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Abstract

J. M. Silva, M. B. C. L. Medeiros, J. T. C. Oliveira, E. V. Medeiros, C. M. Souza-Motta, 
and K. A. Moreira. 2018. Resistance inducers and biochemical mechanisms in the control 
anthracnosis on cowpea. Cien. Inv. Agr. 45(3): 290-300. Different responses are observed in 
plants after infection by pathogens. The usage of systemic inducers, whether biotic or abiotic, 
has the function to increase the enzymatic production of the plant defense system. In that sense, 
our present research aims to evaluate the disease severity of anthracnose in the cowpea cultivar 
“sempre-verde” infected with Colletotrichum lindemuthianum URM 5771 and subjected to 
both biotic and abiotic resistance inducers, as well as evaluate the enzymatic activity of plant 
defense. The experiment was performed in a greenhouse with a completely randomized split-
plot design with six treatments: four abiotic plant resistance inducers, acibenzolar-S-methyl, 
β-aminobutyric acid, chitosan, and salicylic acid; one biotic inducer, the filamentous fungi 
Trichoderma aureoviride URM 5158; and a control with only water. The plant leaves were 
sampled at four time points, 4, 8, 12 and 20 days after inoculation with the plant pathogen, to 
measure the enzymatic activity of β-1,3-glucanase, catalase, peroxidase, polyphenoloxidase, 
and protease. The abiotic inducers acibenzolar-S-methyl, β-aminobutyric acid, and chitosan 
and the biotic inducer presented the highest potential in reducing the anthracnose caused by C. 
lindemuthianum URM 5771 in cowpea plants by showing the lowest values of injury severity 
over time. The disease progression showed a proportionate shift in enzymatic activity in that the 
inducers salicylic acid and T. aureoviride URM 5158 promoted the highest enzymatic activity 
when compared to the other inducers. High correlations between the enzymatic activity of 
peroxidase and polyphenoloxidase and anthracnose severity were observed in cowpea plants. 
The use of abiotic and biotic resistance inducers presents high potential for anthracnose control 
in cowpea plants; however, more studies should be carried out covering different environments, 
plant cultivars and climatic conditions.
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Introduction

Cowpea (Vigna unguiculata (L.) Walp.) is one of 
the major subsistence crops in sub-Saharan Africa 
and in northern and northeastern Brazil (Santos et 
al., 2017). Approximately 14.5 million hectares are 
cultivated worldwide, with an estimated production 
of 12.5 million tons of grain (FAO, 2013).

In Brazil, approximately 1,300 thousand haw as 
planted with cowpea in 2016/2017, which produced 
453 kg ha-1, well below the estimated productive 
potential of 5,000 to 6,000 kg ha-1. Despite its low 
productivity, the cowpea is one of the main sources 
of energy and protein consumed by local commu-
nities, generating jobs and income for both rural 
and urban populations (CONAB, 2017). Cowpea 
crops have a low productivity mainly due to the 
low availability of nutrients, the attack of plant 
pathogens, and reduced technological support, as 
this crop is commonly associated with subsistence 
agriculture (Mohanapriya et al., 2017).

Among the plant diseases that compromise cowpea 
productivity, anthracnose, caused by fungi from 
the genus Colletotrichum, corresponds to one of 
the main plant diseases and may even lead to total 
crop loss (Pradhan et al., 2017). Usually, chemical 
control is used as the mitigation strategy for this 
pathogen, however, recently, there has been an 
increased interest in new techniques that minimize 
environmental impact. Among those techniques, 
one of the most promising is the induction of plant 
systemic resistance.

Several chemical products, so-called abiotic induc-
ers, have demonstrated the capacity to induce the 
expression of systemic acquired resistance such as 
acibenzolar-S-methyl and others (Ramírez et al., 
2014). However, the application of nonpathogenic 
microbes might also work as biotic inducers of 
plant systemic resistance (Silva et al., 2016a).

Among the microorganisms used in the biologi-
cal control of plant diseases, Trichoderma spp. 
has emerged as one of the most promising and 

studied biocontrol agents acting against a wide 
variety of plant pathogens. The mode of action 
of Trichoderma spp. is associated with nutrient 
competition, hyperparasitism, and antibiosis via 
biochemical agents with an increase in enzymes 
that degrade the cell wall (Silva et al., 2017).

Plants respond to a series of mechanisms when 
infected by pathogens. Thus, the usage of 
abiotic and biotic inducers of plant systemic 
resistance increases the production of several 
plant enzymes (Singh et al., 2011). Few stud-
ies have been conducted on the abiotic and 
biotic resistance inducers in cowpea. In that 
sense, our present research aimed to evaluate 
the disease severity and enzymatic activity in 
the cowpea cultivar “sempre-verde” infected 
with Colletotrichum lindemuthianum URM 
5771 when subjected to both abiotic and biotic 
inducers of plant resistance.

Material and Methods

The experiment was performed in a greenhouse at the 
Federal Rural University of Pernambuco – Academic 
Unit of Garanhuns, Brazil. The climate classification 
for the municipality is Csa, tropical mesothermal, ac-
cording to the Köppen-Geiger (1928) classification. 
The area has anannual mean temperature of 20 °C 
and annual average rainfall of 1,300 mm.

Cultivation of cowpea plants and application of 
systemic resistance inducers

The experiment was a completely randomized 
split-plot design with six treatments: four abi-
otic resistance inducers [acibenzolar-S-methyl 
(BION®), β-aminobutyric acid (BABA), chitosan, 
and salicylic acid], one biotic resistance inducer 
(the filamentous fungi Trichoderma aureoviride 
URM 5158), and a control of sterilized water. Our 
sampling scheme consisted of four time points 
(4, 8, 12, and 20 days after the inoculation of C. 
lindemuthianum URM 5771). Every treatment 
had four replicates.
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The filamentous fungi T. aureoviride URM 5158 
and C. lindemuthianum URM 5771, causing 
anthracnose in cowpea plants, were obtained 
from the URM Mycobank, the Department of 
Mycology in the Federal University of Pernam-
buco, Brazil.

The plants were cultivated in 4 L pots containing 
sterilized soil and kept in a green house with a 
relative humidity of 70%. The ambient temperature 
was monitored daily, with a mean of 26 °C (±2.3 °C). 
To control pot humidity, we determined the water 
holding capacity via direct and daily weighing 
of each pot followed by the replacement of water 
to recover the losses by evapotranspiration when 
necessary (Leal et al., 2008).

Four commercial seeds of the cowpea cultivar 
“sempre-verde,” with a germination rate of 86.0%, 
were planted per pot, and five days after emergence, 
thinning occurred, with one seedling being left 
per pot. Thirty days after emergence, we sprayed 
each abiotic and biotic resistance inducer until the 
leaves became completely wet. To determine the 
dose of each abiotic resistance inducer, we used 
the manufacturer’s recommendations as follows: 
BION 0.05 mg L-1, BABA 10.0 mg mL-1, chitosan 
2.0 mg mL-1, and salicylic acid 10.0 mg mL-1. For 
the biotic inducer, we applied a concentration of 
106 conidia mL-1.

Thirty-two days after emergence, plants were 
inoculated with C. lindemuthianum URM 5771 
at a concentration of 106 conidia per mL-1. Then, 
the plants were covered with plastic bags for three 
days to favor disease development. The evaluation 
of disease severity and leaf sampling to determine 
the enzymatic activity was performed 36, 41, 45, 
and 52 days after emergence.

Soil was obtained from the 0.0-0.2 m layer in 
an area of native forest in the municipality of 
São João, Pernambuco, Brazil and was classified 
as a typical regosol. The chemical composition 
was pH 4.5; 16.6 mg kg-1 of P; 0.8 cmolc dm-3 of 
Ca2+; 0.8 cmolc dm-3 of Mg2+; 0.15 cmolc kg-1 of 

Al3+; 1.8 cmolc dm-3 of H+Al. The soil physical 
analysis characterized the soil as sandy with 
880 g kg-1 of sand, 40 g kg-1 of clay, and 80 g 
kg-1 of silt.

Before the experimental setup, the soil was air-dried, 
sieved at 2 mm, homogenized, and sterilized in 
an autoclave for 2 h at 121 ºC. Then, the samples 
were dried and rested for two weeks to eliminate 
fungi propagules and stabilize the heavy metal 
content according to the methods adapted from 
Silva et al. (2016b).

Evaluation of disease severity of anthracnose in 
cowpea plants

We used the scale adopted by Rava et al. (1993), 
which varies from 1 to 9: 1 - absence of symp-
toms; 2 - up to 1% of leaf veins with necrotic 
spots, visible only in the inferior part of the leaf; 
3 - higher frequency of the symptoms described 
in scale 2, representing 3% of infected leaf veins; 
4 - up to 1% of leaf veins with necrotic spots 
on both sides of the leaves; 5 - same symptoms 
presented as in 4 but reaching up to 3% of leaf 
veins; 6 - necrotic spots on both sides of the 
leaves with visible lesions on the midrib, petiole, 
and branches; 7 - necrotic spots in the majority 
of leaf veins with a great part of the adjacent 
mesophyll tissue rupturing and the abundant 
presence of lesions on the midrib, petiole, and 
branches; 8 - necrotic spots in almost the total-
ity of plant veins causing rupture, defoliation, 
and plant growth reduction as well as much 
more abundant lesions in the midrib, petiole 
and branches; and 9 - dead plant.

Extraction and estimation of antioxidant 
enzymes in cowpea plants

In each treatment, five leaves from each plant were 
homogenized at 4 °C to evaluate the enzymatic 
activity. The samples were ground in liquid N2 

and 4 mL of 50 mM potassium phosphate (pH 
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7.0). To avoid oxidative effects, we added 0.05 g 
of polyvinylpyrrolidone (PVP). The solution was 
centrifuged under refrigeration at 4 °C and 10000 
x g for 10 min. The supernatant was stored in a 
microtube at -20 °C (Andrade et al., 2013) until 
further analysis.

The evaluation of the β-1,3-glucanase (GLU, E.C. 
3.2.1.6) and catalase activities (CAT, E.C. 1.11.1.6) 
was determined according to the procedures 
described in Lever (1972) and Havir and Mchale 
(1987), respectively. The peroxidase activity (POX, 
E.C. 1.11.1) was evaluated following the method 
described by Urbanek et al. (1991), which used 
guaiacol and H2O2  as substrates. The polypheno-
loxidase activity (PPO, E.C. 1.10.3.1) was evalu-
ated via the oxidation of pyrogallol following the 
procedures described in Kar and Mishra (1976), 
and the protease activity (PRO, E.C. 3.4.21.4) was 
assessed according to the methods proposed by 
Alencar et al. (2003). The enzymatic activities 
are expressed in U min-1 mg-1.

Statistical analysis

The data on disease severity and enzymatic 
activity were analyzed via orthogonal contrast 
using the t-test (p≤0.05 and 0.01). Then, the 
data were evaluated with analysis of variance 
in a split-plot design via an F-test followed by a 
post hoc test of Scott-Knott (p≤0.05) using Sis-
var software. The enzymatic activity data were 
log10 transformed and then used to construct a 
dispersion chart by principal component analysis 
based on the Euclidian distance matrix using 
the software PAST. A regression analysis was 
performed to verify the relationship between 
the disease severity and enzymatic activity ac-
cording to treatment.

Results and Discussion

The biotic and abiotic inducers of systemic resis-
tance reduced the severity of anthracnose when 

compared to the control. There was no statistical 
difference between the abiotic and biotic resistance 
inducers (Table 1). 

The analysis of C. lindemuthianum URM 5771 
infection along our time points showed that days 
4 and 8 did not present significant differences 
among treatments. After this time, the disease 
increased in the control treatment. The chitosan 
and T. aureoviride URM 5158 treatments promoted 
strong disease resistance the disease severity level 
did not change between time points (Table 2). We 
emphasize that all resistance inducers prevented 
the development of anthracnose in cowpea plants. 
In the control treatment, the disease severity ac-
cording to the scale described by Rava et al. (1993) 
reached a level in which up to 1% of leaf veins 
presented necrotic spots visible on both sides of 
the leaves, characterizing the intermediate phase 
of disease aggravation.

When subjected to abiotic or biotic stress, the 
plants rapidly produced reactive oxygen species 
such as singlet oxygen (1O2), anion superoxide 
(O2

-), and, especially, hydrogen peroxide (H2O2) 
and the hydroxyl group (OH-). The accumula-
tion of these substances in plant cells has a 
toxic effect on both plants and stressor agents 
(Nascimento and Barrigossi, 2014). To protect 
against the side effects of these reactive oxygen 
species, plant cells initiate a defense system with 
the production of enzymes and other molecules, 
such as carotenoids, ascorbic acid, vitamin E, 
flavonoids, proline, and glutathione, together 
with the induction of plant defense genes and 
the polymerization of proteins that compose the 
cell wall (Davar et al., 2013).

Many enzymes, such as catalase, polyphenoloxi-
dase, and peroxidase, among others, demonstrate 
the capacity to decompose reactive oxygen species 
(Mittler, 2002). Changes in this enzymatic system 
of antioxidants are one of the first plant responses 
to pathogenic invasion, as revealed by Silva et al. 
(2017) when evaluating the resistance induced 
by Trichoderma on manioc plants subjected to 
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Table 1. Comparison between the group means of orthogonal constants and the anthracnose disease severity 
and enzymatic activities in leaves of the cowpea cultivar “sempre-verde” (Vigna unguiculata (L.) Walp.) 
subjected to the abiotic resistance inducers (AI) acibenzolar-S-methyl, β-aminobutyric acid, chitosan, 
and salicylic acid and the biotic inducer Trichoderma aureoviride URM 5158 (BI) after infection with 
Colletotrichum lindemuthianum URM 5771.

Average Disease
severity

Enzymatic (U min-1 mg-1)
β-1,3-

Glucanase Catalase Peroxidase Polyphenoloxidase Protease

Inducers 1.95 2.52 43.48 0.15 0.47 0.62
AI 1.94 2.72 36.38 0.12 0.38 0.63
BI 2.00 2.32 50.58 0.19 0.55 0.61
Control 2.94 2.90 34.12 0.35 0.33 0.69
General 2.11 2.68 38.37 0.17 0.40 0.64
Inducers vs. Control
Test t -4.38* -8.88* 0.78* -3.34** 1.36* -1.30*
CV (%) 19.25 29.41 29.75 32.75 24.57 29.36
IA vs. Control
Test t -4.12* -0.60ns 0.34ns -3.49** 0.88* -1.15*
CV (%) 20.47 26.72 27.45 22.75 21.29 26.44
IB vs. Control
Test t -3.22** -1.53* 1.96** -1.99** 2.70** -1.38*
CV (%) 20.17 23.45 28.67 20.75 19.81 23.36
IA vs. IB
Test t -2.71ns 1.35* -2.14** -2.60** -1.06* 0.60ns

CV (%) 18.20 18.52 27.11 31.52 24.84 26.92
ns-Not significant; * and **-Significant at 5% and 1% probability by t-test; CV-Coefficient of variation.

Table 2. Evaluation of disease severity of Colletotrichum lindemuthianum URM 5771 in leaves of 
the cowpea cultivar “sempre-verde” (Vigna unguiculata (L.) Walp.) subjected to different abiotic 
resistance inducers and to the biotic inducer Trichoderma aureoviride URM 5158.

Treatments 
Days after infection with C. lindemuthianum URM 5771 CV 

(%)4th Day 8th day 12th Day 20th day
BION® 1.25 Ab 1.50 Ab 1.75 Bb 2.75 Ba

BABA 1.25 Ab 2.00 Aa 2.50 Ba 2.50 Ba

Chitosan 1.50 Aa 2.00 Aa 2.50 Ba 2.50 Ba 19.50

Salicylic acid 1.00 Ab 1.50 Ab 2.00 Ba 2.50 Ba

T. aureoviride 1.50 Aa 2.00 Aa 2.00 Ba 2.50 Ba

Control 1.50 Ac 2.75 Ab 3.50 Aa 4.00 Aa
CV (%) 18.50

BION®: Acibenzolar-S-methyl; BABA: Amino-butyric acid; Disease severity assessed based on the 
grading scale of Rava et al. (1993); CV: Coefficient of variation; Means followed by the same capital letter 
in the column and lowercase letter in the row do not differ from each other by the Scott-Knott test at a 
probability of 5%.

the presence of Scytalidium lignicola, the causal 
agent of black root rot.

In our study, the inducers of resistance increased 
the enzymatic activity of catalase and polyphenol 
oxidase, but the treatment with abiotic induc-
ers did not differ from the control treatment 
(Table 1). Among the resistance inducers, the 

fungi T. aureoviride URM 5158 induced the 
highest activity of catalase, peroxidase, and 
polyphenoloxidase when compared to the other 
abiotic inducers. This result highlights the po-
tential application of this fungi as a biological 
control agent, as suggested by the evaluation of 
disease severity (Table 1 and 2). We emphasize 
that plants subjected to stress even without the 
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addition of external agents capable of inducing 
plant resistance may present high values of 
antioxidant enzyme activity, which contribute 
to reducing the influence of the phytopathogen.

As the disease progressed on plant leaves, a 
change was observed in the enzymatic activity 
without a clear distinction or grouping among 
treatments (Figure 1). This result suggested 
the presence of a heterogeneous response in 
plant enzymatic activity according to the sys-
temic resistance induced by each abiotic agent. 
However, when we compared the treatments 
at different time points after infection with C. 
lindemuthianum URM 5771, we observed that 
over time, regardless of the evaluated enzyme, 
the control treatment reached or surpassed the 
levels of enzymatic activity induced by our 
treatments (Table 3).

The enzyme β-1,3-glucanase showed the highest 
activity on days 4, 12, and 20 after infection with 

C. lindemuthianum URM 5771, and a similar 
result was also observed for the abiotic induc-
ers chitosan and salicylic acid (Table 3). Both 
β-1,3-glucanase and chitinase degrade glucan 
and chitin, the main components of the fungi 
cell wall and the exoskeleton of insects, thus 
protecting the plant against infections (Bol et 
al., 1990).

For the catalase enzyme, the highest activity 
peaked 12 days after the infection with the patho-
gen for all of the resistance inducers, except for 
salicylic acid. Among the resistance inducers, 
we highlight BABA and T. aureoviride URM 
5158. For peroxidase and polyphenoloxidase, the 
activity peaked after 4 days of infection with the 
plant pathogen. The resistance inducers BION and 
chitosan promoted a high activity of peroxidase 
and polyphenoloxidase, respectively, at all the 
evaluated time points. However, the highest ac-
tivities occurred in the treatments with salicylic 
acid and T. aureoviride URM 5158 (Table 3).

Figure 1. Principal component (PC) analysis of the enzymatic activity of β-1,3-glucanase, catalase, peroxidase, 
polyphenol oxidase, and protease (U min-1 mg-1) in leaves of the cowpea cultivar “sempre-verde” (Vigna unguiculata (L.) 
Walp.) subjected to abiotic or biotic resistance inducers and infected with Colletotrichum lindemuthianum URM 5771. 
Days after infection, A: 4 days; B: 8 days; C: 12 days; and D: 20 days. Treatments: (×) Acibenzolar-S-methyl (BION®); (+) 
β-aminobutyric acid (BABA); (▲) Chitosan; (*) Salicylic acid; (○) Trichoderma aureoviride URM 5158; and (●) Control.
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Table 3. Enzymatic activity (U min-1 mg-1) of leaves of the cowpea cultivar “sempre-verde” (Vigna unguiculata (L.) Walp.) 
subjected to abiotic and biotic (Trichoderma aureoviride URM 5158) resistance inducers and infected with Colletotrichum 
lindemuthianum URM 5771.

Treatments 
Days after infection with C. lindemuthianum URM 5771

CV (%)4th day 8th day 12th day 20th day
               β-1,3-Glucanase

BION® 2.96 Ba 1.45 Bb 3.42 Aa 1.51 Bb
BABA 3.51 Ba 0.94 Bb 2.13 Aa 2.44 Ba
Chitosan 1.57 Cb 2.50 Aa 3.05 Aa 3.29 Aa 27.04
Salicylic acid 5.94 Aa 2.75 Ab 2.48 Ab 3.67 Ab
T. aureoviride 2.99 Ba 1.80 Bb 2.01 Aa 2.46 Ba
Control 4.85 Aa 2.58 Ab 2.27 Ab 1.95 Bb

CV (%) 33.13

Catalase
BION® 16.90 Ab 26.50 Cb   67.45 Ca   4.73 Bc
BABA   9.70 Ac 61.39 Ab   82.81 Ba 20.47 Ac
Chitosan   4.18 Ad 38.75 Bb   87.36 Ba 22.49 Ac 20.48
Salicylic acid   8.86 Ac 56.04 Aa   42.03 Db 32.39 Ab
T. aureoviride 11.71 Ac 47.82 Ab 135.78 Aa   7.00 Bc
Control 10.47 Ac 40.88 Bb   69.84 Ca 15.29 Bc

CV (%) 30.19
Peroxidase
BION® 0.10 Ca 0.12 Aa 0.04 Aa 0.03 Aa
BABA 0.29 Ca 0.04 Ab 0.04 Ab 0.02 Ab
Chitosan 0.29 Ca 0.07 Ab 0.02 Ab 0.01 Ab 28.73
Salicylic acid 0.62 Ba 0.13 Ab 0.02 Ab 0.01 Ab
T. aureoviride 0.47 Ba 0.10 Ab 0.08 Ab 0.09 Ab
Control 1.31 Aa 0.04 Ab 0.03 Ab 0.02 Ab

CV (%) 30.73
Polyphenoloxidase
BION® 0.62 Ca 0.39 Ab 0.53 Aa 0.19 Ab
BABA 0.80 Ba 0.28 Ab 0.37 Ab 0.18 Ab
Chitosan 0.50 Ba 0.32 Aa 0.38 Aa 0.14 Aa 32.45
Salicylic acid 0.83 Ba 0.32 Ab 0.25 Ab 0.10 Ab
T. aureoviride 1.15 Aa 0.37 Ab 0.45 Ab 0.25 Ab
Control 0.41 Ba 0.26 Aa 0.34 Aa 0.31 Aa

CV (%) 34.11
Protease
BION® 0.66 Ab 0.46 Bc 0.52 Bc 1.02 Aa
BABA 0.54 Bb 0.48 Bb 0.41 Bb 1.01 Aa
Chitosan 0.34 Cc 0.73 Ab 0.75 Ab 0.95 Aa 21.04
Salicylic acid 0.32 Cd 0.58 Bb 0.45 Bc 0.91 Aa
T. aureoviride 0.48 Bb 0.75 Aa 0.44 Bb 0.76 Ba
Control 0.55 Bc 0.67 Ab 0.80 Aa 0.70 Bb
CV (%) 19.60

The increased antioxidant enzymatic activity 
of catalase, peroxidase, and polyphenoloxidase 
contributes to increased plant protection against 
pathogenic infection, helping to reduce the toxic 

levels of H2O2 (Hu et al., 2009). The accumula-
tion of these enzymes depends on the physical 
conditions of the plant, the phytopathogen, and 
the resistance inducer (Gayatridevi et al., 2012).

BION®: Acibenzolar-S-methyl; BABA: Amino-butyric acid; CV: Coefficient of variation; Means followed by the same capital 
letter in the column and lowercase letter in the row do not differ from each other by the Scott-Knott test at a probability of 5%.
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For protease enzyme production, the highest 
activity occurred after 20 days of plant pathogen 
infection in all the evaluated resistance inducers, 
the treatment with chitosan presented the highest 
activity on days 8, 12, and 20, and salicylic acid 
had the lowest activity (Table 3).

The highest activity of protease occurred after 20 
days of infection with C. lindemuthianum URM 
5771, as the antioxidant enzymes reduced their 
activity (Table 3). Consequently, strong disease 
severity was observed (Table 2). In microorgan-
isms, protease has been reported to be involved 
in the process of plant colonization and linked 
to the induction of secondary metabolites in the 
protein synthesis related to the role of pathogenesis 
(Morán-Diez et al., 2009). 

We report high correlations between the enzymatic 
activities of the antioxidant peroxidase and poly-
phenoloxidase and disease severity for resistance 
inducers, where salicylic acid presented the highest 
coefficient of determination (R2), thus suggesting 
this compound as the best for fighting anthracnose 
infection. The β-1,3-glucanase enzyme showed the 
highest R2 in the treatments with chitosan and the 
control (Figure 2). Even without external agents, 
the plants expressed relatively high enzymatic 
activity to fight the phytopathogen.

Understanding plant defense mechanisms enables 
the development of plant varieties that are more 
resistant to several types of phytopathogens and 
pests (Nascimento and Barrigossi, 2014). Treating 

plants with abiotic and biotic inducers of systemic 
resistance may increase systemic resistance against 
pathogens in plants. Importantly, this plant resistance 
occurs not only locally but also in plant tissues 
distant from the initial infection, thus promoting 
physiological changes in the plant biochemistry to 
stop or reduce the spread and progress of disease 
(Harman et al., 2012). Thus, more studies are needed 
to better understand the action of the pathogen 
in the plant and the reactions of the plant to the 
phytopathogen under different stress conditions, 
as well as under field conditions.

The main conclusions are as follows. The abiotic 
inducers BION®, BABA, chitosan, and salicylic 
acid and abiotic inducer, the fungi T. aureoviride 
URM5158, present an antagonistic potential to 
anthracnose caused by C. lindemuthianum URM 
5771 in cowpea plants. The spread of anthracnose 
induced a shift in enzymatic activity. The resis-
tance inducers salicylic acid and T. aureoviride 
URM 5158 promoted high enzymatic activity in 
cowpea plants infected with C. lindemuthianum 
URM 5771. We also observed high correlations 
between the enzymatic activities of peroxidase 
and polyphenoloxidase and the severity of an-
thracnose infection in cowpea plants. 

Acknowledgements

The Foundation for Science and Technology Support 
of the State of Pernambuco (FACEPE), for a master’s 
scholarship, CNPq and Capes, for research funding. 

Resumen

J.M. Silva, M.B.C.L. Medeiros, J.T.C. Oliveira, E.V. Medeiros, C.M. Souza-Motta, y K.A. 
Moreira. 2018. Inductores de resistencia y mecanismos bioquímicos en el control de la 
antracnosis en el caupí. Cien. Inv. Agr. 45(3): 290-300. Se observan diferentes respuestas en 
la planta después de la infección por patógenos. El uso de inductores sistémicos ya sean bióticos 
o abióticos tiene la función de aumentar la producción enzimática del sistema de defensa de la 
planta. En ese sentido, nuestra presente investigación tiene como objetivo evaluar la severidad 
de la enfermedad en plantas de caupí cultivares “sempre-verde” infectadas con Colletotrichum 
lindemuthianum URM 5771, el agente de la antracnosis, y sometidas a inductores de resistencia 
tanto bióticos como abióticos, así como estimular la enzimática actividad de defensa de planta. 
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Figure 2. Correlation between the enzymatic activity (U min-1 mg-1) and the disease severity of anthracnose after infection 
with Colletotrichum lindemuthianum URM 5771 in the cowpea cultivar “sempre-verde” (Vigna unguiculata (L.) Walp.) 
subjected to different abiotic plant resistance inducers and the Trichoderma aureoviride URM 5158 as the biotic plant 
resistance inducer. BION®: Acibenzolar-S-methyl; BABA: Amino-butyric acid.

β-1,3-Glucanase ■ = -0.7076x + 3.6180 R² = 0.21 ■ = -0.867x + 4.0430 R² = 0.23

Catalase ♦ = -13.545x + 53.4420 R² = 0.11 ♦ = 31.972x - 22.3470 R² = 0.30

Peroxidase ▲ = -0.0585x + 0.1805 R² = 0.63 ▲ = -0.1987x + 0.5082 R² = 0.87

Polyphenoloxidase × = -0.2517x + 0.8880 R² = 0.77 × = -0.4061x + 1.2281 R² = 0.69

Protease • = 0.313x + 0.0993 R² = 0.67 • = 0.1482x + 0.3035 R² = 0.10

β-1,3-Glucanase ■ = 1.092x + 0.6710 R² = 0.91 ■ = -2.5451x + 9.1188 R² = 0.60

Catalase ♦ = 20.71x + 1.9525 R² = 0.14 ♦ = 22.351x - 12.6640 R² = 0.29

Peroxidase ▲ = 0.3686x + 0.0502 R² = 0.87 ▲ = -0.5765x + 1.4199 R² = 0.89

Polyphenoloxidase × = -0.1998x + 0.6884 R² = 0.73 × = -0.6282x + 1.7066 R² = 0.89

Protease • = -0.1758x + 0.4054 R² = 0.76 • = 0.3447x - 0.1675 R² = 0.42

β-1,3-Glucanase ■ = -0.529x + 3.3735 R² = 0.17 ■ = -1.1536x + 6.2876 R² = 0.90

Catalase ♦ = -4.71x + 59.9960 R² = 0.01 ♦ = 9.2531x + 6.9369 R² = 0.13

Peroxidase ▲ = -0.38x + 0.9475 R² = 0.67 ▲ = -0.5236x + 1.8890 R² = 0.78

Polyphenoloxidase × = -0.902x + 2.3555 R² = 0.82 × = -0.0362x + 0.4368 R² = 0.39

Protease • = 0.278x + 0.0505 R² = 0.44 • = 0.0789x + 0.4551 R² = 0.66
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