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Abstract - Alternaria brown spot - ABS (Alternaria alternata) causes lesions on 
fruits, leaves and branches of mandarins. The cost of fungicide application is high 
and alternative managements for the control need to be studied. We aimed to eval-
uate calcium (Ca) nutrition to mitigate the effects of ABS. Murcott IAC 221 tangor 
plants were nourished with calcium nitrate at three different concentrations (30, 
150 and 300 mg Ca L-1), and the N content was standardized in the nutrient solu-
tion of the treatments (245 mg L-1 of N) with ammonium nitrate. In vitro and in 
vivo tests were installed, evaluating the severity and area under the disease prog-
ress curve (AUDPC), total proteins, peroxidase (POX), catalase (CAT), superoxide dis-
mutase (SOD) and hydrogen peroxide (H2O2), during four times. In all evaluations 
a negative correlation was observed between leaf Ca content and the severity and 
AUDPC of ABS. On the other hand, there was a positive correlation between N and 
the occurrence of the disease. In the treatment with the lowest concentration of 
calcium there was accumulation of H2O2 and hypersensitivity reaction (HR), with 
low detoxification of H2O2 by CAT. There is potential for use of calcium supply to 
plants of Murcott IAC 221 tangor as an alternative management against the fungus 
A. alternata.

Index Terms: alternaria brown spot; mandarins, nutritional management.

Rev. Bras. Frutic., v.45, e-995 DOI: https://dx.doi.org/10.1590/0100-29452023995
Received 29 Aug, 2022 ● Accepted 06 Dec, 2022 ● Published Mar/Apr, 2023. Jaboticabal - SP - Brazil.

https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-9236-0817
https://orcid.org/0000-0002-9236-0817
https://orcid.org/0000-0003-3760-5030
https://orcid.org/0000-0003-3760-5030
https://orcid.org/0000-0002-0382-8896
https://orcid.org/0000-0002-0382-8896
https://orcid.org/0000-0002-9966-3191
https://orcid.org/0000-0002-9966-3191
https://orcid.org/0000-0001-9959-7924
https://orcid.org/0000-0001-9959-7924
https://orcid.org/0000-0002-6149-9189
https://orcid.org/0000-0002-6149-9189
https://orcid.org/0000-0002-6149-9189
mailto:fernando%40ccsm.br?subject=
https://dx.doi.org/10.1590/0100-29452023995


2 Rev. Bras. Frutic. 2023; 45: e-995

Responses of calcium-supplied Murcott IAC 221 
tangor plants to Alternaria alternata infection

Devite et al. (2023)

Introduction
Alternaria brown spot (ABS) is caused by 
the fungus Alternaria alternata f.sp. citri 
(WOUDENBERG et al., 2015), which produc-
es a host selective toxin (HST), whose suscep-
tibility is restricted to mandarins and some 
of their hybrids (YANG et al., 2016). Because 
most mandarins varieties are susceptible to 
ABS, the producer demands many applica-
tions of fungicides for its control, around 12 
to 18 applications in the year, increasingly 
increasing the cost of production (AZEVEDO 
et al., 2010). Thus, the growing concern with 
pathogen resistance and the toxicity of fun-
gicides has raised the need to seek genetic 
improvement of these varieties, as well as 
studies of alternative means of managing 
the disease.
Calcium (Ca) is an extremely important nu-
trient for the mineral nutrition of citrus, be-
ing directly linked to the quality of the fruit 
and in plant defense responses to phyto-
pathogens (PETENÁ et al., 2016). In this way, 
the amount of Ca applied can affect both 

the mechanical and physiological resistance 
of the plant to diseases, contributing to the 
final structuring of the tissue and the stabil-
ity of biomembranes. With Ca deficit, there 
is an increase in the production of sugars or 
other low molecular weight compounds in 
the apoplasm, favoring infection by phyto-
pathogens (ALBERTS et al., 2011).
A large number of local and systemic plant 
defense mechanisms are activated in re-
sponse to pathogen infection. Resistance 
exerted by R genes is usually accompanied 
by the rapid release of reactive oxygen spe-
cies (ROS). The production of ROS is required 
by another component of the defense re-
sponse, the hypersensitivity response (HR), 
where there is a kind of programmed cell 
death, limiting the development and infec-
tion by the pathogen (GLAZEBROOK, 2005). 
The ROS have a counterbalanced and bal-
anced activity by the activity of endogenous 
antioxidant agents, such as the antioxidant 
enzymes superoxide dismutase (SOD), cata-
lase (CAT) and peroxidase (POX) (ANDRADE 
et al., 2018).

Respostas de plantas de tangor 
Murcott IAC 221, supridas com cálcio, 
à infecção por Alternaria alternata
Resumo – A mancha marrom de alternária – MMA (Alternaria alternata) causa lesões em 
frutos, folhas e ramos de tangerinas. O custo da aplicação de fungicidas é alto, e manejos 
alternativos para o controle precisam ser estudados. Objetivou-se avaliar a nutrição com 
cálcio (Ca), para mitigar os efeitos da MMA. Plantas de tangor Murcott IAC 221 foram nu-
tridas com nitrato de cálcio em três concentrações diferentes (30; 150 e 300 mg Ca L-1), 
sendo o teor de N padronizado na solução nutritiva dos tratamentos (245 mg L-1 de N) com 
nitrato de amônia. Testes in vitro e in vivo foram instalados, avaliando-se a severidade e a 
área abaixo da curva de progresso da doença (AUDPC), proteínas totais, peroxidase (POX), 
catalase (CAT), superóxido dismutase (SOD) e peróxido de hidrogênio (H2O2), durante qua-
tro tempos. Em todas as avaliações, observou-se correlação negativa entre o teor foliar de 
Ca e a severidade e AUDPC da MMA. Por outro lado, houve correlação positiva entre N e a 
ocorrência da doença. No tratamento com a menor concentração de cálcio, houve acúmulo 
de H2O2 e reação de hipersensibilidade (RH), com baixa detoxificação de H2O2 pela CAT. Há 
potencial para uso do suprimento com cálcio às plantas de tangor Murcott IAC 221 como 
manejo alternativo contra fungo o A. alternata.

Termos para indexação: mancha marrom de alternária; tangerinas, manejo nutricional.
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During HR a series of enzymes are involved 
in the oxidative metabolism of the host, 
such as the NADPH-oxidase complex, form-
ing the superoxide radical (O2-), superoxide 
dismutase which transforms the superox-
ide radical into hydrogen peroxide (H2O2) 
and catalase, responsible for converting hy-
drogen peroxide into water and O2 (HEISER 
and OSSWALD, 2008). During the process of 
elimination of hydrogen peroxide, the pres-
ence of peroxidases can be identified, as 
a substrate for synthesis of lignin or other 
compounds (PASSARDI et al., 2005), result-
ing in the formation of physical barriers at 
the site of infection, such as the formation 
of callose, papillae, cell wall thickening or 
even the formation of compounds toxic to 
the pathogen, such as phytoalexins and per-
oxidases (PASCHOLATI; DALIO, 2018). On the 
other hand, as well as plants, some necro-
trophic pathogens like A. alternata, can syn-
thesize catalase, to protect themselves from 
ROS and allowing their infection in the host 
(YANG; CHUNG, 2012).
The objective of this work was to evaluate 
the interaction of nutrients (nitrogen and 
calcium) in the induction of resistance to the 
fungus A. alternata in Murcott IAC 221 tan-
gor and to analyze the accumulation of en-
zymes in response to the action of ABS.

Material and methods
Installation of seedlings
Plants of Murcott IAC 221 tangor grafted 
onto rangpur lime (C. limonia Osbeck) re-
ceived the same nutritional treatment for 
six months after grafting, applying fortnight-
ly 250 ml of fertilizer solution, according to 
Hippler et al. (2015). After six months in the 
nursery, the plants were transplanted and 
maintained in the greenhouse, in 20 L ca-
pacity pots with Pinus bark substrate, and 
grown under differential supply regime with 
three levels of soluble Ca, supplied via fer-
tigation, varying the composition of the nu-
trient solution with ammonium nitrate (AN) 
and calcium nitrate (CN), keeping equal the 
levels of other nutrients: in mg L-1, Ca (30, 

150 or 300), P (31.2), Mg (56.8), S (78.4), B 
(0.49), Cu (2.0), Fe (3.0), Mn (2.54),
Mo (0.03) and Zn (1.68). The plants were ir-
rigated five times a day, with three localized 
fertigation and two with only sprinkler wa-
ter. The fertirrigation was 120 L per year per 
plant (2.5 L per week per plant). The treat-
ments were: 30, 150 and 300 mg L-1 of Ca, 
supplied respectively, by the doses (g 1000 
L-1): 176.5; 882 and 1765 of CN, from the fer-
tigation management, using nutritive solu-
tion containing 245 mg L-1 of N when com-
bining the application of AN with that of CN. 
The plants were maintained in this fertiga-
tion management for 6 months. The plants 
were trained by pruning, with four branches 
per plant during growth, and the tips were 
pruned to induce new shoots, allowing the 
leaves to grow to a size of approximately 2-3 
cm.

Isolation of Alternaria alternata 
fungus and preparation of inoculum
For the in vitro and in vivo inoculation ex-
periments, the isolate of A. alternata was 
obtained from typical lesions of the dis-
ease on highly susceptible Murcott IAC 
221 tangor fruits collected in the field from 
the Sylvio Moreira Citrus Growing Center 
(CCSM) of the Agronomic Institute (IAC), lo-
cated in Cordeirópolis, SP, where the fungus 
is endemic. To obtain the monospore iso-
late, the methodology described by Peever 
et al. (1999) with modifications was used 
(AZEVEDO et al., 2010).
The preparation of the inoculum was per-
formed by transferring inverted discs of 
mycelium of the fungus (~8 mm Ø) to Petri 
dishes, and kept in BOD for seven days, with 
a photoperiod of 12 hours, at approximate-
ly 27ºC, according to the methodology of 
Canihos et al. (1999). After mycelial growth, 
10 ml of distilled water was added on the 
surface of the plate, and with the help of a 
sterile Drigalski loop, the conidia were re-
moved from the surface, and then the con-
centration was adjusted to 105 conidia mL-1, 
with the help of the Neubauer chamber.
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In vitro and in vivo assays
The inoculation trials were performed in 
2019 and 2020 in an entirely randomized 
design with seven repetitions of each treat-
ment. In the in vitro inoculation assay, each 
repetition of the experiment consisted of a 
Petri dish containing three young leaves of 
Murcott IAC 221 tangor (detached), with 
approximately 2-3 cm in length and around 
two weeks old. The detached leaves were 
washed in running water and placed in Petri 
dishes, containing a layer of filter paper and 
a small portion of moistened cotton to main-
tain humidity. In the in vivo experiment, four 
leaves from three different branches of the 
same plant were evaluated in seven repeti-
tions of Murcott IAC 221 tangor plants.
Inoculation was performed according to 
Canihos et al. (1999) with a suspension of 
A. alternata spores (105 conidia mL-1) using 
a manual sprayer, applying 1 ml on the abax-
ial side of the leaves. The in vitro experiment 
plates were maintained in BOD at 27ºC with 
a 12 hour photoperiod for five days. The 
plants of the in vivo experiment were main-
tained in an acclimatized growth chamber, 
with controlled relative humidity (80 ± 5%), 
temperature (27 ± 1 ºC) and photoperiod of 
12 hours until the end of the evaluation.

Evaluations of ABS severity and area 
under the disease progress curve 
(AUDPC)
The evaluations of the lesions caused by the 
fungus, for severity evaluation, in the in vitro 
and in vivo assay occurred in 24, 48, 72, 96 
and 120 hours after inoculation, through the 
observation of the presence of typical symp-
toms of the disease and, subsequently in 
determinations of the injured area (% of the 
leaf taken by the disease) as described by 
Martelli et al. (2016). Using the severity data 
the area under the disease progress curve 
(AUDPC) was calculated, which is expressed 
by plotting the proportion of disease in per-
centage using the formula of Shaner and 
Finney (1977).
Protein contents and enzymatic activities in 
leaves of Murcott IAC 221 tangor after inoc-

ulation, in vivo, with A. alternata Evaluations 
of total protein content and enzymatic ac-
tivities were performed on Murcott IAC 221 
tangor leaves after inoculation, in vivo, with 
A. alternata, in 2020. For this, after inocu-
lation in vivo samples were collected at 24, 
48 and 72 hours after inoculation, except for 
the time 0 (zero) that was performed before 
the leaves were inoculated. The samples 
immediately after collection were wrapped 
in aluminum foil, immersed in liquid nitro-
gen and stored in an ultrafreezer at -80 ºC. 
Total protein extraction was performed ac-
cording to Felipini et al. (2016) with modifi-
cations. Leaves (200 mg) were macerated in 
the presence of liquid nitrogen and homoge-
nized in 1.5 mL of 100 mM phosphate buffer 
(pH 7.0), polyvinylpyrrolidone (0.5 % m/v) 
and ethylenediaminetetraacetic acid (EDTA 
1 mM). Homogenates were arranged in 2.0 
mL capacity microtubes and centrifuged at 
20,000 g for 30 min at 4 ºC. The supernatant 
(protein extract) was collected and stored at 
-80 ºC until the moment of evaluation. Total 
protein determination was performed by the 
Bradford method (1976).
Superoxide dismutase (SOD) activity was 
quantified according to Giannopolitis and 
Ries (1977). The results were expressed as U 
SOD mg protein-1, one unit of SOD being the 
amount of enzyme necessary to inhibit 50 % 
of the photoreduction of NBT to formazan. 
Peroxidases (POX) activity was measured 
according to Hammerschmidt et al. (1982). 
Results were expressed as optical density 
units at 470 nm per min per mg protein (OD.
min-1 .mg protein-1). Catalase (CAT) activity 
was quantified in a spectrophotometer ac-
cording to Kraus et al. (1995) with modifica-
tions by Azevedo et al. (1998). The activity 
was calculated based on the extinction coef-
ficient of H2O2 (39.4 M.cm-2) and the results 
expressed as μmol.min-1.mg protein -1.

Quantification of hydrogen peroxide in 
the leaves
The quantification of hydrogen peroxide 
content in leaves was performed according 
to Hippler et. al (2015). The absorbance val-
ues were interpolated to a standard curve 
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prepared with known concentrations of hy-
drogen peroxide. The result was expressed 
as μmol g−1 of fresh matter.

Nutrient analysis in the leaves of 
Murcott IAC 221 tangor
For foliar analysis of N and Ca, about 100 g of 
new leaves (2-4 cm long) from all branches 
of the crown from ten plants per treatment 
were collected in 2019 and 2020. The leaves 
were thoroughly washed in 0.08% detergent 
solution (v.v-1) and rinsed twice in distilled 
water, then were oven dried (60 °C). After 
72h, a manual mill was used to grind 200 mg 
of dry mass. The material was sent to the 
Soil Fertility Laboratory of the Agronomic 
Institute (IAC, Campinas/SP) for analysis ac-
cording to Bataglia et al. (1983).

Data analysis
The values of severity, AUDPC and enzyme 
activity were subjected to variance analysis 
and comparison of means by the Tukey test 
at 5% probability using the software SISVAR 
4.5 (FERREIRA, 2011). The data of severity, 
AUDPC and nutrients (calcium and nitrogen) 
were subjected to Pearson’s correlation anal-
ysis using the t-test at 5% probability level. 
The data for each variable were analyzed us-
ing the GLM Procedure of the SAS software 
(version 6.12).

Results and Discussion
Severity and area under the disease 
progress curve (AUDPC) assessments 
ABS
Typical symptoms of ABS on detached leaves 
were observed 24 hours after in vitro inocula-
tion in all treatments, since the variety under 
study (Murcott IAC 221 tangor) is highly sus-
ceptible to the fungus A. alternata in the field 
and in tests with detached leaves (AZEVEDO et 
al., 2010; BASTIANEL et al., 2014; MICHIELIN 
et al., 2016). These symptoms were charac-
terized by small brown and black spots, with 
a chlorotic halo and varying in size on the 
leaves. These spots, with time of evaluation, 
expanded creating necrotic areas in the leaf 

tissues due to the action of ACT toxin, as de-
scribed by some authors (KOHMOTO et al., 
1993; AKIMITSU et al., 2003).
In the two years of evaluation of the in vitro 
experiment (Figure 1 A-D), it was observed 
that the plants with a nutritional regime 
with a higher calcium content (300 mg L-1) 
were more resistant to ABS. In AUDPC the 
treatments with 30 and 150 mg Ca L-1 , did 
not differ from each other in 2019 (Figure 1 
B), but in the second year of evaluation, the 
three treatments differed from each other 
(Figure 1 D). Possibly, calcium being a struc-
tural and functional component of cell walls 
and middle lamellae, the treatment with the 
highest concentration of calcium showed 
greater tissue thickening, favoring the resis-
tance of the plant to the pathogen. A similar 
result was observed by Petená et al. (2016), 
where the treatment with the highest con-
centration of calcium altered the cellular 
anatomy so that the thickening of the cells 
acted as a physical barrier to infection by 
the fungus Colletothrichum acutatum, which 
causes citrus post-bloom fruit drop.
In the first year of evaluation of the in vivo 
experiment it was possible to observe that 
the severity and the AUDPC of the treatment 
with 300 Ca mg L-1 (Figure 2 A and B) did not 
differ from the treatment that has 50% of 
the calcium dose (150 mg Ca L-1 ), evidencing 
that for in vivo tests the two doses allowed 
the development of the disease equally. 
The results of the second year of evalua-
tion (2020) in vivo, indicated that the treat-
ment that provided greater resistance to the 
fungus A. alternata, causing ABS, was with 
higher dose of calcium (Figure 2 C and 2 D), 
differing statistically from the others in se-
verity (%), after 96 hours of inoculation, and 
AUDPC. One of the reasons that may have 
caused greater disease growth in the plants 
treated with the lowest dose of Ca (Figure 
3) is that the application of nitrogen without 
the presence of calcium led to the develop-
ment of cells with unrestrained and irregular 
elongation, making them disuniform in size 
and shape and, consequently, forming loose 
tissues, as observed by Petená et al. (2016) in 

https://link.springer.com/article/10.1007/s11356-018-1529-x#ref-CR8
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Valencia orange leaves. The treatments with 
doses of calcium, on the other hand, proba-
bly formed cell walls and medium lamellae 
with greater density and thickness, making 
the tissues compact (TAIZ; ZEIGER, 2006). 

The main route of penetration of A. alter-
nata is directly through the leaf surface, so 
with the greater thickening of these barriers, 
it favors greater mechanical resistance to the 
attack of the fungus (STUART et al., 2009).

Figure 1 - Severity of symptoms caused by Alternaria alternata at 24,48, 72, 96 and 120 hours after 
in vitro inoculation (A) and (C) and area under the disease progress curve (AUDPC) - (B) and (D), in 
leaves of Murcott IAC 221 tangor plants, with differential calcium regime (30, 150 and 300 mg Ca L-1 
), in the years 2019 and 2020, respectively (Cordeirópolis, Sao Paulo State, Brazil). NC = calcium ni-
trate and NA = ammonium nitrate. (*) means followed by the same letter, do not differ (Tukey, 5%).

Figure 2 - Severity of symptoms caused by A. alternata at 24, 48, 72, 96 and 120 after inoculation, 
in vivo, in the years 2019 (A) and 2020 (C) and area under the disease progress curve (AUDPC) in the 
years 2019 (B) and 2020 (D), in leaves of plants of Murcott IAC 221 tangor, with differential calcium 
regime (30, 150 and 300 mg Ca L-1 ), (Cordeirópolis, Sao Paulo State, Brazil). CN = calcium nitrate and 
AN = ammonium nitrate. (*) means followed by the same letter do not differ (Tukey, 5%).
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Protein contents and enzymatic 
activities in leaves of Murcott IAC 221 
tangor after inoculation, in vivo, with 
A. alternata

After inoculation in vivo, the quantity 
of total proteins and enzymatic activity 
produced by the plant in response to 
infection by the pathogen (A. alternata) was 
evaluated. In the results of total proteins, 
it was observed that the treatment with 
the highest dose of calcium (300 mg Ca L-1) 
presented a greater quantity of proteins than 
the other treatments (Figure 4 A). When 
the production of antioxidant enzymes like 
SOD was evaluated, the treatment with the 
lowest dose of calcium (30 mg L-1) had the 
highest production 24 hours after inoculation 
(Figure 4 B) and the treatment with 150 mg 
Ca L-1, after 72 hours.

The highest peroxidase activity was 
observed 48 and 72 hours after inoculation 
of the pathogen in the treatment with 
30 mg Ca L-1 (Figure 4 C). Higher catalase 
activity was observed in the treatment with 
the highest dose of Ca (300 mg Ca L-1), 48 
and 72 hours after inoculation in relation 
to the other treatments (Figure 4 D), being 
85% higher than the treatment with 150 
mg Ca L-1, 72 hours after inoculation.

Higher concentrations of hydrogen 
peroxide were observed in the treatment 
with the highest dose of Ca at 24, 48 and 
72 hours after inoculation, when compared 
with the treatments with lower doses of Ca 
(Figure 4 E). During the evaluation times, 
no differences in peroxide concentration 
were noted in the treatments with 30 and 
150 mg Ca L-1 (Figure 4 E).
Through the results obtained, it was pos-
sible to observe that the alterations in the 
enzymatic activity occurred from 24 hours 
after inoculation, due to the beginning of 
the infection process of the fungus A. alter-
nata. Renaud et al., (2005) and Timmer et 
al., (2003) observed that 24 hours after in-
oculation occurs the germination of spores 
and the beginning of the infectious process 
of A. alternata in an environment with ade-
quate temperature and humidity, where the 
production of ACT toxin occurs, specific for 
mandarin and its hybrids, causing necrosis 
of the infected site and spreading rapidly 
through the tissues of the leaf or fruit.
After the recognition of the pathogen by 
the plant occurs the production and accu-
mulation of reactive oxygen species (ROS), 
which after infection, serves as one of sev-
eral barriers during the colonization of the 

   

Figure 3 - Symptoms of alternaria brown spot (ABS) in leaves of Murcott IAC 221 tangor 
plants supplied with the highest (300 mg Ca L-1) and lowest dose calcium - 30 mg Ca L-1 (A) 
and ammonium nitrate (B), after 120h of inoculation in vivo. (Cordeirópolis, Sao Paulo State, 
Brazil, 2019). Red arrow indicates typical symptoms of ABS on Murcott IAC 221 tangor leaves.
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pathogen, mainly during oxidative stress 
(GREENBERG and YAO, 2004). Enzymes aris-
ing from the activity of the NADPH-oxidases 
enzyme complex, precursors of ROS, result 
in electron transfer and formation of su-
peroxide radical (O-), resulting in lipid per-
oxidation or be transformed into hydrogen 
peroxide (H2O2) by the action of superoxide 

dismutase (SOD) (ROUT and SAHOO, 2013; 
GRATÃO et al., 2015). Thus, the treatment 
with the highest dose of Ca was able to re-
act to the infection of the pathogen, main-
taining the synthesis of SOD at stable val-
ues, due to the increased concentration of 
the superoxide radical in the plants of this 
treatment.

Figure 4 - Quantification of total proteins (A), superoxide dismutase activity (B), peroxidases activ-
ity (C), catalases activity (D), hydrogen peroxide content (E) in Murcott IAC 221 leaves from plants 
supplied with differential regimen with calcium (30, 150 and 300 mg Ca L-1 ), at different hours after 
inoculation. Detached leaves were sprayed with 105 spores. mL-1 spores. mL-1 of Alternaria alternata 
(*). Means followed by the same letter (capital letters differentiating between times of the same 
treatment and iglower-case letters differentiating between treatments within the same time) did 
not differ (Tukey, 5%). (Cordeirópolis, Sao Paulo State, Brazil, 2021).



Devite et al. (2023)

Rev. Bras. Frutic. 2023; 45: e-995

Responses of calcium-supplied Murcott IAC 221 
tangor plants to Alternaria alternata infection

9

The opposite is also observed in the treat-
ment with the lowest dose of Ca, where 
there was a greater concentration of hydro-
gen peroxide. This concentration at high lev-
els in response to plant stress becomes tox-
ic to the cell, producing the hydroxyl radical 
(OH-), one of the most reactive forms, caus 
ing damage to the membrane (CAPALDI et 
al., 2015; HIPPLER et al., 2015). In response 
to this increase in ROS, plants require an effi-
cient antioxidant system to eliminate the su-
peroxide radical (O2), requiring greater pro-
duction of SOD to be realized, which corrob-
orates the results found for the treatment 
with the lowest dose of Ca (300 mg Ca L-1).
In the metabolism of ROS occurs the detox-
ification of hydrogen peroxide by the action 
of catalase (CAT), enzyme that transforms 
H2O2 into H2O and O2 (RESENDE et al., 2003). 
Thus, in the treatment with the lowest dose 
of calcium (30 mg Ca L-1), low CAT activity 
was obtained during the studied times, and 
followed by the accumulation of hydrogen 
peroxide in the treatment, the hypersensitiv-
ity reaction (HR) occurred.
Hypersensitivity reaction is a plant defense 
reaction to attack by microorganisms, which 
leads to programmed cell death. HR plays a 
vital role in plant defense against biotrophic 
or saprophytic pathogens, however, HR is not 
effective against necrotrophic pathogens, 
since these pathogens acquire their nutri-
ents exclusively from dead tissues (DAUB 
et al., 2005). For the disease to occur, it is 
necessary the elimination of ROS using its 
NADPH-oxidases complex, that is, the hyper-

sensitivity reaction can make the phenotype 
susceptible or resistant, according to the 
type of fungus (YANG and CHUNG, 2012).

Analysis of nutrients in leaves of 
Murcott IAC 221 tangor and the 
severity and AUDPC of the disease
Using Pearson’s correlation it was possible to 
observe significant correlations between the 
severity of the disease and the AUDPC with 
the content of Ca and N in the leaves in 2019 
and 2020, both in the in vivo and in vitro ex-
periments (Table 1). Negative correlation 
was found for Ca and positive for N, indicat-
ing that the higher the calcium content in the 
leaf, the lower were the disease severity in-
dices in vitro and in vivo. Significant positive 
correlations were found for N, both for se-
verity and AUDPC, indicating that the greater 
the presence of N in the leaves of the plants, 
the greater the susceptibility of the plant to 
infection by A. alternata.
The resistance of plants to pests and diseas-
es may be diminished or increased by the 
effect of mineral nutrition on anatomical 
structures, for example: thinner epidermal 
cells and cuticles, a cell wall with a lower de-
gree of suberization and lignification. Among 
the macronutrients, Ca deficiency is one of 
those that provokes the greatest structural 
and biochemical changes, making the plants 
more susceptible to pathogen attack. Excess 
N can also make the plants less resistant to 
fungal infections by reducing the synthesis 
of phenolic compounds like lignin (DUFFY; 
DÉFAGO, 1999; SILVEIRA et al., 2003).

Table 1 - Pearson’s correlation matrix between severity of alternaria brown spot in vitro and in vivo, 
area under the disease progress curve (AUDPC) in vivo and in vitro and levels of calcium and nitro-
gen present in the plants, in the years 2019 and 2020 (Cordeirópolis/SP).

Pearson correlation coefficients

Parameters/Nutrients
2019 2020 

Calcium Nitrogen Calcium Nitrogen
Severity in vitro -0.50* 0.85* -0.51* 0.76*
AACPD in vitro -0.64* 0.83* -0.69* 0.80*
Severity in vivo -0.93* 0.51* -0.90* 0.53*
AACPD in vivo -0.95* 0.50* -0.92* 0.51*

*Pearson correlation coefficients followed by an asterisk are significant (P=0.05)
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Conclusion
The treatment with the highest dose of cal-
cium (300 mg Ca L-1) induces in the plants of 
Murcott IAC 221 tangor greater resistance 
to the fungus A. alternata, the cause of al-
ternaria brown spot. In the treatment with 
the lowest dose of Ca (30 mg Ca L-1) occurs 
the accumulation of hydrogen peroxide and 
hypersensitivity reaction (HR), with low de-
toxification of hydrogen peroxide by catalase 
(CAT). In turn, the highest dose of calcium 

leads to an increase in the levels of CAT, with 
no accumulation of hydrogen peroxide and, 
consequently, HR. Plants with higher levels 
of Ca present a lower severity of the disease, 
consequently causing less stress to the plant 
and less release of enzymes.
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