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Abstract

World trends are moving towards reduced pesticide use in fresh fruit and vege-
tables. Along with this trend, several physical and biological means have been eval-
uated as safer alternatives for the use of chemical fungicides. The use of microbial
antagonists for control of postharvest diseases received special attention, and has
been extensively investigated. Most of the reported yeast and bacteria antagonists
were naturally occurring on fruit surfaces. Microbial biocontrol agents of
postharvest diseases have been criticized mainly for not providing as consistent or
broad-spectrum control as synthetic fungicides. The “first generation” of biologi-
cal controls for postharvest spoilage relied on the use of single antagonists. Per-
haps it is unrealistic for us to expect disease control comparable to synthetic
fungicides by the use of single antagonists. It can be expected that enhancing effi-
cacy of biocontrol agents of postharvest diseases to an acceptable level will utilize a
combination of different biological and physical means. As we learn more about
the fundamental basis underlying the protective effect of microbial antagonists,
bioactive compounds, and induced resistance, more effective methods of formulat-
ing, applying and combining complementary biological approaches for additive
and/or synergistic effects will emerge. So far, the results obtained with different
combinations of biological, chemical and physical means demonstrate the poten-
tial of this multifaceted approach as a viable alternative to synthetic fungicides.
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Introduction

Postharvest decay of fruits and vegetables can be traced to infections that occur
either between flowering and fruit maturity or during harvesting and subsequent
handling and storage (Eckert and Ogawa 1988). In the former case, preharvest in-
fections remain quiescent until the fruit becomes senescent shortly after harvest or
during prolonged storage. Conversely, vast majority of postharvest infections oc-
cur through surface wounds inflicted during harvest and subsequent handling. The
loss resulting from these infections have been reduced primarily by applying fungi-
cides in the field or after harvest (Eckert and Ogawa 1988).

Pesticide residues on fruits and vegetables are major concern to consumers and
to the fruit and vegetable industry. Increasing health and environment concern
over pesticide disposal and residues in fresh product, development of fungicide-re-
sistant strains of postharvest pathogens, and deregistration of some of the more ef-
fective fungicides, has generated an interest in the development of safer
alternatives that are effective and pose less risk to human health and environment.

The development of antagonistic microorganisms has been the most studied
and generated substantial progress in this area (“Biological control...” 1994). Sev-
eral bacteria and yeasts have been shown to protect a variety of harvested commod-
ities against a number of postharvest pathogens. In particular, naturally occurring
on fruits and vegetables yeasts have been targeted by many workers, as potential
antagonists of postharvest diseases, because they exhibit a number of traits that
confer a great potential for colonizing wound sites.

The success of some of these microbial antagonists in laboratory and large-scale
studies has generated interest by several agro-chemical companies in the develop-
ment and promotion of postharvest biological products to control rots of fruits and
vegetables. A number of microbial antagonists have been patented and evaluated
for commercial use as a postharvest treatment. Four antagonistic microorganisms,
two yeasts: Candida oleophila and Cryptococcus albidus, and two strains of the bacte-
rium Pseudomonas syringae, developed as commercial products under the trade
names ASPIRE (Droby et al. 1998), YieldPlus, and BIOSAVE-110, respectively.
Another recent product, has taken the approach of preventing postharvest decay by
application of a yeast biocontrol agent to flowers and fruit in the field several times
throughout the growing period. This approach also addresses the problem of
pre-established or latent infections. The product is based on the use of a heat-toler-
ant strain of Metschnikowia fructicola and is marketed under the name SHEMER in
Israel by the company AgroGreen Ltd. It is effective against rots caused by Botrytis,
Penicillium, Rhizopus, and Aspergillus on strawberries, grapes, and citrus.

In spite of the great body of information and progress in the field, the commer-
cial use of these biocontrol products is still very limited and accounts for only a
very small fraction of the potential market. Several limitations affect their commer-
cial applicability: when used as a stand-alone treatment, none of the biological con-
trol agents clearly and consistently offers an economically sufficient level of
disease control that will warrant their acceptance as a viable alternative to syn-
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thetic fungicides. The inconsistency and insufficient commercial efficacy is partly
attributed to the inability of the antagonists to control previously established in-
fections.

Commercial application - reasons for decreasing efficacy
and inconsistency

The performance of many biocontrol agents cannot be expected to equal that of
a fungicide. Although reports in the literature indicate that some biocontrol agents
were as effective as fungicides, in most cases their performance under large scale
and commercial conditions are moderate and inconsistent. This may be attributed
to various factors, which are not yet fully identified. It is reasonable to assume,
however, that the following factors may have a role in decreasing efficacy of
postharvest biocontrol agents under large scale and commercial conditions.

Fermentation and formulation

When attempting to up scale the production and formulating a certain
biocontrol agent, it is important to assure that the microbial cells are viable as colo-
nizers and antagonists on fruit surfaces. Industrial mass production is usually done
under conditions different from those in shake culture. The process should be cost
effective, rely on waste industrial material and terminated within 24 to 30 h
(Hofstein et al. 1994). Down stream processing and formulation involve various
steps, such as drying, addition of volume materials (inert ingredients), adhesives,
emulsifiers and adjuvants. All these actions may adversely affect the characteristics
important to biocontrol.

The formulation of a biocontrol agent must be compatible with the require-
ments of the antagonist and even enhance its activity. Maintaining viability is also
fundamental in formulating antagonists as commercial products. Biocontrol
agents must have a storage life of at least one and preferably two years (Baker and
Henis 1990, Connick et al. 1990). Reproducibility in performance of a formulated
antagonist is the most important requirement for a reliable product. This can be at-
tained by fulfillment of strict guidelines of quality assurance (QA) which are the
determinant for acceptability of any product in the market place. As reported by
Hofstein et al. (1994), in vivo tests were designed for evaluation the activity of fer-
mentation batches of a yeast antagonist C. oleophila at the end of every cycle. This
technique, however, was rapid and simple but lacking crucial information on
biocontrol activity of the pathogen on the fruit tissue. Therefore, an in vivo test on
fruit was needed for the QA procedure of fermentation batches and formulated
products. The main limitation is time course since it takes about a week to obtain
results.
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Delivery method

The type of the delivery system used to apply a biocontrol agent is important to
its performance. Before deciding on the delivery of biocontrol agents on harvested
commodities, we first have to consider delivery systems used for application of
fungicides. In general, chemical fungicides are applied to the commodity via dip
(dump) tanks, overline spray or drench and as a mix with coating wax. Dip tanks
are used in many postharvest handling systems mainly to clean and disinfect the
product. In this method, fruits are submerged for a few minutes in tanks contain-
ing water and salt (needed for floating) and fungicides, to allow killing the patho-
gen’s propagules and possible infections inflicted during harvesting and
subsequent handling. In some cases, heated solutions of fungicides are employed
to increase the efficacy of disinfection and reduce the rate of the fungicide used.
This method is less suitable for application of microbial antagonist mainly because
increased contamination of the dump solution with pathogen propagules ad-
versely affects the biocontrol efficacy. If, for certain reasons, the dip tank is the ap-
plication method of choice, the fruit must be disinfected with chlorine or with
other type of disinfectants prior to its treatment with the biocontrol agent. This
will ensure keeping the biocontrol agent solution as clean as possible.

On-line drenches and sprays are common delivery methods of fungicide,
antiscald agents, waxes in most packinghouses (Sommer 1982, 1985). Several dif-
ferent applicators are in use. Materials may be sprayed directly onto the fruit with
cone-type nozzles using either hydraulic or air pressure. Some packinghouses drip
the materials onto rotating brushes that coat the fruit with the chemical. Recently,
there is a growing interest for use of a controlled-droplet applicator, which creates
a very fine mist. Devices that place electronic charge on the droplet have been eval-
uated in conjunction with the controlled-droplet applicators and appear to increase
the amount of residue on the fruit. These systems are non-recirculating and re-
quire only a small volume of solution. The on-line drench and spray systems are
most suitable for application of microbial biocontrol agents. The yeast product,
ASPIRE™, was successfully applied onto citrus fruit using an on-line drench sys-
tem (Droby et al. 1998). This application system allowed combination of the
biocontrol agent with reduced levels of fungicides and any other additives needed
to enhance biocontrol efficacy.

Inoculum pressure

In many postharvest biocontrol systems, the most important factor determin-
ing the efficacy of any microbial antagonist is implementing a stringent sanitation
program that reduces pathogen’s propagules in water systems, rollers belts,
brushes and packinghouse floor. As already reported, biocontrol agents are much
more sensitive to the effects of pathogen concentration than synthetic chemicals.
Chalutz and Wilson (1990), Roberts (1994), McLaughlin et al. (1990) and
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Janisiewicz and Roitman (1988) have demonstrated that when pathogen spore
concentrations increased, biocontrol efficacy decreased. For success of postharvest
biocontrol, packinghouses must adopt a program of minimizing the exposure of
the fruit to pathogen. Inoculum originated from the orchard may be reduced by
good sanitation program during and after harvest by minimizing contamination of
bins with soil and/or decayed fruit (Michailides and Spotts 1986). In the
packinghouse, a working area free of decayed fruit and plant remains would mark-
edly contribute to reducing the inoculum loads. Belts, rollers, cups, brush beds,
and floor can severely affect the fruit if contaminated with fungal spores. These
surfaces must be sanitized.

Physiological status of the fruit

One of the main problems in preserving harvested commodities is related to the
physiological status of tissue. Unlike vegetative plant tissue, harvested commodi-
ties are senescing rather than developing. With the progress of senescent pro-
cesses the susceptibility of fruit tissue to pathogen attack increases due to
weakened response of natural defense mechanisms as well as partial degradation
of cell-walls and subsequent increased leakage of solutes.

One of the major factors affecting the performance of postharvest biocontrol
agents is fruit maturity and the time of picking and application of the antagonist.
As indicated, an over-mature fruit is much more susceptible to fungal attack than a
fruit picked at optimal maturity (Boonyakiat et al. 1987). Roberts (1990) demon-
strated that maturity markedly affected biocontrol activity of the yeast antagonists
Cryptococcus laurentii, C. flavus and C. albidus used to control Mucor piriformis on
pears. Application of one of the above yeast antagonists on surface wounds of
freshly harvested ‘d’Anjou’ pears resulted in complete inhibition of the rot. How-
ever, similar treatment on ripened pears gave much less control of Mucor rot. We
found (Droby unpublished) that biocontrol efficacy and consistency can be im-
proved when biocontrol agents are applied to citrus fruit soon (within 24 h) after
harvest. Under commercial conditions treatment of fruit immediately after harvest
is not feasible in certain cases as it has to be delayed for several days. In this situa-
tion, only a combination of biocontrol agent with low rates of chemical fungicides
can provide the level of control needed by the industry.

Enhancement of biological efficacy with additives

Successful commercial control of postharvest diseases of fruits and vegetables
must be extremely efficient, in the range of 95-98%, unlike the control of tree,
field crop, or soil borne diseases. Such levels of control cannot presently be
achieved by biocontrol agents. The infection of fruit can occur either prior to har-
vest or during harvesting and subsequent handling. Biological products are ex-
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pected to protect wounds and also eradicate previously established infections in a
manner similar to synthetic fungicides. Recent attempts to overcome the variable
performance and augment the efficacy of existing biological approaches has lead to
the development of a combination of complementary biological and physical ap-
proaches for additive and/or synergistic effects.

Enhancing efficacy by addition of low levels of fungicides

In large scale tests on ‘Navel’ and ‘Valencia’ oranges, formulated biocontrol
products such as ASPIRE and BIOSAVE-110 often provide a level of control equiv-
alent to synthetic fungicides only when combined with low doses of synthetic fun-
gicides (Brown and Chambers 1996, Droby et al. 1998). ASPIRE in combination
with 200 ng/ml of thiabendazole controls citrus decay at the level equivalent to the
commercial fungicide treatment and reduces the variability often observed when
using the antagonistic yeast alone (Brown and Chambers 1996, Droby et al. 1998).
Similar results were also reported on apple fruit treated with a combination of
Cryptococcus infirmo-miniatus with 264 pg/ml thiabendazole (Chand-Goyal and
Spotts 1996). Isolate L47 of Aureobasidium pullulans gives better results on straw-
berries and table grapes when sprayed in combination with a low dose of fungicide,
compared with the antagonist alone (Ippolito et al. 1997).

Enhancing efficacy by salt additives

We have explored the use of various additives to improve efficacy, many of
them commonly used in food products, in combination with ASPIRE, the product
based on the yeast C. oleophila (Droby et al. 2003). Among the additives, we exam-
ined calcium propionate, sodium bicarbonate, and EDTA. All three additives ex-
hibited both curative and protective activity against Botrytis cinerea and Penicillium
expansum on apples in some experiments, while in peach, only the sodium bicar-
bonate exhibited any disease control against Monilinia fructicola and Rhizopus
stolonifer. Overall, the use of 2% sodium bicarbonate consistently provided a mea-
sure of fungicidal activity when used by itself. When used in combination with
ASPIRE, all three additives provided some level of enhancement on apple in most
experiments. In peach, calcium propionate and EDTA actually increased percent
infection. EDTA also exhibited phytotoxicity in peach. The use of 2% sodium bi-
carbonate exhibited a consistent ability to significantly enhance the performance
of ASPIRE (Porat et al. 2002, Karabulut et al. 2001). Based on these results, it ap-
pears that the use of additives, such as sodium bicarbonate, is a useful approach to
improve the efficacy of yeast antagonists used for postharvest disease control. Cal-
cium chloride enhances the performance of several antagonistic yeasts in control-
ling postharvest decay of a variety of fruits. The addition of CaCl, to pome fruit
increases the protective effect of some antagonistic yeasts and also greatly reduces
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the populations of yeasts required for effective control (McLaughlin et al. 1990,
Wisniewski et al. 1995, Droby et al. 1997). The potential of CaCl, as an additive,
however, has not been studied extensively in citrus because of the interference of
CaCl, at the recommended concentration (2-4%) with the waxes usually used to
coat fruit.

Enhancing biocontrol activity by addition of nutrients

The biocontrol activity of microbial antagonists on citrus and pome fruit was
also shown to be augmented by addition of nitrogenous (L-asparagine and
L-proline) compounds and 2-deoxy-D-glucose, a sugar analog (Droby et al. 1991,
Janisiewicz 1994, El-Ghaouth et al. 2000 a). The combination of Candida saitoana
with a low dose of 0.2% (w/v) 2-deoxy-D-glucose applied to fruit wounds before
inoculation, is more effective in controlling decay of apple, orange, and lemon
caused by B. cinerea, P. expansum, and P. digitatum than either C. saitoana or 2-deoxy-
-D-glucose alone (El-Ghaouth et al. 2000 a). The level of control obtained from the
combination of C. saitoana with 2-deoxy-D-glucose on lemon and orange fruit is
similar to that of imazalil, a common fungicide with worldwide usage. The effec-
tiveness of the combination of C. saitoana with 0.2% 2-deoxy-D-glucose appears to
derive from the interplay of the biological activity of C. saitoana and the antifungal
property of 2-deoxy-D-glucose. A similar protective effect was also reported in ap-
ple and pear fruit treated with a combination of Pseudomonas syringae or Sporobo-
lomyces roseus and 2-deoxy-D-glucose when applied before inoculation (Janisiewicz
1994). In addition, to protect citrus and apple fruit from infection, the combina-
tion of C. saitoana with 2-deoxy-D-glucose is also effective against infections estab-
lished up to 24 h before treatment. When applied within 24 h after inoculation, the
combination of C. saitoana with 0.2% 2-deoxy-D-glucose results in a level of con-
trol of green mould of oranges and lemons equivalent to imazalil treatment. No ap-
parent control of blue mould of apple and mould of oranges and lemons is
observed when C. saitoana or 2-deoxy-D-glucose are applied within 24 h after inoc-
ulation of the fruit with P. digitatum.

Enhancing activity by addition of chitosan

A biocontrol preparation termed “bioactive coating” that consists of a unique
combination of an antagonistic yeast with chemically-modified chitosan was eval-
uated (El-Ghaouth et al. 2000 b). This combination makes it possible to exploit the
antifungal property of chemically-modified chitosan and the biological activity of
the antagonist yeast. The biocontrol activity of C. saitoana against decay of apple,
lemon, and orange caused by B. cinerea, P. expansum, and P. digitatum is markedly en-
hanced in laboratory studies by the addition of glycolchitosan (El-Ghaouth et al.
2000 b). The bioactive coating is superior to C. saitoana and glycolchitosan in con-
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trolling decay of ‘Washington Navel’ and ‘Valencia’ oranges, pineapple, and
‘Hamlin’ and ‘Eureka’ lemons, and the control level is equivalent to that with
imazalil (ElI-Ghaouth et al. 2000 b). The bioactive coating is comparable or supe-
rior to thiabendazole in reducing apple decay, depending on the cultivar used. Un-
like C. saitoana that shows poor performance on late season fruit, the bioactive
treatments offer consistent control of decay on ‘Washington Navel’ oranges and
‘Eureka’ lemons in early and late seasons.

Enhancing biocontrol efficacy by integration with physical means

The enhancement of microbial biocontrol agents has been reported with physi-
cal additives such as curing and heat treatments (Barkai-Golan and Douglas 1991,
Cook et al. 1999), ultraviolet light (Stevens et al. 1997), and modified or controlled
atmosphere and cold storage (Sugar et al. 1994, Lurie et al. 1995). The efficacy of
C. oleophila against postharvest rots of nectarines increased when fruit was stored
at optimal low storage temperature under controlled atmosphere (Lurie et al.
1995). Integrating UVC radiation with antagonistic yeast enhanced the perfor-
mance of the yeast and provided a level of control equivalent to synthetic fungi-
cides (Stevens et al. 1997). Conway et al. (1999) showed that ‘Gala’ apples heated
after harvest (38°C for four days), pressure-infiltrated with 2% CaCl, or treated
with the antagonist P. syringae, reduced postharvest decay caused by P. expansum.
The least decay occurred on apples treated with a combination of calcium plus the
antagonist, or calcium plus the antagonist and the heat.

Porat et al. (2000) showed that hot water brushing treatment at 56°C for 20 s
reduced development of natural decay on different citrus cultivars such as
‘Minneola’ tangerines, ‘Shamouti’ oranges and ‘Star Ruby’ grapefruit by 45-55%
after six weeks of storage at the appropriate temperature. In a more recent work,
we have showed that the incidence of decay developing on grapefruit treated with
hot water and C. oleophila 24 h after inoculation with P. digitatum is dramatically re-
duced compared with each treatment alone (Droby unpublished).

Enhancing biocontrol efficacy by mixture of antagonists

In almost all biocontrol systems, a single biocontrol agent is applied. However,
it has been suggested that different antagonists should be used to assure adequate
disease control under various condition (Cook 1999). A mixture of antagonists
may have at least three main advantages: 1) it may broaden the spectrum of activ-
ity, 2) it may enhance the efficacy, allowing a reduction in application rate, and 3) it
may allow the combination of various biocontrol traits without resorting to genetic
engineering. A greater biocontrol activity of strain mixture (S. roseus and P.
syringae) against postharvest blue mould on ‘Golden Delicious’ apples, as com-
pared with the same strains applied individually, was demonstrated in bioassays
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under controlled environmental conditions; similar results were obtained by
Leibinger et al. (1997) using mixture of two strains of A. pullulans and one strain of
Rhodotorula glutinis (mixture M1) and two strains of Bacillus subtilis and one of A.
pullulans (mixture M2). Leibinger et al. (1997) used the mixtures (M1 and M2) also
for preharvest treatments but they were not compared with the individual antago-
nists. Interestingly, in the most effective mixture (mixture M1) the population
sizes of A. pullulans increased more than 10 fold on apples, while populations of A.
pullulans were substantially reduced when this yeast-like fungus was applied in
combination with B. subtilis. The incompatibility was attributed to the production
of antibiotic compound by B. subtilis. In trials on wounded table grape berries
better results were obtained by combining a yeast-like fungus (A. pullulans) and a
yeast (Metschnikowia pulcherrima) compared with the use of a mixture of two yeasts
(M. pulcherrima and Pichia guilliermondii); similar results were obtained also in field
treatment of table grapes (Ippolito, personal communication); this behaviour
could have been attributed to the same nutritional profile of the two yeast species.
Better microorganism mixtures could be selected on a more rational basis if we had
more information about the ecology of the microorganisms (Andrews 1982).

Enhancing biocontrol efficacy by preharvest application
of antagonists

Preharvest application of biocontrol agents as a stand-alone treatment or com-
bined with a postharvest application of the biocontrol agent may also prove a use-
ful strategy in achieving improved performance against infections. This approach
could be used as a tool to manipulate epiphytic populations and change patterns of
surface wound colonization. Reports indicate the possibility of reducing post-
harvest decay caused by Colletotrichum gloeosporioides on avocado and mangoes by a
preharvest spray with B. subtilis, an antibiotic producing bacterium (Korsten et al.
1991). Koomen and Jeffries (1993) have also demonstrated the feasibility of con-
trolling anthracnose on mango fruit with B. cereus and P. fluorescens. Droby et al.
(1993) suggested the possible use of preharvest application of a yeast antagonist P.
guilliermondii to reduce the development of postharvest decay of citrus fruit, and a
reduction of postharvest Rhizopus rot of table grapes was achieved by a preharvest
spray with the yeast P. guilliermondii (Ben-Arie et al. 1991). Benbow and Sugar
(1999) showed that preharvest application of the yeasts C. infirmo-ministus, C.
laurentii and C. oleophila provided control of postharvest decay on two pear
cultivars. Cryptococcus infirmo-ministus gave the most consistent postharvest decay
control in fruit treated three weeks before harvest. Preharvest introduction of an-
tagonists in conjunction with additional postharvest applications may prove suc-
cessful in providing acceptable levels of control. To fully explore the potential of
this approach, however, obtaining data on the composition of epiphytic popula-
tions before and after the introduction of a single antagonist is crucial.
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Enhancing biocontrol efficacy by genetic manipulation

Despite extensive research in the field of biological control of postharvest
pathogens, superior antagonists have not yet been obtained through conventional
screening of the naturally occurring microorganisms. In our efforts to identify ge-
netic traits of the yeast C. oleophila and determine its potential to enhance
biocontrol activity, we have been studying the yeast’s ability to produce fungal cell
wall degrading enzymes in culture and in planta. Both chitinase and glucanase ac-
tivities were found in culture filtrate of C. oleophila and in fruit wounds treated with
yeast cells (Droby unpublished). These findings imply that the yeast produces
these enzymes constitutively and secrets them outside the cell without the effect of
exogenous inducers. It is not known, however, if the amounts of these enzymes
that are secreted by the yeast are sufficient to play a significant role in inhibiting
pathogens. It is also undetermined whether or not the secretion of these enzymes
occurs at a time that would have the greatest impact on the infection process. Con-
stitutive expression of high amounts of these enzymes would help to ensure that
they would play a major role in inhibiting and preventing the pathogen from be-
coming established. The fact that both enzymes are produced and secreted by the
yeast at the wound site demonstrates the feasibility of genetically enhancing the
levels of these enzymes to levels that would be inhibitory to the pathogen. This
could be accomplished by over expression of chitinase and glucanase endogenous
genes.

The first step in this direction was cloning the CoEXGI, a B-1,3-glucanase gene
of the yeast biocontrol agent C. oleophila. The gene was cloned from a partial
genomic library, as a segment containing an open reading frame and the promoter
(Segal et al. 2002). The open reading frame was identified according to its se-
quence and from comparison with other glucanase genes. The 1275 bp of the
CoEXG1 open reading frame showed 80-85% similarity to other glucanase genes.
The sequence also harbors a leader peptide with a high degree of similarity to
endoplasmic reticulum signals and at the 5’ end of the translated gene, a recogni-
tion site for a protease was identified (Segal et al. 2002). The activity of the protein
expressed from the open reading frame attached to the promoter of CoEXGI, was
confirmed in Saccharomyces cerevisiae. High levels of secreted glucanase activity were
found in the medium of the yeast carrying the plasmid with the CoEXGI subject to
the S. cerevisiae GAL1 promoter, suggesting that the leader was recognized by S.
cerevisiae (Droby unpublished). Work aimed at over expressing the cloned gene in
C. oleophila is underway. Grevesse et al. (1998) have suggested the involvement of
exo-1,3-glucanase in the biocontrol activity of the yeast Pichia anomala against B.
cinerea in apples. An exo-1,3-glucanase, purified from the yeast culture filtrates,
has exhibited in vitro inhibitory effect on conidia germination and germ tube
growth of B. cinerea. The addition of B. cinerea cell walls to a suspension of P.
anomala stimulated in situ exo-1,3-glucanase activity. Increased activity was also as-
sociated with greater efficacy of the biocontrol agent.
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Conclusions

The past 25 years has seen tremendous growth in the science and practical ap-
plication of biological control of postharvest diseases. The available literature has
gone from one-two publications early in 1980’s to several hundred, if not thou-
sands, by 2005.

As indicated, thus far, the use of available postharvest biocontrol products has
been rather limited given the potential market. While some of the reasons for the
lack of success have been addressed in a “second generation” of products that are
or will soon be available, a large measure of their future success will depend on
market conditions. Due to the reliable performance of synthetic fungicides, their
long history of use, and relative ease of use, continued consumer and regulatory
demands on the elimination or restricted use of these fungicides must continue if
they are to be replaced by biological products. Additionally, new biological
postharvest products must be adaptable and effective as a stand alone product
without needing additional inputs if they are to be competitive to synthetic fungi-
cides. Also, postharvest biopreparations must begin to address problems of decay
management in commodities where postharvest disease is harder to control, such
as stone fruits and berries. Lastly, the huge potential of providing extended decay
control to the consumer, prior to and after commodity purchase, through the use
of antimicrobials in modified and intelligent packaging should be recognized.

The greatest hope for biological approach (using a broad definition of biological
control) lies in a further understanding of the mechanism(s) of action of microbial
antagonists and natural products, innate and induced resistance in the host, and
the biology of decay pathogens. It is expected that this knowledge will lead to new,
innovative approaches for controlling decay in harvested commodities and pres-
ents the best hope for the future of the biological control of postharvest disease.
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