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Systemic resistance induction in ‘Ortanique’ tangor
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Abstract- This study aimed to evaluate the quality of ‘Ortanique’ tangor, in the post-harvest
and refrigerated storage after application of pre-harvest resistance inducers, in the 2015 and
2016 crops. The experimental design in the field was in completely randomized blocks, in a
single factorial scheme. The treatment factor was composed of the following resistance inducers
[without inducer, selenium (Se), silicon (Si), acibenzolar-s-methyl (ASM), methyl jasmonate
(MeJa), thiamethoxam (TMT) and imidacloprid (IMI)]. In the laboratory, the design used was the
same as that established in the field, but in a two-factorial scheme, where factor A was composed
of the same inducers and factor B, for the storage period [zero (fruits that were not submitted to
storage) and 30 days (Cold chamber 5£1°C, relative humidity 85 to 95%)], with simulation of the
commercialization time (7 days at 20+£1°C). The following analysis were performed: coloration
(L *5 a*, b * and hue), fresh mass loss, rot index, soluble solids (SS), pH, titratable acidity
(TA), SS/TA ratio, ascorbic acid, phenolic compounds and antioxidant capacity. The application
of resistance inducers reduces the percentage of fresh mass loss and fruit rot after 30 days of
refrigerated storage. Inducers keep phenolic compounds and antioxidant capacity, both in pulp
and fruit peel, over the storage period. The inducers Si, MeJa and IMI provide phytochemicals
improvement, when compared to the control.

Index Terms: Citrus sinensis x Citrus reticulate, elicitors, refrigerated storage, rot.
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(co) T

Resumo - Este estudo objetivou avaliar a qualidade do tangor ‘Ortanique’ na pos-colheita € no
armazenamento refrigerado apos aplicacao de indutores de resisténcia na pré-colheita, nas safras
de 2015 e 2016. O delineamento experimental a campo foi em blocos completos casualizados,
em esquema unifatorial. O fator de tratamento foi composto pelos indutores de resisténcia [sem
indutor (testemunha), selénio (Se), silicio (Si), acibenzolar-s-metil (ASM), metil jasmonato
(Mela), tiametoxam (TMT) e imidacloprido (IMI)]. No laboratorio, o delineamento utilizado foi
0 mesmo estabelecido a campo, porém em esquema bifatorial, em que o fator A foi composto
pelos mesmos indutores, € o fator B, pelo periodo de armazenamento [zero (frutos que ndo foram
submetidos ao armazenamento) e 30 dias (camara fria 5+1°C, umidade relativa de 904+5%)],
com simulacdo do tempo de comercializagdo (7 dias a 20+1°C). As andlises realizadas foram
coloragdo (L*, a*, b* e hue), perda de massa fresca, indice de podridoes, solidos soluveis (SS),
pH, acidez titulavel (AT), razdo SS/AT, acido ascorbico, compostos fenolicos e capacidade
antioxidante. A aplicacdo dos indutores de resisténcia reduz o percentual de perda de massa
fresca e podriddes nos frutos apos 30 dias de armazenamento refrigerado. Os indutores mantém
os compostos fenolicos e a capacidade antioxidante, tanto na polpa quanto na casca dos frutos,
ao longo do periodo de armazenamento. Os indutores Si, MeJa e IMI proporcionam aumento dos
fitoquimicos quando comparados a testemunha.

Termos para Indexacdo: Citrus sinensis x Citrus reticulata, elicitores, armazenamento
refrigerado, podridao.
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Introduction

The Brazilian citriculture is dedicated mainly to
produce oranges to be used as raw materials of the juice
industry. The state of Sdo Paulo accounts for 76.3% of
the national citrus production, followed by the states
of Bahia, Sergipe, Rio Grande do Sul and Parana. Of
19 million tons harvested per crop, approximately 1.5
million tons correspond to the production of ‘Tahiti’
acid lime [Citrus latifolia Tanaka] and tangerines, such
as ‘Ponkan’ [Citrus Reticulata Blanco] and tangor
‘Murcott’ [Citrus sinensis L. Osbeck x Citrus reculata
Blanco] (FAO, 2016).

With the expansion of acreage and densification
of orchards, there was increase of damage caused
by different pathogens, the major causes of reduced
productivity (ALBRECHT et al., 2012; BOCK et al.,
2011). As there are not always tolerant genotypes
available, the control of these pathogens is usually
accomplished with chemical pesticides. However, the
demand for producing healthier food is gaining more
and more importance, requiring the search for alternative
approaches to pesticides for pathogen control. In this
context, the use of systemic acquired resistance (SAR) is
a defense mechanism induced by biotic or abiotic agents,
which gives long-lasting protection against a broad
spectrum of microorganisms, causing a wide variety of
metabolic and physiological responses (AGHDAM et
al., 2016), related to direct and indirect defense in the
secondary metabolism (ROBERT-SEILANIANTZ et al.,
2011).

Among the substances that promote resistance
induction, highlighting their ability to activate fruit
defenses, such as in citrus, are selenium, silicon,
acibenzolar-s-methyl, methyl  jasmonate and
neocotinoids. Selenium regulates the expression of
genes involved in the ethylene biosynthesis, which can
slow down ripening and improve antioxidant defense
system (ZHU et al.,, 2017), thereby increasing the
potential of plants to fight stressful conditions (HANDA
et al., 2016). Silicon is a beneficial nutrient, which
operates in the metabolic system of the plants, inducing
resistance (IMTIAZ et al., 2016), increasing cell wall
fragments (ZHICHAO et al., 2016) and enzymatic
activity of plant tissues (CONCEICAO et al., 2014).
Acibenzolar-s-methyl is able to activate proteins of
pathogenesis, generating plant defense, as reported in
apple (QUAGLIA et al., 2011) and citrus (NETO et al.,
2015). Methyl jasmonate is important in the process of
molecular signaling, raising the activation and induction
of defense genes expression in citrus (ALBRECHT;
BOWMAN, 2012; FAN et al., 2011). Substances such
as the neocotinoids have property to induce systemic
resistance in citrus plants (GRAHAM; MYRES, 2011).

Due to the great functionality of resistance

inducers in plants, specific studies must be carried out in
pre-harvest, improving their applications and expected
results, consequently, providing production security. This
study aimed to evaluate the quality of ‘Ortanique’ tangor
[Citrus reticulata Blanco x Citrus sinensis (L.) Osbeck]
fruit in post-harvest and under refrigerated storage after
the application of resistance inducers in pre-harvest in
the 2015 and 2016 crops.

Material and Methods

The experiment for the application of resistance
inducers was carried out in the field, in the 2015 and
2016 crops, in a commercial orchard (31°40°47”’S and
52°26°24”0, with 60 m above sea level), located in
Monte Bonito, 9"district of the municipality of Pelotas,
Rio Grande do Sul (RS), Brazil. The soil in the region is
moderately deep, with medium texture in the A horizon
and clayey in the B horizon, classified as Yellow-Red
Argisoil (SANTOS et al., 2006). The climate of the
region is Cfa, i.e., temperate or humid subtropical with
hot summers (KOPPEN; GEIGER, 1928) with average
annual rainfall of 1590 mm, annual average temperature
of 18.4°C and relative humidity annual average 78.8%
(INMET, 2016).

The ‘Ortanique’ tangor [Citrus reticulata Blanco
x Citrus sinensis (L.) Osbeck] plants with 6 years
grafted onto ‘Rangpur’ lime [Citrus limonia Osbeck]
with 5-m spacing between rows and 4 m between plants.
The experimental field was handled in accordance
with the requirements of integrated citrus production
(AZEVEDO et al., 2010). The orchard was applied
with Nativo® fungicide (Trifloxystrobin 100g.L"' and
Tebuconazole 200g.L"), 3 applications spaced 30 days.
The first application was in the phenological stage of
newly formed fruits and the application of the Bordeaux
mixture (copper sulfate and lime) with 6 applications
spaced 45 days, from flowering to 60 days before harvest.

The experimental design the field for the
application of resistance inducers was in complete
randomized blocks, with five repetitions, three plants
per plot, by evaluating the central plant, in unifactorial
scheme. The treatment was composed of resistance
inducers [no inducer (control, water), selenium (Se,
10 mg.Lt), silicon (Si, 400 mg.L"), acibenzolar-s-
methyl (ASM, 100 mg.L!), methyl jasmonate (MeJa,
10 mg.L"), Thiamethoxam (TMT, 2000 mg.L!') and
Imidacloprid (IMI, 714mg.L")]. These concentrations
were established through preliminary tests in ‘Murcott’
tangor [Citrus sinensis L. Osbeck x Citrus reculata
Blanco] and ‘Oktisu’ tangerine [Citrus unshiu Marc.],
in an experimental area of Embrapa, and based on the
literature.

The application of resistance inducers occurred
at a 15-day interval, totaling three applications in the
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orchard, at 45, 30 and 15 days before harvest, with total
dosage in each application. The products Si, ASM and
MelJa were applied with knapsack (Guarani®), with flat
fan nozzle and fine droplet size (101-200p), throughout
the plant, avoiding run-off. For Se, TMT and IMI
inducers, each product was prepared and then applied in
the soil around the plant canopy. The total volume of each
treatment applied was 1L.plant-', in all treatments, 0.1%
of nonionic Silwet adhesive L-77® adhesive spreader
was added. The fruits were collected at ideal maturation
for marketing, randomly in four quarters of the plant
canopy. They were placed in plastic boxes cleaned and
disinfected, transported to the Physiology Laboratory
and Post-Harvest Technology of Fruit, Department of
Crop Science at the Universidade Federal de Pelotas
(UFPel), where they were submitted to pre-screening for
standardization, by removing damaged fruits, and pre-
cooling (15+2°C) for 24 hours.

In the laboratory the design used was the same as
established in the field, but in a two-factorial scheme,
where factor A was composed of the same resistance
inducers described previously and factor B, a storage
period (zero and 30 days). The zero time corresponded
to fruits that were not subjected to storage and at 30 days
of storage in a cold chamber at 5+1°C under 85-95% of
relative humidity. After removing from the chamber, the
fruits were subjected to simulation of commercialization
time, 7 days at 20£1°C. For each treatment, three
replicates were used with 20 fruits each and the same
quantity was allocated to refrigerated storage, totaling
840 fruits.

The analyses made were coloring (L*, a*, b*
and hue), fresh mass loss, rot index, soluble solids (SS),
pH, titratable acidity (TA), SS/TA ratio, ascorbic acid,
phenolic compounds and antioxidant capacity. The pulp
color was measured with Minolta colorimeter CR-300,
withreading system CIE L* a* b*, and the chromatic tone,
represented by the hue angle (%°) through the arctangent
formula b*/a*. The result of this equation, expressed in
radians, was converted into degrees (MINOLTA, 1994).

The fresh mass loss of fruits was obtained by the
difference between the initial and final mass of the cold
storage period and the values expressed in percentage
(%). The rot index was established by the percentage of
fruit attacked by pathogens through visual inspection,
where fruits with lesion greater than or equal to 5 mm
were considered rot. Both evaluations were conducted
after 30 days of refrigerated storage.

The soluble solids (SS) were quantified with
digital Refractometer (Atago®) model PAL-1 and
the results were expressed in °Brix. The hydrogen
potential (pH) was measured through a digital pH
meter (Digimed®). For titratable acidity (TA), 10 ml of
fruit juice was added to 90 mL of distilled water. The
sample titration was made with the aid of digital burette

(Brand®), containing sodium hydroxide solution (0.1
N) until reaching pH 8.1, the values were expressed in
percentage of citric acid. The SS/TA ratio of tangor was
expressed by the relationship between the soluble solids
and titratable acidity (INSTITUTO ADOLFO LUTZ,
2008). The ascorbic acid content was quantified through
the official AOAC method (1997) by oxidative titration
with 2.6-Diclorofenollndofenol (DCFI), with the titration
point detected by the appearance of the pink coloration,
the result was expressed in mg of ascorbic acid per 100
g'of sample (JACOBS, 1958; LEME; MALAVOLTA,
1950).

To analyze the phytochemicals of ‘Ortanique’
tangor the exocarp or epicarp (peel) of the endocarp
(pulp) were separated and evaluated separately. The
total phenolic compounds were quantified using the
Folin-Ciocalteau reagent according to the method
described by Swain and Hillis (1959), expressed in
mg of chlorogenic acid equivalent (CAE) per 100 g
of tangor. The antioxidant capacity was determined by
spectrophotometry, according to the method adapted from
Brand-Williams et al. (1995), and the results expressed
as pg of Trolox equivalent antioxidant capacity (TEAC)
g of tangor.

The 2015 and 2016 crops were used as repetition.
The data were analyzed for normality by the Shapiro-
Wilk test and for homoscedasticity by the Hartley test.
Subsequently, the data were submitted to analysis of
variance (p<0.05). In case of significance, the effect
of resistance inducers was examined by the Tukey test
(p<0.05) and the storage period by the t test (p<0.05). To
compare the inducers with the control, the Dunnett test
(p<0.05) was used. The presence of correlations between
the dependent variables of the study was analyzed
through the Pearson correlation coefficient (r) (»p<0.05).

Results and Discussion

The variables color (L* and a*), titratable acidity,
soluble solids and ascorbic acid showed interaction
between the treatment factors tested (Table 1). When
evaluating the coloring through luminosity (L*), there
was no difference between the inducers in both storage
periods. However, after 30 days of refrigerated storage,
the Selenium, ASM and TMT inducers kept the L*
values of the fruits.

Regarding the intensity of a*, there was no
difference between the inducers; however, treatments
with Si, ASM, MeJa, TMT and IMI provided increased
intensity of reddish color throughout the storage period.
For L* and a*, the application of inducers did not differ
when compared to control (Table 1). Coloring is a
parameter used by citrus consumers, who prefer fresh
and semi-ripened fruit (PACHECO et al., 2014). In this
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work, acceptable indices of coloring were kept, strong
color and bright are preferred, although color, in most
cases, does not contribute to an increase of nutritional
value (CHITARRA; CHITARRA, 2005).

Regarding fruit acidity, the inducers differed
from one another after 30 days of storage, and IMI,
Se and TMT showed higher percentage of citric acid.
When comparing the storage period, time zero differed
from 30 days for the ASM, MeJa and IMI inducers.
Only the neocotinoid IMI (1.85% citric acid) differed
from control. The soluble solids content of ‘Ortanique’
tangor did not present significant difference between the
inducers at day zero. At 30 days of storage, the Selenium
inducer characterized the highest soluble solids content,
differing only from ASM. There was an increase along
the storage period only for IMI. No differences were
observed in relation to the control. The solids indicate
the amount of sugar dissolved in juice or pulp of tangor
fruits and tend to increase with the advancement of
maturation (CHITARRA; CHITARRA, 2005). Fruits of
‘URSBRS Hada’ tangor of double purpose cultivated in
Butia - RS presented 12.2 and 12.1°Brix and acidity of
1.59 to 1.65% of citric acid (GONZATTO et al., 2015),
corroborating with the results found in this work.

ASM showed the lowest content of ascorbic acid
between the inducers analyzed in both periods. During
the cold storage period, the ascorbic acid reduced the
presence of Se inducer. IMI showed higher results at both
zero and 30 days of storage and Se only in the fruits that
were not submitted to storage, when compared to control.
Studies on ‘Murcott’ tangor fruit after 60 days of storage
at 4+0.2°C and 7 days of shelf life at 20°C showed levels
of fresh mass loss between 3 and 6%, while keeping the
physical and chemical qualities, such as ascorbic acid,
soluble solids and titratable acidity (PINTO et al., 2015).
This percentage of fresh mass loss is consistent with the
data found in this study (Table 4).

For the conservation of ‘Newhall’ oranges,
antimicrobial coatings were also studied as a way to
reduce the use of agrochemicals, and it was observed
that the clove extract reduced deterioration of fruits in
cold storage at 7°C, mainly for the physical-chemical
characteristics, such as soluble solids, titratable acidity
and ascorbic acid (ZENG et al., 2012).

The color expressed by b* and hue angle, besides
the pH and SS/TA ratio, showed significance only for
the main effect of the storage period (Table 3). For b*
coloring, all fruits showed the intensity of yellow with
positive values. Similarly, for hue in which the coloring
of the fruit epidermis was characterized as yellow;
however, both showed reduction throughout the storage
period. The pH and SS/TA ratio of fruits increased with
cold storage. Different results were found in ‘Ortanique’
tangor fruits subject to application of carnauba wax in
post-harvest, where neither coating nor storage period

influenced soluble solids, titratable acidity, pH and SS/
TA ratio MACHADO et al., 2012).

The reduction in the percentage of mass loss and
rot index was significant with the application of inducers
evaluated after 30 days of storage (Table 4). The MelJa
inducer had greater fresh fruit mass loss, being different
from other inductors and similar to control. Fresh mass
loss is determined by the evaporation and respiration
rate of tangor fruits, which must be kept to the minimum
necessary to ensure fruit quality (CHITARRA;
CHITARRA, 2005).

The percentage of rot index of the fruit showed
that that inducers applied reduced rota long the storage
period of 30 days, in relation to the control; however,
they did not differ between each other, possibly by the
short storage period of the fruit. Due to the advancement
in the ripening degree, a greater susceptibility of tangor
fruits to the development of pathogens occurred. Studies
conducted by Wang and Liu (2012) in citrus fruits with
the application of salicylic acid inducer showed various
physiological and molecular events, which conferred
resistance, reducing the incidence of rot and bacterial
diseases.

For the total phenolics in pulp of ‘Ortanique’ fruit,
the ASM inducer at initial time presented the lowest
content of phenols; nevertheless, it was the only inducer
showed no decrease throughout the storage period. The
IMI inducers at zero and 30 days, and Se, Si and MelJa
only at 30 days of refrigerated storage differed from
control (Table 2). According to Siboza et al. (2014), MelJa
combined with ASM kept the membrane integrity of lime
fruits, becoming effective in tolerance to cold storage, in
addition to increasing the phenolic compounds.

When these compounds were evaluated in
peel, there was no difference between the inducers
both at zero and at 30 days of cold storage. However,
throughout storage, all inducers kept the levels of total
phenolic compounds, with the exception of IMI. The Si
and IMI inducers were superior to the control in both
evaluations. For antioxidant capacity in fruit pulp, no
difference between the inducers was observed both at
the beginning and at end of storage, and all inducers kept
the antioxidant capacity throughout the storage period.
However, when compared with the control at day zero,
all inducers, except for ASM, showed superior results.
At 30 days of storage, however, only Si, MeJa and IMI
were higher than control. The systemic neonicotinoid
insecticides, IMI and TMT, reduced the incidence of
disease in grapefruit and young orange (GRAHAM;
MYERS, 2013).

Evaluation of the antioxidant capacity of fruit
peel of ‘Ortanique’ tangor showed no difference between
the inducers in the two periods evaluated. Throughout
storage, the antioxidant capacity reduced, with the
exception of inducer MelJa, which kept high levels and
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was the only inducer that differed from control in both
storage periods thus inducing structural and/or metabolic
responses associated with resistance expression. Moulehi
et al. (2012) conducted an experiment and found that
the antioxidant capacity of tangerine (Citrus reticulata)
and bitter orange (Citrus auratium) varied during the
ripening period, and the antioxidant capacity in orange
was greater than in tangerine. In navel oranges [Citrus
sinensis (L). Osbeck], the treatment with the inducer
Oligochitosan spray in pre-harvest also proved to be
a potential alternative to replace conventional control
methods by preventing disease in post-harvest due
to increase of the concentration of enzymes related to
defense mechanisms (DENG et al., 2015).

Whenthe fruitphenolic compounds were correlated
with their total antioxidant capacity, the selenium (» =
0.518), silicon (» = 0.755), MelJa (r = 0.883) and TMT
(r = 0.802) inducers characterized positive association
between these variables, demonstrating that the capacity
antioxidant of ‘Ortanique’ fruit is attributed to phenolic
compounds, unlike the control, which showed no

correlation. However, between the antioxidant capacity
in peel and fruit phenols, the silicon inducers (» = 0.631)
and MelJa (r = 0.917) were superior to the control (» =
0.607). Preventive and curative activities of post-harvest
treatments have been reported in the literature, such as the
use of sodium silicate resistance inducer for the control
of Penicillium digitatum and Penicillium italicum,
showing an effective result (MOSCOSO-RAMIREZ;
PALOU, 2013).

By correlating the phenolic compounds in pulp and
peel, the ASM (r = 0.925) and IMI (» = 0.707) inducers
were above the control (» = 0.562). In the association
between antioxidant capacity and total phenols, both in
peel, the selenium inducers (» = 0.883) and silicon (» =
0.861) were higher than the control (» = 0.801). In the
antioxidant capacity of the endocarp correlated to peel,
only the MelJa inducer (» = 0.739) was higher than the
control (r = 0.546). MelJa has been investigated in the
role of plant defense in bean (Phaseolus vulgaris L.)
and was responsible for influencing many metabolic
functions, such as biogenesis, protein degradation and
cellular defense (OLIVEIRA et al., 2015).

Table 1. Coloring (L* and a*), titratable acidity (% citric acid), soluble solids (°Brix) and ascorbic acid (mg 100 g')
of ‘Ortanique’ tangor fruits due to resistance inducers applied in pre-harvest and periods of refrigerated storage with
subsequent simulation of commercialization time (7 days at 20+1°C) in the 2015 and 2016 crops. UFPel, Pelotas/RS.

L o Titratgblft aci.dity Soluble §olids Ascorbic acid
(% citric acid) (°Brix) (mg 100g™)
Inducers Storage period
0 30 0 30 0 30 0 30 0 30
Control 60.61 58.94 2643 27.77 1.82 1.46 12.10 13.03 22.21 21.64
Selenium 61.64aAY™ 60.70 aA™ 26.95aA™28.39 aA™ 1.84aA™ 1.72 abA™13.11 aA™13.95aA™ 25.68 aAs 23.93abB™
Silicon 62.06aA™ 60.29aB™ 26.13aB™29.30 aA™ 1.77aA™ 1.54 bA™ 12.50aA™13.30abA™22.95 abA™ 21.48abA™
ASM 61.06aA™ 59.99aA™ 26.70aB™27.94 aA™1.68aA™ 1.30 cB™ 11.20aA™12.35bA™ 21.31 bA™ 20.73bA™
Mela 61.90aA™ 60.29aB™ 25.54aB™27.61 aA™1.81aA™ 1.51 bcB™11.63 aA™12.95abA™23.58 abA™ 22.76abA™
Thiamethoxam 60.92 aA™ 59.99 aA™ 25.74aB™27.84 aA™ 1.79aA™ 1.67 abA™12.71 aA™13.33abA™23.20 abA™ 21.91abA™
Imidacloprid 62.02aA™ 59.64aB™ 25.45aB™27.87 aA™1.99aA™ 1.85aB° 12.56aB™13.46abA™25.32 aA® 24.46aA®
C.V. (%) 1.2 32 10.7 3.8 6.8

U Means followed by the same lowercase letter in the column do not differ by the Tukey test (p<0.05) comparing the inducers in each storage
period. Means followed by same uppercase letter in the row do not differ by the t test (p<0.05) comparing the storage of each inducer. Letters
followed by * or ™, significant and not significant, respectively, in relation to the control (no inducer) by the Dunnett test (p<0.05). C.V.:
coefficient of variation; ASM: Acibenzolar-s-methyl; MeJa: methyl jasmonate.
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Table 2. Total phenolics (mg CAE 100 g') and antioxidant capacity (DPPH, pg TEAC g') in pulp and peel of
‘Ortanique’ tangor fruits in resistance inducers function applied in pre-harvest and periods of refrigerated storage
with posterior simulation of commercialization time (7 days at 20+1°C) in the 2015 and 2016 crops. UFPel, Pelotas/
RS.

e e DRHGETEACE)  DPPHOSTEACK)
. . in pulp in peel
Inducers in pulp in peel
Storage period

0 30 0 30 0 30 0 30
Control 75.89 60.76 451.69 428.57 85.66 76.46 629.35 530.19
Selenium 85.10abAV »  73.44aB*  457.68aA™  435.22aA™ 109.75aA*®  97.10aA™  663.34aA™ 545.18aB™
Silicon 86.19abA™  75.53aB®  500.04aA*  477.59aA® 123.19aA° 109.82aA*  721.95aA™ 605.28aB™
ASM 77.00bA™ 66.18aA™ 468.05aA™  445.10aA™ 100.35aA™ 92.01aA™  701.84aA™ 583.18aB™
Mela 86.99abA™  76.16aB  485.07aA™  462.29aA™ 116.39aA° 102.01aA®  763.20aA° 644.54aA®

Thiamethoxam  82.82abA™  69.49aB™ 479.18aA™  456.56aA™ 111.44aA°  93.15aA™  700.61aA™ 581.78aB"™
Imidacloprid ~ 90.92aA*  76.08aB*  507.04aA*  484.42aB° 124.87aA* 111.57aA°  734.03aA™ 615.04aB™
C.V. (%) 7.9 6.0 11.7 10.4

" Means followed by the same lowercase letter in the column do not differ by the Tukey test (p<0.05) comparing the inducers in every storage period. Means
followed by same uppercase letter in the row do not differ by the t test (p<0.05) comparing the storage of each inducer. Letters followed by * or ™, significant
and not significant, respectively, in relation to the control (no inducer) by the Dunnett test (p<0.05). C.V.: coefficient of variation; ASM: Acibenzolar-s-methyl;
MelJa: methyl jasmonate.

Table 3. Coloring (b* and Hue), pH and SS/TA ratio of ‘Ortanique’tangor fruits under effect of refrigerated storage
with subsequent simulation of commercialization time (7 days at 20+£1°C) in the 2015 and 2016 crops. UFPel,
Pelotas/RS.

) Storage period
Variables C.V. (%)
0 30
b* 63.46aV 58.77b 1.8
Hue 67.65a 64.35b 1.6
pH 3.16b 321a 1.7
SS/TA ratio 6.79b 8.41a 12.0

U Means followed by same lowercase letter in the row do not differ by the t test (p<0.05) comparing the storage periods. C.V.: coefficient of
variation.

Table 4. Fresh mass loss (%) and rot index (%) of fruits of ‘Ortanique’ treated in pre-harvest with resistance inducers
in the 2015 and 2016 crops. UFPel, Pelota-/RS.

Inducers Fresh mass loss (%) Rot index (%)

Control 13.83 5.00
Selenium 7.74bYs 0.83a°
Silicon 7.78b 0.83a*
Acibenzolar-S-methyl 7.35b ® 0.83a®
Methyl Jasmonate 11.35a ™ 0.83a*
Thiamethoxam 8.23b 0.83a*
Imidacloprid 8.25b ® 0.83a*
C.V. (%) 34.7 58.8

U Means followed by same lowercase letter in the column do not differ by the t test (p<0.05) comparing the inducers. Letters followed by * or ™,
significant and not significant, respectively, in relation to the control (no inducer) by the Dunnett test (p<0.05). C.V.: coefficient of variation.
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Conclusion

The application of resistance inducers reduces
the percentage of fresh mass loss and rot index in fruits
after 30 days of refrigerated storage. The inducers keep
the phenolic compounds and antioxidant capacity, in
both pulp and peel, throughout the storage period. Si,
MelJa and IMI provide increase of phytochemicals when
compared to the control.
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