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The objective of this study was to determine the elicitor potential of plant extracts from Caatinga biome 
by enzyme activity and epidemiological components of Alternaria brown spot (Alternaria alternate f. 
spp. citri). These were prepared ethanolic, dichloromethanic, and aqueous extracts from 14 plants 
(Anadenanthera macrocarpa, Schinopsis brasiliensis, Maytenus rigida, Caesalpinia pyramidalis, C. 
ferrea, Peltophorum dubium, Capariscyn ophallophora, Ziziphus joazeiro, Mimosa hostilis, Momordica 
charantia, Erythrina velutina, Cleome hassleriana, Sideroxylum obtusifolium Spondias tuberosa) after 
dilution, (1mg/mL) they were sprayed on Citrus reticulate ‘Ponkan’seedlings and after 0, 24, 48, 72 and 
96 h the leaves were collected for determination of polyphenol oxidase and peroxidase activity. For 
epidemiological disease components, leaves were collected 72 h after spraying, deposited on Petri 
dishes with moist paper, inoculated with a spore suspension of A. alternata f. spp. citri (2x105 conidia 
mL-1) and evaluated for 12 days initial and final severity, area below the progress curve of disease and 
protection. The extracts of A. macrocarpa and M. rigida potentiated the polyphenol oxidase and 
peroxidase activity which had great potential in the management of the disease, reducing the final 
severity and area under the disease progress curve, providing high levels of control. 
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INTRODUCTION 
 
The national citrus production places Brazil was in a 
prominent status in world market, being the top producer 
with 19 million tons of  oranges  harvested  in  2011/2012 

(Agrianual, 2012). The hand labor and foreign currency 
generated by the exportation of concentrated orange 
juice production makes the citrus species  very  important  



 
 

 
 
 
 

 
 
socioeconomically for the country (Struiving et al., 2013). 
Despite having sweet orange [Citrus sinensis (L.) Osbeck] 
as the main spp produced, several spp of tangerines and 
some of their hybrids such as tangelos, willow leaf and 
tangors stands out in Brazilian orchards when the target 
is the National fruit market in natura (Azevedo et al., 
2010). However, these orchards are constantly targets of 
Alternaria brown spot (ABS) infections, initiated by A. 
alternate f. spp. citri. which considered the main fungal 
disease of this specie (Peres et al., 2003), and caused 
serious damage in the Brazilian orchards resulting in the 
reduction of some susceptible varieties planted, mainly in 
the state of Sao Paulo, where many growers are 
eradicating their orchards due to the drastic increase on 
production costs, as a consequence of the high number 
of fungicide applications, discouraging planting in new 
areas (Azevedo et al., 2010). 

The search for alternative strategies to control pests 
and diseases in agriculture has been the strategy used to 
reduce the use of pesticides with high toxicity, reconciling 
the safe food production, environmental preservation 
(Farooq et al., 2011) and the economic viability of 
commercial plantations. In other to do that, the use of 
medicinal plants represent a rich source of natural 
compounds to be explored for the identification of new 
defense principles (Belting, 2009). 

Plant extracts have secondary metabolites which 
represent biologically active substances. Several authors 
have demonstrated the potential of medicinal plants in 
the control of plant pathogens, both by its direct fungi 
toxic action, and the ability to stimulate  the  accumulation 
of molecules with elicitor features capable of inducing 
defense responses (Bonaldo et al., 2004; Celoto et al, 
2008; Bulhões et al., 2012). These resistance 
mechanisms may include the accumulation of phenolic 
compounds, phytoalexins and pathogenesis-related 
proteins such as β-1,3glucanase, chitinase, peroxidase, 
phenylalanine ammonia lyase and polyphenol oxidase 
(Barros et al., 2010). 

Hence, this study aimed to evaluate the potential of 
native plant extracts from Caatinga biome as elicitors of 
defense response by enzymatic quantification in ponkan 
mandarin seedlings and its efficiency to reduce the 
severity of infection by Alternaria alternate f .spp. citri in 
detached leaves. 
 
 
MATERIALS AND METHODS 
 
14 leaves of native plant species (Table 1) of the Brazilian semi-arid 
region in Boa Vista-PB (7º 15'28''S, 36°14'7''W) were collected and 
taken to the Phytopathology Laboratory of the Universidade Federal 
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da Paraíba, Campus II, Areia-PB and to the Phytochemicals 
Laboratory of the Universidade deTrásdos Montes e Alto Douro - 
UTAD, in Vila Real, Portugal.  

The leaves were collected, washed and dried at 25+2°C and then 
placed in a forced air circulation chamber at a temperature of 65°C 
until constant weight, grounded in a blade-grinder to obtain powder. 
The material was properly identified and stored until further use. For 
determination of enzyme activity and efficiency in the control of 
ABS, an extraction was performed from plant material with water, 
ethanol and dichloromethane to determine solvent with increasingly 
polarity, more suitable for better extraction of bioactive compounds. 
The ethanolic extract and dichloromethane were made from dried 
plant suspension material (powder) in ethanol (90%) and 
dichloromethane in a ratio of 1: 3 for 24 h with periodic agitation. 
The material was filtered through filter paper and the liquid obtained 
was subjected to evaporation in a rotary evaporator held under 
constant agitation of 60°C until complete evaporation, yielding 
crude extract, which was placed in test tubes, identified and stored 
at -20°C until further analysis. For aqueous extract, the vegetable 
powder was suspended in distilled water for 24 h and kept under 
constant agitation at 35°C for further filtering, concentrate obtaining 
was then freeze-dried. 

In a preliminary test, dichloromethane caused death of pathogen, 
even without the plant extract which caused damage in the leaves 
of the sprayed plants, masking the results, and for this reason, they 
were not tested for enzymatic activity and protection. Experiment 
was carried out in a greenhouse at the Department of Plant and 
Environmental Sciences and the enzymatic assays were performed 
at the Laboratory of Biomass of the Department of Biological 
Sciences, at Center for Agrarian Sciences of the Federal University 
of Paraiba, Areia - PB. 

A randomized block design was used with three blocks by 28 
treatments distributed in factorial arrangement (14 x 2 x 5) + (2 x 5), 
14 herbal extracts (Table 1) with two extraction solutions (water and 
ethanol) in five periods (0, 24, 48, 72 and 96 h after spraying) and 
two controls (water and acibenzolar-S-methyl - ASM [0.2 mg / ml]) 
in five periods (0, 24, 48, 72 and 96 h after spray). The 
experimental unit consisted of three seedlings of Citrus reticulata, 
Ponkan variety grafted onto Citrus aurantifolia. Each seedling 
received 20 mL of solution at 1.0 mg.mL-1. For enzymatic activity 
two leaves of each seedling were collected at 0, 24, 48, 72 and 96 
h after the application of the extracts. These samples were stored 
individually in aluminum foil, frozen in liquid nitrogen (N2) and 
stored in an Ultra freezer at -20°C for experimental analysis, 
performed in triplicate. 

0.25 g of citrus leaves were weighed which were mechanically 
homogenized in a mortar with 4.0 mL of 100 mM sodium acetate 
buffer (pH 5.0). The homogenate was centrifuged at 12,000 g for 20 
min at 4°C and the supernatant obtained was considered as an 
enzymatic extract for determination of the peroxidase and 
polyphenol activity. Peroxidase activity was determined by direct 
spectrophotometric method with modifications by the measurement 
of guiacol conversion in tetraguaiacol at 470 nm (Lusso, 1999). The 
mixture for the reaction consisted of, 0.25 mL protein extract, 0.25 
mL guaiacol and 0.25 mL hydrogen peroxide in 0.75 mL 0.1 M 
phosphate buffer (pH 6.0). The peroxidase activity was expressed 
as specific activity (absorbance units’ min-1 mg-1 protein). 

The polyphenol oxidase activity was determined by Duangmal 
(1999) methodology with modifications. The assay consisted in 
measuring the oxidation of catechol converted into quinone, bei
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Table 1. Botanicals used for obtaining extracts. 
 

Common name Scientific name Family 

Angico Anadenanther amacrocarpa (Benth.) Leguminoseae 

Catingueira Caesalpinia pyramidalisTul. Leguminoseae 

Canafístula Peltophorum dubium (Spreng) Taub. Leguminoseae 

Jurema Mimosa hostilis Benth. Leguminoseae 

Pau-ferro Caesalpinea ferrea(Benth.) Ducke Leguminoseae 

Mulungú Erythrina velutina Willd. Leguminoseae 

Baraúna Schinopsis brasiliensis Engl. Anacardiaceae 

Umbuzeiro Spondias tuberosa L. Anacardiaceae 

Bom-nome Maytenus rigida Mart. Celastraceae 

Feijão-bravo Cappariscyno phallophora L Capparaceae 

Juazeiro Ziziphus joazeiro Mart. Rhamnaceae 

Melão-de-São-Caetano Momordica charantia L. Cucurbitaceae 

Mussambê Cleomehass leriana L. Capparidaceae 

Quixabeira Sideroxylum obtusifolium (Roem. & Schult.) Penn. Sapotaceae 
 
 
 
this reaction mediated by enzyme under study. The substrate was 
prepared with catechol in  concentration of 20 mM and dissolved in  
100 mM sodium phosphate buffer (pH 6.8). Reaction was 
developed from the mixture of 0.25 mL substrate, 0.5 mL enzyme 
extract and 0.75 mL reaction buffer in a temperature of 30°C for 15 
min, being interrupted by the addition of 0.05 mL of 5 N HCl after 
this period. A spectrophotometric was made at 420 nm and the 
results were expressed in min-1 mg-1 protein absorbance. 

Total proteins were determined by Bradford method. 50 μL from 
the patterns solutions or sample extracts were pipetted separately 
with 50 μL of distilled water and 1 mL of Bradford reagent being 
gently shaken and allowed to rest for 10 min. Spectrophotometric 
were made at a wavelength of 595 nm. On the pH of the reaction 
(5.0), the interaction between the high molecular weight protein and 
the reagent dye Coomassie Brilliant Blue (G-250) present on the 
Bradford dye reagent causes equilibrium shift to the anionic form 
that strongly absorbs at 595 nm. 

For evaluation of plant protection efficiency against ABS 
mediated by plant extracts, Ponkan mandarin seedlings and bare-
root of one year old were used, commercially available in Lagoa 
Seca -PB (07°10'15"S and 35°51'13"W), transplanted to plastic 
bags with 1L of capacity and acclimated in a greenhouse for 15 
days with daily watering. The extracts applications were made by 
spraying at a concentration of 1mg.mL-1. After 72 h of the first 
spray, mandarin leaves were collected, identified by treatment, 
packed in cool boxes and taken to the Phytopathology Laboratory 
of UFPB. 

Fifteen leaves from each treatment were immersed in a sodium 
hypochlorite solution at 0.5% for 5 min and subsequently washed in 
distilled water. Three leaves were placed in petri dishes containing 
moist filter paper with sterile distilled water. Subsequently, leaves  
spore suspension of A. alternate f. sp. citri at a concentration of 
2x105 conidios mL-1 were given. After inoculation, leaves were 
maintained at room temperature (25±5°C) under light for 72 h 
before the start of the evaluations. 

The disease severity was evaluated for 15 days, in which the 
initial severity was related to the first day of assessment, starting 
from the onset symptoms (3 days after inoculation). Evaluations 
were made from a proposed grade scale by Martelli (2011). Area 
under disease progress curve was calculated by  Shaner and 
Finney (1977) using the following equation; 

 
 

Where Y is the severity of the disease at ith observation, ti is the 
time in days on ith observation and n is the total number of 
observations. A randomized experimental design was used with 
blocks in a factorial arrangement (15 x 2 + 2 witnesses) with 14 
extracts and two extracting solutions, two additional witnesses 
(water and ASM) and five replications. The experimental unit was 
composed of three leaves. 
 
 
Data analysis  
 

For the effect of enzyme activity comparison and epidemiological 
variables with initial and final severity, area under the disease and 
protecting progress curve, were made contrasts between extracts 
and additional treatments (Water and ASM), using the Dunnett test 
(α = 0.05) (SAS Institute, 2002) and the data normality was 
evaluated by Cochran. 
 
 
RESULTS AND DISCUSSION 
 
To determine the content of soluble proteins, the 
calibration equation y = 0.0237 + 0,0451x obtained from 
different standard concentrations were used. The 
polyphenol-oxidase activity was not significantly different 
among treatments in period zero for two extractant 
solutions (water and ethanol), since the leaves were 
collected shortly after application, there was no 
immediate enzyme activity. Although the acibenzolar-S-
methyl is considered as a resistance inducer, but do not 
promote increase in the polyphenol oxidase activity when 
compared to control (water) in all periods (Table 2). 

The use of plant extracts in Ponkan mandarin seedlings 
provided a highly variable response to the tested species 
over time. Within 24 h after treatment application, the 
aqueous   extracts    of   Peltophorum   dubim,   Capparis 

∑ 1 /2 ∗ 1  ]
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Table 2. Polyphenol oxidase activity in response to application of aqueous and ethanolic plant extracts native of the Caatinga bioma at 
concentration of 1.0 mg/mL. 
 

Treatment 

Periods (hours after application) 

Aqueous extracts  Ethanolic extracts 

0 24 48 72 96  0 24 48 72 96 

Water 0.25ns 0.91B2 0.43B 1.97A 0.63B  0.25ns 0.91B 0.43B 1.97B 0.63B 
ASM 0.25ns 0.89b 0.27b 0.73b 0.60b  0.25ns 0.90b 0.27b 0.77b 0.60b 
Am1 0.25ns 0.41Cc 0.15Bb 0.58Cc 0.56Cb  0.25 2.53Aa 0.25Bb 3.37Aa 0.63Bb 
Mr 0.25ns 0.84Bb 0.54Bb 0.69Cb 0.58Bb  0.25 1.42Aa 0.70Bb 0.64Cc 0.55Cb 
Sb 0.25ns 0.81Bb 0.31Bb 0.53Cc 0.56Cb  0.25 0.27Cc 0.13Bb 0.57Cc 0.63Bb 
Pd 0.2 ns 1.12Aa 0.34Bb 0.61Cc 0.51Cc  0.25 0.55Cc 0.79Bb 0.67Cb 0.57Cb 
Cp 0.25ns 0.80Cb 0.04Bb 0.69Cb 0.43Cc  0.25 0.81Bb 0.42Bb 0.57Cc 0.43Cc 
Cc 0.25ns 2.24Aa 0.41Bb 0.55Cc 0.55Cb  0.25 0.42Cc 0.53Bb 0.63Cc 0.59Bb 
Mh 0.25ns 1.11Aa 0.13Bb 0.50Cc 0.56Cb  0.25 0.12Cc 0.13Bb 0.66Cc 0.58Bb 
Zj 0.25ns 0.36Cc 3.08Aa 0.72Cb 0.54Cb  0.25 0.05Cc 6.01Aa 0.68Cb 0.51Cc 
Ev 0.25ns 0.45Cc 0.45Bb 0.63Cc 0.52Cc  0.25 0.30Cc 3.08Ba 0.81Ca 0.77Aa 
Ch 0.25ns 0.58Cc 0.38Bb 0.75Cb 0.50Cc  0.25 1.24Aa 0.19Bb 0.61Cc 0.52Cc 
Mc 0.25ns 0.16Cc 0.12Bb 0.76Cb 0.55Cb  0.25 0.55Cc 0.15Bb 0.741Cb 0.547Cb 
Cf 0.25ns 0.61Cc 0.41Bb 0.60Cc 0.51Cc  0.25 0.44Cc 0.27Bb 0.670Cb 0.552Cb 
So 0.25ns 0.60Cc 0.17Bb 0.41Cc 0.71Aa  0.25 0.19Cc 1.14Bb 1.379Ca 0.491Cc 
St 0.25ns 0.75Cc 0.37Bb 0.84Ca 0.51Cc  0.25 0.25Cc 0.28Bb 0.549Cc 0.536Cc 

 
1Am=Anadenanther amacrocarpa; Mr=Maytenus rigida; Sb=Schinopsis brasiliensis; Pd=Peltophorum dubium; Cp=Caesalpinia pyramidalis; 
Cc=Cappariscyno phallophora;Zj=Zizipus joazeiro; Mh=Mimosa hostilis; Mc=Momordica charantia; Ev=Erythrina velutina; Ch=Cleomehass leriana; 
Cf= Caesalpinia ferrea; So=Sideroxylum obtusifolium; ST=Spondias tuberosa; ASM=Acibenzolar-S-metil. 2Equal capital letters do not differ from 
the treatment water and the equal lowercase letters do not differ from ASM treatment. 

 
 
 
cynophallophora, Mimosa hostilis and ethanolic extracts 
of M. hostilis, Maytenus rigida promote the highest 
activities of polyphenol oxidase, being superior to the 
controls with water and ASM. These same extracts had 
their activity reduced within 48 h and only Z. joazeiro 
extract, in both extraction, enhanced the enzyme activity 
in this period, showing a later activity, however, most 
intense. 

For aqueous extract within 72 h, the seedlings treated 
with water obtained the highest average for the 
polyphenol oxidase activity, differing from the other 
treatments, while for the ethanol extracts, Anadenanthera 
macrocarpa promoted a higher activity of this enzyme. In 
the last assessment period (96 h) the Sideroxylum 
obtusifolium aqueous extract and ethanolic of Erythrina 
velutina provided the highest average (Table 2).  

Within 96 h, the plants treated with different extracts 
had low peroxidase activity, however, the aqueous 
extract of Caesalpinia pyramidalis and ethanolic of C. 
cynophallophora provided the highest average, 
differentiating from the controls. The peak of peroxidase 
activity was checked after 48 h in plants treated with the 
aqueous extract of M. rigida, averaging 7, 86 UA per mg 
of protein per min, and the ethanolic extract of M. hostilis 
(2.74 AU/mg protein/min). 

The Schinopsis brasiliensins aqueous extracts, 
Spondias tuberosa and  ethanolic  of  A.  macrocarpa,  M. 

rigida and C. cynophallophora presented higher 
peroxidase activity than plants treated with water and 
ASM already at 24 days after application. The enzymatic 
activity for the aqueous S. brasiliensis extract and 
ethanolic of A. macrocarpa decreased after 48 h, 
however, returned to high activity, differing from the 
control treatments (water and ASM) within 72 h (Table 3). 

Within 96 h, the plants treated with different extracts 
had low peroxidase activity, however, the aqueous 
extract of C. pyramidalis and ethanolic of C. 
cynophallophora provided the highest average, 
differentiating from the controls. The peak of peroxidase 
activity was checked after 48 h in plants treated with 
aqueous extract of M. rigida, averaging 7,86UA per mg of 
protein per min, and the ethanolic extract of M. hostilis 
(2.74 AU/mg protein/min). The application of plant 
extracts influenced the epidemiological variables 
evaluated in detached leaves of Ponkan mandarin 
seedlings positively reducing infection and in some cases 
negatively, as occurred with the aqueous extract of C. 
pyramidalis which caused an increase in the initial 
disease severity, higher than the control with water and 
ASM, while there was no interference of ethanolic 
extracts for this variable (Table 4).   

The aqueous extracts of M. rigida, S. brasiliensis, M. 
hostilis, Ziziphus joazeiro, Momordica charantia and S. 
tuberosas  significantly  reduced  the   final   severity  and  
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Table 3. Peroxidase activity (UA/mg of protein per min) in response to application of aqueous and ethanolic plants extracts native of 
Caatinga bioma at concentration of 1.0 mg/mL. 
 

Treatment 

Periods (hours after application) 

Aqueous extracts  Ethanolic extracts 

0 24 48 72 96  0 24 48 72 96 

Water 0.24ns 0.51B2 0.40B 0.493B 0.254B  0.24ns 0.51B 0.40B 0.49B 0.25B 
ASM 0.24ns 0.20b 0.74b 0.182b 0.336b  0.24ns 0.20b 0.74b 0.18b 0.34b 
Am1 0.24ns 0.28Bb 0.69Bb 0.100Cb 0.145Cc  0.24 0.79Aa 2.74Bb 1.17Aa 0.20Bc 
Mr 0.24ns 0.73Ba 7.86Aa 0.119Cb 0.138Cc  0.24 0.99Aa 0.95Bb 0.19Cb 0.06Cc 
Sb 0.24ns 0.88Aa 0.88Bb 1.155Aa 0.286Bb  0.24 0.14Cb 0.64Bb 0.20Cb 0.34Ab 
Pd 0.24ns 0.06Cb 0.29Bb 0.722Aa 0.149Cc  0.24 0.09Cb 0.76Bb 0.18Cb 0.15Cc 
Cp 0.24ns 0.24Cb 0.55Bb 0.282Ca 0.435Aa  0.24 0.73Ba 0.63Bb 0.15Cb 0.18Cc 
Cc 0.24ns 0.54Ba 0.28Bb 0.170Cb 0.222Bc  0.24 0.91Aa 1.87Aa 0.21Cb 0.43Aa 
Mh 0.24ns 0.31Bb 0.21Bb 0.120Cb 0.359Ab  0.24 0.10Cb 0.25Bb 0.21Cb 0.12Cc 
Zj 0.24ns 0.55Ba 0.32Bb 0.492Ba 0.317Ab  0.24 0.11Cb 0.31Bb 0.22Cb 0.14Cc 
Ev 0.24ns 0.13Cb 1.29Bb 0.177Cb 0.203Bc  0.24 0.21Cb 0.32Bb 0.24Cb 0.36Ab 
Ch 0.24ns 0.14Cb 1.85Bb 0.264Cb 0.229Bc  0.24 0.57Ba 0.30Bb 0.16Cb 0.11Cc 
Mc 0.24ns 0.09Cb 0.60Bb 0.133Cb 0.249Bc  0.24 0.07Cb 0.32Bb 0.25Cb 0.20Bc 
Cf 0.24ns 0.29Bb 0.33Bb 0.093Cb 0.205Bc  0.24 0.09Cb 0.24Bb 0.29Ca 0.18Cc 
So 0.24ns 0.55Ba 2.90Bb 1.183Aa 0.349Ab  0.24 0.30Bb 0.63Bb 0.19Cb 0.09Cc 
St 0.24ns 0.77Aa 0.534Bb 0.158Cb 0.072Cc  0.24 0.31Bb 0.94Bb 0.69Aa 0.28Bb 

 
1Am=Anadenanther amacrocarpa; Mr=Maytenus rigida; Sb=Schinopsis brasiliensis; Pd=Peltophorum dubium; Cp=Caesalpinia pyramidalis; 
Cc=Cappariscyno phallophora;Zj=Zizipus joazeiro; Mh=Mimosa hostilis; Mc=Momordica charantia; Ev=Erythrina velutina; Ch=Cleomehass leriana; 
Cf= Caesalpinia ferrea; So=Sideroxylum obtusifolium; ST=Spondias tuberosa; ASM=Acibenzolar-S-metil. 2Equal capital letters do not differ from the 
treatment water and the equal lowercase letters do not differ from ASM treatment. 
 
 
 
AUDPC compared to control (water) and did not differ 
from ASM treatment, providing therefore, the higher 
control rates (Table 4). Plants treated with the ethanolic 
extract of M. hostilis behaved differently from the one 
treated with aqueous extract, with less protective 
potential, initial severity and AUDPC equal to control 
(water) and also, the same happened with Peltophorum 
dubium, Cleome hassleriana and Sideroxylum 
obtusifolium extracts. The remaining ethanolic extracts 
significantly reduced the final severity and AUDPC, 
representing high rates of protection with values up to 
99.12%, not differing from the control provided by the 
treatment with ASM. The difference between treatments 
with water and ASM were significant (Table 5), indicating 
the elicitor efficiency in the protection against A. alternate 
f. spp. citri.  

Many studies shows the potentiating effect of 
Acibenzolar-S-methyl enzymes involved in plant defense 
such as peroxidase and polyphenol oxidase (Baysal et 
al., 2003; Cavalcanti et al., 2006; Andrade et al., 2013), 
however, the majority are performed with infected plants. 
In this case, it is difficult to define if treatment with ASM 
or if the infective process caused the activation of these 
enzymes. It is considered that, the polyphenol oxidase is 
associated with infected tissues, thus playing an 
important role in plant defense mechanism or senescence 
(Agrios,   2005).   Lucas   (2012)    found    an   increased 

polyphenol oxidase activity in tomato (Solanum 
licopersicum L.), just six days after application of ASM 
and essential oil of lemon grass (Citrus aurantifolia) in 
non-inoculated plants which observed lower activity in 
these treated plants inoculated with A. alternata. Song et 
al. (2011) has shown that the increased 
polyphenoloxidase, peroxidase and phenylalanine 
ammonia lyase activity in plant tissues are an important 
factor in the induction of resistance against pathogens. 

The polyphenol oxidases are enzymes which oxidize 
mono- and o-diphenols to o-diquinones (Vaughn et al., 
1988), which have antimicrobial activity (Mohammadi, 
2002) and participates in the lignification process during 
tissue invasion by pathogens (Li, 2002), justifying  their 
enhanced activity during the infectious process. Further, 
peroxidases are also reported in association with the 
formation of reactive oxygen intermediates (Skelly, 2013) 
and the oxidative burst is a plant defense response after 
pathogen recognition, leading to hypersensitivity reaction, 
promoting the gradual establishment of systemic 
acquired resistance (SAR) (Resende et al., 2003; Alvarez 
et al., 1998). However, this enzyme is also synthesized 
by mechanical stress such injury (Rodrigues et al., 2011) 
or environmental such water and salt stress (Debouba et 
al., 2006) can be variable depending on the species, 
cultivar, age and part of the plant (Amiot et al., 1995) 
which  explains  the  mutability   action   of   this   enzyme  
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Table 4. Contrasts between controls treatments (Water and ASM) and aquous and ethanolic plants extracts native of Caatinga bioma of 
the initial (IS) and final (FS) severity area under the disease progress curve (AUDPC and protection levels on detached leaves of 
mandarin seedlings Ponkan. 
 

Treatments 
IS1 FS AUDPC Protection IS FS AUDPC Protection

Aquous extracts Ethanolic extracts 

Water 0.40B3 2.60A 1.10A 0.00B 0.40ns 2.60A 1.10A 0.00B 
ASM 0.00b 0.00b 0.00b 98.20a 0.00ns 0.00b 0.00b 98.20a 
Am2 0.00Bb 0.02Bb 0.01Bb 99.12Aa 0.33 2.13Aa 0.90Aa 23.86Ab 
Mr 0.00Bb 0.06Bb 0.03Bb 97.37Aa 0.00 0.49Bb 0.18Bb 84.21Aa 
Sb 0.00Bb 0.20Bb 0.10Bb 91.23Aa 0.00 0.02Bb 0.01Bb 99.12Aa 
Pd 0.12Bb 1.71Aa 0.80Aa 30.12Ab 0.04 0.84Ba 0.40Ba 64.91Aa 
Cp 0.53Aa 3.97Aa 1.72Ba 0.00Bb 0.00 0.67Bb 0.33Bb 70.76Aa 
Sb 0.00Bb 0.92Ba 0.41Ba 64.04Aa 0.04 0.62Bb 0.29Bb 74.56Aa 
Mh 0.00Bb 0.00Bb 0.00Bb 100.0Aa 0.06 0.34Bb 0.14Bb 88.01Aa 
Zj 0.00Bb 0.02Bb 0.01Bb 99.12Aa 0.04 0.28Bb 0.12Bb 89.47Aa 
Ev 0.14Bb 1.39Ba 0.62Ba 45.99Ab 0.00 0.27Bb 0.05Bb 95.47Aa 
Ch 0.12Bb 2.01Aa 0.88Aa 23.57Ab 0.14 1.09Ba 0.57Ba 50.29Ab 
Mc 0.06Bb 0.20Bb 0.03Bb 97.75Aa 0.00 0.04Bb 0.02Bb 98.25Aa 
Cf 0.00Bb 0.08Bb 0.04Bb 96.49Aa 0.00 0.02Bb 0.01Bb 99.12Aa 
So 0.08Bb 2.23Aa 1.08Aa 17.75Bb 0.12 4.53Ba 2.42Ba 00.00Bb 
St 0.06Bb 0.74Bb 0.35Bb 69.30Aa 0.02 0.06Bb 0.02Bb 98.25Aa 
CV 13.4 16.8 11.5 19.1 13.4 16.8 11.5 19.1 

 
1Am=Anadenanther amacrocarpa; Mr=Maytenus rigida; Sb=Schinopsis brasiliensis; Pd=Peltophorum dubium; Cp=Caesalpinia pyramidalis; 
Cc=Cappariscyno phallophora;Zj=Zizipus joazeiro; Mh=Mimosa hostilis; Mc=Momordica charantia; Ev=Erythrina velutina; Ch=Cleomehass 
leriana; Cf= Caesalpinia ferrea; So=Sideroxylum obtusifolium; ST=Spondias tuberosa; ASM=Acibenzolar-S-metil. 2Equal capital letters do not 
differ from the treatment water and the equal lowercase letters do not differ from ASM treatment. 

 
 
 

Table 5. Contrasts between controls (Water and ASM) of the 
initial (IS) and final (FS) severity, Area under the Disease 
Progress Curve (AUDPC) and protection levels in detached 
leaves of mandarin seedlings Ponkan. 
 

Treatments IS1 FS AUDPC Protection

ÁWater 0.40ns 2.60a2 1.10a 0.00b 
ASM 0.00 0.00b 0.00b 98.20a 

 
1 SI= Initial Severity; FS=Final Severity; AUDPC = Area Under 
the Disease Progress Curve.2  Equal capital letters do not differ 
from the treatment water and the equal lowercase letters do not 
differ from ASM treatment. 

 
 
 
compared to spraying with plant extracts. Peroxidases 
are related to the processes of growth and cell 
differentiation, and morphogenetic changes in response 
to physical, chemical and biological stress. Increased 
activity of this enzyme in plants under these conditions 
can be a determinant factor for the adaptive capacity of 
these plants; this activity can be identified as a 
biochemical marker of stress (Piza et al., 2003). In a 
practical way, peroxidases are related to increased 
hydrogen peroxide production (Hameed et al., 2008) and 
are central  in  the  plant  antioxidant  defense  responses 

(Hameed et al., 2009). 
Carvalho et al. (2013) in experiments with plant 

extracts on the alternative control of A. alternataf. spp. 
citri in Tangor Murcot fruits found significant decrease of 
up to 62% in the rate of spots development with aqueous 
extract of A. columbrina, which belongs to the same 
genus A. macrocarpa, showed the greatest potential for 
protection (99.12%) in detached leaves, being superior to 
the treatments with commercial fungicides chlorothalonil 
by copper oxychloride and Azoxystrobin, which provided 
protection of 37 to 39% respectively. However, these 
same authors also reported a direct effect of the extract 
on the pathogen development, not configuring, therefore, 
a protection only by induced-resistance. 

The results presented here shows the importance of 
plant extracts and derivatives as sources of efficient bio-
active compounds in the management of plant diseases 
through direct effect on pathogens or as potential sources 
of a new defense response elicitors and as an alternative 
to chemical control, which have been indiscriminately 
used. According to Ootani (2013) exploration of the 
biological activity of secondary compounds present in the 
crude extract or essential oil of medicinal plants can be, 
with resistant induction, another potential alternative form 
of disease control in cultivated plants. 
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Conclusion 
 
The extracts of A. macrocarpa and M. rigida potentiated 
the polyphenol oxidase and peroxidase activity and had 
great potential in the management of the disease, 
reducing the final severity and area under the disease 
progress curve and providing high levels of control. 
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