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Abstract 
The whitefly, Bemisia tabaci Biotype B (Hemiptera: Aleyrodidae), is considered one of the world’s major 
agricultural pest groups, attacking a wide range of crop hosts and causing considerable crop loss. Understanding 
the interactions between whiteflies and host plants promotes the development of novel strategies for controlling 
whiteflies. This study aimed to evaluate the biochemical alterations caused by induced resistance in soybean plants, 
challenged by B. tabaci. The experiment was performed at the Federal University of Technology, Parana. Soybean 
seeds (cv. BRS 284) were sown in polyethylene pots in the greenhouse. The elicitors sprayed on the soybean leaves 
were: acibenzolar-S-Methyl (ASM-0.005%); Salicylic Acid (SA-2Mm); foliar phosphite (ULTRA K®-0.004%); 
Chitosan (CH-1%); and silicon (SI-0.25%); whilst the control group was sprayed with distilled water. Plants were 
infested with 50 adult whiteflies in the cages that were released after applying the treatments. At 0, 24, 48 and 96 
hours after the beginning of the experiment, biochemical analyses of total proteins and the activity of the 
phenylalanine ammonia-lyase (PAL), peroxidases (PO), phenolic compounds, chitinase, and β-1,3-glucanase were 
made. The results showed that the application of elicitors increased the route of the phenylpropanoids with the 
activation of PAL and formation of phenolic compounds. It was also verified the activation of 
pathogenicity-related enzymes such as peroxidases and chitinase.  

Keywords: secondary metabolism, resistance to insects, plant defense 

1. Introduction 
Brazil is one of the greatest producers of soybean (Glycine max (L.) Merrill) in the world. In 2017/2018, Brazil 
produced 119.28 million metric tons (CONAB, 2018). Nevertheless, insect pests represent a huge challange to 
soybean productivity and sustainability due to losses and problems related to the abuse of chemical insecticides.  

The whitefly Bemisia tabaci (Genn.) Biotype B (Hemiptera: Aleyrodidae) is a polyfagous pest and it is responsible 
for great losses in production in soybean crops by causing direct and indirect damage (Oliveira et al., 2014; Wang 
et al., 2015). 

Although the whitefly causes little mechanical damage to plants, along with its saliva the insect injects toxins into 
the phloem; besides, indirect damages are caused by excretion of honeydew, which favours the development of 
pathogenic fungi, reducing crop productivity (Bôas & Branco, 2009). This hemipteran is traditionally controlled 
through insecticides application. There are some limitations though, such as high cost, low efficiency, ecological 
imbalance and insect resistance (Moraes, Ferreira, & Costa, 2009). Plant defense induction is a method that can be 
used alongside other pest control methods in IPM. Its objective is to increase the plant ability to defend itself 
against biotic stresses such as pathogen and insect attack. These defenses can be activated by treatment with biotic 
or abiotic agents. These molecules, capable of activating plant defense responses, are called elicitors (Sticher et al., 
1997). Among the most studied elicitors, there are acibenzolar-S-methyl (ASM), salicylic acid (SA), phosphites, 
chitosan and silicon (Cruz et al., 2011; Terra, 2010). The elicitors, when applied to plants, are identified by 
receptors and then trigger the processes of plant defense (Trouvelot, Héloir, & Poinssot, 2014). 

The induction of resistance against herbivorous can be expressed in two different ways: direct and indirect. Direct 
induced resistance is mediated by the accumulation of secondary metabolites and defense-related proteins 
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(Mithöfer & Boland, 2012). Indirect induced resistance results in the release of a mixture of volatile organic 
compounds (VOCs) that specifically attract natural enemies, and are also involved in the mediation of various 
ecological interactions. Exogenous defense elicitors are biodegradable, used in low quantities and does not lead to 
pest resistance. Thus, they show potential for the development of new pest control strategies (Mithöfer & Boland 
2012; Pinto et al., 2013).  

Research regarding resistance induction of soybean plants against pests are still scarce considering induction 
potential; thus, this study aimed to evaluate the biochemical changes caused by abiotic resistance elicitors in 
soybean plants challenged with B. tabaci.  

2. Material and Methods 
The experiment was conducted at the Federal University of Technology Parana. Soybean seeds from cultivar BRS 
284 were sown in polyethylene pots (10 L) containing moist soil obtained from the topsoil (ca. 0-20 cm in depth) 
of a soybean crop located in Dois Vizinhos, Paraná, Brasil. Each pot contained five soybean plants,. and they were 
kept in a greenhouse until the beginning of the experiment (25±2 ºC). The experiment was performed when plants 
reached phenological phase V6. The treatments used were: T1: acibenzolar-S-Methyl (ASM-0.005%); T2: 
salicylic acid (AS-2 Mm); T3: phosphite Potassium (ULTRA K®-0.004%); T4: chitosan (CH-1%); T5: silicon 
(SI-0.25%); T6: control group (distilled water)-challenged and not challenged by B. tabaci. The treatments were 
sprayed over the above ground part of the plant. The vases were kept individually in cages with anti-aphid screens. 
For treatments that plants were challenged by B. tabaci, 50 adult flies were added per cage, collected from the field. 
The experimental design was completely randomized in a two-by-two factorial design, the factors being the 
treatments and the presence or absence of B. tabaci with five replicates per treatments. 

For biochemical analysis (total proteins, total and reduced sugars, phenolic compounds and the activity of enzymes 
related to plant defense-peroxidase (PO), phenylalanine ammonia-lyase (PAL), chitinase and β-1,3-glucanase), 
plant tissue (0.5 g), were collected at intervals of 0, 24, 48, 96 and 168 hours after application of the elicitors. 
Samples were frozen and stored in liquid nitrogen. All biochemical analyses were performed according to classical 
methodology: Protein content (Bradford, 1976); PAL (Kuhn, 2007). PO and phenolic compounds (Matsuno & 
Uritani, 1972). Otal soluble sugars (Dubois et al., 1956); Reducing sugars (Miller, 1959). The concentration of 
reducing sugars was calculated as a function of the standard glucose curve.  

For quantification of chitinase and β-1,3-glucanase activities, the samples were macerated in 4.0 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 enzyme activity. The enzymatic activity of chitinase was assessed by the 
release of soluble “CM-chitin-RBV” fragments from carboxymethylated chitin labeled with RBB-Remazol 
Brilant Blue. The readings were performed with a spectrophotometer (595 nm). For quantification of 
β-1,3-glucanase (600 nm), bright blue carboxymethylcurdlan-remazol solution (CM-Curdlan-RBB 4 mg/ml, 
Loewe Biochemica GmbH ) was used as substrate, according to a methodology developed by Wirth and Wolf 
(1992) and with the procedure described by Guzzo and Martins (1996). 

The collected data were submitted to ANOVA (p ≤ 0.05) and presented as descriptive statistics (mean±standard 
deviation) and regression analysis (p ≤ 0.05) by the Assistat® program (Silva & Azevedo, 2009). 

3. Results and Discussion 
3.1 Proteins Activity 

There was a significant interaction between the factors evaluated in the experiment. The activity of proteins was 
affected both by the treatments and by time. As observed in Figure 1, there were alterations in protein synthesis, 
since the measured values presented variation in relation to the application of the inductors and the attack of the 
whiteflies. In general, the highest activation occurred at 96 hours, both with the presence and absence of insects. 

Proteins are polymers formed by amino acids and are the most abundant macromolecules in plant tissue. Proteins 
present structural and dynamic functions; some proteins are enzymatic catalysts, participating in several 
biochemical reactions; and some, are precursors for many secondary metabolites involved in local and systemic 
responses (Zhou et al., 2015). 

At 168 hours, an increase in protein levels was observed, including in the control. This reason can be explained by 
the plant’s ability to release volatile organic compounds (VOCs), a way of signaling non-elicited plants. In addition 
to direct action on induction of resistance, they may act indirectly attracting predators of herbivores (Heil, Bueno, 
2007). 

 



jas.ccsenet.

Figure 1. P
resistance

Note. 1 M
different b
Salicylic A

 

Plants that
by enzyme
respond to
mechanica
(Mithöfer,
& Boland,

Volatiles in
is known 
however, i
explanatio
induce sali

In addition
induced by
elicitors o
VOCs has 

For reduci
was no dif
reducing s

The activa
Possibly, th
weight, an
inducers d

3.2 Phenyl

The result
presence o
168 hours 

org 

Proteins activit
e elicitors chall

Means followed
by Tukey’s tes
Acid (SA), Foli

t are attacked b
es, being tran

o this signaling
al or biologica
 Wanner, & B
, 2012). 

nduced after h
about the herb
it is clear that 

on is that leaf ch
icylic acid med

n to the natura
y the exogenou
f microbial or
received the m

ing sugars (glu
fference amon
sugars and betw

ation of specifi
he activations 

nd with this lo
did acted on the

lalanine Ammo

s show that th
of insects, the h

with the appli

ty (△A min-1g-

lenged by Bem

d by the same
st, at the (p ≤ 
iar phosphite (

by herbivores,
nsferred by sig
g as a defense 
al challenge, 

Boland, 2005), 

herbivores attac
bivore defense
the type of foo
hewers in gene
diated resistan

al elicitors, it 
us application 
rigin (Ton, 200
most attention.

ucose, fructose
ngstthe treatme
ween 58.54 an

fic responses re
of the plant de
w energy dem
e plant primary

onia-lyase (PA

he inducers act
highest activati
ication of all el

Journal of A

-1 fresh weigh)
misia tabaci. A

hours; D

e lowercase ve
0.05) error pr

(PH), Chitosan

 fungi or prese
gns and events
(Wang et al., 2
and their com
egg deposition

ck appear to “p
e mechanisms
od damage cle
eral induce onl
nce pathways (

is important to
of plant hormo
07). Thus, ind
. 

e, maltose) and
ents; with valu
d 96.21 mg/g p

equires recogn
efense mechan

mand for their 
y metabolism b

AL) Activity 

tivated the rou
ion occurred af
licitors, demon

Agricultural Sci

253 

) in soybean pl
A) after 24 hour
D) after 168 ho

ertical letter, o
robability leve
n (CH) and Sili

ent wounds, pr
s of transducti
2015). Many V

mposition depe
n (Hilker & M

prepare” neigh
s in soybean a
early affects th
ly signaling of j
Smith & Boyk

o mention that
ones such as ja
direct defense 

d total sugars (
ues varying bet
plant tissue for

nition and appr
nisms did not d

synthesis. How
by activating p

ute of the phen
fter 96 hours. I
nstrating the el

ience

lants in the phe
rs of applicatio
urs 

or upper case 
el. The elicito
icon (SI) 

roduce induced
ion to other n
VOC mixtures
ends on the m

Meiners, 2006) 

hboring plants 
and the interac
he VOCs produ
jasmonic acid,

ko, 2007). 

t the emission
asmonic acid a
mediated by t

(glucose, fruct
tween 0.0008 
r total sugars, 

ropriate respon
demand defense
wever, the res
protein synthes

nylpropanoids, 
In the absence o
licitors’ later re

enological stag
on; B) after 48

horizontal, ar
rs acibenzolar

d defense with
neighboring pl
s are produced 
mode of injury
and herbivore

for a possible 
ction of VOC
uced, and part 
, while sucking

n of volatiles b
and salicylic ac
the herbivore-

ose, mannose 
and 0.0013 m
respectively.  

nse towards th
e compounds h
ults demonstra
sis.  

observed by P
of insects, the 
esponse to the 

Vol. 11, No. 2;

ge V6 sprayed 
 hours; C) afte

re not signific
r-S-Methyl (A

h (VOCs) prod
lants or leaves
“on demand”

y, such as wo
s feeding (Mith

future attack. L
s in plant def
of the biochem

g herbivores te

by the plant ca
cid, as well as 
-induced relea

and sucrose), 
mg/g plant tissu

he attacking en
have low mole
ated that resist

PAL activity. I
activation was
attack itself.

2019 

 
with 

er 96 

antly 
SM), 

duced 
s that 
after 

ounds 
höfer 

Little 
fense, 
mical 
nd to 

an be 
other 
se of 

there 
ue for 

nemy. 
cular 
tance 

n the 
 with 



jas.ccsenet.

The PAL is
form trans
synaptic ac
2015). Th
such as lig
compound

 

Figu
phenolo

Note. 2 M
different b
Salicylic A

 

After 24 h
PAL. At 4
insect atta
pronounce
effectivene
way, treatm
vegetable. 

The activa
polymeriza
(Epstein, 2
in wheat p

Chitosan, 
PAL activi
a compon
application
agriculture

By injurin
reactive o
infection b
responses 

org 

s a key enzyme
s-cinnamic aci
cid (Tauzin &
e route of phe

gnin, flavonoid
d may occur an

ure 2. Phenylala
ogical stage V

app

Means followed
by Tukey’s tes
Acid (SA), Foli

hours, it has be
48 hours, an in
ack because th
ed PAL activit
ess of all resist
ments with CH

 

ation conferre
ation in the ce
2001). Gomes 
plants.  

as a reference/
ity in soybean 

nent of fungal
n of chitosan a
e, industry, and

ng plant tissue
xygen species

by pathogens (
(Malerba & C

e relevant to se
id and later se
 Gardard, 201
enylpropanoid
ds, phytoalexin
nd the FAL act

anine ammoni
6 sprayed with
plication; (B) a

d by the same
st, at the (p ≤ 
iar phosphite (

een observed t
nversion of thi
he imminent d
ty in the exclu
tance inducers 

H and SI were m

ed by the app
ells, forming a
et al. (2005) su

/standard indu
cotyledons. Ch
 cell walls, in
are already ca
d medicine (Pi

es, pectin fragm
s (ROS) and 
(Ferrari et al., 2

Cerana, 2015). C

Journal of A

econdary metab
everal phenoli
4). It is also a 
s feeds severa

ns, and tannins
ivity remains u

ia-lyase (PAL) 
h resistance eli
after 48 hours;

e lowercase ve
0.05) error pr

(PH), Chitosan

that the elicitor
is activation o
amage was de

usive insect tre
is evident, aga

more effective i

plication of th
a mechanical 
uggested that s

cer, as already
hitosan is the a
nsect exoskele

arried out in se
chyangkura &

ments of oligo
proteins relate
2013). Chitosa
Chitosan can a

Agricultural Sci

254 

bolism, respon
ic compounds
key enzyme in

al metabolic p
. Thus, the inc
unchanged (Ko

activity (△A m
icitors challeng
; (C) after 96 h

ertical letter, o
robability leve
n (CH) and Sili

rs PH, CH, an
ccurs, that is, 
etected. The a
eatments comp
ain demonstrat
in initial and la

he plants by 
barrier that m

silicon acts as t

y observed by M
acetylated form
etons, and cru
everal works, s

& Chadchawan,

ogalacturonide
ed to pathoge
an when exoge
activate severa

ience

nsible for the d
, such as 4-co
n salicylic acid
athways, whic

crease of the co
ofalvi & Nassu

min-1 g-1 fresh 
ged by Bemisia
hours; (D) afte

or upper case 
el. The elicito
icon (SI).  

nd SI are more
the vegetable 

analyzes perfor
pared to the in
ting its later act
ater responses,

silicon may b
makes it difficu
the elicitor of t

Mazaro et al. (
m of chitin, a n
ustacean shell
showing poten
, 2015). 

es in the cell w
enesis (PRPs) 
enously applie
al defense respo

deamination of 
oumarium acid
d (SA) biosyn
ch generate di
oncentration o
uth, 1995). 

weight) in soy
a tabaci. (A) a
r 168 hours 

horizontal, ar
rs acibenzolar

 effective in th
responds mor

rmed at 96 h, 
nducers. How
tion, especially
, promoting a b

be due to its 
ult to attack pe
the resistance m

(2008), induce
naturally occur
ls. The charac
ntial in several

wall induce th
to protect pl

ed in plant tissu
onses in the pl

Vol. 11, No. 2;

f L-phenylalani
d, caffeic acid
thesis (Wang e
ifferent compo
f a certain phe

y plants in the 
after 24 hours o

re not signific
r-S-Methyl (A

he activation o
re efficiently t

also show a 
ever, at 168 h
y CH and SI. In
better defense t

accumulation
ests and patho
mechanism ind

ed phytoalexin
rring biopolym
cterization and
l sectors, inclu

he accumulatio
ant tissues ag
ues triggers sim
lant tissue, cau

2019 

ine to 
d and 
et al., 
ounds 
nolic 

 

of 

antly 
SM), 

of the 
o the 
more 

h, the 
n this 
to the 

n and 
ogens 
duced 

s and 
mer as 
d the 
uding 

on of 
gainst 
milar 

using: 



jas.ccsenet.

lignificatio
chitinase a
signaling (

Working w
against the
observed g
occurred. A
with P. pac
the potato 
tannin con

3.3 Phenol

As observe
with induc
to an attac
absence of
phenolic c
all the indu

 

Figure 3.
resistance 

Note. 2 M
different b
Salicylic A

 

There are a
of the chiq
defense ag

Phenolic c
physiologi
oxidized b

org 

on, induction 
accumulation, s
(Lee et al., 199

with plant extr
e brown bug T
greater activat
Almeida et al.
chyrhizi fungu
crop against M

ntent, making t

lic Compounds

ed in figure 3, 
cers and in the p
ck, however, w
f the inductors 
ompounds in t
ucers activated

 Total phenol c
elicitors challe

Means followed
by Tukey’s tes
Acid (SA), Foli

approximately
quimic acid an
gainst herbivor

compounds are
ical processes 
by the action o

of callus synt
synthesis of in
99). 

racts, Lorencet
Thaumastocori
tion of PAL in
. (2012) verifie

us. However, G
Myzus persicae
the plants more

ds 

there was activ
presence of ins
without causin
the response w

the control (wit
d the synthesis

compounds (m
enged by Bemi

d by the same
st, at the (p ≤ 
iar phosphite (

y 10,000 group
nd route of the 
res, mechanica

e directly link
of great impo

f hydrogen per

Journal of A

thesis, elicitat
hibitors of pro

tti et al. (2015
is peregrinus. 
n soybean wh
ed the highest 

Gomes et al. (20
e, where it did n
e resistant to p

vation of the ro
sects. Demons

ng damage to 
was smaller in
thout the flies)

s of phenolic co

mg/g fresh weig
isia tabaci. (A)

hours; (D

e lowercase ve
0.05) error pr

(PH), Chitosan

s of phenols w
malonic acid. 

al support and p

ked to the expr
ortance in the 
roxide and pol

Agricultural Sci

255 

tion of phytoa
oteinase (El had

) verified high
The same can

hen the interac
activation of 

008) analyzed 
not affect PAL

pests. 

oute for pheno
strates the impo
the plant. Can
 comparison to
) may be relate
ompounds, esp

ght) in soy pla
) after 24 hour

D) after 168 ho

ertical letter, o
robability leve
n (CH) and Sili

with heterogene
Due to the gre

protection aga

ression of the 
plant, such as

lymerized to fo

ience

alexin product
drami, 2010), i

h values of PA
n be verified i
ction of the ne
PAL in 168 ho
the applicatio

L activity, but th

olic compound
ortance of the e
n also be obse
o the attack of 
ed to communic
pecially in a la

ants in the phen
rs of applicatio
ours 

or upper case 
el. The elicito
icon (SI). 

eous compound
eat variety, the

ainst radiation (

peroxidase ro
s lignification

form lignin. Li

tion, hydrogen
induces stomat

AL activity and
in the work Fr
ematoid with 
ours in soybea

on and silicon f
here was an inc

s both in the ex
elicitors, who a
erved in the co
f the flies. The 
cation between

ater response (F

nological stage
on; (B) after 48

horizontal, ar
rs acibenzolar

ds, being synth
ey present dive
(Taiz & Zeiger

oute, which pa
. In this proce
gnin is deposit

Vol. 11, No. 2;

n peroxide (H
tal closure via H

d insecticidal e
reire (2015), w
the ASM ind

an when inocu
foliar applicati
crease in lignin

xclusive treatm
act in a similar
ontrol, since in
gradual increa
n plants. In gen
Figure 3D). 

e V6 sprayed w
8 hours; (C) aft

re not signific
r-S-Methyl (A

hesized by the 
erse functions 
r, 2017). 

articipate in se
ess the phenol
ted on the cell

2019 

H2O2), 
H2O2 

effect 
which 
uctor 

ulated 
on in 
n and 

ments 
r way 
n the 

ase of 
neral, 

 

with 
ter 96 

antly 
SM), 

route 
from 

veral 
s are 
 wall 



jas.ccsenet.

and respon
lignificatio

For the au
silicon in t
al. (2012) 

The reduc
(2010) in t
al. (2008)
fimbriolata

3.4 Peroxi

The applic
peroxidase
strongly in
this enzym

These resu
observed i
This fact is
the synthe

 

Figure
resistance

Note. 3 M
different b
Salicylic A

 

The increa
or when pl
insect’s inj

A similar f
Chrysome
oxysporum
carried ou

A

org 

nsible for wal
on of the cells 

uthors Ferreira
two soybean cu
in the cacao ag

ction of the ph
the bean leaves
) observed inc
a.  

idase Activity 

cation of the in
e as observed i
nfluenced by th
me, mainly ASM

ults demonstrat
in peroxidase a
s related to the
sis of several c

e 4. Peroxidase
e elicitors chal

Means followed
by Tukey’s tes
Acid (SA), Foli

ase of this enzy
lants are subje
juries in order 

fact was observ
lidae) on alder

m f.sp. vasinfe
ut to evaluate t

ll stiffening an
comprises an i

, Moraes, and 
ultivars: IAC-1
gainst the aphi

henolic compo
s after the seco
crease of phe

nductors, both p
in Figure 4. It 
he insect, but i
M and PH.  

te the potential
activation, wh
 diversity of ro
compounds of 

e activity (mg/g
llenged by Bem

d by the same
st, at the (p ≤ 
iar phosphite (

yme is observe
ected to stress. 

to protect itse

ved in the wor
r leaves. Howe
ectum W.C dem
the action of s

Journal of A

nd increased r
important mec

Antunes (201
19 and MONS
id Toxoptera a

unds content b
ond application
enols in sugar

presence and a
is evident that

in the course o

l of products to
hich demonstra
outes and comp
f defense, may 

g fresh weight
misia tabaci. A

hours; D

e lowercase ve
0.05) error pr

(PH), Chitosan

ed when plants
In this work, 

elf.  

rk of Tscharntk
ever, Couto et a
monstrated hig
silicon as a re

Agricultural Sci

256 

resistance to a
chanical barrie

11) there wasn
OY-8001 again

aurantii. 

by the ASM i
n (21 days after
rcane plants w

absence of the 
t in the first 24
f time (Figure 

o activate defe
ates a specifici
pounds in whic
be structural s

t) in soy plants
A) after 24 hour
D) after 168 ho

ertical letter, o
robability leve
n (CH) and Sili

s are challenge
soybeans activ

ke et al. (2001)
al. (2009) obse
gh enzyme lev

esistance induc

ience

attack by exte
er to the penetr

n’t a significan
nst B. tabaci. T

inducer was ob
r starting the tre
when submitte

insects, promo
4 h (Figure 4A
4D) elicitors p

ense mechanism
ity regarding th
ch the peroxida
such as lignin o

s in the phenol
rs ofapplicatio
urs 

or upper case 
el. The elicito
icon (SI). 

d by external a
vated the self-d

) by the leaf be
rved that contr
vels. For Gom
cer of potato t

ernal agents (S
ration of insect

nt effect on the
The same was 

bserved by Ku
eatment). How
ed to infestati

oted the activa
A) the activatio
play a key role

ms. A different
he inductors a
ase may be inv
or water-solub

logical stage V
on; B) after 48 

horizontal, ar
rs acibenzolar

agents, such as
defense system

eetle Agelastic
rols not inocula
mes et al. (200
to Myzus pers

Vol. 11, No. 2;

Strack, 1997).
ts and pathogen

e phenol conte
verified by Pin

uhn and Pasch
wever, Guimarã
ion of Mahan

ation of the enz
on of the enzym
e in the synthes

tiated behavior
and activation 
volved, among 
ble metabolites

V6 sprayed with
hours; C) afte

re not signific
r-S-Methyl (A

s pathogens, in
m in response t

ca alni (Coleop
ated with Fusa
08), this work
sicae (Sulzer),

2019 

 The 
ns. 

ent of 
nto et 

holati 
ães et 
narva 

zyme 
me is 
sis of 

r was 
time. 
them 
. 

 
h 
r 96 

antly 
SM), 

nsects 
to the 

ptera: 
arium 
k was 

four 



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 2; 2019 

257 

treatments were tried: foliar fertilization with silicon acid at 1%; soil fertilization with 250 ml silicic acid solution 
at 1%; foliar fertilization with silicon acid at 1% + soil fertilization with 250 ml silicic acid solution at 1%; and a 
control. The results show the lignin percentage increased in the leaves of plants fertilized with silicon via soil 
and/or foliar and the percentage of tannins increased only in the leaves fertilized via soil plus foliar. The silicon 
acted as a resistance inducer to M. persicae in potato.  

Peroxidases are the only enzymes that polymerize the alcohols in lignin, being present in lignified plant cells. They 
also participate in the oxidation of indole acetic acid (AIA) and phenolic compounds (3). Lignin, in addition to 
cellulose and other polysaccharides that occur in the cell wall of the upper plants, works as a physical barrier and 
acts to heal wounds caused by fungi and insects (Gaspar et al., 1982; Kao, 2003). 

Both stressors (phytopathogen and insect) when they attack the plants make them respond quickly with an 
“oxidative explosion”, which constitute the production of reactive oxygen species (ROS), mainly superoxide anion 
(O2

·-) and peroxide of hydrogen (H2O2) (Hu et al., 2009). The accumulation of these substances in plant cells can be 
toxic to both (plant and stressors). The H2O2 is the main reactive oxygen species that activates molecules for the 
induction of defense genes and the polymerization of proteins that make up the cell wall (Łukasik et al., 2012). 

The herbivory has been linked to changes in intracellular EROs and in peroxidase activity in plants and the largest 
group of insects studied corresponds to hemiptera (Torres, 2010; War et al., 2012). War et al. (2011) analyzed the 
peroxidase activity of three peanut genotypes (Arachis hypogaea L.) in response to feeding of Spodoptera litura 
(Fab.) (Lepidoptera: Noctuidae) and observed that there was an increase in the activity of this enzyme at 96 hours 
after infestation. 

It is evident that the peroxidases play an important and dinamino role in defense against the attack of insect pests. 
Peroxidases have the potential to be used as markers for selecting insect resistant turfgrasses, and may help explain 
how plants defend themselves against biotic stresses, such a tolerant plant’s defense response to insect feeding, 
including the signaling of plant defense reactions to injury, efficient removal of reactive oxygen species, or both. 

3.5 Chitinase Activity 

The chitinase levels had interference when the elicitors were applied, and with absence of the insects the activation 
was pronounced with 168 hours. When the plants were challenged with the inductors and the presence of the 
insects, there was activation from 48 hours for all the inductors except for the phosphite with 168 hours. 

These results demonstrate that when the inductors are applied with the presence of the insect, the preferential 
defense mechanism activated is the chitinases, a fact that can be explained by the presence of chitin in the 
exoskeleton of the insects, acting in the process of signaling and expression of this hydrolytic enzyme in plant 
defense. Factor that also indicates the non-expression of glucanases. 

Activation in the presence of the insect may also be linked to another form of plant recognition, as they may 
recognize specific components in insect saliva. Most plant responses to insects involve the response to both injury 
and the recognition of certain compounds abundant in insect saliva or regurgitation. These compounds belong to 
the group of molecules called elicitors. For insect-derived elicitors, the molecular patterns associated with 
herbivores are HAMPs (herbivore associated molecular patterns) and effectors, which directly and indirectly 
influence plant defense (Taiz & Zeiger, 2017).  
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