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Salicylic acid in the induction of resistance to beet seedling 
damping-off and antifungal activity against Fusarium sp., in vitro
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Abstract

The damping off is the main disease that affects the beet crop during the seedling production. The 
aim of this study was to evaluate different salicylic acid (SA) concentrations for resistance induction 
against damping-off in beet seedling and its antifungal activity against Fusarium sp., in vitro condition. 
Treatment of beet seed was with SA solution by immersion during 5 minutes in the 0.5, 1.0, 1.5 and 
2.0 mM concentrations and control (distilled water). It was used four replications with 20 cells by 
experimental unit. The experiment was carried out for 14 days in cultivate chamber with temperature 
(23 oC ± 2°C), lighting (12 hours photoperiod) and humidity (70% ± 10%) controlled. After this time, 
the germination, damping off incidence, seedling length and fresh mass matter weight were evaluated. It 
was evaluated also in the seedling tissue the phenylalanine ammonia-lyase (PAL), β-1.3 glucanase and 
chitinase level enzymes. In the in vitro the SA was putted in PDA (potato-dextrose-agar) medium, where 
the Fusarium sp. mycelial growth was evaluated. The SA applied for seeds treatment didn’t had effect 
significant on damping off of beet seedlings, but it induced the activity of β-1.3 glucanase enzyme, it 
being this higher in nine times when compared the treatment control. The SA acted in the Fusarium 
sp. in vitro control with fungitoxic action, suppressed mycelial growth in 28% if compared to control.
Key words: Beta vulgaris L, elicitor, induced resistance, protein-PR

Resumo

O tombamento de plântulas é a principal doença que afeta a cultura da beterraba no processo de 
produção de mudas. Objetivou-se neste trabalho avaliar diferentes concentrações de ácido salicílico 
(AS) na indução de resistência ao tombamento de plântulas de beterraba e a atividade antifúngica contra 
Fusarium sp., in vitro. O tratamento das sementes de beterraba foi realizado com imersão em solução 
de AS nas concentrações de 0,5; 1,0; 1,5 e 2,0 mM e a testemunha (água destilada). Em seguida foram 
semeadas em substrato previamente esterilizado e inoculado com Fusarium sp. O experimento foi 
conduzido por 14 dias em câmara de cultivo com controle de temperatura (23 oC ±2 °C), luminosidade 
(fotoperíodo de 12 h) e umidade (70% ± 10%). Após esse período foram avaliados a germinação das 
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sementes, incidência de tombamento, comprimento de plântula e massa da matéria fresca. Foi também 
avaliada nos tecidos das plântulas a atividade das enzimas fenilalanina amônia-liase (FAL), β-1,3-
glucanase e quitinase. No experimento in vitro o AS foi incorporado ao meio BDA (batata-dextrose e 
ágar) e avaliado o crescimento micelial de Fusarium sp. A aplicação de AS em tratamento de sementes 
não atuou significativamente sobre o tombamento de plântulas de beterraba, mas induziu a atividade da 
enzima β-1,3-glucanase, sendo esta aumentada em nove vezes em relação à testemunha. O AS atuou 
no controle de Fusarium sp, in vitro com ação fungitóxica, com supressão do crescimento micelial em 
28% se comparado à testemunha.
Palavras-chave: Beta vulgaris L, eliciador, indutor de resistência, proteína-RP

Introduction

The beet (Beta vulgaris L.) is a species of plant 
of the Chenopodiaceae family. Their geographical 
distribution extends from Eastern India reaches the 
West, heading towards West of the Canary Islands 
and the western coast of Europe, including the 
British Islands and Denmark (FONTES, 2005).

In Brazil, its cultivation was intensified with 
the European and Asian immigration. In recent 
decades the area cultivated with this tuberous 
vegetable shows a great increase, especially in the 
Southeast, where 42% of the producing properties 
are found (FONTES, 2005). In the State of Paraná 
the cultivated area represents 3,527 ha, with a 
production of 92,881 tons (IBGE, 2012).

The beet culture presents susceptibility to 
various diseases during its cultivation, in particular 
to the damping off of seedlings caused by Fusarium 
sp. This disease causes depressed lesions in young 
plant tissues that cause the damping off of the 
seedling, but it may also occur before the emergence 
of the plant, showing a reduction at the booth of 
seeding, in this case presented damping-off in pre-
emergence. Alternative methods for disease control 
stand through the use of inductors or elicitors that 
induce plant resistance to pathogens (MAZARO et 
al., 2009; KUHN; PASCHOLATI, 2010).

The induction of resistance is defined as the 
activation of a state of resistance against diseases, 
it being systemically induced in plants by the use of 
biotic or abiotic external agents, without any change 
in the genome of the plant, these being called 
elicitors (EDREVA, 2004; BOSTOCK et al., 2014).

Salicylic acid (SA) is an elicitor with the 
physiological role of analyzing in plants, especially 
in the defense against pathogens, it being transported 
via the phloem to the non-infected plant parts, mainly 
in the form of methyl salicylate and even serving as 
a signal to neighbouring plants (MARTINEZ et al., 
2000).

Research with plants with mutant genes show 
that SA regulates the resistance mechanisms at 
the site of infection (hypersensitivity response – 
HR) and through the systemic acquired resistance 
through (SAR), acting in the expression of genes 
responsible for the accumulation of reactive oxygen 
species in the apoplast, which cause the death of 
cells in the site of infection, through the synthesis of 
lignin in the cell wall of neighboring cells in the site 
of infection and through the synthesis of proteins 
related to pathogens (PR-proteins) and phenolic 
compounds in distant sites of infection (GRÜNER 
et al., 2003; JALALI et al., 2006; VLOT et al., 
2009).

The systemic acquired resistance is characterized 
by the expression of genes which encode various 
defense responses to pathogens in plants, such as 
PR-proteins, it being the main ones the chitinases 
and the β-1.3 glucanases. These enzymes can 
promote the degradation of the cell wall of fungi, 
which formed by β-1.3 glucan polysaccharides and 
chitin, which are substrates for β-1.3 glucanase 
and chitanases (DURRANT; DONG, 2004). It is 
also involved in this process of plant defense the 
phenylalanine ammonia-lyase enzyme (PAL). The 
PAL is an enzyme involved in the route of shikimic 
acid, or also called the from phenylpropanoid, being 
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the main route of formation of phenolic compounds. 
It acts in L-phenylalanine deamination, forming 
trans-cinnamic acid and ammonia. The trans-
cinnamic acid can be incorporated into different 
phenolic compounds (4-coumaric acid, caffeic acid, 
ferulic acid), which are present in the formation 
of esters, coumarins, flavonoids and lignins 
(CAVALCANTI et al., 2005).

A despite of to know in cientific works the 
inductor acido salicilico effects, no works have 
been found on the tipping control of damping-off 
of beet seedlings. Thus, research is needed that may 
contribute with information related to the use of the 
in this pathosystem.

The objective of this study was to evaluate 
different concentrations of salicylic acid (SA) in 
the induction of resistance to damping-off of beet 
seedlings and antifungal activity against Fusarium 
sp. in vitro.

Material and Methods

The experiments were carried out at the Federal 
Technological University of Paraná – Dois Vizinhos 
campus, and the stage of cultivation conducted in 
controlled chamber (fitotron system), installed 
in the Laboratory of Plant Physiology, and the in 
vitro in the Plant Pathology Laboratory in the same 
institution, in the year of 2014.

The seed treatment was performed with the their 
immersion in the SA solution for 5 minutes at the 
concentrations of 0.5; 1.0; 1.5 and 2.0 mM and the 
control (distilled water) in completely randomized 
design with four replications. Subsequently, they 
were sown in expanded polystyrene trays containing 
the Plantamax Florestal® substratum previously 
sterilized and inoculated with Fusarium sp. Each 
repetition was made up of 20 cells, where each cell 
received a seed treated with the inductor.

The mycelium of Fusarium sp. was previously 
inoculated into autoclaved wheat seeds, being 
kept in an B.O.D. incubator. Those seeds of wheat 

contaminated with Fusarium sp. were used as a 
vehicle to the sterilized substratum contaminant, 
in the proportion of 10 g kg-1. Inoculants were 
incorporated into the substratum three days before 
receiving the seeds.

The trays were maintained in a 2.5 m length x 
2.5 m width x 2.50 m height cultivation chamber, 
under temperature control (23° C ± 2°), light 
(photoperiod of 12 hours) and humidity (70% ± 
10%). After 14 days the experiment was completed, 
by analyzing the variables, seed germination, 
incidence of damping-off, seedling length and 
mass of fresh matter. In control treatments and in 
higher concentration of SA (2.0 mM) were also 
quantified, in the tissues of seedlings, the levels of 
enzymes phenylalanine ammonia-lyase (PAL), β 
–1.3 glucanase and chitinase, and that the samples 
were constituted by 0.5 g., merged among all parts 
of the plant (leaves, stem, and roots), which were, 
immediately after collection, frozen and stored in 
liquid nitrogen until the assessments.

The percentage of emergency was assessed by the 
number of germinated seedlings, taking into account 
the total percentage of 20 seeds per repetition. The 
percentage of damping-off was considered by the 
number of seedlings that showed symptoms of the 
disease. The seedling size was determined with a 
caliper. The mass production of total fresh matter 
(aerial part and roots) of seedlings was evaluated in 
a precision scale.

The determination of the activity of 
phenylalanine ammonia-lyase (PAL) was by 
colorimetric quantification of trans-cinnamic acid 
released from the substrate phenylalanine as per 
the methodology described by Kuhn (2007), with 
adjustments, where they were 0.25 g of the sample 
with more 3.0 mL of TRIS-HCl pH 8.0 buffer. This 
extract was packaged in micro tubes and centrifuged 
for 10 min at 4° C at 6500g. A portion of 200 µl was 
transferred to another test tube, by adding more 3.0 
mL of extraction buffer. The solution was stirred 
in vortex, thus obtaining the enzymatic extract. 
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This extract, 1.5 mL was transferred to another test 
tube, with over 1.0 mL of the extraction buffer and 
0.5 mL of phenylalanine. This solution was again 
stirred in vortex for homogenization. After being 
removed from the water bath, the tubes were placed 
in an ice bath for 5 minutes to stop the reaction and 
thus enabling a reading in the spectrophotometer at 
290 nm.

For the dosing of chitinase and β-1.3 glucanase 
activities were carried out the procedures 
described by Wirth and Wolf (1992), with 
adjustments, and the samples were macerated in 
2.0 mL of 100 mM acetate buffer (pH 5.0), with 
subsequent centrifugation (20.000 g for 25 min. 
at –4° C). The supernatant was collected and used 
for the evaluation of the activity of enzymes. The 
enzymatic activity of chitinase was evaluated 
through the release of soluble oligomers of “chitin-
azure”, from chitin carboximetilada marked with 
brilliant violet remazol 5R-RBV (Sigma Aldrich®). 
For the spectrophotometric determination of β-1.3 
glucanase activities in the extracts was used as 
curdlan-remazol brilliant blue substratum (Sigma 
Aldrich®-4 mg.ml-1).

The in vitro experiment was conducted in the 
Laboratory of Phytopathology of the UTFPR Dois 
Vizinhos Campus, being used in concentrations 
of 0.5; 1.0; 1.5 and 2 mM of SA, plus a control 
containing distilled water. The experimental design 

used was the completely randomized design with 
four replications.

The inductor was incorporated into the B.D.A 
culture medium, with electromagnetic stirrer to 
homogenize the mixture. Then the culture medium 
was poured into Petri® plate, in the laminar flow 
chamber. After the solidification of the medium, they 
were placed in 10 mm diameter disks, containing 
the mycelium of Fusarium sp., on the plates, with 
their concentrations of the inductor. Subsequently, 
the plates were kept in B.O.D. at a temperature of 
25°C ± 1°C and a photoperiod of 12 hours.

The mycelial growth was monitored during 18 
days after incubation in B.O.D, and it was finalized 
at this time because the Petri® plates controls having 
their edges affected by the mycelial growth of 
Fusarium sp.

Data were evaluated to analysis of variance (p 
≤ 0.05) and, when significant, it was submitted to 
regression analysis, with the adoption of the 5% 
level of significance, using the ASSISTAT program 
(SILVA; AZEVEDO, 2009).

Results and Discussion

The results showed that treatment of beet seed 
with no significant interference resulted in seed 
germination, incidence of seedling damping-off and 
on the their length (table 1).

Table 1. Seed germination, incidence of damping-off and length of seedlings subjected to the beet seed treatment with 
salicylic acid (SA) and the inoculation of Fusarium sp. Dois Vizinhos, 2014.

SA concentration
 (mM)

Germination
(%)

Incidence 
(%)

Seedlings length
 (cm)

0  92,50 ns  7,50 ns  7,972 ns

0,5 95,00 5,00 10,915 

1,0 96,25 3,75  9,065 

1,5 97,50 2,50  8,365 

2,0 96,25 3,75  8,955 

ns = non-significant at the 5% level by test F.
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Considering the results in relation to seed 
germination it was observed that non-phytotoxic 
effect presented about the germinating process. 
Such information is important, considering that with 
an inhibitory effect on germination, this could limit 
the use of the product as the resistance inducer of 
beet seed treatment, a fact commented by Silveira et 
al. (2000), working with salicylic acid on rice seeds, 
where it was verified that the SA in concentrations 
of 0.1; 0.5; 1.0; 10 and 20 µM had an inhibitory 
effect on germination, it being most evident at 10 
and 20 µM concentrations, these being phytotoxic 
in all tests made.

As for germination, the incidence of damping-
off has not presented statistical difference in 
function of seed treatment with SA. In the control, 
the incidence values were higher, compared to other 
treatments, but in general the incidence was low, 
considering the aggressiveness of the inoculated 
pathogen and favorable environmental conditions. 
In this sense, it can be seen in this pathosystem the 
effect on damping-off of seedlings, a fact that does 
not rule out the action on the induction of resistance. 
The function attributed to SA on the plant is like 
a signaling molecule, by inducing the expressing 
resistance against pathogen attack. Exogenous 
applications of induce gene expression of proteins 
involved in the induction of systemic acquired 
resistance, considering the proposition of the role 
of the endogenous in disease resistance (CHET, 
1993), by the expression of proteins related to 
pathogenicity (CAMPOS, 2009).

The treatment with SA did not interfere in 
the seedling length parameter, it being positive, 
because that it demonstrates that besides there 
was no phytotoxic damage to seedlings, there was 
no loss by metabolic diversion of route to plant 
defense. Metabolic loss occurs primarily by the use 
of erythrose-3-phosphate pentose cycle substratum, 

or phosphoenolpyruvate of glycolysis in the path 
of the phenylpropanoid, this being one of the main 
routes of plant defense, and thus such substrates 
will no longer be used in the process of plant 
growth. In bean plants using the acibenzolar-S-
methyl resistance inducer, analogous to SA changed 
the plant metabolism generating metabolic cost 
and redirectioning of photoassimilated to invest in 
defense, with cost of reduced productivity (KUHN, 
2007). Yet Heil et al. (2000) state that production 
of PR-proteins can compete with proteins necessary 
for the basic processes of the plant, which may 
compromise its growth.

On the other hand, the beet seeds treatment 
with SA submitted to inoculated substractum 
with Fusarium sp., resulted in a linear increase 
in the fresh mass matter (MFM) with increasing 
concentrations (Figure 1). Possibly, such a result is 
related to the effect of SA on the hormonal activity of 
plants. SA has been studied for its effect on several 
physiological processes related to the growth and 
development of plants under normal conditions, 
and it can even be included in the category of 
phytohormones (VIEIRA, 2011). Among these 
effects are the stimulation of root growth, closing 
of stomata and reduced transpiration (LARQUE-
SAAVEDRA, 1979). In addition, it can reduce the 
synthesis of ethylene plants, slowing the effects of 
this hormone, as it can reduce the activity of ACC-
oxidase, the enzyme precursor for its synthesis 
(ALTVORST; BOVY, 1995).

The application of the beet seed did not 
significantly change the activity of the enzyme 
phenylalanine ammonia-lyase and chitinase of beet 
seedlings subjected to substrate inoculated with 
Fusarium sp. (Figure 2 A and B). In turn, the activity 
of the β-1.3 glucanase enzyme was increased with 
the application of 2 mM of SA in beet seeds (Figure 
2 C).
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Figure 1. Fresh mass matter (g) of sugar beet seedlings subjected to treatment of seeds with salicylic acid (SA), and 
inoculated with Fusarium sp. Dois Vizinhos, 2014.

Figure 1. Fresh mass matter (g) of sugar beet seedlings subjected to treatment of seeds with 
salicylic acid (SA), and inoculated with Fusarium sp. Dois Vizinhos, 2014. 
 
 

Figure 2. A. Activity of the phenylalanine ammonia-lyase (PAL) enzyme, B - Activity of the 
chitinase enzyme, C - Activity of β -1.3 glucanase enzyme in seedlings subjected to the beet 
seed treatment with salicylic acid (SA) and inoculated with Fusarium sp. Dois Vizinhos, 2014.  
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These results demonstrate that SA plays in inducing resistance, on a preferred basis form by 

activating the β-1.3 glucanase. It should be emphasized that the β-1.3 glucan polysaccharide is an important 

component in the cell wall of many fungi, which are substrate for the β-1.3 glucanase (WESSELS; 

SIETSMA, 1981). 

In the same way as the observed in this work, other authors also found relating to application of the 

activity of β-1.3 glucanase, and in bean plants, the sprinkling of salicylic acid at 0.01 M ,at the V2 stage, 

elevated glucanases and quitinases activity, which resulted in lower severity of disease caused by the fungus 
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These results demonstrate that SA plays in 
inducing resistance, on a preferred basis form 
by activating the β-1.3 glucanase. It should be 
emphasized that the β-1.3 glucan polysaccharide is 
an important component in the cell wall of many 
fungi, which are substrate for the β-1.3 glucanase 
(WESSELS; SIETSMA, 1981).

In the same way as the observed in this work, 
other authors also found relating to application of the 
activity of β-1.3 glucanase, and in bean plants, the 
sprinkling of salicylic acid at 0.01 M ,at the V2 stage, 
elevated glucanases and quitinases activity, which 
resulted in lower severity of disease caused by the 
fungus Colletotrichum lindemuthianum (CAMPOS 
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et al., 2009). In turn, in bean plants treated with 
SA and infected by Sclerotinia sclerotiorum, there 
was an increase in the activity of β-1.3 glucanase 
(INOCÊNCIO et al., 2009).

In the t work in vitro the salicylic acid (SA) 
decreased the mycelial growth of Fusarium sp. 
Such suppression had descending linear behavior 
with increasing concentrations (Figure 3).

Figure 3. Mycelial growth of Fusarium sp. submitted to the application of increasing concentrations of salicylic acid 
(SA) in the culture medium. Dois Vizinhos, 2014.
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concentrations of salicylic acid (SA) in the culture medium. Dois Vizinhos, 2014. 
 
 

 
 

This result corroborates with those found by Yu and Zheng (2006), that working with salicylic acid 
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By evaluating the data all together, it can be affirmed that SA acts in two ways, by inducing 

resistance in beet seedlings, such induction being proven by the activation of the β-1.3 glucanase enzyme and 

also by the fungitoxic action on the pathogen. 

Due to the potential of SA, new works are suggests considering other phytopathogenic involved in 

damping-off of seedlings, inoculum pressure and field conditions. 

 

Conclusions 

This result corroborates with those found by Yu 
and Zheng (2006), that working with salicylic acid 
and yeasts against Penicillium expansum fungus, 
has shown that salicylic acid presented in vitro 
fungicide effect when applied at concentrations 
greater than 0.6 mM, due to their direct contact with 
the pathogen.

It is believed that this fungitoxic capacity of the is 
related to the fact of this being a phenolic compound, 
which may have direct action on the pathogen, 
fungitoxic acting on cellular multiplication speed 
or direct the cell of the pathogen. In this sense, 
Lo et al. (1996) state that the phenolic compounds 
present fungitoxic, antibacterial and antivirotical 
activities, and this inhibitory effect acts mainly on 
spore germination, mycelial growth, production 
and activation of microbial enzymes, by varying 
its action among the different groups of phenols 
(STANGARLIN et al., 2011).

By evaluating the data all together, it can be 
affirmed that SA acts in two ways, by inducing 
resistance in beet seedlings, such induction being 
proven by the activation of the β-1.3 glucanase 
enzyme and also by the fungitoxic action on the 
pathogen.

Due to the potential of SA, new works are 
suggests considering other phytopathogenic 
involved in damping-off of seedlings, inoculum 
pressure and field conditions.

Conclusions

The SA application for beet seeds treatment does 
not interfere significantly in the seedlings damping-
off, but it induces resistance by activating the β-1.3 
glucanase enzyme.

The SA had fungitoxic action in vitro against 
Fusarium sp.
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