Ciéncia Rural, Santa Maria, v.53:11, €20220272, 2023 http://doi.org/10.1590/0103-8478¢r20220278

ISSNe 1678-4596
CROP PROTECTION

Number of lesions, severity and incubation period of isolates of
Corynespora cassiicola in soybean cultivars

Gabriel Danilo Shimizu'
Marcelo Giovanetti Canteri’

Jacqueline Dalbelo Puia’” Adriano Thibes Hoshino'
Ana Maria da Silva Moreira' Sandra Cristina Vigo?

"Departamento de Agronomia, Universidade Estadual de Londrina (UEL), 86057-970, Londrina, PR, Brasil. E-mail: puia.agro@gmail.com.
“Corresponding author.
*Departamento de Fitossanidade, Instituto de Desenvolvimento Rural do Parana (IAPAR-EMATER), Londrina, PR, Brasil.

ABSTRACT: This study checked the severity and incubation period of isolates of Corynepora cassiicola (C.c) in soybean cultivars, as well
verified whether the position of leaflets influences the susceptibility of the plant to target spot. The experiment was conducted in randomized block
with 8 isolates of C.c and 8 soybean cultivars factorial scheme, with five repetitions each block. The plants were inoculated with suspension from
2x10* conidia mL"'. The number of lesions per leaf and the incubation period (IP) were evaluated. The ISO 4S isolate caused greater number of
lesions in plants. BMX Poténcia RR, BMX Forga RR, and NA 5909 RG had the lowest occurrence of lesions, while the cultivar BMX Elite IPRO
showed the highest number of lesions. More lesions were detected in the lower leaf compared to the upper leaf of the plants. The longest IP was
observed for ISO 4S in both leaflets, while the lowest IP for ISO 1A, 3A and 2A in the lower leaf, and for ISO 11S and 1S in the median leaf. For
cultivars, significant difference in IP was observed only in the lower leaf, with the longest and shortest IP detected for BMX Elite IPRO and BRS
284, respectively. In general, the upper leaf of the plants presented the shortest IP while the lower leaf had the longest IP.

Key words: Glycine max, epidemiology, target spot, phenological stage leaflets.

Numero de lesdes, severidade e periodo de incubacao de isolados de
Corynespora cassiicola em cultivares de soja

RESUMO: Este estudo teve como objetivo determinar o niimero de lesdes e periodo de incubagdo de isolados de Corynespora cassiicola
(C.c) em cultivares de soja, bem como verificar a influéncia da posi¢do dos trifélios quanto a suscetibilidade a mancha alvo. O delineamento
experimental foi de bloco causalizado em arranjo fatorial, oito isolados de C.c e oito cultivares de soja, com cinco repeti¢des em cada bloco.
As plantas foram inoculadas com suspenséo de 2x10* conidio mL™'. Foram avaliados o numero de lesdes por folha e o periodo de incubagéo
(IP). O isolado ISO 4S proporcionou maior niimero de lesdes nas plantas. BMX Poténcia RR, BMX For¢a RR e NA 5909 RG apresentaram
a menor ocorréncia de lesdes, enquanto a cultivar BMX Elite IPRO apresentou o maior niimero de lesdes. Maior quantidade de lesdes foram
detectadas no trifélio inferior em comparagdo com o trifolio superior das plantas. O IP mais longo foi observado para ISO 4S em ambos
os trifélios, enquanto o IP mais curto para ISO 1A, 3A e 2A no trifélio inferior, e para ISO 11S e 1S, trifoélio mediano. Para as cultivares,
observou-se diferenga significativa no IP apenas no trifolio inferior, sendo o maior e menor IP constatados para BMX Elite IPRO ¢ BRS 284,
respectivamente. De modo geral, o trifélio superior das plantas demostrou o menor IP, enquanto o trifolio inferior o maior IP.
Palavras-chave: Glycine Max, epidemiologia, mancha alvo, estagio fenologico foliolos.

INTRODUCTION areduction in soybean yield of up to 35 % in cultivars

susceptible to target spot, while mentioned losses of

Target spot disease, caused by the fungus
Corynespora cassiicola (Berk. & MA Curtis) “C.T.”
Wei, was reported in soybean cultivated (Glycine max
[L.] Merril) in the Brazilian territory for the first time
in the state of Parana, and later in the state of Sdo
Paulo (ALMEIDA et al. 1976). Previously considered
a disease of minor importance in soybean cultivation,
target spot has resurfaced as an endemic disease in
recent decades due to the increase in monoculture, the
use of susceptible cultivars, and decrease in pathogen
sensitivity to fungicides (GODOY et al. 2021;
XAVIER et al. 2013). GODOY et al. (2021), reported
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up to 40 % in productivity.

Target spot leaf symptoms begin as small
brown punctuations with yellow halos, progressing
to large circular spots, light brown to dark, with
concentric rings of up to 2 cm in diameter (ALMEIDA
et al. 2005; SNOW et al. 1989). Spots may appear
in greater numbers, but they are small, with 1 to 3
mm in diameter (GODOY et al. 2016). According to
ALMEIDA et al., 2005, susceptible soybean cultivars
may suffer severe defoliation, with spots on the stem
and pods. The infection occurs at temperatures of
20 to 30 °C, with a relative humidity of 80%. Under
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field conditions, the disease symptoms are observed
at the beginning of the reproductive stages, when the
canopy closes (ALMEIDA et al. 2005; TERAMOTO
et al., 2013). Stated that target spot severity can affect
up to 37% of the lower stratum of the plant without
reducing the production of a susceptible cultivar, due
to the low contribution of this stratum to form and
fill seeds. However, the disease reduces plant yield
when it occurs in the middle stratum of the plant since
this region has great light interception and greater
contribution in the formation and filling of seeds
(SAKAMOTO et al. 1967).

The use of chemical products is the
main form of controlling leaf diseases (BOLLER
et al. 2007). The fungicides for end-of-cycle disease
complex (ECD) are the same ones recommended for
the control of target spot in the aerial part of the soybean
crop, as follows: azoxystrobin + prothioconazole +
mancozeb, difenoconazole+ prothioconazole + man-
cozeb, prothioconazole + fluindapir + mancozeb
and prothioconazole + mancozeb, fol-lowed by
prothioconazole + fluxapyroxad and bixafen +
prothioconazole + trifloxystrobin (GODOY et al,
2021). In many cases, it is the only efficient and
economically viable measure to guarantee a high yield.

However, excessive use or inadequate
doses of pesticides can lead, in the long term, the
selection of phytopathogens resistant to the chemical
substances used (HAWKINS et al. 2019). Addition,
the excessive application of chemicals in crops and
the indiscriminate use of fungicides is damaging to the
environment and escalates production costs, polluting
water-courses and directly affecting in pollinator
populations (LUCHINI et al. 2000; ZHANG et al.
2018). As well as, C. cassiicola presents a high risk of
becoming resistant to fungicides (FRAC, 2019; FRAC,
2020), causes negative impacts on the environment,
as well as leaving undesirable residues in food, either
by drift or by not adhering to days to harvest interval
(MOREIRA et al. 2002; SRIVASTAV, 2020).

Including alternative forms of control in
the integrated management of diseases is desirable.
For instance, the adoption of strategies such as the
use of cultivars that are more tolerant to pathogens
can be an economically viable alternative, causing
less environmental impact (HENNING et al. 2005).
Evaluating disease progress in plants is essential
to estimate the importance of a disease in different
geographic regions (THEODORO et al. 2006).
Parameters related to a host’s response to infection
by a pathogen, severity, and incubation period can
interfere with epidemic progress (BERGAMIN
FILHO, 1976).

Understanding the factors that influence
the progress of the disease in the soybean ecosystem
- C. cassiicola pathosystem is essential to identify
conditions that influence epidemic development. Such
knowledge would also contribute to the development
of efficient management measures, since different
isolates from one host can present differences on their
virulence on other hosts, for example, cotton culture.

Despite the importance of the target spot for
the state of Parana, little research has been directed to
identify the characteristics of the pathogen in different
regions. Therefore, the objective of this study was
to investigate the variability between C. cassiicola
isolated obtained from cotton and soybean from
different regions of Brazil, to determine the disease
severity and incubation period in soybean cultivars, as
well as to verify the position of the plant leaflets it is
more susceptible to infection of the target spot.

MATERIALS AND METHODS

Soybean cultivars and growth conditions

The commercial soybean cultivars used in
this study were: BMX Elite IPRO (GMO - Genetically
Modified Organisms), BMX For¢ca RR (GMO), BMX
Garra IPRO (GMO), BMX Ponta IPRO (GMO),
BMX Poténcia RR (GMO), BRS 284 (conventional),
NA 5909 RG (GMO), and SYN 1562 IPRO (GMO).
These cultivars were selected because they present
some level of susceptibility to target spot.

Two seeds of each soybean cultivar were
distributed in the plastic pots, after ten days the plants
were thinned, leaving one plant per pot. In each plastic
pot (1 liter) it contained sifted soil (distroferric red
latosol) and five g of granulated chemical fertilizer
of formulation 4-30-10 (N-P,0,-K,0). The pots were
kept in a greenhouse until the time of inoculation with
C. cassiicola isolates (25 days).

Corynespora cassiicola isolates

Eight isolates of C. cassiicola deposited
in the collection of the Seed Pathology Laboratory
of the Rural Development Institute (IDR-Parana)
were used. The isolates were obtained from lesions
of cotton, being ISO 1 A (Sertandpolis - PR), ISO
2 A (Jataizinho - PR), and ISO 3 A (Porecatu - PR)
and soybean plants ISO 1 S (Goiénia - GO), ISO 2
S (Arapongas - PR), ISO 3 S (Sorriso - MT), ISO
4 S (Londrina - PR), and ISO 11 S (Diamantino
- MT) collected in the field in the 2018/19 season.
All isolates were identified and characterized, data
published by PUIA et al., 2021, using the key of the
genus C. cassiicola proposed by ELLIS (1957).
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The isolates were purified by monosporic
cultivation and stored at 4 °C using the Castellani
method (FIGUEIREDO et al. 1967). Each C.
cassiicola isolate was multiplied in 50 Petri dishes
(diameter = 9 cm) containing V8 Juice® agar culture
medium (V8: 5 g L carbonate, 340 mL V8 juice,
34 g L' of agar) with streptomycin sulfate (500 mg
LY). The plates were maintained at 25 + 2 °C and a
12/12 light-dark photoperiod for 10 days. After this
period, the colonies of C. cassiicola showed abundant
sporulation and were used as inoculum.

Experimental design

The experiment was performed using the
randomized block design (RBD) in an 8§ x 8 factorial
scheme (eight C. cassiicola isolates x eight soybean
cultivars), with five repetitions for each block over
time. The blocks were formed over time, with use
of the same type of sieved soil (distroferric red
latosol) in the vessels, there are no variations in
weather conditions between the blocks installed over
temperature (26 =+ 1 °C) and moisture (80 = 10%). The
experimental unit of each block consisted of two pots
containing one plant each.

Inoculation conditions

When soybean cultivars  presented
phenological stage V4, characterized by the third
fully developed trifoliate leaf (MELO, 2009),
were inoculated with C. cassiicola isolates. Under
greenhouse conditions (temperature of 29 = 1 °C,
relative humidity of 60 to 70%), the plants received 1
g of urea (CH,NO) per pot, to stimulate the opening
of plant stomata, 24 hours before inoculation.

For each isolate of C. cassiicola, a
suspension of conidia was prepared at concentration
of 2 x 10* conidia mL™, in which one drop per liter
of the surfactant Tween 20 and 0.4% of unflavored
gelatin were added. These adjuvants were added to
improve the distribution of the inoculum suspension
and the adhesion on soybean leaflets during
inoculation. Because the greenhouse conditions did
not favor infection by the pathogen, the pots with
the plants were transferred to a climatized chamber
with a temperature of 26 £ 1 °C, relative humidity of
85 to 95%, and a photoperiod of 12/12 (light /dark),
remaining in these conditions until the end of the
evaluations at 20 days after inoculation (DAI).

The conidia suspensions were inoculated
during the coolest period of the day (ap-proximately
six o’clock the afternoon) on soybean leaves until the
point of run-off, using a manual sprinkler.

Evaluations

The evaluations were carried out in the
three leaflets of the Ist, 2nd, and 3rd trefoil, totaling
nine leaflets per plant. All leaflets evaluated were fully
expanded at the time of inoculation. The 1st, 2nd, and
3rd leaflets are located in the lower, middle, and upper
parts of soybean plants in stage V4, respectively.
For each isolate vs. cultivar combination, severity
(number of lesions in 4 c¢cm? of 1 leaflets) and the
incubation period (days) were evaluated. The number
of leaf lesions was determined by counting the lesions
present within an area of 4 cm?, delimited by a small
frame (2 x 2 cm?) using a permanent hydrographic ink
pen (0.4 mm) in all leaflets.

The lesions were quantified daily, from
the third DAI, over a period of 12 days. For the
determination of the incubation period, we recorded
the time elapsed from the inoculation to the moment
the appearance of lesions in the leaflets ceased,
stabilization of number of lesions (100%). From this
information, the incubation period (IP) was considered
as the period of time between inoculation and the
appearance of 50% of symptoms (MERSHA et al.
2014), that is, the time for severity to equal K/2 + 1.
Where IP is the incubation period expressed in days.

The number of lesions in 4 cm? and the
incubation period were recorded for each leaf separately.
The plant as a whole was also considered using the
average values of the Ist, 2nd, and 3rd leaflets.

Statistical analysis

Data on the number of lesions per cm?
in each leaf and incubation period were analyzed
using the Aligned Rank Transform (ART), used
for nonparametric factorial analyses by ANOVA
(WOBBROCK et al. 2011). The aligned rank
transformation allows non-parametric testing for
interactions and main effects using standard ANOVA
techniques. For the transformation of the original
data the ARTool package (KAY et al. 2016). When
significant differences were found, the means were
compared using the Tukey test (P < 0.05) using the
emmeans package (LENTH et al. 2018). Statistical
tests were performed by the software R 4.0.2 (R
CORE TEAM, 2020).

RESULTS
Severity — number of lesions
In all cultivars, C. cassiicola caused the

greatest number of lesions in the lower part of the
plants (1st leaf), which presented from 14.21 to 17.56
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lesions per 4 cm2. The number of lesions in the middle
part of the plants (2nd leaf), was from 10.50 to 13.70
lesions in 4 cm?. The lowest occurrence of lesions, 7.10
to 8.00 lesions per 4 cm?, was observed in the upper
part of the plants. For the three evaluated leaflets, the
highest occurrence of lesions was consistently detected
in the cultivar BMX Elite IPRO, while on the 1st and
2nd leaflets, the cultivar BMX Poténcia RR presented
the least number of lesions.

No significant interaction between isolate
and cultivar was detected for numbers of lesions for
the 1st, 2nd, and 3rd leaflets and whole plant average
(P=0.70,0.92, 0.86, 0.80, respectively). On the other
hand, a significant difference (P <0.01) was observed
for the number of lesions caused by the different
isolates within each leaflet (1st, 2nd, and 3rd) and for
the mean (Figure 1).

The highest number of lesions on the 1st leaf
was caused by the ISO 48 isolate, with 18.02 lesions
per 4 cm?, differing from ISO 2A that resulted in a
lower number of lesions, with 14.33 lesions in 4 cm?.
Remaining isolates produced intermediates numbers
of lesions from 15.06 to 16.20 lesions per 4 cm?.

On the 2nd leaf, the isolates ISO 4S, ISO
1A, and ISO 3S produced the highest number of
lesions, with 13.04, 12.98, and 12.81 lesions per 4
cm?, respectively, differing from ISO 2A that caused
10.06 lesions in 4 cm?, the least value found.

For the 3rd leaf, the isolate that induced
the highest number of lesions (9.15 per 4 cm?) was
ISO 48, differing from the isolates ISO 2A, ISO 3A,
ISO 28, ISO 18, ISO 38, and ISO 118, which resulted
in fewer lesions, from 6.77 to 7.54 lesions in 4 cm?.

When analyzing the average number of
lesions on the whole plant, it was reported that the
ISO 4S5 isolate caused the greatest number of lesions,
13.4 lesions per 4 cm?, reflecting greater number of
lesions on the plants.

Conversely, fewer lesions were caused by
the isolates ISO 2A, ISO 2S, and ISO 118, ranging
from 10.39 to 11.66 lesions in 4 cm?. The other isolates
caused intermediate target spot severity (Figure 1).

In general, the different isolates of C.
cassiicola caused the greatest number of lesions on
the lower part of the plants (1st leaf), varying from
14.33 to 18.02 lesions in 4 cm? of leaf. For the middle
part of the plants (2nd leaf), the value ranged from
10.06 to 13.04 lesions in 4 cm?.

The smallest number of lesions, 6.77 to
9.15 lesions per 4 cm?, was observed in the upper part
of the plants (3rd leaf). In the three leaflets evaluated,
the isolates ISO 4S and ISO 2A caused the greatest
and smallest number of lesions in 4 cm?, respectively.

Significant differences were observed in
the number of lesions caused by C. cassiicola in the
different soybean cultivars, considering the Ist (P =
0.02), 2nd (P<0.01), and 3rd leaf (P=0.03) (Figure 2).

For the 1st leaf, the smallest number of
lesions (14.21 lesions in 4 cm?) was observed in the
cultivar BMX Poténcia RR, while the highest number
of lesions (17.56 lesions in 4 cm?) was observed in
the cultivar BMX Elite IPRO. Intermediate numbers
of lesions occurred in the other soybean cultivars.

The number of lesions on the 2nd leaf was
lower for the cultivars SYN 1562 IPRO, NA 5909
RG, and BMX Poténcia RR, with 10.50, 10.80, and

Figure 1 - Number of lesions in 4 cm* (mean (rank sum)) of the 1st, 2nd, and 3rd soybean leaves 12 days after inoculation with
different isolates of Corynespora cassiicola. Different letters differ from each other by the Tukey test (P < 0.05).
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(P<0.05).

Figure 2 - Number of lesions in 4 cm? (mean (rank sum)) for the 1st, 2nd, and 3rd soybean leaves 12 days after inoculation with
Corynespora cassiicola isolates in different soybean cultivars. Different letters differ from each other by the Tukey test

10.90 lesions per 4 cm?, respectively, differing from the
cultivar BMX Elite IPRO, in which the highest number
of lesions (13.70 lesions per 4 cm?) was observed.

For the 3rd leaf, the lowest number of
lesions (7.10 lesions per 4 cm?) occurred in the
cultivar BMX Garra IPRO, differing from the cultivar
with the highest number of lesions (8.00 lesions per 4
cm?), BMX Elite IPRO.

When considering the average number of
lesions on the whole plant, it was possible to verify
a lower occurrence of lesions, from 10.69 to 11.23
lesions in 4 cm?, for BMX Poténcia RR, BMX For¢a
RR, and NA 5909 RG, indicating less severity of
the disease in these cultivars. Whereas, the highest
number of lesions, 13.10 lesions per 4 cm? was
observed in the cultivar BMX Elite IPRO, indicating
lower lesion counts on these cultivars to target spot.
Intermediate levels of severity occurred in the other
cultivars (Figure 2).

Incubation period (IP)

No interaction occurred for incubation
period (IP) between C. cassiicola isolate and
soybean cultivar, for the 1st, 2nd, and 3rd leaflets
(P=0.59,0.51, and 0.85, respectively). Significant
differences in IP were verified for isolates of
C. cassiicola inoculated on the 1st and 2nd leaf
(P < 0.01), whereas no difference was verified
for the 3rd leaf (P = 0.12). However, significant
differences in the IP of C. cassiicola isolates
among different soybean cultivars were found for
the 1st leaf (P = 0.03) (Figure 3).

On the 1st leaf, the longest IP (5.05 days)
was observed for the ISO 4S isolate, differing from
ISO 1A, ISO 3A, and ISO 2A, which had the lowest
IPs, ranging from 4.70 to 4.78 days. Similarly, for the
2nd leaf, the greatest IP (4.76 days) was observed for
ISO 4S. However, the lowest IPs were observed for
the ISO 11S and ISO 1S isolates, which presented 4.48
and 4.51 days, respectively. The IP of the different
isolates of C. cassiicola varied from 4.20 to 4.45,
4.48 to 4.76, and 4.70 to 5.05 days, for the 3rd, 2nd,
and 1st leaflets, respectively. Regarding cultivars, on
the Ist leaf, the longest IP of C. cassiicola occurred
for BMX Elite IPRO (5.05 days), while the lowest
value was found in BRS 284, with an IP of 4.69
days. In the other cultivars, intermediate IPs were
observed, ranging from 4.73 to 4.97 days. The IP of
C. cassiicola in the different cultivars ranged from
4.23 to 4.46, 4.51 to 4.80, and 4.69 to 5.05 days, for
the 3rd, 2nd, and 1st leaflets, respectively.

DISCUSSION

In this study, no interaction was observed
between soybean cultivar and C. cassiicola isolate.
Conversely TERAMOTO et al., (2013) reported
significant interactions between Brazilian isolates of
C. cassiicola and twelve soybean cultivars. However,
different soybean cultivars and isolates were used in
the previous research than used herein. Differences
in the two studies, relative to cultivar versus isolate
interactions, may be of interest to some, but seems
irrelevant given how distinct the current study is from
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Figure 3 - Incubation periods on the 1st and 2nd soybean leaf inoculated with different isolates of Corynespora cassiicola, and
incubation period 1st soybean leaves 12 days after inoculation with C. cassiicola isolates in different soybean cultivars
in a climatized chamber (temperature of 26 £ 1 °C, relative humidity of 80 + 10 %, and photoperiod of 12 hours of light/
dark). Different letters differ from each other by the Tukey test (P < 0.05).

the 2013 study. Lack of interaction may not have been
reported because precision of measured variables and
genetic variability in C. cassiicola isolates, which
may be correlated with differences in pathogen
effectors, pathogenicity, host specificity and host
resistance for example.

Normally, for the germination of conidia
of C. cassiicola isolates, temperatures of 10-35 °C
(optimal 30 °C) induce greater fungus sporulation
(FERNANDO et al. 2012). In soybean leaves, the
conditions described that favor foliar infection by
C. cassiicola are 80% free and/or relative humidity
(RH), with a temperature between 20-30 °C (GODOY
et al. 2015; MACKENZIE et al. 2018; ORTEGA-
ACOSTA et al. 2020).

The non-similarity between this study
and the one conducted by TERAMOTO et al. (2013)
is probably due to the variability that the pathogen
presents (DIXON et al. 2009). Isolates of C. cassiicola
induced different lesion counts and incubation
period (IP) depending on the soybean cultivar,
corroborating results described by (DIXON et al.
2009), where isolates resulted in different levels of
pathogenicity in soybean plants. In addition, Dixon’s
group reported genetic variability in the isolates.
The continuous planting of susceptible cultivars
allows great multiplication of C. cassiicola. Selection
pressure carried out by different soybean production
environments combined with the use of low-efficacy
fungicides, has led to the selection of more aggressive
isolates (XAVIER et al. 2013). This selection process

contributes to the genetic variability that may result in
differences in the pathogenicity observed in different
soybean cultivars.

Quantifying the disease is considered
one of the most important phases in a plant disease
management program (BERGAMIN FILHO, 1976).
Soybean cultivars more tolerant to target spot can be
selected for future studies or even used in integrated
disease management programs in several agricultural
regions (SNOW et al. 1989; SINCLAIR et al. 1989;
ALMEIDA et al. 2005). The smaller number of
lesions may reflect greater resistance, as well as
longer incubation periods. The cultivars that showed
the least number of target spot lesions, NA 5909 RG,
BMX Poténcia RR, and BMX For¢a RR, can be used
by farmers in some regions, for example, South,
Southeast and Midwest, along with the adoption
of other management tactics to reduce the lesion
counts. Evaluating the reaction of soybean cultivars
to C. cassicola (MELO, 2009), only determined the
number and diameter of lesions for the central leaf.
In this study, the evaluations were carried out on the
three leaflets, 1st, 2nd, and 3rd leafiets, in order to
obtain more accurate data concerning the reaction of
cultivars to target spot.

In addition to temperature, the position of
leaflets can influence the incidence and expansion
of target spot lesions in different pathosystems
(ECKHARDT et al. 1984). In the current study, a
higher incidence of lesions caused by the different
C. cassiicola isolates occurred in the lower part of
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the plant, the 1st leaf, in all soybean cultivars tested.
These results corroborate other studies that verified
the occurrence of target spot in the lower stratum
of plants (KUROZAWA et al. 2005). Also reported
that (CONNER et al. 2013), under field conditions,
the target spot appears initially in the lower stratum
of plants, being the most affected part. The greater
occurrence of the disease symptoms in the lower
leaflets of soybean is due to the ideal microclimate
formed in this stratum. Several authors reported
that the fungus C. cassiicola can affect any stage of
soybean crop. However, its incidence is more common
after the canopy closes, because of a lower incidence
of solar radiation and higher relative humidity, thus
benefiting fungal development (LENTH et al. 2018;
AMORIM et al. 2011). The incubation period is an
important epidemiological variable, as it influences
how fast the disease cycles occur (BERGAMIN
FILHO, 2002; BERGAMIN FILHO, 1996). The IP
of C. cassiicola isolates in different soybean cultivars
varied from 4 to 5 days, under controlled conditions,
with temperature of 26 = 1°C, relative humidity of
80 £ 10%, and photoperiod of 12 hours. For the
same pathogen and plant species, (SEAMAN et
al. 1965) reported that the symptoms of target spot
appeared from 7 to 10 days in inoculated soybean
plants with free moisture in the foliage, under green-
house conditions. This difference in IP may be due
to the different conditions the inoculated plants were
subjected to, especially concerning temperature and
photoperiod.

In this study, it was possible to verify that
IP is lower in the upper leaf and higher in the lower
leaf of soybean plants. The same pattern was found for
Pseudocercospora fuligena in tomato plants in which
7-week leaflets had a higher pathogen IP compared to
1 to 5-week leaflets (MERSHA et al. 2014). Several
plant species increase their resistance or tolerance to
pathogens as they age. This phenomenon is known
as age-related resistance (DEVELEY-RIVIERE et
al. 2007). In agreement with other reported studies
of similar pathosystems affecting soybean yield,
demonstrate that younger common bean leaf tissues
are more susceptible to the occurrence of Uromyces
appendiculatus (FARBER et al. 2017). The lower IP
or greater susceptibility may be related to the ability
of the leaf tissue to synthesize defense compounds.
As leaves age, phenols and proteins accumulate,
constituting a chemical barrier that makes older
tissues less prone to the development of pathogens
(HUGOT et al. 2004). In the grapevine, younger
leaflets were slightly more susceptible than older
leaflets to powdery mildew infection; young

susceptible leaflets were those that still acted as drain
organs (STEIMETZ et al., 2012).

CONCLUSION

The study concludes that target spot
severity and incubation period (IP) are influenced
by the isolate of C. cassiicola, soybean cultivar, and
leaf position in the plant. Isolates of C. cassiicola can
cause higher (ISO 4S) or lower (ISO 2A, ISO 28, and
ISO 118S) severity of target spot. There are no soybean
cultivars resistant to target spot; however, less lesion
counts occurs in the cultivars BMX Poténcia RR,
BMX For¢a RR, and NA 5909 RG, while greater
susceptibility is verified for the cultivar BMX Elite
IPRO. In addition, the longest incubation period (IP)
for the evaluated C. cassiicola isolates occurs in the
cultivar BMX Elite IPRO and the shortest in BRS
284. Regardless of the cultivar evaluated, the IP tends
to be longer for the ISO 4S isolate. The different
isolates of C. cassiicola cause more lesions in the
lower leaf and fewer lesions in the upper leaf of the
plants. A similar pattern occurs for IP, with a longer
period of incubation in the lower leaf and a shorter
period in the upper leaf of soybean plants.

ACKNOWLEDGEMENTS

This study was financed in part by the “Coordenagao
de Aperfeigoamento de Pessoal de Nivel Superior (CAPES), Brasil
- Finance code 001”.

DECLARATION OF
INTEREST

CONFLICT OF

The authors declare no conflict of interest. The
founding sponsors had no role in the design of the study; in the
collection, analyses, or interpretation of data; in the writing of the
manuscript, and in the decision to publish the results.

AUTHORS’ CONTRIBUTIONS

All authors contributed equally for the conception
and writing of the manuscript. All authors critically revised the
manuscript and approved of the final version.

REFERENCES

ALMEIDA, A. M. R. et al. Ocorréncia de Corynespora cassicola
(Berk. e Curt.) Wei no Estado de Sao Paulo [fungo, Glycine
max, Brasil]. Fitopatologia Brasileira (Brasil). v.1, n.2, p.111-
112, 1976. Available from: <http://www.sidalc.net/cgiin/wxis.
exe/?IsisScript=AGRINTER xis&method=post&formato=2&cant
idad=1&expresion=mfn=010368>. Accessed: Jan. 15, 2022.

AMORIM, L.; PASCHOLATI, S. F. Ciclo das relagdes planta-
patdgeno. In: AMORIM, L.; REZENDE, J. A. M.; BERGAMIN

Ciéncia Rural, v.53, n.11, 2023.



Puia et al.

FILHO, A. Manual de fitopatologia: principios e conceitos. 4 ed.
Sdo Paulo: Agrondmica Ceres, v.4,1n.59-100, 2011. Available from:
<http://www.sidalc.net/cgiin/wxis.exe/?IsisScript=AGRINTER.
xis&method=post&formato=2&cantidad=1&expresion=m
h=042454>. Accessed: Jan. 15, 2022.

BERGAMIN FILHO, A. Doencas de plantas tropicais:
epidemiologia e controle econémico. Ed. Agrondmica Ceres, 1996.
Available from: <https://livraria.funep.org.br/product/doencas-
de-plantas-tropicais-epidemiologia-e-controle-economico/>.
Accessed: Jan. 15, 2022.

BERGAMIN FILHO, A.; AMORIM, L. Discases with a variable
incubation period depending on host phenology. Fitopatologia
Brasileira, v.27, p.561-565, 2002. Available from: <https://doi.
0rg/10.1590/S0100-41582002000600001>. Accessed: Apr. 10,
2021. doi: 10.1590/S0100-41582002000600001.

BERGAMIN FILHO, A.; KRANZ, Jirgen. Epidemiologie
der Pflanzenkrankheiten: eine Einfiihrung in Grundlagen,
Methoden und praktische Anwendung. Ulmer, 1996. Available
from: <https://books.google.com.br/books/about/Epidemiologie
der Pflanzenkrankheiten.html?id=0OnBCPQAACAAJ&redir
esc=y>. Accessed: Jan. 15, 2022.

BOLLER, W. etal. Part fungicide application technology I. Revisio
anual de patologia de plantas, v.15, p.243-276, 2007. Available
from: <https://repositorio.ufsm.br/bitstream/handle/1/7608/
CANOVA%2C%20EDUARDO.pdf?sequence=1&isAllowed=y>.
Accessed: May, 10, 2021.

CONNER, K. N. et al. First report of Corynespora cassiicola-
incited target spot on cotton in Alabama. Plant Disease, v.97, n.10,
p-1379-1379, 2013. Available from: <https://doi.org/10.1094/
PDIS-02-13-0133-PDN>. Accessed: Apr. 10, 2021. doi: 10.1094/
PDIS-02-13-0133-PDN.

DEVELEY-RIVIERE, M. P; GALIANA, E. Resistance to
pathogens and host developmental stage: a multifaceted
relationship within the plant kingdom. New Phytologist, v.175,
n.3, p.405-416, 2007. Available from: <https://doi.org/10.111
1/j.1469-8137.2007.02130.x>. Accessed: Apr. 14, 2021. doi:
10.1111/5.1469-8137.2007.02130.x.

DIXON, L. J# et al. Host specialization and phylogenetic diversity
of Corynespora cassiicola. Phytopathology, v.99, n.9, p.1015-1027,
2009. Available from: <https://doi.org/10.1094/PHYTO-99-9-1015>.
Accessed: Apr. 22, 2021. doi: 0.1094/PHYTO-99-9-1015.

ECKHARDT, H. et al. Koloniewachstum von Erysiphe graminis
DC. f. sp. hordei Marchal in Abhangigkeit von Temperatur
und Insertionshohe der Blatter. Angewandte Botanik, 1984.
Available from: <https://agris.fao.org/agris-search/search.
do?recordID=US201302054625>. Accessed: Aug. 22, 2021.

ELLIS, M. B. Some species of Corynespora. Mycological Papers, n.65,
1957. CABI International. Available from: <https://www.cabdirect.org/
cabdirect/abstract/19571102326>. Accessed: Apr. 28, 2021.

FRAC. Lista de risco de patdgenos (setembro de 2019). CropLife
International, 2019 Available from: <https://www.frac.info/docs/
default-source/publications/frac-code-list/frac-code-list-2021--
final.pdf?sfvrsn=f7ec499a 2>. Accessed: Aug. 28, 2021.

FRAC. Lista de codigos FRAC 2020: Agentes de controle de
fungos classificados por padrio de resisténcia cruzada e modo de

acdo (incluindo numeragdo de codigo FRAC) .2020, CropLife
International. Available from: <https://www.frac.info/docs/
default-source/publications/frac-code-list/frac-code-list-2021--
final.pdf?sfvrsn=f7ec499a 2>. Accessed: Aug. 28, 2021.

FARBER, D. H.; MUNDT, C. C. Effect of plant age and leaf
position on susceptibility to wheat stripe rust. Phytopathology,
v.107, n4, p412-417, 2017. Available from: <https://doi.
org/10.1094/PHYTO-07-16-0284-R>. Accessed: Jul. 21, 2021.
doi: 10.1094/PHYTO-07-16-0284-R.

FERNANDO, T. H. P. S,, et sl., ver normas. Some factors affecting in
vitro production, germination and viability of conidia of Corynespora
cassiicola from Hevea brasiliensis. Journal of the National Science
Foundation de Sri Lanka, n.40, p.241 - 249, 2012. Available from:
<https://pdfs.semanticscholar.org/515¢e/1bfd7a74a77093b636a39f9d6
f6b89d2ca26.pdf>. Accessed: Aug. 21, 2021.

FIGUEIREDO, M. Barreto. Studies on the application of the
Castellani method for conservation of pathogenic fungi in plants.
O Biolégico, v.33, n.1, p.9-13, 1967. Available from: <https://
ainfo.cnptia.embrapa.br/digital/bitstream/item/121815/1/cit088.
pdf>. Accessed: Jun. 24, 2021.

GODOY, C. V. et al., Eficiéncia de fungicidas para o controle da
mancha-alvo, Corynespora cassiicola, na safra 2020/21: resultados
sumarizados dos ensaios cooperativos. 2021. Embrapa Soja-
Circular Técnica (IN-FOTECA-E). Available from: <https://
ainfo.cnptia.embrapa.br/digital/bitstream/item/214311/1/Circ-Tec-
159-de-2021.pdf>. Accessed: Apr. 02, 2021.

GODOY, C. V. LOCAL DE DESTINO. EM G.L. HARTMAN,
J.C. RUPEE, EJ. SIKORA, L.L. DOMIER, J.A. DAVIS, &
K.L. STEFFEY (Eds.), Compendium of soybean diseases
and pests. American Phytopathological Society, p.62 — 63.
2015. Available from: <https://apsjournals.apsnet.org/doi/
pdf/10.1094/9780890544754.fm>. Accessed: Apr. 02, 2021.

GODOY, C. V. et al. Eficiéncia de fungicidas para o controle da
mancha-alvo, Corynespora cassiicola, na safra 2015/16: resultados
sumarizados dos ensaios cooperativos. 2016. Embrapa Soja-
Circular Técnica (IN-FOTECA-E). Available from: <https://
ainfo.cnptia.embrapa.br/digital/bitstream/item/162647/1/CT-130-
OL.pdf>. Accessed: Apr. 07, 2021.

HAWKINS, N. J. et al. The evolutionary origins of pesticide
resistance. Biological Reviews, v.94, n.1, p.135-155, 2019.
Available from: <https://doi.org/10.1111/brv.12440>. Accessed:
Apr. 07,2021. doi: 10.1111/brv.12440.

HENNING, A. A. et al. Manual de identificagdo de doencas de soja.
Londrina: Embrapa Soja, 72, 2005, (Embrapa Soja Documentos,
256). Available from: <https://www.infoteca.cnptia.embrapa.br/
infoteca/handle/doc/991687>. Accessed: Apr. 17, 2021.

HUGOT, K. et al. Coordinated regulation of genes for secretion in
tobacco at late developmental stages: association with resistance
against oomycetes. Plant physiology, v.134, n.2, p.858-870,
2004. Available from: <https://doi.org/10.1104/pp.103.034173>.
Accessed: May, 07, 2021. doi: 10.1104/pp.103.034173.

PUIA, J. D. et al. Morphological Characterization of Corynespora
cassiicola Isolates in Culture Media. Journal of Agricultural
Science, V.13, n.11, 2021. Available from: <https://pdfs.
semanticscholar.org/ce72/80e02a50d679b63ddbff8da93a74f48
7a813.pdf>. Accessed: May, 07,2021. doi: 10.5539/jas.v13nl1p74.

Ciéncia Rural, v.53, n.11, 2023.



Number of lesions, severity and incubation period of isolates of Corynespora cassiicola in soybean cultivars 9

KAY, M.; WOBBROCK, J. O. ARTool: aligned rank transform
for nonparametric factorial ANOVAs. R package version 0.
10, v.2, 2016. Available from: <https://cran.microsoft.com/
snapshot/2020-04-08/web/packages/ARTool/ARTool.pdf>.
Accessed: Mar. 07, 2021.

KUROZAWA, C.; PAVAN, M. A. Doengas do tomateiro. In:
Kimati, H.; Amorim, L.; Rezende, J. A. M. Bergamin Filho,
A.; Camargo, L. E. A. Manual de fitopatologia: doencgas das
plantas cultivadas. S3o Paulo: Agrondomica Ceres, p. 607-626,
2005. Available from: <https://ci.nii.ac.jp/naid/10029718791/>.
Accessed: Mar. 29, 2021.

LENTH, R.; LENTH, M. R. Package ‘Esmeans’. The American
Statistician, 2018, 34(4), 216-221. Available from: <https://cran.
microsoft.com/snapshot/2018-03-30/web/packages/Ismeans/
Ismeans.pdf>. Accessed: Mar. 07, 2021.

LUCHINIL, L. C.; ANDREA, M. M. Comportamento ambiental
de agroquimicos. Horticultura Brasileira, n.18, p.33-35, 2000.
Available from: <https://periodicos.ufsm.br/remoa/article/
view/2315>. Accessed: Mar. 25, 2021.

MACKENTZIE, K. J. et al. Uma revisdo de Corynespora cassiicola
e sua crescente relevancia para o tomate na Florida. Progress
Fitossanitario, n.19, p.303 — 309, 2018. Available from: <https://
doi.org/10.1094/php-05-18-0023-rv>. Accessed: Mar. 07, 2021.
doi: 10.1094/php-05-18-0023-rv.

MERSHA, Zelalem; ZHANG, Shouan; HAU, Bernhard. Effects of
temperature, wetness duration and leaf age on incubation and latent
periods of black leaf mold (Pseudocercospora fuligena) on fresh
market tomatoes. European journal of plant pathology, v.138,
n.1, p.39-49, 2014. Available from: <https://link.springer.com/
article/10.1007/s10658-013-0295-3>. Accessed: May, 07, 2021.
doi: 10.1007/s10658-013-0295-3.

MOREIRA, J. C. et al. Avaliagdo integrada do impacto do uso de
agrotoxicos sobre a satide humana em uma comunidade agricola de
Nova Friburgo, RJ. Ciéncia & Saude Coletiva, v.7, n.2, p.299-311,
2002. Available from: <https://www.scielo.br/j/csc/a/6dhP7dyPDN
VqfTrndccKqJF/?format=pdf&lang=pt>. Accessed: Jun. 24, 2021.

ORTEGA-ACOSTA, S. A, et al., Progresso temporal da doenga
da folha da rosela (Hibiscus sabdariffa L.) e mancha do célice
(Corynespora cassiicola) em Guerrero, México. Journal of
Plant Pathology, v.102, n.4, p.1007-1013, 2020. Available from:
<https://doi.org/10.1007/s42161-020-00550-1>. Accessed: mar.
04, 2021. doi: 10.1007/s42161-020-00550-1.

R CORE TEAM. R: A language and environment for statistical
computing. Austria: R Foundation for Statistical Computing,
Vienna, 2020. Available from: <https://www.R-project.org/>.
Accessed: Jan. 25, 2021.

SAKAMOTO, C. M.; SHAW, R. H. Light distribution in field
soybean canopies 1. Agronomy Journal, v.59, n.1, p.7-9, 1967.
Available from: <https://doi.org/10.2134/agronj1967.0002196200
5900010003x>. Accessed: Aug. 25, 2021. doi: 10.2134/agronj196
7.00021962005900010003x.

SEAMAN, W. L. et al. Pathogenicity of Corynespora cassiicola
on soybean. Canadian Journal of Botany, v.43, n.11, p.1461-
1469, 1965. Available from: <https://doi.org/10.1139/b65-154>.
Accessed: Aug. 12, 2021. doi: 10.1139/b65-154.

SINCLAIR, J. B.; BACKMAN, P. A. Compendium of soybean
diseases. American Phytopathological. Society. St. Paul.
MN, USA, 1989. Available from: <https://worldveg.tind.io/
record/9689/>. Accessed: Aug. 12, 2021.

SNOW, J. P.; BERGGREN, J. R. Target spot: In: Compendium
of soybean diseases. 3. Ed. St Paul, Minnesota: American
Phytopathological Society, p.27-28, 1989. Available from: <https://
worldveg.tind.io/record/9689/>. Accessed: Aug. 14, 2021.

SRIVASTAV, A. L. Chemical fertilizers and pesticides: role in
groundwater contamination. In: Agrochemical’s detection,
treatment and remediation. Butterworth-Heinemann, 2020.
p-143-159. Available from: <https://doi.org/10.1016/B978-0-08-
103017-2.00006-4>. Accessed: Aug. 25,2021. doi: 10.1016/B978-
0-08-103017-2.00006-4.

STEIMETZ, E. et al. Influence of leaf age on induced resistance
in grapevine against Plasmopara viticola. Physiological and
Molecular Plant Pathology, v.79, p.89-96, 2012. Available from:
<https://doi.org/10.1016/j.pmpp.2012.05.004>. Accessed: Aug.
01, 2021. doi: 10.1016/j.pmpp.2012.05.004.

TERAMOTO, A. et al, Reaction of soybean -cultivars to
Corynespora cassiicola. Tropical Plant Pathology, v.38, n.1,
p.68-71, 2013. Available from: <https://doi.org/10.1590/S1982-
56762013000100011>. Accessed: May, 17, 2021. doi: 10.1590/
S$1982-56762013000100011.

THEODORO, G. FE; MARINGONI, A. C. Murcha-de-
curtobacterium do feijoeiro no Estado de Santa Catarina e
reagdo de gendtipos a Curtobacterium flaccumfaciens pv.
Aaccumfaciens. Summa Phytopathologica, Botucatu, v.32, n.1,
p-34-41, 2006. Available from: <https://doi.org/10.1590/S0100-
54052006000100005>. Accessed: Jul. 22, 2021. doi: 10.1590/
S0100-54052006000100005.

WOBBROCK, J. O. et al. Proceedings of the ACM Conference
on Human Factors in computing systems. In the Aligned Rank
Transform for nonparametric factorial analyses using only ANOVA
procedures. New York: ACM Press, 2011. Available from:
<https://doi.org/10.1145/1978942.1978963>. Accessed: Feb. 25,
2021. doi: 10.1145/1978942.1978963.

XAVIER, S. A. et al. Sensitivity of Corynespora cassiicola from
soybean to carbendazim and prothioconazole. Tropical plant
pathology, v.38, n.5, p.431-435, 2013. Available from: <https:/
www.scielo.br/j/tpp/a/LHMgZgjv43Ltf7sMmxznHLy/?lang=en>.
Accessed: Aug. 29, 2021.

ZHANG, L. et al. The impact of agricultural chemical inputs on
environment: global evidence from informetrics analysis and
visualization. International Journal of low-Carbon technologies,
v.13,n.4,p.338-352,2018. Available from: <https://doi.org/10.1093/
ijlet/cty039>. Accessed: Apr. 07, 2021. doi: 10.1093/ijlct/cty039.

Ciéncia Rural, v.53, n.11, 2023.



	_Hlk100136803
	_Hlk119503374
	_Hlk103091924
	_Hlk100136297
	_Hlk100568086

