadble for the cultivation of tomatoes mdons ad
waermdons It isdso effective agang pests and soil born diseases

Currently seedling dedlers generdly Serilize the soil of nurseries to grow pest free seedlings for
e
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PROMISING ALTERNATIVESIN KENYA AND MOROCCO
M. Ammati* and B. Nyambo '~

" Department of Plant Pathology, Ingtitut Agronomique et Véérinaire Hassan 11, BP6202 Rabat,
Morocco
" Integrated Crop Management Practitioner, P. O. Box 90, Village Market-Nairobi, Kenya

Summary. In Kenyathe importation of MeBr is decreasing, as result of the use of dternatives to
this soil fumigant. Also in Morocco other means to control soil pests are being used. Growers are
using culturd practices, other pesticides, Negative Pressure Soil Steam Sterilization, soil solarization
in combination with fumigants, and biofumigation. These aternatives dso proved to be codt effective.

Key Words. Methyl Bromide, dternatives, culturd practices, sanitation, steam derilization, soil
solarization, biofumigation

. INTRODUCTION

Kenyais one of the countries in Eagern Africa with high consumption of MeBr as a sall fumigant to
control soil-borne pests (diseases, nematodes, insect pests, weeds etc.) in the production of cut
flowers (candions, roses and ager and chrysanthemum cuttings) and srawberries (Schonfidd,
Wamukonya and Glendening, 1994). The use of MeBr in cut flowers and srawberies is popular
with growers because of its efectiveness in contralling a wide range of soilborne peds cod
effectiveness and ease of use. However, ance the introduction of the Montred Protocol in 1992,
Kenya committed hersdf to the principles of the Pratocal to phase-out the use of MeBr by the year
2015. As a result, the annud importation of MeBr dabilized a about 330 tons per year between
1994 and 1996, with 70 % of it usad for soil fumigation in cut flower production (Klijndra, 1999).
During the same period, the combined tota acreage under carnations, roses and chrysanthemums,
the man crops requiring the use of MeBr, increesed by 265 % (Mdins, et al, 1998). It can
therefore be assumed that the total consumption for soil fumigation is dedining as wel. The phase-
out will in no doubt affect production and export of cut flowers and Srawberies However,
continued use will have negdive economic impact modly as a result of Internationd trade
redrictions. To address the issue and to avoid the consequences of non-conformity to the Montredl
Protocol, Kenya famers and research inditutions have been actively developing and vdidaing
suiteble dternatives to MeBr for use in Kenya production sysems (Klijndra, 1999). The cut flower
and drawbary production sub sectars are highly privatized and the flow of technicd information is
minimd (M. Wabule and R. S, Mdik, persond communication). Many of the growers, particularly
the large-scde famers, carry out onHfarm vdidation of suitable MeBr dternatives to address fam
neads, and the information o generated is not avallable to the public. Thus, the reduced imports of
MeBr as discussad above are evidence of dedining demand for the product within Kenya, dthough
the consumption for soil fumigation does not show a proportiond dedine. The obsarved reduced
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demand is evidence to the fact that the large usars of MeBr are gradudly becoming less dependent
on the chemicd asthey embrace new dtemnaivesin their production sysems

In Morocoo, the use of nematicides increasad from 300 tons in 1986 to 2000 tons in 1993. Among
these nemdiddes, metlam sodium and MeBr are widdy gpplied in sail fumigeation of tomato grown
under pladtic houses. Because they are difficult to handle, the granulars are occasondly used a
planting time, even in combination with resgant, or tolerant varidties to root knot nematodes
Repeated use of nematicides on tomato and other cash crops have resulted in an accderated bio-
degradation of these chemicas and thar falure to control Meloidogyne spp. Subseguently the
goplication rates became very high compared to the recommended doses. These fallures to control
heavy root-knot nematode infedations assodaed with tomao growing in sandy oils under
greenhouse conditions have encouraged the use of MeBr. MeBr was introduced for the fird time in
Morocco in 1952 and was used only in quarantine for controlling pests assodiated with agricultura
products. In 1987, the use of MeBr (2 % Chloropicrin) was extended to soil dignfedaion. The
importers are d<0 the didributors and the only authorised inditutions to goply MeBr. The
consumption of MeBr in 2000 was esimated a 1295 tons. Mogt of this consumption is used for sl
fumigation and only a amdl amount (about 500 kg / year) is used in quarantine. The method of
goplication is the one commonly known as "hat gas method': MeBr is vaporised in a heat exchange
device and ddivered as a gas to the fidd to be fumigated, in a parforated polyethylene tubing pre-
placed on top of the soil before spreading the pladtic sheet. The gpplication rate of MeBr variesfrom
70t0 90 g/ nf depending on the pests presentsin soil. It is applied either localy, only on seed bed,
80 - 100 cmwide, or as an overdl treetment to the whole fidd. The firg option isthe mast common.
This second technigue uses goproximatdy 700 Kg of MeBr per hectare compared to 300 Kg / ha
asloca goplication.

Most of the crops requiring soil fumigation are those conducted under plagtic houses such astomato,
melon, watermeon, cucumber, srawbery, banana, and carndion. The period of gpplication could
be throughout the year but mogt of the trestments are concentrated during June-August, depending
on the nature of crops conducted under plastic houses. The mgor soil pests controlled by MeBr are
commonly root-knot nemetodes for vegetable crops, ornamentals and fruit crops and occasondly
Fusariumand Verticilliumwilts In Morocco, vaidated dternatives to MeBr in soil disnfestation
were sdected among others in the tomato sub-sector. Results obtained dong a UNIDO
(MP/I126/MOR/97) demondration project are reported. This project was implemented during the
period 1998-2000. The dternatives described were tested on soils severdy infested by root-knot
nematodes (Mel oidogyne javanica) and within an Integrated Pest Management (IPM) Strategy.

1. KENYA!
Cut flowers
Alternative chemical pesticides

About 7 % of the KFC members have replaced MeBr with dazomet and ancther 14 % ae
practisng |PM (KFC persond communication).
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Use of soilless culture

A few growers are converting thar production sysems from soil basad to hydroponics (persond
obsavaions KFC persond communication). The mogt common subdrates used by these large
growers indude pumice (localy mined in the production vidnity), and coconut husks (imported as
cocogpedt from Aga).

One farmer who has been growing roses usng pumice as a subdrate over the lagt 10 years, hes
completdy diminated the use of MeBr. Replanting was done without any soil trestment and there
was no outbresk of soilborne pestsin the new crop.

The use of cocospeat isanew introduction in the cut flower indudtry in Eagt Africaand many famers
are dill & the exparimentd sage. According to a farmer, who has been trying it out during the last
three years, the use of cocogpedt is 30 % more expengve than soil basad systems, (needs frequent
collection of technicd deta to optimise the gpproach and uses higher amounts of fertiliser) but gives
more sems/ nf which are do of better qudity. The other limitation to wider use of cocospest is
locd avalaility. The expearimenta meterid bang usad in the farms is imported from Aga, notably
Indonesaand Si-Lanka

Use of natural pesticides

Mexican marigold, Tagetes sp., has dso been tried by some farmers for the control of root-knot
nematodes (Patd, 1999; Klijndra, 1999) in cut flower production. According to Patd (1999), the
useof Tagetes extract gave effective contral of root knot nematodes in commerdd roses. Smilarly,
udng Tagetes as afalow crop prior to planting roses ddayed the onsat of pest infection on mature
roses while incorporating chopped maerid of the wead in the soil prior to planting improved the
hedlth of the plants and reduced atacks by root knot nematodes. The farmer found out thet the best
results were obtained when the chopped materid of the plant were incorporatied into the sail in
comhbination with the gpplication of an gppropriate pegticide.

! The dlterndtives described herein refer espedidly to large- and medium-size farms

Compost

A famer hes tried a combinaion of metam sodium and mushroom compost for two years and
coconut compogt (localy bought from the Coast) for aoout 4 years in the production of cda lilies.
Coconut compogt is a by-product of coconut processng, modly the sawdugt, which is left to
undergo naturd decomposng.

Currently, the farmer uses the coconut compost as meanure and in this dlowed him to reduce the
consumption of synthetic fertilisers by 30 to 40 % and dso reduced soilborne pathogens. The farmer
finds the coconut compost much chegper then mushroom compodt. The coconut compost has good
water holding capadity and therefore can dso be usad in hydroponics Metam sodium is used for soil
fumigation once a year in the production of bulbs to minimise the outbregk of soilborn pathogens,
particularly before planting anew crop.
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Strawberries
Themgarity of samall-scae farmers use culturd methods to contral the mgor soilborne pest

problems (Mungal, 1995).

Use of clean planting materials
Thisis has been acogpted by growers and iswiddy practised even by medium and large growers

Mulching
Farmers are advisad to use black polyethylene mulch as this gives effective weed contral. The black
polyethylene dso hdps to consarve soil moisture, kegps the soil warm and the fruits dean.

Sanitation
This invalves the remova and burning of crop resdues dter evary two months of continuous
production.

Crop rotation
A two to three year’ sratation is advised. Farmers should gart with dean planting materids

Roguing

Uproot and destroy dl plants affected by vird diseeses However, the recommended cultura
practices have not offered solutions to dl soilborne and vird pathogens that condrain economic
production of srawberies Medium and large growers (> one acre under production) have been
expaimenting with other pest control methods thet will ultimatdy be adle to replace MeBr in the
production of Srawberries,

Chemical pesticides

One paticular farmer uses metham sodium for il fumigation once evary two yearsi.e the pesicide
is goplied after uprooting the old crop and before the new crop is planted. In thisway the outbresk
of soilborne pests has been minimized.

Mushroom compost

Mushroom compogt, bought locdly from mushroom growers when added in the soil a therate of 4-
6 cubic metres/ 1000nT before planting, as a source of plant nutrients, was found to give effective
control of soil pests, particularly weeds and plant diseases (two years experience by a srawberry
grower). The compod is much chegper than farmyard manure and gives better returns

Mulch film

This has been found very useful for the contral of insect vectors of vird diseeses. However, a the
moment, this goproach is only avalable to the medium and large Srawberry growers because the
muich film materid is not locdly available The sasmple usad for experimentation was imported from
|srad.

1. MOROCCO
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Protected crops

Thefollowing dternaives are usad in protected crops:

2.1. Negative Pressure Soil Steam Sterilization (NPSSS);

2.2. Soll Slaization in combination with fumigants (1,3 D, or metam sodium); and
2.3. Biofumigetion.

2.1. Negative Pressure Steam Soil Sterilization (NPSSS)

In Farms dedicated to a very early production, plantation occurs in early Augudt to produce and
export in October. Soil preparations (deaning from previous crop remains, plough, irrigetions etc.)
prior to soil dignfesaion are required in June. Under these drcumdiances, the sdlected dternative
hes to teke into account the short period avalable for soil disnfedation. To this end, seam
Seilization is gpproprigte.

The performance of conventional sheet seaming is limited in sandy soils of Morocco. Approprigte
temperatures (70°C) are obtained only in the firg 10 - 20 cm of the sail prafile. On the other hand,
the Negaive Pressure technique generates gppropricte soil temperature a a 60 cm depth and
complete control of nematodes, fungi and weeds is achieved. In this technique, the seam is
introduced under the geaming sheeth and forced to enter the soil profile by a negative pressure. The
negdtive pressure is created by a fan that sucks the arr out of the soil through buried perforaed
polypropylene pipes. This system requires a permanant inddlaion of perforated pipes into the sail,
a adepth of a least 60 cm to be protected from plough. To determine the exact time of trestment
(which greatly determines the economic feeshility of the technique), the sl temperature has to be
monitored a different leves during the treatment.

Thetechnicd advantage of the system isthat the whole areato be occupied by the roots of the plants
is effectively trested and protected from root-knot nematode re-infestations throughout the cropping
cyde Also, ance the time to treat an area unit is much shorter compared to the conventiond sheet
Seaming technique, the operationd codts (fud and water consumption) of NPSSS are much lower
and are congdered economic for the production of a very early produce. However, the technique
nesdsan initid investment to inddl the negative pressure piping and the deem generdiors

2.2. Soil solarization in combination with chemical fumigants

Under Moroccan conditions, fidds tests carried out on soil solarization dong the coagtd area, during
July - September 1982, 1987 and 1992, resullted in top-soil-layer temperatures above 50°C and 43
- 49°C a thefirg 10 - 20 cm of the soil profile and induced 60 % decrease in root—knot nematode
populations. Under laboratory conditions, after a two-week exposure to 40°C, the infection
potentid of Meloidogyne javanica is completdy diminated, but haiching of eggs, adthough
dradiicdly afected, is not totdly diminated. Continuous hatching of eggs even under high soil
temperatures pamits early redinfedaions which are originated from degp oil profiles with soll
temperatures below 40°C and limits the effectiveness of solarization when gpplied done. Because of
these condraints which limit the effectiveness of solarization used done, it wes esablished as an
effective practice and vigble dternative to MeBr when gpplied as part of an IPM program.

Two chemicd fumigants with different properties (1,3-dichloropropene and metam sodium) were
chosen to complement soil solarization. Metlam sodium is gpplied to the soil uang the exiding
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(modified) drip irrigation sysem. A manifold of dripper pipes, spaced by 40 cm and each containing
4 | | h drippers spaced by 50 am, is used. Drip irrigation sysem is dreedy avallable in mogt of the
farms and will need to be adapted for a safe chemicd gpplication, for a broadcast gpplication (to
avoid re-infegtations) the irrigation lines will need to be doubled, atank and ainjection device isdso
nesded. The gpplication rate of metam sodium is about 5 | / nf water, to apply 50 g / nf ail,
corresponding to 100 m water / ha and 500 | of metam sodium (1000 kg / ha of the 51 %
formulation, which is regisered in Morocoo).

1,3-Dichloropropene will be gpplied usng a gpecid device for soil injection. After eech trestment,
the soil isimmediatdy covered by dear polyethylene film, brought to the fidd cgpadity and left under
larization for 4 weeks ingeed of a least 6 weeks as required for a conventiond solarization. Sall
laization combined with 1,3-Dichlorpropene is highly recommended where only root-knot
nematodes are amgor oil problem. Metam sodium is a poorer nematicide but in contrast isa good
herbicide and fungicide.

2.3. Biofumigation

Bio-fumigation is often combined with the use of pladic tarps or other soil covers to rase soll
temperature and to retain gases generated during the biofumigation process. In this way, the lethd
effect of soil bio-fumigation on soilborne pests and diseasesis caused by a combination of the direct
effect of toxic substances from the decomposing bio-fumigants, and the longterm increese of ol
temperaiure. Many soilborne organisms will be controlled and / or made more susceptible to hyper-
paragtiam by prolonged exposure to the sub-lethd temperatures obtained. Soil bio-fumigation need
to be monitored to ensure that exathermic fermentation process is achieved and that gppropriate
temperature is reeched and mantained over time. For an effective treetment, careful guiddines must
be dosdy followed.

The soil must be well tilled to destroy dods and plant deris which might interfere with uniform
conduction of heat and bio-gases and which might protect some organisms thet could escape
control. The bio-fumigant has to be chosan among avalable materids from the area (cost depend
largdy on avalability and on trangportation codts). Typicdly, an organic amendment patialy
decomposed with C : N ratio > 11 would be adequate. The dosage of bio-fumigant is varigble
ranging from 70 to 140t/ ha It is recommended to place the bio-fumigation meterid in alayer a 10
to 20 cm from the soil surface, this layer is then covered with the soil, watered to Sart fermentation
and usudly covered with a pladic tarp. This technique neads a drip irrigation sysem indaled under
the tarp for an overdl irrigation. To this end, the exiding irrigation system will need to be maodified
and theirrigation lineswill need to be doubled.

Soil bio-fumigation controls certain weed species, nematodes and a variety of soilborne diseases
caused by fungi. This technique, when gpplied as part of an IPM program, is a viable dterndtive to
MeBr.

I ntegrated Pest Management (I1PM)
Bascdly the IPM programmeindudes
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Monitoring and identifying pess IPM programmes work to monitor root-knot nematodes and
identify them accuratdly, S0 thet gppropriate control decisons can be made in conjunction with action
thresholds dreedy established about 100 larva / 500 g of soil. This monitoring and identification
removes the posshility thet pesticides will be used when they are not redly nesded, or thet the
wrong kind of pesticide will be used.

Prevention: IPM programmes work to manage the crop to prevent pests from becoming a threet.
This may mean usng the right sdected dternative with pet-resdant varigies and planting pest-free
rootstock. These control methods can be very efective and cogt-effective and havelittleto no risk to
people, or the environmentt.

Contrd: Once monitoring, identification, and action thresholds indicate thet pest contral is required
and preventive methods are no longer effective, or avallable, IPM programs then eva uate the proper
control method both for effectiveness and risk. The sdected dterndtive isimplemented . Also during
the proect, plastics will be recyded udng the recyding factories avaladle in the country, this
recyding will o provide Some extra savingsto the farmer.

Therefore, the implementation of the IPM gpproach will require awel trained technica personnd in
the fidd, able to assess the technicd capablities of famers, farm infestation levels and, who has an
adequate knowledge for environment to monitor pests and trestments

Yield and performance of alter natives

The techniques dterndive to MeBr were sdected on the base of ther technicad and economic
feaghility. They were tested during two cropping cycdes (1998 - 1999 & 1999 - 2000) and induded
root-knot nematodes populaion dynamics (Table 1) and yidd peaformance (Tadle 2). The
integraled pest management programme induded the determination of pecific soil preparation
practicesamed a maximizing the effectiveness of the proposad dterndtive

After soil dignfestation during summer, prior to planting, the sdected dternatives diminated initid
root-knot nematode populations and give Smilar
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Tablel. Effect of MeBr alternativeson root-knot nematodes (Meloidogyne
javanicajuveniles/ 500 g of sail), during two crop seasons. 1998-1999

& 1999-2000

June | August | Sept.- Nov. |Dec.- Feb.| March -May

Control 550 392 1024-9225 | 2015-2311 | 1927-3475
Methyl bromide 560 00 30-50 77-50 74-174
Bio-fumigation (6wks) 585 00 430-1720 | 2116-1270 | 1170-982
Metam Nat+Solariz. (4wks) 480 00 254-10806 455-430 560-2542
1,3 D+Solarization (4wks) 635 00 32-1830 55-70 94-514
Negative Pressure Steam 630 00 69-121 57-47 59-39

Soil Pagteurization

& Values for June are before treatment and correspond to Ry, Value for august corresponds to the nematode
population after the treatment P.

results to MeBr. However, during the cirde period following plantation, September — November,
re-infedation are rdativey higher in ol trested with bio-fumigation and solarisation in combination
with metam sodium compared to MeBr, solarization combined with 1,3-D and sheet deaming. Re-
infestation during this period affect vigor, growth, flowering, fruiting and subssquently the qudity and
the quantity of the yidd. Therefore any other action should occur during this period to maximize the
efficacy of these dternatives.

During December - February, root-knot nematode populations drop naturdly because the soil
temperatures are bdow 20°C, and do not affect the yidd. At the end of the production, the yidd is
dready esablished and late infections affect the roots, but not the production. Statigticaly, yidds
differ sgnificantly from the contral, but not among the rest of the trestments induding MeBr.

The IPM applied together with the dterndive techniques induded practices directed a enhancing
nematode egg hatching, fungus spores mycdia, or other consarvation forms and to favor the
germination of wead seeds, optimizing chemicd diffuson, increesing and maintaining soil temperaure
during solarization, etc. Asre-infestation and soread of nematodes and other soil borne diseases may
occur by plant materid and compod, or organic manure, the seedlings were carefully ingoected and
free of any infection (certified pest-free) and organic manure Serilized, or with compoging process
carefully monitor.



Table2. Yield comparison for MeBr alternatives applied to tomato Daniela
grafted on Beaufort

Selected alter natives Yield decrease (%)@
Control 18
Methyl bromide 0
Bio-fumigation (Bwks) 6
Metam Nat+Solariz. (4wks) 8
1,3 D+Solarizaion (4wks) 4
Sheet Steaming Soil Seilization 1

& As compared with the MeBr treated plots.

Acceptability toregulatorsand markets

The sHected dternatives do not reguire any regulaory goprova. The harvested vegetables are more
acoepteble to supermarkets and purchesing companies than those grown usng MeBr, because
Solarization does nat involve the use of toxic materids and reduces the companies risk of ariticdiam
by consumers and the media

Costs

Cods are bascdly esimated on labor involved (prior, during and after application of each sdected
dterndtive), the chemicd, plagtic, fud and organic manure necessary to accomplish each dterndive.
Overdl, Slaization done (bio-fumigation), or in combination with an gpplication of metam sodium,
or 1,3-D, isdightly more expendve compared to MeBr goplied only to the planting beds a 350 kg
/ ha. However, the estimated codt for eam derilization was low compared to MeBr. This cost
indudes only fud and labor and does not indude the invesment for the Seamer and the soil
equipment for negative pressure. Economic sudies basad on locd market and export vaues
reveded the effectiveness of the sdected dternatives as compared with MeBr.

Applicability to other regions

Negative Pressure geam derilization is an environmentaly sefe and sugtaineble technology in sal
dignfesation. It was bescdly developed as an dterndtive to MeBr in Holland and dso in Syria Its
goplication ishighly recommended in sandy soils. Solarization done, or bio-fumigation as presanted
in thisreport is being usad with successin Mediterranean dimate during & leest 6 — 8 weeksto
control rot knot nematodes. Solarizetion in combination with metam sodium, or 1,3 dichloropropene,
could be gpplied wherever 0larization doneis possble, but under savere roat-knot infestations and

where the cropping cyde, and the dimetic and soil conditions enhance the multiplication of
nematodes.

Table3. Compared cost estimates in $US of methyl bromide and selected
alternativesfor tomato

ap; b C d
T Methy Bio- Solar.+ |“Solar.+1, Steam
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bromide | fumigatio MeNa 3D sterilizatio
n (4wks) (4wks) n
6-8wks

Chemicas for tregting soil 1400 0 1500 1645 0
Pastic sheetsfor soil or fud 420 728 728 728 1815
Labor for soil preparation 1155 2520 1255 1245 460

and treatment

Total 2975 3273 3483 3618 2275
Incrementa costs 298 508 643 -700

270 tons of organic manure (90 tons) and soil solarization during 6-8 weeks.

® Soil solarization combined with metam sodium (1000 | / ha) applied in drip irrigation during 4 weeks.

¢ Sail solarization combined with 1,3 dichlororpropene (400 | / ha) injected at 25 cm soil depth, for 4 weeks.
4 Soil sterilization using either sheet steaming, or negative pressure technique.
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CONCLUSIONSAND RECOMMENDATIONS

From the reports given in this materid it is dear that sdentific and technicd inditutions have
caried out ahuge work looking for the devdl opment of new dternatives to replace the present
use of MeBr as sl fumigant.

In some countries, such as Spain and USA (Horida) it is evident the exisence of vaious
vaidated dterndtives that can be usad immediaidy by growers in severd high-income crops,
such as Srawberries, tomatoes, peppers and others.

Brazil has executed an excdlent work on tobacco and in the implementation of float tray for
growing tobacco seedlings. This soilless technology has been previoudy deveoped in USA
temperate aress and dill may nesd some modifications for its adaptetion to other hat-dimetic
environments, eg. to define the need to use pladic film cover, which may increase plant
trangpiration and, subssquently, decrease plant vigour.

In generd soilless dternatives reed a heavy initid investment for thar implementation and dso
good technicd savices Not dl fames may dford these methods unless donors or
governments provide an initid investment, which should come with aregular technicd assstance
regarding the subdtrate, nutrients to be given and additiond pest contral.

Some dterndives dthough effective are not dways a guarantee of pest contral efficacy. Thisis
the case of s0il solaization, which highly depends on prevailing ar and soil temperaures. If the
temperatures are not high the method may fail to control soil-borne pests and this may be arisk
for farmers production. Combination of soil solarization with other methods seems to be a
feasble way to increase the effectiveness and to reduce the uncertainty of solarization done.

A veay dfective method is biofumigation provided that organic waste, manure, €ic are avalable
in farm arees. Biofumigation wel managed seems to have less problems of uncartainty then soll
laizaion. The method itsdf isaso environmentdly ssfe. In some aress the method cannot be
implemented if there is no enough organic wagteto use.

Crop rotation is a wel-known control meesure with a high degree of effectiveness, but the
problem is that normdly farmers usng MeBr are those growing highrincome crops Therdfore it
Is doubtful thet they will adopt widdy this practice because crops involved in the process of
rotation will never give the same income as those currently trested with MeBr.

The wse of resdant cultivars and grafting are suitable messures to be integrated in the control
sysem to be adopted. These methods are specific to control particular pests but not the whole
complex.

In Jgpan, an economicaly wedthy country, there are other posshilities usng water as the main
contral agent. The Jgpanese inditutions have deveoped a generator of hot water, which is highly
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11.

12.

13.

effective in soil-borne pest control and is usad in saverd seadbeds and nurseries. Hooding is
ds avidde dtenativein this country.

The Japanese use ds0 a pladic film, which is non permegble and enables the farmers to reduce
the rates of MeBr and dso of ather chemicd fumigants The problem of this new synthetic
materid isits present high price

The use of chemicd fumigants such as metham sodium, dezomet, 1.3 dichlorpropene,
chlorpicrin, is ancther possihility, but the use of any of these chemicaswill highly dependson the
economy of farmers. In addition, farmers should take various meesures of safety to handle and
goply these chemicds some of them as toxic as MeBr. A posshility is the use of any of thee
fumigants a reduced rates combined with other physical control methods, eg. soil solarizetion.

Integrated pest management (IPM) isared posshility provided thet farmers will have an ideaof
the main soil-borme pegts present in the soil. With such knowledge it is possble to implement
gpecific control messures or low-toxic pesticides aming & the direct control of those redly
present organisms in oil, be nematodes weeds or any other pathogens  IPM requires
knowledge of main pest organiams by farmers and nat only of possible control messures to be
implemented.

For best IPM performance in aresstraditiondly treated with MeBr it isindispensable to deveop
atraning process with large participation of agriculturd extensonidsand faamers

Developing countries Hill need to develop their own dternatives and the process of adoption of
new dterndives can be spesded up with fameas traning combined with vdidaion of
dterndives Indead of having sparate demondirations where farmers do not participate & dl, it
IS necessary to have an goproach where farmers will learn and a the same time adgpt the
proposed dterndives By this way money usad for introduction of new dterndives into the
agricultura practice will be efficiently usad.





