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EVALUATION OF BIOLOGICAL PRODUCTS FOR THE CONTROL OF POSTHARVEST
DISEASES OF FLORIDA CITRUS
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Abstract. Aspire (Candida oleophila) and BioSave™ 10
(Pseudomonas syringae) are biological formulations of a yeast
and bacterium, respectively, available for commercial applica
tion to control postharvest diseases of citrus. Treatments to
evaluate efficacy of these products were applied to various
types of commercially harvested citrus fruit the day following
harvest. Materials were applied in aqueous non-recovery drip
applications over saturated brushes. Aspire was also evaluat
ed in sequential and low-rate fungicide combination treat
ments. Significant control of green mold (Penicillium
digitatum) was obtained with the biologicals but the level and
consistency of control was usually less compared to the fungi
cides thiabendazole (TBZ) or imazalil. Control with standard
rates of TBZ or imazalil was improved in some trials by prior
application of Aspire, and combinations with a low rate of fun
gicide sometimes equaled efficacy of the standard rate of
chemical. Stem-end rot (SER) caused by Diplodia natalensis or
Phomopsis citri was not controlled with the biological prod
ucts.

Both approved biologicals are not compatabile with com
mercial resin solution waxes because of toxicity of ingredients
and the general high pH of the waxes (McGuire and Hagenmaier, 1996). The biologicals must be applied in water and
the cells that are deposited in injuries of the fruit rind are able
to survive the typical drying and waxing processes of commer
cial packinghouses (Katz, 1996; Shachnai et al., 1996). Aspire
is reportedly compatible in sequential applications with SOPP
(sodium orthophenylphenate) if they are separated by a wa
ter rinse (Katz, 1996). The biological can also be combined
with low rates of 200 mg/liter of thiabendazole (TBZ) or 100
mg/liter of imazalil (Katz, 1996; Shachnai et al., 1996;.
The purpose of the studies reported herein was to evalu
ate the efficacy of the biocontrol agents for the control of the
major pathogens of Florida citrus, green mold caused by P.
digitatum, and stem-end rot (SER) caused by Diplodia natalen
sis and Phomopsis citri.
Materials and Methods

Fruit handling. Fruit were commercially harvested and de
livered to a commercial packinghouse near the Citrus Re
search and Education Center. Fruit in pallets were obtained

Postharvest diseases cause significant economic loss of

from the packinghouse the afternoon of harvest or the follow

fresh citrus packed for retail sale (Eckert and Eaks, 1989).

ing morning after fruit were held overnight at ambient condi

Control of these diseases is usually achieved with careful han
dling, use of proper procedures during harvesting and pack

graded, randomized into perforated plastic crates, and sepa

tions. Fruit were dumped on CREC pilot plant equipment,

ing, application of fungicides, and refrigerated conditions for

rated into treatment lots. Fruit were washed on spiral-cut

transit and storage (Eckert and Eaks, 1989). In recent years, a

washer brushes using commercial detergent (FMC Corpora

proliferation of research has been conducted in an attempt to

tion Inc., 395 fruit cleaner) and rinsed with potable water.

develop biological products with potential to replace or re

Fruit were dried with soft polisher brushes and heated air at

duce the use of fungicides for disease control (Droby, et al.,

40°C.

1990; Katz, 1996; Shachnai, et al., 1996; Smilanick, et al.,

Treatment applications. Fruit were treated within 24 hr of

1995, 1996; Wilson and Pusey, 1985; Wilson and Wisniewski,

harvest. SOPP was applied in a foam application during wash

1989; Yourman and Jeffers, 1994). These efforts have been

ing. The other products and resin solution water wax (FMC

initiated because of major financial expenditures required to

Sta-fresh 360 or 590HS) were applied through a drip applica

register additional fungicides and to reregister those present

tor consisting of 2 lengths of plastic tubing 12 inches apart.

ly available for postharvest disease control, development of

Each tube contained 21 drip emitters at 1 inch intervals.

resistance by the green mold pathogen to chemicals, local en

These were situated 14 inches above alternate rows of spiral-

vironmental concerns with pesticide disposal, and the desire

and

to reduce chemical residues on fresh produce (Wilson and

Brushes rotating at ca. 110 RPM were thoroughly saturated

Wisniewski, 1989).

with each product before treatment. Approximately 12 sec

Two biological products have been registered recently for

straight-cut

horsehair/polyethylene

(50:50)

brushes.

were required for fruit to be thoroughly covered with excess

commercial postharvest application to fresh citrus fruits for

treating material to run-off. Excess material was redistributed

disease control. The product Aspire is Candida oleophila, a

and removed with 4 additional brushes before the fruit were

yeast registered by Ecogen Corporation (EPA Reg. No. 55638-

treated with wax in a similar application process. All treat

29). The other product, BioSave™ 1000

ments except the wax were agitated continuously during

(previously Bio-

Save™ 10), is the bacterium Pseudomonas syringae registered

treatment.

by EcoScience Corporation (EPA Reg. No. 68182-10). Mode

SOPP was applied at the commercial 2% concentration.

of action of both products is principally by competition. The

TBZ and imazalil were applied at standard Florida commer

organisms utilize nutrients released in injuries that are neces

cial rates of 1000 or 2000 mg/liter in water or water wax, re

sary for the successful establishment of the citrus wound

spectively, except when noted otherwise in mixtures with

pathogens, Penicillium digitatum, P. italicum and Geotrichum
candidum (Droby et al., 1990; Wilson and Chalutz, 1989). Oth

Aspire. Formulated product of Aspire or BioSave™ 10 was ap

er modes of action for yeasts, such as mycoparasitism, have

tively.

plied only in water at labeled rates of 3 or 34.3 g/liter, respec

been suggested (Wisniewski et al., 1991). Neither organism

Storage. After treating and waxing, fruit were dried for 1-2

will prevent Penicillium sp. from sporulating if the infection is

min at approximately 55°C and packed into 4/5 bushel fiber-

successful.

board cartons. Cartons were stacked on wooden pallets and
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Table 1. Control of green mold in Temple and Valencia oranges with Aspire or thiabendazole (TBZ).
Cumulative incidence of green mold'
Storage (wks)

(%)
Valencia"

Temple*

Treatments

1

2

1

21°C

10-21°C

21°C

10-21 °OV

2

1

2

3

2

3

2.7a
1.7ab

8.8a

11.5a

8.3a

12.3a

0.8b

2.1b

3.8b

1

Control

1.3av

27.0a

25.3a

39.5a

0.0a

11.5a

23.1a

Aspire

0.3a

16.3b

14.0b

26.8b

0.0a

7.9a

16.9b

TBZ

0.5a

8.0c

7.5c

11.5c

0.0a

1.7b

3.8c

'Green mold caused by Penicillium digitatum.

yEach treatment was applied to 5 replicate cartons with 80 fruit each.
xEach treatment was applied to 6 replicate cartons with 80 fruit each.
"Fruit of each cultivar were stored at 10°C for 1 week followed by storage at 21°C or continuously at 21°C.
vValues within each column followed by unlike letters are significantly different (DMRT P=0.05).

stored at 21°C (+/-2°), except when noted otherwise, and 88-

Aspire (Table 1). After 3 weeks, Aspire controlled green mold

94% RH. Fruit were inspected for decay weekly and decayed

with fruit stored initially at 10°C for 1 week, but it provided no

fruit were removed from the cartons and discarded.

control with fruit stored continuously at 21°C.

Analysis of data. Data were transformed to arcsine values

In a cold storage study with Valencia oranges (Table 2),

and subjected to analysis of variance and means comparison

significant control of green mold was obtained with applica
tions of BioSave™ 10, TBZ or imazalil. Control with TBZ and
imazalil was comparable, and significantly better than control

using Duncan's multiple range test (SAS Institute Inc., Cary,
NC; release 6.04 for personal computer).

with BioSave™ 10. At 12 weeks, control and BioSave™ 10
treated fruit receiving wax had significantly higher amounts

Results

Comparative evaluations of biologicals with postharvest fungi

cides. Development of green mold in Temple or Valencia or
anges {Citrus sinensis L. Osb.) was significantly reduced with
some applications of Aspire and with all treatments with TBZ
(Table 1). Fruit were stored at 2 different regimes, under one
the fruit were initially placed at 10°C for 1 week, and then at
21°C for the remainder of the storage. In the other regime,
fruit were stored continuously at 21°C. Aspire and TBZ pro
vided significant control of green mold in Temple oranges
under both regimes, but the level of control with TBZ was sig
nificantly better than control achieved with Aspire. After 2
weeks of storage, levels of green mold were higher in Temple
oranges stored continuously at 21°C than in fruit initially
stored for 1 week at 10°C. In Valencia oranges, control of
green mold was also significantly better with TBZ than with
Table 2. Control of stem-end rot and green mold in Valencia oranges with
BioSave™ 10, thiabendazole (TBZ), or imazalil.

TBZ.

In an additional comparative study with Sunburst tanger

ines (Citrus reticulata Blanco) (Table 3), control of green
mold with TBZ or imazalil applied in water wax was signifi
cantly better than control obtained with aqueous applications
of Aspire or BioSave™ 10. Control with an application of
imazalil in wax was not enhanced by a preceeding aqueous

application of Aspire. Control of SER after 2 weeks of storage
at 21°C was obtained only with TBZ.

In an additional investigation (data not shown) with Va
lencia oranges (14 replications of 70 fruit /replication), Bio
Save™ 10 significantly reduced green mold from 3.7% in the
control to 2.3% in the treatment during 4 weeks of storage at
21°C. An aqueous application of imazalil, however, was signif
icantly better than BioSave™ 10, reducing the incidence of
green mold to 0.8% in fruit stored similarly.

Table 3. Control of stem-end rot and green mold in Sunburst tangerines

Cumulative incidence of decay (%)

with BioSave™ 10, Aspire, thiabendazole (TBZ), or imazalil.

Storage (Wks)'

Cumulative incidence of decay (%)

12

11

10

of green mold than comparably treated fruit that were left unwaxed. Significant control of SER was obtained only with

Storage (Wks at 21°C)
GM*

SER

SER

GM

14.4b

3.6a

23.3b

25.8a

4.7a

43.3a

6.1a

15.8c

GM

Treatments*

SER*

Controlv

0.3au

2.5a

0.3a

Control

0.0a

1.9ab

0.8a

BioSave v

0.6a

l.labc

1.1a

11.1b

BioSave

0.3a

0.6bc

0.3a

13.1b

4.7a

28.1b

TBZ

0.3a

0.6bc

0.3a

3.3c

0.8b

9.2d

Imazalil

0.0a

0.0c

0.3a

1.4d

3.6a

6.1d

'Fruit were stored at 2°C for 10 weeks and transferred to 21°C storage for the
following 2 weeks.

vEach treatment was applied to 6 replicate cartons with 60 fruit each.
"Stem-end rot caused by Diplodia natalensis and Phomopsis citri.
"Green mold caused by Penicillium digitatum.
vFruit were not dried or waxed after aqueous treatment.

"Values within each column followed by unlike letters are significantly differ
ent (DMRT P=0.05).
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Treatments2

SER>

GM*

SER

GM

Control

1.5aw

8.0a

7.6ab

TBZ in wax

0.1b

0.9c

2.9c

31.5a
4.6c

Imazalil in wax

0.6b

1.0c

5.9b

Aspire
BioSave
Aspire/imazalil in wax

0.3b
0.0b
0.1b

4.3ab
5.4a
2.3bc

9.5a
8.0ab
7.0ab

2.4c
19.6b
22.4b
4.6c

'Each treatment was applied to 8 replicate cartons with 100 fruit each.
vStem-end rot caused by Phomopsis citri.
"Green mold caused by Penicillium digitatum.

"Values within each column followed by unlike letters are significantly differ
ent (DMRT P=0.05).
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Table 4. Control of stem-end rot and green mold in Star Ruby grapefruit
with sequential applications of sodium orthophenylphenate (SOPP) and
Aspire.

Table 5. Control of stem-end rot and green mold in Sunburst tangerines
with sequential applications of Aspire, imazalil and thiabendazole
(TBZ).

Cumulative incidence of decay (%)

Cumulative incidence of decay

Storage (wks)'

Storage (Wksat21°C)

:I
Treatmentsy

SER*

GMW

SER

GM

Treatments'

SER*

2
GM*

SER

GM
53.0a

Control

1.4av

18.1a

5.3a

35.1a

Control

0.2a*

23.2a

8.0a

Aspire

3.1a

9.4b

8.0a

24.7b

Aspire/imazalil in wax

0.3a

1.7d

4.1b

6.3de

SOPP

2.8a

7.3b

7.6a

18.4bc

Aspire/TBZ in wax

0.0a

1.9cd

0.0c

8.9cd

SOPP/Aspire

2.1a

5.6b

5.9a

14.6c

Aspire/TBZ (1000 mg/liter) +

0.0a

2.0cd

0.3c

3.0e

imazalil in wax

'Fruit were stored at 4°C for 2 weeks and transferred to 21°C storage for the

TBZ in wax

following 2 weeks.

0.0a

4.5b

0.7c

16.5b

Imazalil in wax

0.3a

3.7bc

4.7b

12.5bc

>Each treatment was applied to 12 replicate cartons with 24 fruit each.
"Stem-end rot caused by Phomopsis citri.

'Each treatment was applied to 6 replicate cartons with 100 fruit each.

wGreen mold caused by Penicillium digitatum.

>Stem-end rot caused by Phomopsis citri.

"Values within each column followed by unlike letters are significantly differ

"Green mold caused by Penicillium digitatum.

ent (DMRT P=0.05).

"Values within each column followed by unlike letters are significantly differ
ent (DMRT P=0.05).

Sequential and simultaneous applications of Aspire with fungi
cides. Star Ruby grapefruit were washed with SOPP, rinsed,
and treated with an aqueous application of Aspire (Table 4).
Decay incidence was observed during storage for 4 weeks.

Control of green mold with Aspire was equivalent to that ob
tained with the SOPP treatment. Sequential treatment with
the 2 materials was significantly better than an individual ap
plication of Aspire, but not with one of SOPP. None of the
treatments controlled SER caused by P. citri.
In a subsequent evaluation with Sunburst tangerines, an
application of Aspire was followed with one of TBZ and/or

imazalil (Table 5). Sequential applications of Aspire with
these 2 fungicides alone or in combination were more effec
tive for control of green mold than comparable treatments
with either TBZ or imazalil applied singly in water wax. All

a similar experiment with Orlando tangelos (Table 7), Aspire
was combined with TBZ (200 mg/1) or imazalil (100 mg/li

ter) for decay control. The standard aqueous treatment with
imazalil controlled green mold, and comparable control was
obtained with the low rate imazalil mixture with Aspire. As
pire and TBZ alone or in mixture did not control green mold.
The standard aqueous rate of TBZ controlled SER, but no
control was observed with Aspire. When the rate of TBZ was
reduced to 200 mg/liter in the mixture with Aspire, no con
trol of SER was observed. Some control of SER was observed
with the sole standard rate of imazalil, but not when the
imazalil concentration was reduced and applied in mixture
with Aspire (Table 7).

treatments controlled SER, but those involving TBZ were sig
nificantly more effective than those with imazalil.

Discussion

Control of decay in Hamlin oranges was evaluated with
successive and simultaneous treatments of Aspire and imazalil
(Table 6). When applied sequentially, imazalil was used at the
standard rate in water wax, but in the mixture, imazalil was ap
plied at the rate of 100 mg/liter. In this experiment, Aspire as
a sole treatment did not provide any control of decay. Signif
icant benefit was not observed by applying Aspire with either
rate of imazalil for control of green mold. Control of SER was
only achieved with the standard rate of imazalil (Table 6). In

Significant control of green mold was usually observed
with the 2 biological products, but the level of control was not
as effective as the control obtained with TBZ and imazalil.
Control of green mold with Aspire or SOPP was equivalent in
the one comparative evaluation.
Biologicals exhibit less eradicant activity (Chalutz and
Wilson, 1990; Smilanick and Denis-Arrue, 1992) than chemi
cals (Eckert and Eaks, 1989). The biological organisms need
to be introduced into the injury before or within a few hr of

Table 6. Control of stem-end rot and green mold in Hamlin oranges with simultaneous and sequential applications of Aspire with imazalil.
Cumulative incidence of decay (%)
Storage (wksat21°C)
1

Treatments'

SER>

2

3

GM>

SER

GM

SER

GM

Control

l.law

7.1a

12.9a

13.1a

23.1a

Aspire

16.9a

1.1a

3.8ab

12.4ab

6.9b

21.3a

Imazalil (100 mg/liter)

12.2ab

0.2b

1.6bc

8.0bc

6.2b

17.8ab

7.1 be

Imazalil in wax

0.4ab

4.4c

1.8c

8.7c

Aspire + imazalil (100 mg/liter)

2.4de

0.4ab

1.6bc
1.8bc

3.1 be

21.6a

Aspire/imazalil in wax

4.7cd

0.0b

0.9c

1.3c

13.6bc

1.6e

10.7ab
5.8c

'Each treatment was applied to 6 replicate cartons with 75 fruit each.
vStem-end rot caused by Phomopsis citri.
"Green mold caused by Penicillium digitatum.

"Values within each column followed by unlike letters are significantly different (DMRT P=0.05).
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Table 7. Control of stem-end rot and green mold in Orlando tangelos with
simultaneous applications of Aspire with thiabendazole (TBZ) or imaza
lil.

Cumulative incidence of decay
<

Storage (wks at21°C)

2

Treatments'

SER'

(%)

3

GM*

SER

GM

13.2a

2.4ab

Control

5.5a*

1.8a

TBZ

1.3b

l.labc

4.2c

3.5ab

Imazalil

2.9ab

0.2c

8.4b

0.2c

Aspire

5.3a

2.0ab

15.3a

4.6a

Aspire + TBZ (200 mg/liter)

4.4a

0.9abc

12.1ab

1.3bc

Aspire + imazalil (100 mg/

4.2a

0.4bc

15.4a

0.7c

liter)

'Each treatment was applied to 7 replicate cartons with 65 fruit each.
vStem-end rot caused by Phomopsis citri.
"Green mold caused by Penicillium digitatum.
"Values within each column followed by unlike letters are significantly differ
ent (DMRTP=0.05).

infection by the pathogen to successfully compete for nutri
ents and inhibit pathogen development. Delays up to 24 hr

between infection by Penicillium during harvesting and the
time of treatment with decay control products on the packingline are quite common, and was typical of the experiments
reported in this study. Lack of good eradicant activity by bio
logicals against green mold may in part explain their reduced
efficacy in comparison to chemicals.
Efforts to compensate for reduced eradicant action have
involved the use of reduced temperature or low rates of

chemicals to retard development of the pathogen until the bi

ological can become effectively established (Droby et al.,
1990; Shachnai et al., 1996). Some indication of low temper
ature initial storage to enhance activity of Aspire was observed
in the study with Valencia oranges (Table 1). Significant re
duction of green mold was achieved by storing the fruit for 1

week at 10°C as opposed to continuous storage at 21°C. How
ever, low temperature storage enhanced development of
green mold in subsequent high temperature storage. These
results could be from an effect of temperature on host suscep

tibility rather than any effect on establishment of the biologi

cal organism. No benefit from low temperature was observed
with Temple oranges where significant control of green mold
with Aspire was obtained irrespective of the temperature re
gime.

Low chemical rate combinations with Aspire generally
provided control of green mold comparable to standard rates

of the chemical (Tables 6,7). However, control with low rate
combinations of imazalil were principally due to the activity
of the chemical (Table 6). A major consistent observation
with the use of combinations of biologicals with low rates of
TBZ or imazalil was the lack of significant control of SER.
Since the mode of action of both biologicals is principally by
competition for nutrients released at wound sites, it is not un

With continued availability of chemical fungicides to the
Florida industry, commercial use of the two biological prod
ucts appears to be limited to certain situations. Use of biolog
icals as sequential treatments with chemicals may have some
merit since some additional significant decay control with
such treatments was observed (Table 5), though not in all in
stances (Tables 3, 4). Since use of an additional decay control
product represents additional packing expense, significantly
improved control with additional biological materials needs
to be more consistent. Alternatively, a biological could be
used to replace one of the two chemical treatments to reduce
chemical residues if the combination provides disease control
comparable to the 2 chemicals. Feasibly, the biological could
be used to replace imazalil, since SER is best controlled by
standard rates of TBZ. However, sporulation control without
imazalil could not be achieved in such cases. In another sce
nario, combinations with imazalil may be useful in instances
where chemical juice residues from TBZ-treated fruit are un
desirable, assuming SER is not a major concern. In both in
stances where a biological is used as an additional or
replacement treatment with chemicals, comparable and/or
enhanced disease control must be consistent to be justifiable.
Additional evaluations are needed to compare efficacy of
TBZ or imazalil in sequential applications with a biological to
efficacy when both chemicals are applied, as is commonly
done in Florida packinghouses. Cost of the biological prod
uct is apparently equivalent to chemicals (Katz, 1996), and no
savings would be realized by replacing a chemical treatment
with a biological.
Resistance of P. digitatum and P. italicum to fungicides is a
major commercial problem, particularly where fungicidetreated fruit are held in extended storage, such as with Cali
fornia lemons (Eckert et al., 1994; Holmes and Eckert, 1995)
or with export fruit shipments (McDonald et al., 1979). An in
crease in on-site long-term storage of Florida citrus, such as is

now occurring with oranges for fresh-squeezed juice, may
lead to conditions where fungicide resistance also may be
come a major problem in the Florida industry. If biological
products exhibit sufficient efficacy to control these resistant

strains during commercial storage, availability of biologicals
for this purpose would provide a significant contribution to

effective disease control and longevity of chemical fungicide
usefulness and availability. Initial commercial evaluations of
these 2 biological products in applications to stored citrus in
California indicate some efficacy of biologicals in these situa
tions (Katz, 1996).

Additional use of biologicals can be expected if significant
commercial control of sour rot can also be consistently dem

onstrated. Some use of biologicals may also be expected in in
stances where customers demand fruit without chemical
residues. However, the level of significant and consistent ef
fectiveness of these 2 biological products in current commer

cial evaluations (Katz, 1996) will determine the major extent
of their use.

expected that they provide no control of the SER organisms,

which exist as latent infections on surfaces of the button and
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MEASURING EFFICIENCY IN FLORIDA FRESH CITRUS PACKINGHOUSES,
1994-95 SEASON
R. P. MURARO, W. F. WARDOWSKI AND W. M. MILLER

Citrus Research and Education Center
Lake Alfred, FL 33850

2)

Identify changes in operating practices that could improve
efficiency of handling fresh citrus;

3)

Provide confidential firm level information to individual
packinghouses that participate in the research study. This
firm level data will show the cost of packing fruit and the
efficiency of each firm in packing the volume of fruit han
dled; and
Characterize factors that contribute to packinghouses op
erating at 100% efficiency.

J. J. VanSickle and A. Heyman
Food and Resource Economics Department
University of Florida

Gainesville, FL 32611
Additional index words.

Abstract. In recent years, many changes have occurred at all
levels of the Florida citrus industry. These include increases in
the supply of fresh citrus from Florida and in the intensity of
competition from other sources and products, changes in
technology used in packinghouses, and changes in merchan
dising and pricing practices for fresh citrus. The effects of
these changes on the efficiency of packing and distributing
fresh citrus are not well documented. In October 1995, a Flori
da citrus packinghouse cost efficiency study, funded by the
Florida Department of Citrus, was initiated. The research
project was a multi-disciplinary project including expertise in
economics, engineering and horticulture. The intent of the re
search project was to:

1)

Measure the level of efficiency in the fresh citrus packing
houses located in Florida;
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4)

This research study will contribute to improving efficiency of
the fresh citrus industry at the packer level and will also en
hance the level of cooperation in providing information that
will benefit all areas of the industry. It will also result in the de
velopment of a program that will provide benefit to the industry
for many years into the future.

Florida's fresh citrus industry has experienced lower re
turns in recent years. Many grapefruit growers have experi

enced fruit prices at or below costs. Estimated 1994-95 f.o.b.
costs for fresh packed Indian River white grapefruit ranged

from $8.09 per carton at 50% packout to $6.09 per carton at
100% packout (Muraro and Hebb, 1995). Estimatedf.o.b.
costs for southwest Florida red grapefruit ranged from $7.93
per carton at 50% packout to $5.39 per carton at 100% pack
out (Muraro et al., 1995). Average f.o.b. prices were $5.36 and
$5.31 per carton for Florida red and white grapefruit, respect
fully, in the 1994-95 season (CAC, 1995).
Changes within the citrus industry have occurred in re
cent years that have impacted the competitiveness of produc
ers within Florida. These changes include increases in the
Proc. Fla. State Hort, Soc. 109: 1996.

