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ABSTRACT

The effectiveness of postharvest dip treatment with trifloxystrobin (TFX) or imazalil (IMZ) was compared for controlling
green and blue mold (caused by Penicillium digitatum and Penicillium italicum, respectively) of citrus fruit. Residues retained
by fruit were determined as a function of treatment time, dip temperature, and storage conditions. Trials on ‘Avana apireno’
mandarin oranges artificially inoculated with P. digitatum or P. italicum revealed that treatments with 200 to 600 mg/liter
active ingredient TFX at 20�C were less effective than 100 mg/liter TFX at 50�C for controlling P. digitatum but equally
effective for controlling P. italicum. IMZ treatments with 200 mg/liter IMZ at 20�C or 25 mg/liter IMZ at 50�C resulted in
more than 98% reduction of P. digitatum and ca. 93% reduction of P. italicum compared with untreated fruit. Total suppression
of pathogens was achieved when higher IMZ doses were applied. Studies on artificially wounded lemons, oranges, clementines,
and mandarins revealed that treatment with 100 mg/liter TFX at 50�C effectively controlled decay development (mainly due
to P. digitatum) after 7 days of storage at 20�C. These results were confirmed on nonwounded oranges of cv. Tarocco and on
grapefruits of cvs. Marsh Seedless and Star Ruby during 3 weeks of simulated quarantine at 1�C, storage (5 weeks at 8�C for
oranges and 8 weeks at 11�C for grapefruits), and an additional 1 week of simulated marketing conditions at 20�C. IMZ at
50�C was highly effective for controlling decay during storage and the simulated marketing period. TFX treatment at 50�C
was as effective as IMZ for controlling decay in most samples. After treatment with 100 mg/liter TFX at 20�C, fungicide
residues in ‘Tarocco’ oranges doubled from 0.15 mg/kg to 0.30 mg/kg when dip time increased from 0.5 to 3 min, whereas
when treatments were performed at 50�C TFX residues were not related to dipping time. Residues of TFX were significantly
correlated with dip temperature. A 3-min dip treatment at 50�C resulted in a deposition of TFX that was approximately twofold
higher than that obtained when treatments were carried out at 20�C.

Green and blue mold caused by Penicillium digitatum
Sacc. and Penicillium italicum Wehmer, respectively, are
the most common postharvest diseases of citrus fruit world-
wide (25). On a commercial scale, postharvest protection
of citrus fruit is mainly obtained with sodium o-phenyl-
phenate, thiabendazole, and imazalil (IMZ), which are the
only fungicides registered in the European Union for post-
harvest treatments of citrus fruit. To manage fungicide re-
sistance in citrus packinghouses, sanitation procedures us-
ing sodium carbonate and sodium hypochlorite, treatments
with biocontrol agents (yeast and bacteria), improvement of
the natural wound-healing processes in citrus peel, and the
alternating use of various fungicides with diverse mecha-
nisms of action are strongly recommended (10).

Smilanick et al. (23) found that when sodium bicar-
bonate was applied in combination with IMZ, the control
of green mold dramatically increased, even when fruits
were inoculated with an IMZ-resistant isolate of P. digita-
tum. In recent years, novel classes of active ingredients with

* Author for correspondence. Tel: 39078333224; Fax: 39078333959;
E-mail: mario.schirra@ispa.cnr.it.

a mode of action different from those of other approved
pesticides in a crop group have become available and are
used currently to cope with problems caused by pathogenic
strains resistant to the older fungicides (13). Among these
new compounds, trifloxystrobin (TFX) is a relatively new
synthetic active ingredient belonging to the class of QoI
(quinone outside inhibitor) fungicides of the strobilurin
group, which act as respiration inhibitors by binding to the
Qo center of cytochrome b (27). TFX has a very favorable
toxicological profile, dissipates rapidly from soils and
groundwater, and is harmless to nontarget organisms under
field conditions at field application rates (4). The versatility
and broad spectrum of TFX action against field diseases
have been proven for a wide range of horticultural crops
(16). When applied as a foliar spray, TFX also was effec-
tive for controlling various postharvest diseases in avocado
(Persea americana Mill cv. Hass) fruit (26). However, re-
sistance management with these QoIs presents several prob-
lems related to the high risk for development of resistance
demonstrated by these fungicides soon after their introduc-
tion into the market (1, 3, 9).

This work was conducted to evaluate the effectiveness
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of TFX and the conventional fungicide IMZ, in combina-
tion with hot water treatments, for controlling postharvest
Penicillium decay of citrus fruit when reduced concentra-
tions of active ingredient (a.i.) were applied before storage.
Fungicide residues in fruit were recorded as a function of
treatment temperature, treatment duration, and storage con-
ditions.

MATERIALS AND METHODS

Fruit samples. Commercial mature lemons (Citrus limon
(L.) Burm cv. Di Massa), grapefruits (Citrus paradisi Macf. cv.
Marsh Seedless), clementine and mandarin oranges (Citrus retic-
ulata Blanco cvs. Monreal and Avana apireno, respectively), and
blood oranges (Citrus sinensis (L.) Osbek cv. Tarocco) grown us-
ing standard horticultural practices were hand-harvested from an
experimental orchard located in central western Sardinia (Italy).
‘Avana apireno’ mandarins were harvested in February, lemons
and clementines were harvested in April, and oranges and grape-
fruits were picked in May. At harvest, the fruits were placed in
plastic trays and delivered to the laboratory immediately. Several
groups of fruits of medium size and that were free from rind
defects were selected and returned to each box and left overnight.

Fungal cultures and pathogen inoculation. Monosporic
isolates of P. digitatum (Saccardo: Fries; isolates PD-8, PD-5, and
PD-a) and P. italicum Wehmer (isolates PI-4, PI-7, and PI-b) were
obtained from infected ‘Tarocco’ oranges harvested in an orchard
located in central-western Sardinia (Italy) and were cultured on
potato dextrose agar (PDA; Merck & Co., Whitehouse Station,
N.Y.) amended with streptomycin sulfate and oxytetracycline hy-
drochloride (100 � 100 �g/ml) to prevent growth of bacterial
contaminants. A conidial suspension (108 conidia per ml) of P.
italicum or P. digitatum was prepared as follows. Fungal isolates
were grown in petri plates (90 mm diameter) containing 15 ml of
PDA under constant fluorescent light. After 2 weeks of incubation
at 25�C, spores were collected by scraping the colony surface with
a sterile scalpel, resuspended in sterile Ringer’s solution, filtered
through two layers of sterile cheesecloth, and counted with a he-
macytometer.

Assays with wounded and artificially inoculated fruit. The
efficacies of TFX and IMZ against P. digitatum and P. italicum
were compared in trials carried out on ‘Avana apireno’ mandarins
because of their high susceptibility to Penicillium decay. Fruit
samples were subdivided into three groups, and each fruit was
wounded with two slits (2 by 2 mm) equatorially at four equidis-
tant points. Fruits of the first and second group were artificially
inoculated with P. digitatum and P. italicum, respectively, and
fruits of the third group were not inoculated (controls). Inoculation
was performed by dipping fruits for 2 min into a 50-liter conidial
suspension of each pathogen (final concentration of 104 conidia
per ml) contained in 72-liter high-density-polyethylene tank. In-
oculated and noninoculated fruits were incubated overnight at
20�C and subdivided into 15 subgroups corresponding to the fol-
lowing 3-min dip treatments: water containing 0, 200, 400, or 600
mg/liter TFX or IMZ at 20�C; water containing 0, 25, 50, or 100
mg/liter TFX or IMZ at 50�C; and untreated (control) fruits. Each
treatment was performed on three replicate groups of 20 fruits.
Dip treatments were performed as previously described (8).

Following treatments, fruit were left to dry at room temper-
ature. Noninoculated fruits and those artificially inoculated with
P. digitatim or P. italicum were moved into three separate storage
rooms (to avoid possible contamination) and kept at 20�C and ca.

85% relative humidity. The percentage of infected wounds was
determined after 7 days.

Trials on simulated natural wounds that favor the develop-
ment of green and blue mold wound pathogens (11) were also
performed on ‘Di Massa’ lemons, ‘Tarocco’ oranges, and ‘Mon-
real’ clementines. Fruits were wounded with four slits (3 by 3
mm) equatorially at four equidistant points and were kept at 20�C
for 24 h before treatments. To assess the minimal concentration
of fungicide needed to control decay, lemons were subdivided into
eight treatment groups corresponding to the following 3-min dip
treatments: water at 20 or 50�C (control); 25, 50, or 100 mg/liter
a.i. TFX at 50�C; and 25, 50, or 100 mg/liter a.i. IMZ at 50�C.
Each treatment was performed on three replicate groups of 40
fruit. There were only four treatment groups for wounded oranges
and clementines; treatments with TFX and IMZ at doses of 25
and 50 mg/liter a.i. were not included.

Following treatments, fruit were air dried and stored at 20�C
and ca. 85% relative humidity, and the percentage of infected
wounds was recorded after 1 week.

Storage trials with sound fruit. ‘Tarocco’ oranges were
grouped into five treatment groups (five fruit boxes per treatment),
corresponding to the following 3-min dip treatments: water at
20�C (control), 100 mg/liter TFX at 20�C, water at 50�C, 100 mg/
liter TFX at 50�C, and 100 mg/liter IMZ at 50�C. Fungicide con-
centrations refer to the a.i. There were only four treatment groups
for grapefruits ‘Marsh Seedless’ and ‘Star Ruby’; treatment with
100 mg/liter TFX at 20�C was not included.

Following treatment, fruit were left to dry at room temper-
ature for approximately 5 h. Each treatment group was then di-
vided into three subgroups. Three replicate fruit boxes from the
first subgroup were used for visual assessment, which included
evaluation of chilling injury (CI), decay, treatment damage, and
external fruit quality (21). The fruits from the second subgroup
were individually weighed to determine the transpiration rate
based on loss of fruit mass, and the fruits of the remaining group
were used for analysis of TFX and IMZ residues. No residue
analyses were carried out on ‘Marsh Seedless’ and ‘Star Ruby’
grapefruits.

Fruits were moved to a ventilated room and kept under cold
quarantine conditions at 1�C for 3 weeks. These conditions match
those used to comply with quarantine regulations to prevent the
spread of fruit flies within flesh fruit (2). After quarantine, ‘Marsh
Seedless’ and ‘Star Ruby’ grapefruits were stored for 8 weeks at
11�C, and oranges were stored for 5 weeks at 8�C. Fruits were
then held at 20�C for another week as a simulated marketing pe-
riod (SMP). Relative humidity during quarantine, storage, and the
SMP was set at 90%.

Effect of dip time and temperature on fungicide residues.
Oranges were subjected to the following dipping treatments: (i)
0.5, 1.5, or 3.0 min in 100 mg/liter TFX in water at 20 or 50�C
and (ii) 3.0 min in 100 mg/liter TFX in water at 20, 30, 40, or
50�C. After treatment, fruits were left to dry for approximately 5
h, and then peel samples were taken and kept frozen at �20�C
until analysis. All analyses were performed on four replicate
groups of five fruits per treatment.

Chemicals. Acetone and hexane were gas chromatography
grade (Merck, Milan, Italy). The a.i. standards for TFX (99%,
Bayer AG, Leverkusen, Germany) and IMZ (97%, Eherenstofer,
Amburg, Germany) were stock solutions of the a.i. at 500 mg/kg
prepared in acetone; standard working solutions were prepared by
dilution with extract from the untreated matrix.
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FIGURE 1. Influence of treatment time on residues (milligrams
per kilogram on a whole-fruit basis) of trifloxystrobin (TFX) in
‘Tarocco’ oranges following treatment with 100 mg/liter TFX-
based commercially available fungicide mixture at 20 or 50�C.
The fungicide concentrations refer to the active ingredient (a.i.).
Vertical bars indicate the standard deviation (n � 4). Within each
treatment time, different letters indicate significant differences ac-
cording to Tukey’s test, P � 0.05.

Extraction procedure. Five fruits per replicate were
weighed, the peel was removed and weighed, and its percentage
with respect to the whole fruit was calculated. The peel was then
minced with a mincing knife, homogenized, and stored in a freezer
at �20�C until analysis. For IMZ extraction, a 2.5 g of peel sam-
ple was weighed into a 40-ml screw-cap tube, and 20 ml of an
acetone-hexane mixture (1/1, vol/vol) and 6 g of NaCl were add-
ed. For TFX extraction, 5 g of homogenized peel sample was
weighed into a 40-ml screw-cap flask, and 10 ml of an acetone-
hexane (1/1, vol/vol) and 6 g of NaCl were added. The mixtures
were then agitated in a rotary shaker for 20 min, the phases were
allowed to separate, and the organic layer was injected into a gas
chromatograph apparatus for analysis without a clean-up step.

Apparatus. A TQ Trace Gas Chromatographer coupled with
a nitrogen-phosphorus detector and an AS200 auto sampler (Ter-
mo Quest, Milan, Italy) were used, with the injector and detector
temperatures set at 200 and 300�C, respectively. Samples (2 �l)
were injected in splitless mode (30 s), and the oven temperature
was programmed for 110�C for 1 min and raised to 310�C at 20�C/
min. The column was a fused silica capillary DB 5 MS (inside
diameter, 30 m by 0.25 mm; 0.25 �m; J & W Scientific, Folsom,
Calif.). Helium was the carrier gas and N2 was the makeup gas
at 1.1 and 15 ml/min, respectively. Nitrogen-phosphorus detector
conditions were source current of 2.8 and polarization voltage of
3.5. Oxygen and H2 flows were 60 and 2.3 ml/min, respectively.

Recovery assays. Peel samples from untreated fruits were
fortified with appropriate volumes of standard solutions to reach
concentrations of 0.1, 0.5, and 1 mg/kg. The samples were al-
lowed to settle for 30 min before extraction and then processed
according to the above procedure. Average recovery of TFX from
four replicates ranged between 80 and 86%, with a maximum
coefficient of variation of 14%; recovery of IMZ ranged between
93 and 104%, with a maximum coefficient of variation of 25%.

Statistical analysis. Analysis of variance (ANOVA) was per-
formed with the MSTAT-C microcomputer statistical program
(1991, Michigan State University, East Lansing) according to a
single-factor randomized complete block design. Percentages were
subjected to arcsine–square-root or square-root transformation be-
fore the ANOVA, depending on the range of variation in the data
(12). Mean comparisons of the effects of treatments were calcu-
lated, where applicable, with Tukey’s test and were considered
significant at P � 0.05. To determine the pattern of a.i. accumu-
lation in fruit, plots of residue uptake versus dip temperature or
fungicide concentration were computed for each data set, and the
maximum squares of correlation coefficients were used to deter-
mine the equation of the best-fit curve.

RESULTS AND DISCUSSION

Effect of treatment time, treatment temperature,
and storage conditions on TFX residues in fruit. The
residue of TFX in ‘Tarocco’ oranges treated for 0.5 min
with 100 mg/liter TFX a.i. at 20�C was 0.15 mg/kg. When
the dipping time was 1.5 and 3.0 min, the residues in-
creased by 27 and 100%, respectively (Fig. 1). By contrast,
when TFX was applied at 50�C, residues in fruit did not
change with different dipping times, reaching the maximum
levels after 0.5 min. For TFX, dipping at 50�C for 0.5, 1.5,
and 3.0 min produced residues approximately four-, three-,
and twofold higher than those from same treatment times
at 20�C. Studies on ‘Marsh Seedless’ grapefruits have re-
vealed that although thiabendazole residues were not af-

fected by length of treatment, the IMZ concentrations in
fruit were significantly dependent on treatment time. When
dip treatments with 1,200 mg/liter IMZ at 20�C and 200
mg/liter IMZ at 50�C were increased from 0.5 to 3.0 min,
residues increased to 100 and 108%, respectively (8). A
similar relationship between treatment time and IMZ resi-
due was reported for oranges and lemons (5, 24). Differ-
ences in uptake of fungicides as a function of treatment
time can be ascribed to their diverse physicochemical char-
acteristics and different formulations.

An increase in the temperature of the dip mixture from
32.2 to 43.3�C increased IMZ residues by 1.5 to 2 times
(24). Similar results were obtained with thiabendazole and
IMZ (8). Following treatment with 100 mg/liter TFX at 20
to 50�C, the residues of fungicide were significantly cor-
related (R2 � 0.9769, P � 0.05) with dip temperature, ac-
cording to a sigmoidal trend (Fig. 2). IMZ treatment at
50�C produced a residue approximately eightfold higher
than treatment with TFX (Table 1). TFX has a general pat-
tern of movement (translaminar activity) unique to QoI
(strobilurin) fungicides (14, 16). The residues remain stable
over a long period, indicating that continuous penetration
from the surface deposits replaces compound lost through
metabolism. The present study revealed that TFX residues
remained fairly constant over both the storage period and
the SMP. Conversely, IMZ dissipated, with mean concen-
trations of ca. 25 and 47% their initial value after the stor-
age period and SMP, respectively (Table 1).

Effect of treatment on decay development in
wounded noninoculated fruit. Trials with wounded lem-
ons revealed that TFX efficacy against decay increased with
increasing fungicide concentrations (Fig. 3). At 25 mg/liter,
TFX was significantly less effective than IMZ, whereas
when higher concentrations of TFX were used, no signifi-
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FIGURE 2. Influence of treatment temperature on trifloxystrobin
(TFX) residues (milligrams per kilogram on a whole-fruit basis)
in ‘Tarocco’ oranges following a 3-min dip treatment with a 100-
mg/liter TFX-based commercially available fungicide mixture.
The fungicide concentrations refer to the active ingredient (a.i.).
Vertical bars indicate the standard deviation (n � 4).

FIGURE 3. Influence of a 3-min dip treatment in water at 20
(control) or 50�C or in trifloxystrobin (TFX) or imazalil (IMZ)
commercially available fungicide mixtures containing 25, 50, or
100 mg/liter active ingredient (a.i.) at 50�C on the percentage of
infected wounds in ‘Di Massa’ lemons after 7 days of storage at
20�C. Each value is the mean (�standard deviation) of three rep-
licates (40 wounded fruits per replicate). Different letters indicate
significant differences according to Tukey’s test, P � 0.05.

TABLE 1. Residues of trifloxystrobin (TFX) and imazalil (IMZ) in ‘Tarocco’ oranges following a 3-min dip treatment and then 3 weeks
at 1�C (quarantine), storage for 5 weeks at 8�C (quarantine � storage), and an additional 1-week simulated marketing period (SMP)
at 20�C

Treatmenta

Fungicide residue (mg/kg active ingredient) afterb:

Treatment Quarantine
Quarantine �

storage SMP

TFX, 20�C
TFX, 50�C
IMZ, 50�C

0.21 � 0.03
0.52 � 0.13
4.16 � 0.58

0.20 � 0.02
0.44 � 0.08
4.18 � 1.16

0.24 � 0.04
0.52 � 0.09
3.12 � 0.50

0.26 � 0.03
0.45 � 0.06
2.21 � 0.45

a Treatments were 3-min dips followed by air drying. Fungicides were applied at 100 mg/liter active ingredient.
b Each value is the mean (�standard deviation on a whole-fruit basis) of four replicates (five fruits per replicate).

cant differences were found between the TFX and IMZ
results. The minimal concentrations that provided almost
complete control of Penicillium infection were 50 mg/liter
TFX or 25 mg/liter IMZ at 50�C. In wounded untreated
‘Tarocco’ oranges, the incidence of decay was approxi-
mately 76% after 7 days of storage at 20�C (Table 2). This
percentage was significantly reduced by fungicide treat-
ments especially those with IMZ, which was more effective
than TFX. The influence of hot water dipping on control
of decay in wounded oranges was not significant. In ‘Mon-
real’ clementines (Table 2) and ‘Avana apireno’ mandarins
(Table 3), hot water dipping effectively reduced decay de-
velopment. In ‘Monreal’ clementines, both TFX and IMZ
were more effective than hot water, with no significant dif-
ferences between them. In ‘Avana apireno’ mandarins,
treatments with 200 and 400 mg/liter TFX at 20�C or with
25 and 50 mg/liter at 50�C significantly reduced the inci-
dence of infected wounds (from ca. 80 to 89%). All other
treatments suppressed the development of pathogens com-
pletely. The infections were mainly caused by P. digitatum
and to a much less extent by P. italicum (data not shown).

Effect of treatment on decay development in
wounded artificially inoculated fruit. The percentage of
lesions in ‘Avana apireno’ mandarins that were infected by
P. digitatum and P. italicum was significantly affected by
hot water treatment, reducing the incidence of infection by
33 and 54%, respectively, compared with untreated fruit
(Table 3).

Treatments with 200, 400, or 600 mg/liter TFX at 20�C
were as effective as 25 and 50 mg/liter TFX at 50�C but
were less effective than 100 mg/liter TFX at 50�C for con-
trolling P. digitatum. Treatments with 200 mg/liter IMZ
provided almost complete control of green mold develop-
ment, and no visible green mold infections were observed
in fruit treated with 400 or 600 mg/liter IMZ at 20�C or
with 25, 50, or 100 mg/liter IMZ at 50�C.

P. italicum development was not significantly affected
by 25 mg/liter TFX at 50�C but was significantly reduced
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TABLE 2. Influence of postharvest treatments on the percentage
of infected wounds in artificially wounded noninoculated ‘Tar-
occo’ oranges and ‘Monreal’ clementines after 7 days of storage
at 20�C

Treatmenta

% infected woundsb

‘Tarocco’
oranges

‘Monreal’
clementines

Water, 20�C
Water, 50�C
TFX, 50�C
IMZ, 50�C

75.6 A

66.7 A

31.1 B

11.1 C

15.0 A

8.3 B

0.8 C

2.5 C

a Treatments were 3-min dips followed by air drying. Fungicides
were applied at 100 mg/liter active ingredient.

b Each value is the mean of three replicates (40 fruits per repli-
cate). In each column, values followed by the same letters do
not differ significantly according to Tukey’s test, P � 0.05.

TABLE 3. Influence of postharvest treatments on the percentage
of infected wounds in ‘Avana apireno’ mandarins not inoculated
or artificially inoculated with P. digitatum or P. italicum after 7
days of storage at 20�C

% infected woundsb

Treatmenta

Noninocu-
lated

wounds
(natural

infections)

Inoculated wounds

P.
digitatum

P.
italicum

Untreated
Water at 20�C
Water at 50�C
200 mg/liter TFX at 20�C
400 mg/liter TFX at 20�C

30.0 D

29.2 D

19.2 C

4.2 B

3.3 B

85.0 E

84.2 E

56.7 D

37.5 CD

30.0 C

89.2 FG

96.7 G

40.8 CD

31.7 C

31.7 C

600 mg/liter TFX at 20�C
200 mg/liter IMZ at 20�C
400 mg/liter IMZ at 20�C
600 mg/liter IMZ at 20�C
25 mg/liter TFX at 50�C

0.0 A

0.0 A

0.0 A

0.0 A

5.0 B

25.8 C

1.7 AB

0.0 A

0.0 A

29.2 C

25.0 C

0.0 A

0.0 A

0.0 A

71.7 EF

50 mg/liter TFX at 50�C
100 mg/liter TFX at 50�C
25 mg/liter IMZ at 50�C
50 mg/liter IMZ at 50�C

100 mg/liter IMZ at 50�C

5.8 B

0.0 A

0.0 A

0.0 A

0.0 A

33.3 CD

6.7 B

0.0 A

0.0 A

0.0 A

58.3 DE

19.2 BC

5.8 AB

0.0 A

0.0 A

a Treatments were 3-min dips followed by air drying.
b Each value is the mean of three replicates (20 fruits per replicate,

two wounds per fruit). In each column, values followed by the
same letters do not differ significantly according to Tukey’s test,
P � 0.05.

TABLE 4. Influence of postharvest treatments on the percent
weight loss in ‘Tarocco’ oranges after 3 weeks of quarantine at
1�C plus 5 weeks of storage at 8�C (quarantine � storage) and
an additional 1-week simulated marketing period (SMP) at 20�C

Treatmenta

Weight loss (%) afterb:

Quarantine � storage SMP

Water, 20�C
TFX, 20�C
Water, 50�C
TFX, 50�C
IMZ, 50�C

5.73 A

4.67 B

5.28 AB

5.55 AB

5.50 AB

8.11 A

6.71 B

7.41 AB

7.66 AB

7.74 AB

a Treatments were 3-min dips followed by air drying. Fungicides
were applied at 100 mg/liter active ingredient.

b Each value is the mean of three replicates (40 fruits per repli-
cate). In each column, values followed by the same letters do
not differ significantly according to Tukey’s test, P � 0.05.

by hot water and 50 mg/liter TFX at 50�C and especially
by 200, 400, or 600 mg/liter TFX at 20�C and by 100 mg/
liter IMZ at 50�C. However, better results were achieved
with IMZ treatments, resulting in more than 90% control
of P. italicum development after application of 25 mg/liter
IMZ at 50�C and in total control after other IMZ treatments.

Fruit responses to dip treatments during storage.
There were no visible CI symptoms after quarantine and
after cold storage; CI was still negligible in both oranges
and grapefruits (data not shown). After the SMP, 5 and
7.6% of the ‘Marsh Seedless’ grapefruits had slight and
moderate CI, respectively, and 13.8% of these fruits had
severe CI. In ‘Star Ruby’ grapefruits and ‘Tarocco’ oranges,
the incidence of CI was considerably low even after SMP;
no fruits were scored as slight CI and less than 4 and 2%
of the ‘Star Ruby’ grapefruits and ‘Tarocco’ oranges, re-
spectively, had moderate to severe CI (data not shown). The
low incidence of CI in control grapefruits and oranges
might be related to the age of these fruits, which were har-
vested late in the season (21). Hot water dip at 50�C re-
duced the incidence of CI to a very low level, with no
additional advantages when hot water was used in combi-
nation with TFX or IMZ. These results are in agreement
with previous findings for ‘Star Ruby’ grapefruit subjected
to postharvest treatments with heated IMZ (21) and azox-
ystrobin (18).

The weight loss percentage in ‘Tarocco’ oranges was
significantly reduced by TFX treatment at 20�C with respect
to control fruit, but the influence of hot water with or with-
out fungicides was not significant (Table 4). No phytotoxic
effects (e.g., peel necrosis or browning on the rind) due to
treatments were observed in oranges and grapefruits during
storage and the SMP (data not shown).

No decay was observed in either untreated or treated
fruit during quarantine (data not shown). By the end of cold
storage and after the SMP, the decay incidences (mainly
caused by P. digitatum) in oranges were 9.2 and 19.2%,
respectively (Table 5). Decay development was unaffected
by treatment with 100 mg/liter TFX at 20�C, but heated
TFX and IMZ at 50�C provided almost complete control of

Penicillium infection during cold storage, with very low
percentage of decayed fruit after the SMP. In ‘Marsh Seed-
less’ grapefruit, treatments with heated fungicides had sim-
ilar efficacy in for decay control during both the storage
period and the SMP, whereas in ‘Star Ruby’ grapefruits
IMZ was more effective than TFX (Table 5). The influence
of hot water on decay in ‘Marsh Seedless’ was nonsignif-
icant. In ‘Tarocco’ and ‘Star Ruby’ fruits, hot water dipping
significantly reduced decay development with respect to
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TABLE 5. Influence of storage conditions on decay percentage
in ‘Tarocco’ oranges and ‘Marsh Seedless’ and ‘Star Ruby’
grapefruits following a 3-min dip treatment and then 3 weeks at
1�C (quarantine) plus storage (5 weeks at 8�C for oranges or 8
weeks at 11�C for grapefruits; quarantine � storage) and an ad-
ditional 1-week simulated marketing period (SMP) at 20�C

Treatmenta

% decayed fruit afterb:

Quarantine �
storage SMP

‘Tarocco’ oranges

Water, 20�C
TFX, 20�C
Water, 50�C
TFX, 50�C
IMZ, 50�C

9.2 A

7.5 A

2.5 B

0.8 B

0.0 B

19.2 A

15.0 A

7.4 B

1.7 C

0.8 C

‘Marsh Seedless’ grapefruits

Water, 20�C
Water, 50�C
TFX, 50�C
IMZ, 50�C

36.3 A

31.6 A

5.0 B

6.3 B

43.2 A

35.5 A

7.5 B

9.0 B

‘Star Ruby’ grapefruits

Water, 20�C
Water, 50�C
TFX, 50�C
IMZ, 50�C

30.0 A

21.0 B

7.0 C

1.0 D

39.0 A

24.0 B

10.0 C

2.0 D

a Treatments were 3-min dips followed by air drying. Fungicides
were applied at 100 mg/liter active ingredient.

b Each value is the mean of three replicates (40 fruits per repli-
cate). In each column, values followed by the same letters do
not differ significantly according to Tukey’s test, P � 0.05.

control fruit but was less effective after the SMP than was
treatment with IMZ or TFX at 50�C. The better perfor-
mance of TFX at 50�C was ascribed to the synergistic effect
of heat, enhanced a.i., better penetration into the wound
sites that are exploited by the fungus (6, 20), and increased
diffusion of the a.i. across the plant cuticle (17, 22).

Several studies in recent years have dealt with the use
of heated fungicides for postharvest control of decay in
horticultural crops. This approach is aimed at improving the
performance of the active ingredient for controlling decay
by reducing the concentration of chemicals usually em-
ployed in conventional postharvest treatments at ambient
temperature (20). Investigations carried out with citrus fruit
revealed the potential of postharvest treatments with con-
ventional fungicides as a function of the fungicide dose
applied at room temperature or in combination with hot
water (20). More recently, these studies have included nov-
el formulations designated as reduced-risk pesticides, such
as azoxystrobin (18) and fludioxonil (19). We adopted the
fungicide IMZ as a standard reference because of its high
effectiveness and wide application in control of Penicillium
decay on a commercial scale. Nevertheless, alternative con-
trol strategies must be developed to avoid or delay any
decrease in the efficacy of this fungicide as a consequence
of the selection of resistant pathogenic populations. The
results of the present study suggests that postharvest appli-

cation of TFX may be an effective option for controlling
green and blue molds in citrus fruit, which have developed
resistance to the fungicides currently in use (7, 15). How-
ever, because resistance to TFX has been reported for many
crops and diseases in different countries around the world
(1, 3, 9), exclusive application of TFX should be avoided
in a program of sustainable management of Penicillium de-
cay of oranges.
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