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Abstract

The present study investigated the potential of benzo-
thiadiazole-7-carbothioic acid S-methyl ester (BTH)
to protect postharvest melons var. ‘Orange Flesh’
from the fruit rot caused by Fusarium pallidoroseum.
It was noticed that melon fruits immersed in BTH
and postinoculated with the fungus presented the
same pattern of disease incidence/severity and activity
of the defence-related enzymes superoxide dismutase,
ascorbate peroxidase, guaiacol peroxidase, phenylala-
nine ammonia-lyase, and f-1,3-glucanase of controls,
indicating that BTH was ineffective in protecting mel-
ons from the fruit rot disease. However, the preflow-
ering application of BTH in melon seedlings induced
stunted growth, probably related to enhanced lignifi-
cation which is related to the plant cell wall rein-
forcement and increase of resistance against invading
pathogens, and alterations of the activity of the stud-
ied defence-related enzymes in comparison with con-
trols, suggesting that this strategy could probably be
effective for the control of the postharvest rot of
melon fruits through activation of systemic resistance.

Introduction

Commercialization of melon (Cucumis melo L.) fruit
destined for internal consumption and export consti-
tutes one of the main segments of the Brazilian econ-
omy. Melon production is exported particularly to
European Union countries which require high quality,
undamaged, and phytopathogen-free fruits. Fusarium
pallidoroseum is an important fungus which provokes
rot in melon fruits (Gadelha, 2002). This disease repre-
sents a serious obstacle in its commercialization, par-
ticularly as a foreign commodity. In addition, the
disease control is difficult due to the great aggressive-
ness of the pathogen.

Many reports have shown that induced disease
resistance in plants by biotic and abiotic elicitors is
an effective method for restricting the spread of fun-
gal infection (Smith-Becker et al., 2003; Buzi et al.,
2004; Yao and Tian, 2005). Benzo-thiadiazole-7-car-
bothioic acid S-methyl ester (BTH) or acibenzolar-S-
methyl has been developed as an inducer of systemic
acquired resistance (SAR) which promotes plant
resistance towards several plant pathogens. For
example, BTH was shown to suppress the posthar-
vest infection of cut Freesia hybrida L. flowers by
Botrytis cinerea (Darras et al., 2006) and to reduce
the severity and development of grey mould disease
on strawberry fruit caused by B. cinerea (Terry and
Joyce, 2000, 2004a). Further, a preflowering and
unique foliar spray of BTH without postharvest fruit
treatment decrease the incidence and extent of post-
harvest disease caused by Alternaria sp. and Fusarium
sp. in rock melons cv. Eldorado (Huang et al.,
2000). Moreover, induced resistance in melon to
Didymella bryoniae, Sclerotinia sclerotiorum (Buzi
et al., 2004), Colletotrichum lagenarium and cucumber
mosaic virus (Smith-Becker et al., 2003) were also
reported.

The development of inducible resistance is associ-
ated with various defence responses in plant cells.
These include synthesis of pathogenesis-related pro-
teins (Iriti and Faoro, 2003; Baysal et al., 2005; Mal-
olepsza, 2006), alterations in cell walls such as
lignification (Vanacker et al., 2000; Zhao et al., 2005),
generation of reactive oxygen species (ROS) (Iriti and
Faoro, 2003; Malolepsza, 2006), changes in the expres-
sion of oxidative stress-related enzymes (Wendehenne
et al., 1998; Liu et al., 2005) and synthesis of the key
enzyme of the phenylpropanoid pathway, phenylala-
nine ammonia-lyase (PAL) (Chen et al., 2005; Wen
et al., 2005).
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As the use of fungicide has been severely restricted
and melon cultivars resistant to F. pallidoroseum are
not available, the aim of the present study was to
address the question whether BTH could protect post-
harvest melons from the fruit rot caused by F. pallid-
oroseum by functioning as an elicitor of biochemical
defence responses on both infected melon fruits and
healthy melon plants (Cucumis melo L.) var. ‘Orange
Flesh’.

Materials and Methods

Biological material

Melon fruits var. ‘Orange Flesh’ were harvested from a
commercial plantation at the commercial ripening stage
and selected for uniformity of size and ripeness and
absence of injuries. Fruits were brought to the labora-
tory within 24 h after harvesting and sprayed with 70%
ethanol, air-dried and stored at room temperature
(25 £ 2°C). Fusarium pallidoroseum was isolated from
infected melon fruits and maintained on potato dextrose
agar medium. The conidial suspension for inoculation
was obtained from seven-day-old cultures incubated at
28°C. The spore concentration was adjusted to 10°
spores/ml with sterile Milli-Q grade water.

BTH treatment and fungal infection of melon fruits

Melon fruits were soaked in BTH (50% wettable gran-
ule formulation, Bion®, Syngenta, Brazil) solutions,
prepared in 0.05% Tween 80 and containing 0.5, 1.0
and 2.0 mM active compound or in 0.05% Tween 80
(controls), for 5 min, and then air-dried at room tem-
perature (25 £+ 2°C). Sixty hours after treatments, four
cavities (2 mm diameter, 3 mm deep) were produced
on the surface of each melon fruit using a device con-
taining a set of five sterile needles joint together and
20 ul conidial suspension (10° spores/ml) were depos-
ited per cavity. Then they were kept into paper boxes
(48 x 33 x 15 cm), four fruits per box (one experimen-
tal unit), at room temperature, and covered with plas-
tic bags for 24 h to increase humidity and allow spores
to germinate. Disease incidence and lesion diameter on
each fruit were recorded daily from 1 to 10 days after
inoculation. Determinations were carried out with four
replicates for each treatment.

Induction of biochemical defence response in melon fruits

To carry out this experiment new fruits were collected,
treated, inoculated and kept as previously described.
Based on the responses of the melon fruits treated with
the BTH concentrations stated above and postinocu-
lated with F. pallidoroseum, melon fruits were treated
only with the highest BTH concentration used
(2.0 mm). Then 3, 7 and 10 days after fungal inocula-
tion, plant tissue samples (2 cm diameter X 1 cm deep)
close to the inoculation sites were excised using a ster-
ile cork borer, weighed, frozen in liquid N, and kept
at —82°C until use for crude extract preparation and
enzyme analyses. This experiment was repeated thrice
and each experimental unit comprised six melons.
Enzyme assays were carried out in crude extracts pre-

pared from the frozen cuts homogenized (1:1 m/v) for
10 min in an ice-cold mortar with 0.05 M sodium ace-
tate buffer, pH 5.2, containing 0.15 M NaCl. After cen-
trifugation at 20 000 x g at 4°C for 10 min, the
supernatant (crude enzyme extract) was collected, dial-
ysed (for 48 h, five changes) against the extracting buf-
fer, and stored at —20°C for subsequent analyses.

Induction of biochemical defence response in melon seedlings
Melon (var. ‘Orange Flesh’) seeds were germinated
(eight seeds per pot) and grown in plastic pots (11
capacity) containing river sand as substrate exhaus-
tively washed in tap water and autoclaved (120°C,
1.5 kg/cm?, 30 min). Seedlings were maintained under
greenhouse conditions (27-35°C, 40-60% relative
humidity) exposed to natural light. Seedlings were
daily irrigated with distilled water up to 3 days after
emergence and subsequently, at 3-day intervals, with
10, 5, and 2 times diluted Hoagland and Arnon (1950)
nutritive solution, modified as described by Silveira
et al. (2001). Thereafter, undiluted nutritive solution
was used until the end of the experimental period.
Eight days after planting, the seedling foliage was
sprayed (300 ul per seedlings with aqueous solutions of
BTH, containing 0.3, 0.5 and 1.0 mM active com-
pound. Control plants were sprayed with sterile water.
Melon plants were harvested 2, 4, 6, 8, 10 12, and
14 days after BTH or water treatment and then
weighed. Secondary leaves were collected, frozen in
liquid N, and kept at —82°C until use for biochemical
analyses. Determinations were carried out with three
replicates for each treatment.

To analyse BTH-induced defence enzymes, frozen
secondary leaves were homogenized (1:3, m/v) in an
ice-cold mortar using 0.05 M sodium acetate buffer,
pH 5.2, containing 0.15 M NaCl. The suspension was
centrifuged at 20 000 x g for 10 min at 4°C, and the
supernatant collected, dialysed (for 24 h, five changes)
against the extracting buffer and the resulting leaf
enzyme extracts stored at —-20°C for subsequent
analyses.

Protein concentration and enzyme analyses

Protein concentration was determined according to
Bradford (1976) using bovine serum albumin as
standard.

Superoxide dismutase (SOD) (EC 1.15.1.1) isoen-
zymes were examined in native polyacrylamide gel
electrophoresis following the procedures of Beauchamp
and Fridovich (1971) and Martinez et al. (2000). Equal
protein quantities (4.5 ug) of leaf crude extracts were
loaded in each lane of a single gel. Protein bands were
visualized with 0.25 mg/ml nitro blue tetrazolium plus
0.1 mg/ml riboflavin in the presence of a 32 W fluores-
cent light.

For ascorbate peroxidase (APX) (EC 1.11.1.11)
assay (Peixoto et al., 1999), 300 ul leaf crude extract
was incubated with 600 ul 0.05 M potassium phos-
phate buffer, pH 6.0, 0.5 mMm ascorbate and 100 ul
2 mMm H,0,, for 3 min, at 30°C. The variation of one
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absorbance unit, measured at 290 nm, within the reac-
tion time, was defined as APX activity unit and
expressed per gram of leaf fresh weight per minute
(AU g/FW/min).

For guaiacol peroxidase (POX) (EC. 1.11.1.7) assay
(Urbanek et al., 1991), 20 ul leaf extract was incubated
with 980 ul extracting buffer without NaCl, 500 ul
0.02 M guaiacol and 500 ul 60 mm H,O,, at 30°C, for
3 min. Absorbance was measured at 480 nm and the
variation of one unit of absorbance was defined as
POX activity unit. Enzyme activity was expressed as
activity unit per gram of leaf fresh mass per minute
(AU g/FM/min).

To analyse phenylalanine ammonia-lyase (PAL) (EC
4.3.1.5) activity (Mori et al., 2001; El-Shora, 2002),
200 ul leaf extract was incubated with 200 ul 0.04 M/
L-phenylalanine, 20 ul 0.05 M fS-mercaptoethanol and
480 ul 0.1 m Tris—=HCI buffer, pH 8.8, at 30°C, for
60 min. Reaction was stopped by addition of 100 ul
6 M HCI. After centrifugation (20 000 X g, 5 min) the
absorbance of the collected supernatant was measured
spectrophotometrically at 290 nm. Activity was
expressed as the amount of frans-cinnamic acid
produced per gram leaf fresh mass per second (pmol
cinnamic acid g/FM/s).

p-1,3-glucanase (fGLU) (E.C. 3.2.1.39) activity was
assayed using 2.0 mg/ml laminarin (Sigma-Aldrich,
Inc., St Louis, MO, USA) as substrate (Boller, 1993).
The reaction mixture consisted of 100 ul leaf extract
and 900 ul laminarin solution (2.0 mg/ml). After
incubation at 50°C for 30 min, the amount of glucose
liberated was determined from absorbance readings
taken at 520 nm. Activity was expressed as nanokatal
(nkat) per gram leaf fresh mass (nkat/g FM) and

—a— Control
00 T

defined as the enzyme catalysing the formation of
1.0 nm glucose equivalent per second.

Statistical analysis

Data were subjected to analysis of variance followed
by Duncan’s test (P < 0.05) using the sAs package (Sta-
tistical Analysis Systems Inc., Cary, NC, USA).

Results

Effect of BTH treatment on melon fruits

The effects of BTH treatment on the protection of
postharvest melon fruits against F. pallidoroseum is
shown in Fig. 1. It is depicted that BTH at 0.5, 1.0 or
2.0 mMm concentration had no effect on the incidence
(a) and severity (b) of the rot caused by F. pallidorose-
um compared with control fruits during the experimen-
tal period examined. Thus this suggests that BTH was
ineffective in protecting melon fruits from the fruit rot
disease.

Zymogram analysis revealed at least four SOD iso-
forms being present in melon fruits (Fig. 2). Although
their activities increased during the course of the
experimental period such increases seemed to be due
to fruit maturation and not related to chemical elicita-
tion, except at 10 days after BTH-treatment (DAT)
when a slight increase of b, ¢ and d isoforms, com-
pared with the respective control, was noticed. Regard-
ing the enzyme activities of APX, POX, PAL and
PGLU in melon fruits treated with 2.0 mm BTH, no
significant differences in their activities were observed
by comparison with the corresponding controls at 3, 7
and 10 DAT (Fig. 3). Overall, in this case, there was a
fruit maturation-dependent increase in POX, PAL and
PGLU, and decrease in APX activity. Nevertheless,
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Fig. 1 Effect of benzo-thiadiazole-
7-carbothioic acid S-methyl ester
(BTH) on the incidence (a) and
severity (b) of melon fruit rot
caused by Fusarium pallidoroseum. 1
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Fig. 2 Native-polyacrylamide gel electrophoresis showing the zymo-
gram of superoxide dismutase (SOD) from melon fruits treated with
benzo-thiadiazole-7-carbothioic acid S-methyl ester (BTH) and post-
inoculated with Fusarium pallidoroseum. Arrows indicate SOD iso-
forms. C = control; T = 2.0 mm BTH treatment; DAI = days
after inoculation

BTH treatment of melon fruits followed by F. pallid-
oroseum inoculation did not act as an elicitor of host
biochemical defence responses under the conditions of
the present study.

Effect of BTH treatment on melon seedlings
This experiment evaluated whether BTH treatments
affect the plant growth and the kinetics of some
defence-related enzymes in healthy melon seedlings
that had not been inoculated with F. pallidoroseum.
All BTH concentrations used (0.3, 0.5 and 1.0 mm)
reduced the seedling growth particularly from day 6
onwards (Fig. 4). This effect was more pronounced in
both the shoot height and the size of the secondary
leaves which were smaller than those of controls (fig-
ures not shown). As a consequence, the seedling total
fresh masses were decreased by around 21% already at
6 DAT. Maximal differences were achieved at 12 DAT
when fresh masses decreased, on average, by 35% of
controls at all BTH concentrations used (Fig. 4).
BTH-treatment also altered the expression of some
defence enzymes. Zymogram analysis of SOD revealed
the presence of at least four isoforms in the secondary
leaves of melon seedlings which were induced upon
BTH-treatment (Fig. 5). However, the most prominent
increases in SOD activity occurred with band c, partic-
ularly from 6 to 12 DAT. At the end of the experimen-
tal period (14 DAT), no differences in intensities were
visualized amongst the bands in control and treated
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Fig. 3 Ascorbate peroxidase (APX) (a), guaiacol peroxidase (POX)
(b), phenylalanine ammonia-lyase (PAL) (c), and p-1,3-glucanase
(BGLU) (d) activities of melon fruits treated with benzo-thiadiazole-
7-carbothioic acid S-methyl ester (BTH) and postinoculated with
Fusarium pallidoroseum. Data are compared within each time-point
(small letters) and during the course of the experimental period (cap-
ital letters). Different letters indicate significant differences (Duncan’s
test, P < 0.05). Bars indicate SE

seedlings, apparently because the inducing effect of
BTH has ceased.

A significant effect of BTH-treatment on APX was
noted only at 2 and 12 DAT (Fig. 6a). At 2 DAT, the
decrease in APX activity occurred only with 1.0 mm
treatment, whereas at 12 DAT, the decreases were
more pronounced with 0.5 and 1.0 mm BTH concen-
trations applied, representing around 61% and 65% of
those of control seedlings, respectively.

Figure. 6b shows that POX activity steadily
increased from day 4 to day 8, when it displayed the
highest activity, comprising 3066%, 5200% and
3690% over those of controls, at 0.3, 0.5 and 1.0 mMm
BTH treatments, respectively. Thereafter POX
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Fig. 5 Native-polyacrylamide gel
electrophoresis showing the zymo-
gram of superoxide dismutase
(SOD) from melon seedlings trea-
ted with benzo-thiadiazole-7-car-
bothioic acid S-methyl ester
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decreased slightly until the end of the experimental
period, but still kept higher levels of activity compared
with control seedlings.

Phenylalanine ammonia-lyase activity (Fig. 6¢)
showed to be unresponsive to BTH as it showed a
trend of decreasing activity as the seedlings aged.

On the other hand, BTH was able to significantly
induce SGLU activity from 8 to 14 DAT (Fig. 6d),
particularly at 0.5 and 1.0 mm concentrations. At 8
DAT, SGLU activity increased by at least 666% over
those of controls.

Discussion

Relatively little work has addressed pathogen resis-
tance of postharvest fruits, especially related to
melons. However, the melon rot caused by F. pallid-
oroseum represents a constraint to its commercializa-
tion and searches to find out new strategies to
control this disease is imperative. BTH is considered
an environmentally friendly crop protection agent and
resistance activator for a great number of plant spe-
cies against a large number of pathogens (Iriti and
Faoro, 2003; Baysal et al., 2005; Malolepsza, 2006).
Based on this premise BTH has been tentatively
employed to reduce the use of agrotoxic substances
while maintaining crop yields. However, the results of
the present work indicate that the protective effects
of BTH against pathogens cannot be taken for
granted and that this effect on a particular crop
should be independently evaluated. Indeed, applica-
tion of BTH in melon fruits, var. ‘Orange Flesh’, did
not result in any effective reduction of the incidence
and severity of the melon rot caused by F. pallidoro-
seum, under the experimental conditions of the pres-

ent work (Fig. 1). Actually, the use of this chemical
inducer, even at 2.0 mM active ingredient concentra-
tion, did not modify the activities of the defence-
related enzymes SOD (Fig. 2), APX, POX, PAL and
PGLU in melon fruits (Fig. 3) which is in agreement
with the ineffectiveness of BTH in protecting the
melon fruits against the postharvest rot. Few reports
have also shown the unsuccessful use of BTH in
inducing resistance. Indeed, BTH was ineffective in
reducing the number and diameters of lesions pro-
voked by Botrytis cinerea on Freesia hybrida cv. ‘Cote
d’Azur’ flower (Darras et al., 2007). Similarly, field
application of BTH had no significant effect on
B. cinerea disease severity on two Geraldton Wax-
flower (Chamelaucium uncinatum) cultivars (Dinh
et al., 2007). Thus, altogether, the present as well as
some previous results provide evidence that in some
plant-pathogen systems BTH is not able to induce
resistance.

To control postharvest diseases of several important
fruits a number of approaches have been tried towards
the development of alternative methods of protection
against postharvest decays other than the use of fungi-
cides. These generally include manipulation of temper-
ature and humidity of fruit storage to suppress
pathogen development, hot-air or hot-water treatments
or induction of natural resistance by environmentally
friendly elicitors, and UV-C irradiation (Janisiewicz
and Korsten, 2002; Terry and Joyce, 2004b). Unfortu-
nately, none of these methods alone have provided sat-
isfactory control of decays. Therefore, more efforts are
necessary to discover new alternatives to overcome the
drawbacks that postharvest decays bring to the fruit
industries.
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Fig. 6 Ascorbate peroxidase (APX) (a), guaiacol peroxidase (POX)
(b), phenylalanine ammonia-lyase (PAL) (c), and f-1,3-glucanase
(BGLU) (d) activities of melon seedlings treated with benzo-thiadiaz-
ole-7-carbothioic acid S-methyl ester (BTH). Data are compared
within each time-point (small letters) and during the course of the
experimental period (capital letters). Different letters indicate signifi-
cant differences (Duncan’s test, P < 0.05). Bars indicate SE

The present study showed that soaking melon fruits
in BTH was not efficient in protecting them against
the rot caused by F. pallidoroseum. Therefore, an
experiment in which melon seedlings were sprayed with
BTH aiming at triggering defence-related enzymes was
carried out. The rationale behind this approach was to
verify if BTH could induce effective defence responses
SAR in melon plants.

The melon seedlings treated with BTH showed
stunted growth from 6 DAT in comparison with con-
trols (Fig. 4). This reduction could be the result of
increased lignification of the cell wall of melon seed-
lings which might have restricted the meristematic cell
division and elongation. Lignification and cell elonga-
tion are amongst the broad range of processes that
POX is involved in plants (Fournand et al., 2003; Pas-

sardi et al., 2006). In this present study, BTH was able
to induce overexpression of POX in melon seedlings
(Fig. 6b). Similar BTH-induction effect on POX activ-
ity had previously been documented (Iriti and Faoro,
2003; Soylu et al., 2003; Liu et al., 2005; Malolepsza,
2006) and it has been suggested that the increase in
POX activity is related to the plant cell wall reinforce-
ment and increase of resistance against invading
pathogens (Soylu et al., 2003).

Phenylalanine ammonia-lyase activity was showed to
be unresponsive to BTH when compared with control
plants (Fig. 6¢c). As PAL acts upstream of salicylic acid
(SA) in the phenylpropanoid pathway, a-SA analogue
would not be expected to induce PAL. However it has
been reported increases in PAL activity few hours after
plants had been challenged with pathogens, a response
associated with the onset of the hypersensitive
response (HR) and later to the synthesis of phenolic
compounds and cell lignification (Silva et al., 2002;
Barreto et al., 2007). Thus, pathogen-induced SAR
results in increased PAL activity, but not SA or BTH
treatment.

Various biological processes in living organisms
produce ROS. However, in stress situations as under
pathogen attack, plants may rapidly generate ROS as
one of the earliest events linked with plant resistance
(Hammond-Kosack and Jones, 1996; Kotchoni and
Gachomo, 2006). To prevent cellular damages caused
by excessive ROS, plants rely on antioxidant enzymes
such as SOD and APX to regulate their levels (Shi-
geoka et al., 2002). Increased expression of isoforms
of SOD, as revealed by gel electrophoresis, was
noticed in the present work (Fig. 5). SOD converts
superoxide radicals into less harmful H,O, protecting
the plant cells from the oxidative damage induced by
biotic stresses. Conversely the APX activity was con-
sistently lower compared with control plants (Fig. 6a)
indicating that BTH-treatment down-regulated this
enzyme, particularly at 0.5 and 1.0 mm concentra-
tions. Inhibitory effect of BTH on both antioxidant
enzymes APX and catalase (CAT) is a well docu-
mented effect (Wendehenne et al., 1998). These results
suggest that BTH might indirectly contribute to H>O,
accumulation in plant as it inhibits the metabolic deg-
radation of H,O, by APX and CAT. In this present
study, the BTH-induction of SOD as well as its
inhibitory effect upon APX might have contributed to
H,0, accumulation. H,O, participates in the plant
defence strategies as its accumulation could directly
kill the invading pathogen (Hunt et al., 1996), com-
mence HR and programmed cell death (Hancock
et al., 2002; De Pinto et al., 2006) and trigger the
increase of gene defence expression (Borden and Hig-
gins, 2002; Mlickova et al., 2004).

Figure. 6d shows that BTH was able to significantly
induce fGLU activity from day 8 after spraying, par-
ticularly at 0.5 and 1.0 mMm concentrations, compared
with controls. Other works have demonstrated this
same capacity of BTH in inducing fJGLU expression
(Bokshi et al., 2003; Buzi et al., 2004). Participation of
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this enzyme in the plant defence mechanism is associ-
ated with its ability to degrade pathogenic fungus cell
wall. Moreover, the products of the SGLU hydrolytic
activity can function as elicitors of defence response
(Rivera et al., 2002). Generally, the content of this
enzyme is low in healthy plants. However, when plants
are infected by pathogens or treated with elicitors of
defence mechanisms, the SGLU activity increases
quickly. In melon plants as SGLU activity increases
this implies that SAR has been induced, as PR-protein
expression is taken as a marker of active defence
(Bargabus et al., 2004).

In conclusion the present study showed that BTH
did not act as a protection agent of melon fruits
against the fruit rot caused by F. pallidoroseum. How-
ever, as the preflowering and single application of
BTH modified the activities of the defence-related
enzymes SOD, APX, POX and f-GLU in melon
seedlings, this strategy could probably be effective for
the control of the postharvest rot of melon fruits
through activation of systemic resistance. For
instance, similar treatment significantly reduced the
incidence of the postharvest disease caused by Alter-
naria sp. and Fusarium sp. in postharvest melons
(Huang et al., 2000).
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