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ABSTRACT 

Secondary compounds of medicinal plants can activate defense 
mechanisms in plants against pathogens. The aqueous extract (AE) of 
Corymbia citriodora has shown that activity, but there is scarce information 
about the involved mechanisms of action. Therefore, this study aimed to 
evaluate the effect of AE on the induction of defense enzymes and protection 
of cucumber from Colletotrichum lagenarium. Thus, the AE, autoclaved or 
not, was evaluated for its capability of protecting and inducing peroxidases, 
polyphenoloxidases, chitinases and β-1.3-glucanases, and phenylalanine 
ammonia-lyase. Distilled water and acibenzolar-S-methyl (50 mg a.i. L-1) 
were used as controls. The effect of AE at the concentrations of 1, 5, 10, 
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15 and 20% was also evaluated, as well as its local and systemic effect, 
and the effect of one or two applications. Pathogen inoculation or sample 
collection for determination of enzyme activity was performed at 72 hours 
after treatments. The AE reduced the severity of C. lagenarium and induced 
peroxidases and β-1.3-glucanases by 37.6, 67.2 and 122.7%, respectively. 
There was a reduction in the disease severity and an increase in peroxidases 
from the concentration of 5% AE. The latter showed only local effect and 
greater reduction in severity when two applications were performed. These 
results suggest the effect of AE in inducing resistance in cucumber and 
inducing peroxidases and β-1.3-glucanases.

Keywords: Resistance induction, alternative control, medicinal plant.

Control of plant diseases has been largely achieved with the use of 
pesticides. This form of control often faces the emergence of pathogen 
strains that are resistant to chemicals used for contamination problems 
and ecological imbalance. In addition, sustainability, food security and 
environmental protection become a necessity, as well as guidelines 
for agricultural production. In this context, alternative control of plant 
diseases have been studied (5, 24).

One alternative control line that has been shown very promising 
studies the use of secondary plant metabolites (11) that can induce 

resistance in plants, representing an important alternative for the 
management of diseases (21, 28).

Resistance induction in plants consists in activating latent defense 
mechanisms by means of localized infection by pathogens or as a 
response to treatment with different biotic agents (such as viable or 
inactivated micro-organisms) or abiotic factors (18, 19, 20).

A large number of enzymes are associated with induced resistance 
(17), such as peroxidases, polyphenol oxidases, phenylalanine ammonia 
lyase, β-1,3-glucanases and chitinases. B-1,3-glucans and chitinases 

Compostos secundários de plantas medicinais podem ativar mecanismos 
de defesa em plantas contra patógenos. O extrato aquoso (EA) de Corymbia 
citriodora têm manifestado essa atividade, mas são escassas informações 
dos mecanismos de ação envolvidos. Assim, esse trabalho teve por objetivo 
avaliar o efeito do EA na indução de enzimas de defesa e na proteção de 
pepino à Colletotrichum lagenarium. Para tanto, o EA, autoclavado ou não, 
foi avaliado quanto a capacidade de proteção e indução de peroxidases, 
polifenoloxidases, quitinases e b-1,3 glucanases e fenilalanina amônia-
liase. Água destilada e acibenzolar-S-metil (50 mg i.a. L-1) foram utilizados 
como testemunhas. Também foi avaliado o efeito do EA nas concentrações 
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RESUMO

de 1, 5, 10, 15 e 20%, bem como o efeito local e sistêmico, e de uma 
ou duas aplicações. A inoculação do patógeno ou a coleta de amostras 
para determinação da atividade enzimática foi realizada 72 horas após 
os tratamentos. O EA reduziu a severidade de C. lagenarium e induziu 
peroxidases e β-1,3-glucanases em 37,6, 67,2 e 122,7%, respectivamente. 
Houve redução na severidade da doença e aumento de peroxidases a partir 
da concentração de 5% do EA. Este apresentou somente efeito local, com 
maior redução na severidade quando em duas aplicações. Estes resultados 
sugerem o efeito indutor de resistência do EA em pepino com indução de 
peroxidases e β-1,3-glucanases.
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are PRPs that degrade the cell walls of pathogens, releasing molecules 
that act as elicitors in the initial stages of the resistance induction 
process on phytoalexins and phenolic compounds (23). Peroxidases 
play a fundamental role in the growth and development of plants and 
are strongly related to defense mechanisms against pathogens (1, 14, 
15). Polyphenol is generally abundant in infected tissues and is very 
important for plants since it is involved in defense mechanisms or in 
senescence. Phenylalanine ammonia-lyase (PAL) is an enzyme widely 
studied by physiologists due to its key importance in the secondary 
metabolism of plants, especially in the synthesis of plant defense 
compounds (11).

Medicinal plants can have a large number of secondary metabolites 
with biological activity in their composition (21). The aqueous crude 
extract or the essential oil of these plants have shown potential to control 
plant pathogens, either by direct fungitoxic activity or by activating 
defense mechanisms in the plants (3, 23).

Among the pathosystems that have received attention in studies of 
this nature, anthracnose caused by Colletotrichum lagenarium (Pass) 
Ellis & Halsted in cucumber is highlighted (10). Some authors consider 
peroxidase accumulation in cucumber a biochemical marker of induced 
resistance in this culture (6).

Plants that have been studied for disease control include Corymbia 
citriodora Hill & Johnson (syn. Eucalyptus citriodora Hook). Some 
studies using the aqueous extract of C. citriodora have indicated the 
potential of this alternative control of plant diseases. Bonaldo et al. (3) 
showed inhibition of spore germination and appressorium formation 
of Colletotrichum lagenarium by using the aqueous extract of C. 
citriodora. Bonaldo et al. (2) verified that the crude aqueous extract 
of C. citriodora was capable of inducing phytoalexin synthesis in 
soybean and sorghum. Moreover, the aqueous extract significantly 
reduced the size of lesions caused by Colletotrichum lagenarium on 
cucumber plants.

Therefore, this study aimed to evaluate the effect of the aqueous 
extract of C. citriodora on the protection of cucumber, C. lagenarium, 
associated with induction of enzymes related to defense, helping clarify 
the involved mechanisms.

MATERIAL AND METHODS

The leaves of C. citriodora were obtained from the garden of 
medicinal plants at “Universidade Estadual de Maringá”/Paraná State, 
and the aqueous crude extract with 20% plant material was obtained 
according to Bonaldo et al. (3). For this purpose, fresh leaves of C. 
citriodora were collected, weighed and ground in a blender with 
distilled water at a ratio of 200 g plant material to 1000 mL water. This 
aqueous extract was then passed through gauze and filtered through 
Whatman filter paper pore size 41. The extract was centrifuged at 
20,000 g for 20 min to separate insoluble compounds. The supernatant, 
regarded as aqueous extract (AE), was filtered through a Millipore 
membrane 0.45 µm pore size. The precipitate was resuspended in water. 
The aqueous extract, autoclaved or not, in addition to the precipitate, 
was evaluated for protective activity and induction of defense enzymes 
in cucumber. Controls were distilled water and the plant activator 
acibenzolar-S-methyl (50 mg a.i. L-1) (ASM).

The plant pathogenic fungus, Colletotrichum lagenarium, was 
isolated in water-agar medium 2% from symptomatic leaves of 
cucumber collected from the city of Marechal Candido Rondon-PR. 
Pure cultures of the fungus were obtained and transferred to potato-

dextrose-agar (PDA) medium in Petri dishes which were maintained 
at 25°C under constant fluorescent light. To induce sporulation, they 
were transferred from agar-water medium to oatmeal-agar culture 
medium and subsequently incubated in Petri dishes at 23°C under black 
light (wavelength band around 320 nm) (8). Plants were inoculated by 
spraying a suspension containing 1 x 105 conidia ml-1.

Tests were conducted on cucumber plants and seedlings to assess 
protection and induction of enzymes related to defense by means 
of treatment with C. citriodora AE. Tests on cucumber plants were 
conducted to evaluate the local or systemic activity of the AE according 
to the methodology employed by Di Piero (8) with some modifications. 
Cucumber plants were cultivated in 2-liter pots containing a mixture of 
soil, organic matter and sand at the ratio 2:2:1 (v:v:v), autoclaved for one 
hour at 120° C. Cucumber seeds were sown in pots that were kept in a 
greenhouse heated to 27 ± 2°C with one plant per pot. The plants were 
used in bioassays when they presented two true leaves. Treatments were 
applied by spraying on the first true leaf. Simultaneously, and at 24, 48, 
72 and 96 hours after treatment application, the treated leaves, as well 
as the untreated second true leaf, were inoculated with C. lagenarium. 
For this group of plants, disease severity was assessed by determining 
the percentage of diseased leaf area at 10 days after inoculation, using 
the software Quant (26). For another group of plants subjected to the 
same treatment, instead of inoculation with the pathogen, 10 leaf discs 
with a diameter of 1.2 cm each were collected. These leaf discs were 
weighed and stored at -20 °C for peroxidase activity analysis. The effect 
of distilled water and 20% aqueous extract was evaluated.

These tests were conducted according to the methodology proposed 
by Di Piero (8) with some modifications. Therefore, cucumber seeds 
were sown in trays with 128 cells containing commercial substrate and 
kept in a heated greenhouse at a temperature of 27 ± 2°C. Six days after 
sowing, the cotyledons of each seedling were sprayed with treatments 
and kept in a greenhouse. Three tests were conducted on cucumber 
seedlings. In the first trial, autoclaved AE, non-autoclaved AE and 
precipitation were evaluated. In the second trial, AE concentrations of 
1, 5, 10, 15 and 20% were assessed. In the third test, the effects of AE 
in one or two applications were tested; the second application was at 
three days after the first one. In these tests, severity of anthracnose and 
defense and enzyme induction were evaluated. Therefore, in one group 
of plants, inoculation was carried out with the pathogen and in another 
group samples were collected for enzyme activity at 72 hours after 
treatment or 72 hours after the second application. Controls constituted 
of distilled water samples and ASM (50 mg i.a.L-1) (applied only once).

For the analysis of enzyme activity, leaf tissue samples stored at 
-20 °C were ground and homogenized in 4 ml of 0.01 M phosphate 
buffer (pH 6.0) containing 1% (w/w) PVP (polyvinylpyrrolidone), 
in a porcelain mortar. The homogenate was centrifuged at 20,000 g 
for 25 min at 4 °C. The supernatant (enzyme extract) was used for 
determination of protein content and enzyme activity. All used materials 
were kept under refrigeration. Total protein content was determined 
according to the Bradford method (4). Results were expressed as mg 
protein-1 1-ml sample.

Peroxidase act ivi ty  in  the samples  was determined 
spectrophotometrically based on the conversion of guaiacol into 
tetraguaiacol at 470 nm (16). Results were expressed as absorbance units 
at 470 nm min-1 mg protein-1. The activity of polyphenol oxidase (PPO) 
was determined according to the methodology proposed by Duangmal 
& Apenten (9), which consists in quantifying the oxidation of catechol 
converted into quinone, reaction mediated by the polyphenol oxidase 
enzyme. Results were expressed as absorbance min-1 mg-1 protein. 
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The activity of phenylalanine ammonia-lyase was determined 
according to the methodology described by Umesha (25), in which the 
results were plotted on the standard curve to trans-cinnamic acid and 
expressed as milligrams of trans-cinnamic acid h-1 mg protein-1. The 
activity of β-1,3-glucanase was determined based on the colorimetric 
quantification of reducing sugars released from laminarin, according 
to the methodology proposed by Vogelsang & Barz (29). Values were 
expressed as mg equivalent glucose h-1 mg protein-1. The activity of 
chitinase was determined based on the release of soluble fragments 
of “CM-chitin-RBV” (30) from carboxymethylated chitin marked 
with bright violet remazol (“Carboxymethyl-Chitin-Remazol Brilliant 
Violet”). Results were expressed as absorbance min-1 mg-1 protein units.

Results from the bioassays were subjected to analysis of variance 
and the treatment means were analyzed according to Tukey’s test at 5% 
probability. Analyses were performed by using the computer system 
SISVAR, version 5.0 (System-statistic UFLA analysis).

RESULTS AND DISCUSSION

In cotyledons of cucumber, ASM, AE and autoclaved AE 
significantly reduced the severity of anthracnose by 49.6, 37.6 and 
39.6%, respectively, compared to control treated with distilled water 
(Figure 1).

The resuspended precipitate resulting from centrifugation of the 
aqueous extract at 20,000 g for 30 min had no effect on the disease 
severity or on the activity of enzymes related to plant defense for 
both studied pathosystems, possibly indicating the absence of active 
compounds in this fraction.

With respect to peroxidase activity, ASM and AE promoted 
significant increase in the activity of this group of enzymes, which 
was 83.6 and 67.2%, respectively, compared to the water control. The 
autoclaved AE had lower activity than the non-autoclaved extract 
but still exceeded the water control by 14.6%, indicating partial loss 
of activity due to autoclaving. A large number of authors consider 
peroxidases accumulation a biochemical marker of induced resistance 
in cucumber (6), although the correlation between the activity of these 
enzymes and the protection of plants is not always clear.

Dalisay & Kuc (7) demonstrated that peroxidases have no direct 
relation with resistance induction in cucumber and therefore could 
not be used as a resistance marker for that pathosystem, as suggested 
by other authors (6). However, the role of peroxidases in defense 
mechanisms such as lignin formation by the polymerization of phenols 
is proven and changes in peroxidase activity are also expected to involve 
changes in the activity of other enzymes present in the same metabolic 
pathway. Thus, Boava et al. (1) noted that peroxidases are used in the 
study of resistance induction, not as a marker, but as one of the many 
defense responses expressed by plants.

With respect to β-1,3-glucanases, AE also expressed activity. In 
cucumber cotyledons, both ASM and EA promoted an increase in the 
enzyme, which was 139.0 and 122.7%, when compared to the distilled 
water control. Di Piero (8), studying the potential of Lentinula edodes 
and Agaricus blazei mushrooms in the induction of resistance in 
cucumber, did not find induction on glucanase activity. However, Ji & 
Kuc (13) showed that an acidic isoform of β-1,3-glucanase participates 
in resistance in cucumber.

For chitinase, none of the treatments caused a significant increase in 
the activity of this enzyme. These results suggest that the action of AE 
on C. citriodora cucumber does not involve, at least significantly, the 

activity of this enzyme, although the plant activator has not promoted 
a significant increase in the activity either.

As for polyphenol oxidase activity, only the ASM plant activator 
promoted a significant increase in the activity of this enzyme. On the 
other hand, the result of AE did not differ statistically from that obtained 
for ASM and expressed a sensitive activity over this enzyme, higher 
than that presented by the precipitate. Silva et al. (23), evaluating 
microbiolized bean seeds with fluorescent Pseudomonas, obtained 
metabolic changes in bean leaves with increased content of total soluble 
protein and polyphenol oxidase activity. The increase in polyphenol 
oxidase and peroxidase activity in plants has also been reported with 
other extracts and vegetable derivatives, such as tinctures (17, 28).

ASM and AE stimulated the synthesis of phenylalanine ammonia-
lyase (FAL) in 16.2 and 18.5%, respectively. Kuhn (14) noted that 
in bean plants treated with Bacillus cereus and ASM, phenylalanine 
ammonia lyase activity was not changed due to the inductors, suggesting 
that the phenylpropanoid pathway did not suffer alterations. Increase in 
FAL is associated with a reduction in the severity of some plant diseases. 
This was not observed by Silva et al. (22), who detected no changes in 
FAL activity in seed treatment with Bacillus cereus in tomato; however, 
high peroxidase activity was emphasized. The use of neem (Azadirachta 
indica) extract promoted an increase in the activity of polifenol oxidase, 
FAL and peroxidase in carrots, indicating a resistance-inducing effect 
(17). Increase in FAL activity was also observed after inoculation of 
C. lagenarium in melon (10).

As for the evaluation of local or systemic effect of AE, in treated 
leaves there was a reduction in the severity of anthracnose over 72 and 
96 hours, in comparison to leaves that received only water (Figure 2), 
expressing local protective effect. For the second leaf, which did not 
receive the treatment, there was no significant difference in protection 
between leaves treated with AE or just water. Similar results were 
obtained with respect to peroxidase activity. In this case, the effect of AE 
was more evident at 48 hours after treatment, already showing induction 
of peroxidases by AE. Similarly, for peroxidases, leaves that did not 
receive treatment showed no significant difference between treatments.

Activity of AE only in the treated leaves suggests priority for local 
action of the extract, with no or limited systemic action under the 
conditions of analysis of this study. According to a large number of 
authors, induced resistance can only be local or systemic (27). In cases 
where rhizobacteria are inducing agents, usually there is systemicity 
(19). The antifungal activity against C. lagenarium presented by AE 
of C. citriodora on spore germination and appressorium formation 
reported by Bonaldo et al. (3) may contribute to reduce the severity of 
anthracnose in cucumber. These authors also evaluated the number and 
size of lesions of C. lagenarium on the first and second leaf of cucumber 
plants; only the first leaf received treatment with aqueous extract of 
C. citriodora, while the untreated leaf did not obtain a reduction in 
disease, suggesting the absence of systemic effect on cucumber by 
aqueous extract of C. citriodora. Peroxidase induction in treated 
cucumber leaves was relevant to the reduction in the disease severity, 
corroborating the statement that peroxidase accumulation is closely 
related in inducing resistance in cucumber plants (6).

Di Piero (8) evaluated the effect of aqueous extract of the mushroom 
Lentinula edodes on cucumber plants and observed an increase in local 
and systemic activity of peroxidases on the ninth and twelfth day after 
treatment, respectively (the third and sixth day after inoculation with 
Colletotrichum lagenarium). The potential local protective effect on 
cucumber leaves by the extract of C. citriodora was reported by Bonaldo 
et al. (3). Similarly, resistance of melon plants (Cucumis melo L.) 
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Figure 1. Severity of anthracnose and induction of defense enzymes in cucumber cotyledons treated with aqueous extract (20%) of Corymbia 
citriodora. AE: aqueous extract; Prec: precipitate of the centrifugation of AE resuspended in water; Auto: autoclaved AE. Control: distilled water 
and acibenzolar-S- methyl (50 mg a.i. L-1) (ASM). The bars represent the mean ± standard error. Means followed by the same letters do not differ 
according to Tukey’s test at 5 % probability.

against C. lagenarium is associated with localized and intense release 
of reactive oxygen (10).

As to the effect of AE concentration, an increase was observed in 
peroxidase activity at concentrations of 5% (Figure 3). The increase 
in AE activity from 5% was relevant to reducing the severity of 

anthracnose, which was also observed at concentrations of 5% AE. The 
concentration of elicitors in AE at concentrations lower than 5% may 
be not sufficient to trigger defense mechanisms in cucumber.

One of the criteria is to confirm if the resistance displayed by the 
plant was induced and there was no magnitude of expressing resistance 
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Figure 2. Effect of applying the aqueous extract (AE) of Corymbia citriodora on the peroxidase activity in cucumber plants for different time 
intervals between the inductor treatment and inoculation with the pathogen. Local effect: first treated trefoil; systemic effect: according to untreated 
trefoil. Bars represent the standard error of the mean. ** Significant according to Tukey’s test at 5 % probability.

Figure 3. Severity of anthracnose (A) and peroxidases activity (B) in cotyledons of cucumber treated with different concentrations of aqueous 
extract of Corymbia citriodora. Bars represent the standard error of means.
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and increasing amounts of the applied inductor (19). However, if an 
inductor is biotic, there is the need for a minimum number of cells 
to be in contact with the plant to be induced but once this resistance 
is expressed it increases the amount of inducer cells which does not 
correspond to an increase in resistance.

AE, when applied twice in cucumber cotyledons (one application 
at three days and another application at six days before inoculation 
with the pathogen), caused a significant reduction in the severity of 
anthracnose with respect to only one application (three days prior to 
inoculation). This reduction in the disease severity was similar to that 
achieved by the ASM activator applied three days prior to inoculation. 
For the peroxidase enzyme, there was no difference between the 
numbers of applications, but again two applications permitted results 
similar to that of ASM (Figure 4).

The fact that two applications have helped control the disease and 
have not induced significant increase in peroxidase activity may have 
been favored by greater accumulation of antifungal compounds present 
in the AE on the plant surface. Although there are few studies on the use 
of antifungal compounds of C. citriodora AE on plant disease control, 
the antifungal activity of Eucalyptus citriodora (sin. C. citriodora) AE 
on C. lagenarium has been reported by Bonaldo et al. (2, 3), as well 
as extracts from other plant species (5). Iriti & Faoro (12) observed 
that applying ASM two or three times on beans, before inoculation 
with Uromyces appendiculatus, showed 99.6 and 100% reduction in 
pustules, respectively.

Overall, the pathosystem cucumber and C. lagenarium presented 
significant results in bioassays, confirming the information that this is 
an appropriate and interesting pathosystem for evaluation in resistance 
induction tests. The results suggest the effect of AE in inducing local 
resistance in cucumber with induction of peroxidases and β-1,3-
glucanases.
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