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ABSTRACT 
Growers need alternatives to MB that are safe, consistent and cost-effective.  Several
projects were undertaken in the Mediterranean coast of Spain (Valencia and Murcia) to
evaluate the cost of products and techniques tested as alternatives to methyl bromide (MB)
on crops such as citrus, open-air horticulture, strawberry, and greenhouse-grown
pepper.Telone (1,3-dichloropropene with chloropicrin) gave the most consistent and reliable
results. There is interest in solarization, particularly when combined with chemical or
biofumigants at low dose, however, in greenhouse-grown peppers have other costs
associated with reducing the harvesting period.  The  use  of grafted plants is a  solution for
watermelon and offers possibilities in other species.  To compensate for possible increased
costs for alternatives, Integrated Crop Production can be a solution as this adds value in
some markets.

Keywords: Horticultural crops, chemical alternatives, solarization, grafted plants, integrated
crop production.

INTRODUCTION
The favourable climatic conditions on the East of Spain and its proximity to the European
markets has proven attractive to the horticultural industry.  Horticultural production has
expanded and competition has increased. The structural and economic change of the
horticulture has been spectacular and the evolution in production methods has led to greater
specialisation.  Greenhouse production and other intensive cultivation techniques have
increased in most arid provinces due to the advantages of stable climate and sunlight.  One of
the consequences of this specialisation is a trend towards monoculture, intensification of the
use of the soil and the disappearance or reduction  in rotation crops.

Monoculture is a consequence of the internal economies of production and of other
externally-derived factors driven by the market place.  Repeated cultivation on the same land
has forced growers to disinfect soils of a range of pathogens (see Cebolla 2001; Katan 2000)
using methyl bromide (MB) for crop production security.

The  elimination of  MB has required us to intensify the research and development of
alternatives.  Among the studies that are being carried out in Spain, INIA SC97-130 and the
projects IVIA-5706 and IVIA-5012 are some of the most important.  As part of these studies,
we report here the viability and cost of  several alternatives to MB.  Added to this analyis is a
section on Integrated Crop Production (ICP) and how its introduction affects soil
disinfestation.

CULTURES AND TREATMENTS
Soil disinfestation using MB is carried out on commercial production properties in the East
coast of Spain when re-planting citrus (infrequent MB application); in horticultural crops
(necessary occasionally); in strawberries crops (very often); and in greenhouse-grown pepper
(essential). These four groups were introduced into the Work Plan in order to find alternatives
to MB prior to the ban on its use.

An economic evaluation was perfomed on the results in the technical reports taking into
account: 1) The total costs of every treatment (product and application); 2) The cost-benefit
obtained from the treatments due to sales in the market; and 3) Risk of crop loss or reduction
in yield.  We also took into account the external costs such as the type of alternative, its
impact on the ecosystem and its benefit to society, the difficulty of applying the alternative and
the possibility of adoption by growers.
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Citrus
The trees killed by tristeza virus are replanted on the same land.  Disinfestation with MB is
carried out to avoid problems with a number of disease problems including Phytopthora and
soil sickness (non-specific replant disease).  The treatments also aim to increase production.
Zaragoza et al. (2001) used nine treatments to measure the development of the trees and the
productions over three consecutive years (1999, 2000 and 2001).  From this information, it
was possible to say that :

- Non-disinfested land did not induce more tree deaths than disinfested land;

- Tree vigour in disinfested plots was not reflected in increased income, especially if the
soil disinfestation was delayed for more than one year ; and

- The lost income when planting was delayed one year was less than the disinfestation
cost.

It was difficult to be definitive as different species of nematodes or fungi may make
disinfestation more worthwhile.  Citrus work will continue and the results will undergo further
economic analysis.

When the plot is registered in ICP there are regional regulations that prohibit the use of
chemical disinfecting.

Open-air horticulture
Agrarian systems are important with typical crop rotation under intensive production, up to
three harvests per year.  As an example, the production of the earth almond Cyperus
sculentus is one of the most important.  The use of MB in this crop is required to control
unknown diseases localised in the soil due mainly to repeated cultivation on the same land
and to control a remainder Cyperus sculentus crop that is difficult to eliminate after harvesting
and becomes a weed.  Cebolla et al. (2000) showed the effects of the MB and four alternative
treatments, based on INIA project SC 97-130 and IVIA 5706.

From the economic viewpoint, there are suitable alternatives to MB using, for example,
solarization combined with manure or metam sodium at lower doses, or Telone combined
with  metam sodium or chloropicrin.  MB was best at weed control and its use in this area
could be relatively low.  Notably, each alternative gave a number of problems suggesting
more experimental information will be required before MB can be eliminated.  The profit from
each of these crops is minimal and severely restricts the choice of alternative.

Grafted watermelon was an example of a successful alternative to MB which has been
accepted on a commercial scale.  Repeated growing of grafted watermelon on the same land
did not produce any negative effects.  Grafted watermelon was 798.34 euros per hectare
cheaper than MB disinfestation.

Strawberry
Production area has declined in Valencia because the expansion in Andalucia.  The farms
remaining in Valencia are mostly operated by families.  MB disinfestation is reported to
improve quality and consistency of production.  The data have been analysed from a
technical perspective (Cebolla et al. 1999) and from an economic perspective (Caballero et al.
2000).  For two growing periods and based on a sound statistical design, eight treatments
were investigated which included a non-disinfested (control), two MB treatments and other
five alternative treatments.  Proportional indexes were developed taking as a base 100 the
traditional treatment of MB-60.

In the first year, solarization combined with manure (6 kg/m2) and metam-sodium gave yields
similar to  MB, but these results were not repeated in the second year.  Traditional MB and
MB at half dose with plastic VIF gave similar results. Metam-sodium without solarization
resulted in lower yields.  Biofumigation with high doses of manure gave inferior yields in both
years to the non-treated control.

Once the yield from the different treatments had been compared, other factors were
considered such as the costs of the treatments, prices in the market, and the cost of applying
the alternative in order to build a representative economic model of  the productive system in
the Region.
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The results show that profit margins are very narrow and a minimum yield is required in order
to recoup the high capital costs of disinfestation, acquisition of plants and hand labour.  Given
the high proportion of the variable costs, the differences in the costs of disinfestation among
the treatments did not allow us to produce decisive economic analyses. However,
disinfestation only when required is an option that farmers will need to consider in the future in
order to avoid production costs that cannot be recovered.

Greenhouse-grown peppers
This crop has the greatest dependence on MB.  Alternatives examined include MB with and
without VIF, solarization combined with manure, chemical products at lower doses, and use of
grafted plants.  The results have been reported under project INIA SC-97 130 which included
the Campo de Cartagena (Murcia) and the Co-operative SURINVER of  Pilar de la Horadada
(Alicante).

Data were collected over several harvest and indices established allowing comparison
between MB and non-MB treatments.  Weekly cash flows based on market prices to the co-
operatives permitted an evaluation of the cost-effectiveness of the different treatments.

From the alternatives studied, the best was 1,3-dichloropropene and chloropicrin (Telone C-
35) which had profits similar to MB and, in some cases, superior.  Solarization reduced the
doses of other products used in combination but it was difficult to get the same results across
several growing periods. In the first place, the yield was lower than that obtained with Telone
C-35.  In addition, there was a yield decline of 20-24% due to the lack of production in August
and September.  The overall decline in income was 11-15% using solarization.  It is
necessary to take into account that all the expenses, except harvesting, have already been
done and the fixed costs are the same for the whole year.

This procedure can result, very useful, in the years in which at the first of August could have
finalised the productive life of the crop because of virus or other causes. Solarization is a
good basis on which to promote ICP.

The economic evaluation of one plot with grafted plants showed that the method appeared
promising despite yield and profit being less than those obtained with MB and Telone-C35.
Grafting is also a good basis on which to promote ICP.

Greenpepper production using substrates accounts for 10% of production with the potential to
increase further when high-quality water is present and growers are technically competent.
Yield is usually 40% more, and current prices 25% more, than greenpeppers produced in the
soil.

INTEGRATED CROP PRODUCTION
Efficient production is countered by consumers who are preoccupied by product quality,
pesticide residues and environmental damage.  ICP attempts to address consumer concerns
by being based on ecological production, sustainable agriculture and and economically viable
treatment methods. ICP calls for the rational use of inputs, regulation of agrosystems, sale of
a competitive product and security of food supply.  Soil disinfestation, common in intensive
production, is one of the cultural practices most limited by the ICP.

ICP envisages the use of all the possible methods in intensive, horticultural production. The
regulations can include chemical disinfection as long is this is justified and authorized. It is
recommended in the regulations that chemical disinfestation should not occur over the same
plot in two consecutive years.

The reduction of residues in the product favours its sale for good prices that can compensate
for moderate increases in the costs of production and in the near future, the commercial
quality will be guaranteed with traceability from plot to market.  ICP products have greater
acceptability and can be commercialised within the normatives EUREP-GAP.  The members
of EUREP represent in Europe one important part of the large surfaces.  ICP is the best
instrument for a holistic cultural practice and the results submitted to the laws of supply and
demand in the market place.
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CONCLUSIONS
Viable alternatives have been found for MB but with limitations and differences for security of
production.  Despite some application problems, various combinations of Telone (1,3-
dichloropropene) with chloropicrin have been shown to be safe and consistent with an
economic impact similar to MB.  Solarization gives better pathogen control when combined
with chemical disinfectants at low doses or with manure, and economically this is effective
too. Solarisation in glasshouse-grown peppers is acceptable for ICP but production should
cease after the first days in August, with economic repercussions, having to do without the
harvests in August and September.

Grafted watermelon is a viable alternative. Grafted tomatoes and melons remain possibilities
for the future. Grafted pepper appears very interesting for the future, especially in ICP. Telone
C-35 currently provides the grower with a secure, chemical alternative with the best results.

MB set an internal economy for pest control on the farm. Regulatory restrictions cause
economic diseconomies.  One solution to avoid higher costs could be the massive
introduction  of the ICP, as this will enable farmers to get higher market prices, which will help
to compensate for the costs of the alternatives.

Combinations of alternatives can reduce the secondary effects and the external costs, even
those growers using small amounts MB when it is not eliminated totally. On the other hand, it
is not absolutely convenient to base an economic activity on a production factor that is difficult
to substitute such as MB with his future elimination (Katan, 2000).

It is possible to increase considerably crop production using substrates without expanding the
total area.
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