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Abstract

Products of biotic and abiotic origin are being investigated for use in pest management, many of these substances can
act as resistance inducers, which induces the metabolism of enzymes involved in defense mechanisms. There is a
search for efficient and alternative ways of controlling carmine cochineal (Dactylopius opuntiae Cockerell), the main
pest of forage palm (Opuntia spp) in Northeast Brazil. The aim of the study was to evaluate the application of biotic
and abiotic inducers on the palms to induce resistance through the activity of the antioxidant enzyme phenylalanine
ammonia lyase. The experiment was carried out in a greenhouse at the Federal University of Agreste of Pernambuco,
using an Completely Randomized Design (CRD), distributed in a factorial scheme (3x8x3) with three Opuntia
genotypes, eight treatments: Trichoderma viride URM 6824, Trichoderma viride URM 6823, Aureobasidium
pullulans URM 6874, salicylic acid, chitosan, amino butyric acid, distilled water with the insect (positive control),
distilled water without the insect (negative control), with three collection periods and four repetitions. The results
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were subjected to analysis of variance (ANOVA), the means being compared by the Scott-Knott test at the level of
5% probability (p <0.05) and by orthogonal contrasts. The biological inducers T. viride URM 6824 and T. viride
URM 6823 as well amino butyric acid influenced the increase in the enzymatic activity of phenylalanine ammonia
lyase. This result demonstrates the potential for use in alternative management, and future studies are needed to
deepen the applicability in field conditions.

Keywords: Carmine cochineal; Oxidative enzymes; Infestation; Forage palm.

Resumo

Produtos de origem bidtica e abiética estdo sendo investigados para utilizagdo no manejo de pragas, muitas destas
substancias podem atuar como indutores de resisténcia, o que induz a metabolizacdo de enzimas envolvidas nos
mecanismos de defesa. H4 uma busca por formas eficientes e alternativas de controle da cochonilha do carmim
(Dactylopius opuntiae Cockerell) principal praga da palma forrageira (Opuntia spp) no Nordeste do Brasil. O objetivo
do estudo foi avaliar a aplicacdo de indutores bidticos e abidticos em palmas na indugdo de resisténcia através da
atividade da enzima antioxidante fenilalanina aménia liase. O experimento foi conduzido em casa de vegetacdo na
Universidade Federal do Agreste de Pernambuco, utilizando-se um Delineamento Inteiramente Casualizado (DIC),
distribuido em esquema fatorial (3x8x3) sendo trés genétipos de Opuntia, oito tratamentos: Trichoderma viride URM
6824, Trichoderma viride URM 6823, Aureobasidium pullulans URM 6874, acido salicilico, quitosana, acido amino
butirico (BABA), agua destilada com o inseto (controle positivo), dgua destilada sem o inseto (controle negativo),
com trés periodos de coleta e quatro repeticoes. Os resultados foram submetidos a analise de variancia (ANOVA),
sendo as médias comparadas pelo teste de Scott-Knott ao nivel de 5% de probabilidade (p< 0,05) e por contrastes
ortogonais. Os indutores bioldgicos T. viride URM 6824 e T. viride URM 6823 assim como o BABA influenciaram
no aumento da atividade enzimatica da fenilalanina amonia liase. Resultado demonstra a potencialidade de utilizacdo
no manejo alternativo, cabendo estudos futuros para aprofundamento sobre aplicabilidade em condi¢Ges de campo.
Palavras-chave: Cochonilha do carmim; Enzimas oxidativas; Infestacfo; Palma forrageira.

Resumen

Se estan investigando productos de origen bibtico y abi6tico para su uso en el manejo de plagas, muchas de estas
sustancias pueden actuar como inductores de resistencia, lo que induce el metabolismo de enzimas involucradas en los
mecanismos de defensa. Se buscan formas eficientes y alternativas de control de la cochinilla carmin (Dactylopius
opuntiae Cockerell), principal plaga de la palma forrajera (Opuntia spp) en el noreste de Brasil. El objetivo del
estudio fue evaluar la aplicacidn de inductores biéticos y abidticos en las palmas para inducir resistencia a través de la
actividad de la enzima antioxidante fenilalanina amoniaco liasa (FAL). El experimento se llevé a cabo en un
invernadero de la Universidad Federal de Agreste de Pernambuco, utilizando un Disefio Completamente Aleatorio
(DCA), distribuido en un esquema factorial (3x8x3) con tres genotipos de Opuntia, ocho tratamientos: Trichoderma
viride URM 6824, Trichoderma viride URM 6823, Aureobasidium pullulans URM 6874, &cido salicilico, quitosano,
4cido amino butirico, agua destilada con el insecto (control positivo), agua destilada sin el insecto (control negativo),
con tres periodos de recoleccidn y cuatro repeticiones. Los resultados se sometieron a anélisis de varianza (ANOVA),
comparandose las medias mediante la prueba de Scott-Knott al nivel de 5% de probabilidad (p <0,05) y mediante
contrastes ortogonales. Los inductores biol6gicos T. viride URM 6824 y T. viride URM 6823 asi como &cido amino
butirico influyeron en el aumento de la actividad enzimatica de FAL. Este resultado demuestra el potencial de uso en
manejo alternativo, y se necesitan estudios futuros para profundizar la aplicabilidad en condiciones de campo.
Palabras clave: Cochinilla carmin; Enzimas oxidativas; Infestacion; Palma forrajera.

1. Introduction

In the Northeast of Brazil, agriculture and livestock activities are strongly marked by the negative rainfall indexes
resulting from high temperatures with annual averages of 28 °C and sunshine of 2800 h year? and rainy season that is
concentrated on average three months of the year, being the annual rainfall equal to or less than 800 mm (Sousa, 2019).

In this scenery, livestock stands out as an economic activity that directly impacts the gross income of families in
which the rural environment is responsible for the main source of income, as highlighted by the study by Dubeux Jr et al.
(2015) when affirming that this activity presents greater resilience to drought compared to agriculture, thus having a
characteristic that contributes to the permanence of man in the countryside, minimizing the rural exodus. The cultivation of
forage palm stands out for being a food source for animals, as it presents a high biomass production per unit area, ensuring that

the nutritional demand of the herds is met and presents a low risk in view of climatic uncertainties (Carvalho et al., 2018).
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This crop acts as a forage reserve, characterized by being rich in energy and water, which significantly contributes to
the sustainability of dairy farming, especially in the states of Pernambuco, Paraiba, Alagoas and Sergipe (Peixoto et al., 2018).
Guarantee benefits are available when agronomic practices are carried out correctly, from the choice of the cultivation system,
the cultural treatments used, the intensity and frequency that the harvests took place, as well as the control of phytosanitary
aspects, mainly pests.

The crop is affected throughout its cycle by several pests with the potential to cause damage capable of partially and
even totally jeopardizing the production of plant biomass. Currently, phytosanitary aspects are among the main factors limiting
forage exploitation (Ferraz et al., 2017). One of the main pests of the forage palm is the carmine cochineal (Dactylopius
opuntiae), which by means of suction mechanisms, these insects inject toxic saliva into the plants, causing yellowing
(chlorosis), decay, tipping and death. Luna et al. (2018) stated that an infestation greater than 75% leads to death of the plant.
An alternative to combat is the use of agents that make the plant resistant to this insect pest.

In modern agriculture there is the possibility of inducing resistance and numerous researches have already proven
efficiency in several plants of agricultural importance for Brazil. Induction occurs through the application of elicitors that can
be of biotic origin (viable or inactivated microorganisms) and abiotic (Pascholati et al., 2019). Can be applied in the area and in
the soil, close to the root absorption system (Melo et al., 2016).

Inductors can also be called plant fortifiers and have the ability to protect against attack by pests and pathogens, which
impacts on crop yields. Most work by modifying plant defence signalling pathways, but little is known about how chain
reactions occur in signalling activation (Wang et al., 2020). One of the ways to verify the action of these inducers on plants is
to verify the activity of some enzymes of oxidative stress, an example is phenylalanine ammonia lyase, which in certain
amounts determine positive rates in the resistance of plants to attacks (Almeida et al., 2012). Resistance inducers act in defence
and their responses can be elucidated through phenylalanine ammonia-lyase (Silva et al., 2018).

The research presents and evaluates the application of resistance inducers in cladodes of palms of the varieties F8,
IPA 200008, Opuntia atropes, Rose; IPA clone 20, IPA 100003 O. ficus indica and IPA 200016, O. stricta (Haw.) Haw
against artificial infestation by D. opuntiae, quantifying the activity of the enzyme phenylalanine ammonia lyase and its

association with plant resistance to biotic stress.

2. Methodology

The experiment was carried out under controlled conditions, in a greenhouse at the Federal University of Agreste de
Pernambuco - UFAPE, in the municipality of Garanhuns located in the southern Agreste region of the state of Pernambuco in
Brazil, under the geographic coordinates: 08°53'25” latitude south and 36°29'34" west longitude, with an average altitude of
896m (Canuto et al., 2019). The experimental period was from August 13, 2019 to March 26, 2020, lasting 226 days, under
averages temperature of 23.11 °C and humidity of 80.54% (INMET, 2020).

As biotic inducers, fungi from the URM Micoteca Cultures collection of the Mycology Department of the Biosciences
Center of the Federal University of Pernambuco were used, isolated from Cereus jamacaru DC. (Mandacaru, Cactaceae):
Trichoderma viride URM 6824, Trichoderma viride URM 6823 and Aureobasidium pullulans URM 6874. They were grown
in a Potato-Dextrose-Agar (PDA) culture medium and the 28 °C growth occurred in a BOD incubator for 15 days at the
Microbiology, Enzyme Technology and Bioproducts Laboratory at UFAPE, a spore suspension in the concentration of 106
was applied to the plants and abiotic inducers were used, salicylic acid (2 mM), chitosan (4 mg mL™) and DL-B-amino-n-
butyric (3 mM).
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The plants of cultivars F8, IPA 200008, Opuntia atropes, Rose; IPA clone 20 (Tolerant), IPA 100003 O. ficus indica
(Susceptible) and IPA 200016, O. stricta (Haw.) Haw (Resistant) were grown in pots with a capacity of 20L filled with soil
classified as sandy, which presented the following contents for clay, silt and sand respectively: 60.0 g kg, 20.0 g kg? and
920.0 g kg and with 23.0 g kg* of total organic matter (Table 1).

Table 1. Chemical analysis of the soil used in the experiment, collected at a depth of 0-20cm.

pH mg dm? cmol; dm?® (V%)

(HO) "k Na S B Cu Fe Mn P 2zn|Ca Mg Al H+Al CTC  SB

6.20 78 1.0 5 025 09 67 23 36 1 19 05 00 3.4 6.00 43

Source: Authors.

The propagation materials (cladodes) were obtained from the germplasm bank in vivo of the Agronomic Institute of
Pernambuco-I1PA, located in the municipality of Arcoverde-PE. After harvesting, they were sanitized with 2% sodium
hypochlorite solution and 20% neutral detergent, then they were stored for 19 days in a dry place, and protected from direct
solar radiation, for the healing of the cut. After 60 days of planting, a uniform thinning was carried out, leaving only the
primary cladodes in each plant, and at 136 days of planting, the cladodes were sprayed to the point of runoff with the solutions
of the resistance inducers that were also applied via 40 mL soil, and the controls were sprayed with distilled water only.

Ten days after induction, the plants were artificially infested with D. opuntiae specimens, except for negative controls.
The insects came from the IPA and kept in breeding at the applied entomology sector at the Laboratory Support Center for
Research at UFAPE. The infestation occurred by fixing fragments of cladodes with dimensions of 8x5 + 2cm containing 50
colonies of the insect in the laying stage in which the plants were fixed with cords.

Three collections of plant material were performed to analysed the PAL activity, which occurred on the 15™, 45" and
75 days after the artificial infestation by D. opuntiae. One gram of fresh tissue was incised in the central part of the top
cladode with a sterile scalpel and, later macerated in liquid N, in a mortar, the samples initially acquired a brittle appearance
and soon after the composition of the cladodes, a pasty consistency appeared, then it was homogenized in a buffer solution
with the addition of polyvinylpyrrolidone (PVP) 50 mg (w / v) and subsequently centrifuged (10,000 rpm) at 4 °C. Such
activity was determined according to Zucker (1968), in which the reaction is initiated after the addition of the plant extract
obtained by macerating 1g of cladodium, to a mixture containing 25 mM Tris-HCI buffer (pH 8.8) and 100 mM L-
phenylalanine. The reaction mixture was incubated in a water bath at 30 °C for 2 hours. In the control samples, L-
phenylalanine was replaced by Tris-HCI buffer. The reaction was terminated after adding 6N HCI. The absorbance of trans-
cinnamic acid derivatives as a reaction product of the enzymatic reaction was measured in a spectrophotometer at 290 nm and
the results were expressed in pmol mg™* protein min‘.,

The experimental design used was completely randomized, with a 3x8x3 factorial scheme (3 palm genotypes, 8
resistance inducers and 3 collection periods). The data were evaluated by analysis of variance (ANOVA), using the statistical
program SISVAR (version 5.6) and the means compared by the Scott-Knott test, adopting a significance level of 5%,

orthogonal contrasts were also performed.

3. Results and Discussion

Throughout cultivation, plants are exposed to numerous biotic and / or abiotic factors that can negatively affect their

metabolism and, consequently, production. Thus, research on the use of new resistance inducers has been developed in order to
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evaluate them as an alternative to traditional management. The activity of some enzymes of oxidative stress such as
phenylalanine ammonia lyase, are considered markers of efficiency in the use of inductors (Almeida et al., 2012; Silva et al.,
2018).

Orthogonal contrasts were performed to understand how the set of biotic and abiotic inducers influenced the PAL
activity, for this the treatments and the controls (negative and positive), analysed statistically and the results are shown in Table
2. For contrasts between the averages of activity of biological treatments versus positive control and the results were

significant for the three varieties.

Table 2. Orthogonal contrast of the activity of phenylalanine ammonia lyase (umol mg™ prot. min) in three genotypes of
palms, artificially infested with D. opuntiae, after application of biotic resistance inducers (T. viride URM 6824, T. viride

URM 6823 and A. pullulans URM 6874) and abiotics (chitosan, salicylic acid and aminobutyric acid).

Treatment Tolerant Genotype Susceptible Genotype Resistant Genotype
Chemicals 8.728 11.846 9.192
Biological 9.986 12.485 11.965
Positive 6.952 7.752 6.994
Negative 11.897 11.352 14.551
Overall average 9.374 11.512 10.627
Biological treatments vs. Positive control
Test t 3.663* 2.565* 5.238*
CV (%) 26.48 28.08 26.79
Chemical treatments vs. Positive control
Test t 2.142* 2.219* 2.316*
CV (%) 23.63 25.32 23.68
Biological treatments vs. Negative control
Test t -2.310* 0.614" -2.725*
CV (%) 24.75 25.49 23.56
Chemical treatments vs. Negative control
Test t -3.831* 0.268" -5.648*
CV (%) 22.93 26.65 24.89

"sNot significant; * significant at 5% probability by t test; CV Coefficient of variation; Positive control: corresponds to the genotype infested
with D. opuntiae; Negative control: corresponds to the genotype without infestation of D. opuntiae. Source: Authors

When the contrasts were between chemical treatments and a negative control, they were also considered for the three
varieties (Table 2). The contrast between the biological treatments with the negative control as well as the chemical treatments
with the negative control for the variety O. ficus indica has not been calculated, and for O. atropes and O. stricta, the control
had significance with greater activity.

When it comes to drawing a profile of biochemical responses from cochineal infested palm and the use of fungi as
biocontrol, there are gaps, since previous work is still incipient. Silva et al. (2017) evaluated the antagonistic potential
Trichoderma spp. against plant pathogens also showed such chemical gaps. The same authors in an experiment testing T.
harzianum had increased PAL activity in cassava plants infected with Scytalidium lignicola.

Phenylalanine ammonia lyase is considered an important marker of resistance induction in secondary plant
metabolism (Almeida et al., 2012). This enzyme is the first in the phenylpropanoid pathway to eliminate ammonia from L-
phenylalanine and produce trans-cinnamic acid. This acid is used in the biosynthesis of phenylpropanoid compounds such as

flavonoids and lignin (Rahmatabadi et al., 2019). Lignin acts directly on the preservation of the cell wall, providing mechanical
5
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support against damage caused by herbivory, also providing resistance to abiotic stresses (Tarazi et al., 2020). And flavonoids
have the ability to scavenge free radicals and chelate metal ions, other functions include preventing fatty acid oxidation,
protection against free radicals and lipid peroxidation, and in the supply of hydrogen (Silva et al., 2015).

In the first collection that occurred on the 15" day after infestation, plants of the O. atropes genotype submitted to the
treatments of Trichoderma spp. as well as chitosan, they obtained results from similar negative testimony activities, being
statistically equal. While for O. ficus indica, the negative control showed the highest average and was the collection with the
most expressive activity, being statistically equal for the three varieties, O. stricta, treatment with T. viride URM 6823 was the
one with the highest overall average with 23.541 pmol mg™ prot. min? (Table 3).

In the second analysis of the PAL, at 45 days, the treatments applied to O. atropes did not differ statistically from
each other and the same result was reflected in the third following collection. While for O. ficus it indicates the controls as well
as the plants treated with A. pullulans URM 6874 did not differ and were inferior to the other treatments. In the O. stricta
genotype, the treatments T. viride URM 6823 and the control without scale insects (13.666 and 15.791 umol mg? prot. min?)
obtained, respectively, the highest averages and were statistically equal, the results of the other treatments did not differ each
other. Branddo (2020) evaluated the activity of PAL in palm plants of the species Nopalea cochenilifera and Opuntia tuna in
young cladodes grown in open field conditions, found that the activity in the cladodes shortly after pruning was greater.

The activity of this enzyme causes defense of the plant against infections and as the severity increases there is also an
increase in its action (Spolti et al., 2015), as shown in table 3. The significant increases in PAL in the susceptible variety can be
attributed to induced defense, the same effect was noticed by Stadnik and Buchenauer (2000) in wheat plants inoculated with
Blumeria graminis and treated with acibenzolar-S-methyl. Spolti et al. (2015) still exposes in his research with apple rot
known as “bull's eye” (Cryptosporiopsis perennans) that a higher content of PAL and PPO were found in samples with
phosphate inducer of potassium than only treated with water. In the experimental conditions imposed on the palm genotypes,

there was a low variation in the treatment (negative control).

Table 3. Enzymatic activity of phenylalanine ammonia lyase (umol mg™ prot. min™) in forage palm cladodes (Opuntia spp.)

artificially infested with Dactylopius opuntiae, after application of resistance inducers, in the three collection periods.

Collection 1
TRIC 24 TRIC 23 AUR CHIT SA ABA CWM CWMB
Tolerant 13.207Aa 12.342Ab  6.517Ba  10.883Aa  3.930Ba° 6.707Ba 6.087Ba  14.281Aa
Susceptible 7.096Bb" 7.531Bh° 3.277Ca®  2.718Ch°  5.369Ca’ 3.855Ca¢ 3.402Ca>  12.207Aa

Resistant 8.166Ch 23.541Aa® 8.115Ca 11.976Ba 6.726Ca 4,966 Ca° 4.606 Ca® 12.377Ba

Collection 2

Tolerant 10.379Ab 11.110Aa 9.277Aa 8.388Ab 11.624Aa? 11.549Aa 8.439Aa 12.545Aa
Susceptible 16.258Aa® 11.416Ba®  9.499Aa® 15.527Aa* 13.990Aa®  14.689Aa°  10.666Ba* 10.050Ba
Resistant 6.791Bb 13.666Aa">  9.068Ba  8.893Bb 8.476Ba 8.804Ba" 5.768Ba®  15.791Aa

Collection 3

Tolerant 8.869Ah 11.698Ab  6.475Ab 9.013Aa  9.337Ak° 7.119Ac 6.342Aa 9.865Ab
Susceptible  21.152Aa? 20.513Aa*  15.619Ba* 11.934Ca® 15.559Ba? 22.971Aa" 9.189Ca* 10.050Chb
Resistant ~ 12.342Ab 14.726Ab°>  11.272Aa  10.061Aa  9.694Ab 13.133Ab*  10.610Aa* 15.791Aa

Capital letters on the line compare the palm with the different treatments within the collection. Lower case letters in the column compare the
treatment within each genotype of palms to each other in that collection. Exponential letters compare the genotype within the treatment by
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collections. Similar letters do not differ by the Scott-Knott test at 5%. T. viride URM 6824 (TRIC 24), T. viride URM 6823 (TRIC 23),
Aureobasidium pullulans URM 6874 (AUR), Chitosan (CHIT); Salicylic acid (SA); Aminobutyric acid (ABA); Control with mealybug
(CWM); Control without mealybug (CWMBY). Source: Authors.

In the third collection, in the genotype O. ficus indicates treatments with biotic and abiotic inducers differed from
controls with superior enzymatic activities, among such results the plants treated with T. viride URM 6824, T. viride URM
6823 and ABA showed higher averages. In vegetables PAL plays a major role in the mechanisms of defense, growth and
development, being present at the branching point of the primary to the secondary metabolism and acts as a link between the
two. It is also involved in the production of bioactive compounds, being studied as a biochemical marker for the effectiveness

of alternative controls and biocontrol, due to the positive correlation with increased activity (Habibollahi et al., 2020).

4. Conclusions

The attack of the pest causes serious damage to the plant, directly impacting the production, requiring efficient
control measures in management. The fungi Trichoderma spp. and aminobutyric acid (ABA) provide greater enzyme activity
of phenylalanine ammonia lyase in the genotype IPA 100003 O. ficus indica. Such an enzyme is a precursor for the formation
of phenolic groups essential for the cellular structure of the plant. When analysing orthogonal contracts, biological and
chemical treatments showed significant results in the three genotypes studied. Future research will be necessary in field

conditions to verify the potential use of the inductors analyzed in the genotypes.
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