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ABSTRACT

In recent years, leaf shedding in the yerba mate crop has been a phenomenon of
important economic incidence, the cause of which is still unknown but has been
attributed to various factors. The objective of the present study was to establish a
methodology to quantify leaves shedding in yerba mate and to determine whether
the high leaf shedding is due to a biotic or abiotic effect. In both plantations, high
shedding of leaves was significant only when the lowest values of heliophany and
the highest values of relative humidity were recorded. Coincidentally, a high
percentage of green leaf detachment was recorded with the characteristic
symptomatology of the fungus Cylindrocladium sp. An accumulation of ABA, JA
and SA hormones was detected in yerba mate plants with high shedding of leaves,
which was associated with the attack of the necrotrophic fungus Cylindrocladium
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sp. With predisposing climatic conditions for the manifestation of Cylindrocladium,
an early harvest would reduce the loss of green leaves. The differences found
among plants Cylindrocladium attack could be due to a genetic condition. The JA
pathway may be the most important line of defense activated by Cylindrocladium
infection. A high accumulation of JA and ABA has been detected in plants with
high leaf shedding that could suppress the SA signaling pathway responsible for
SAR establishment.

Keywords: ilex paraguariensis, cylindrocladium, hormone, pathogens, climatic
conditions.

RESUMO

Nos ultimos anos, o derrame de folhas na cultura da erva-mate tem sido um
fenomeno de importante incidéncia econdmica, cuja causa ainda é desconhecida
mas tem sido atribuida a varios factores. O objectivo do presente estudo era
estabelecer uma metodologia para quantificar a queda de folhas na erva-mate e
determinar se a alta queda de folhas se deve a um efeito biético ou abiotico. Em
ambas as plantacdes, o alto desprendimento de folhas so foi significativo quando
foram registados os valores mais baixos de heliofania e os valores mais altos de
humidade relativa. Coincidentemente, uma elevada percentagem de
desprendimento de folhas verdes foi registada com a sintomatologia caracteristica
do fungo Cylindrocladium sp. Foi detectada uma acumulacéo de hormonas ABA,
JA e SA em plantas de erva-mate com alto desprendimento de folhas, que foi
associada ao ataque do fungo necréfilo Cylindrocladium sp. Com condi¢cfes
climaticas predisponentes para a manifestacdo do Cylindrocladium, uma colheita
precoce reduziria a perda de folhas verdes. As diferencas encontradas entre as
plantas ataque de Cylindrocladium poderia ser devido a uma condigdo genética.
A via JA pode ser a linha de defesa mais importante activada pela infeccéo por
Cylindrocladium. Foi detectada uma elevada acumulagéo de JA e ABA em plantas
com elevado derrame de folhas que poderia suprimir a via de sinalizagcdo SA
responsavel pelo estabelecimento de SAR.

Palavras-chave: ilex paraguariensis, cylindrocladium, hormona, agentes
patogénicos, condi¢cdes climaticas.

1 INTRODUCTION

Argentina is the world's largest producer and second largest exporter of
yerba mate. Its production takes place in the province of Misiones and in the
northeast of the province of Corrientes. This activity is of great economic and social
relevance for both provinces, especially for Misiones, which contributes 90% of the
production.

The increase in demand necessarily leads to an increase in the cultivation
area, or to work with a higher plant density. This situation often leads to problems

such as diseases and excessive leaf drop.
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Abscission is a naturally occurring process in all plant species and is
genetically programmed in plant tissues and organs (Salisbury and Ross, 1992).
In many cases, abscission is directly related to senescence, eliminating senescent
or deteriorated organs. Sometimes, abscission is induced as a consequence of
environmental stress signals, both abiotic and biotic (Quesada and Valpuesta,
2013). Many factors can simultaneously influence an organ to induce or not its
abscission. At the hormonal level, auxins and ethylene play a fundamental role,
integrating endogenous and environmental signals to which a plant is subjected
(Quesada and Valpuesta, 2013).

Leaf senescence is a recycling process in which nutrients are transported
from aging cells to young leaves, developing seeds and reserve tissues (Quesada
and Valpuesta, 2013).

In recent years, shedding of leaves in the yerba mate crop has been a
phenomenon of important economic incidence, the cause of which is still unknown
but has been attributed to various factors.

According to some authors, the shelf life of yerba mate leaf is more than two
years (Masloff et al., 2014). This situation can be accelerated, under certain
circumstances, by adverse environmental conditions.

Some fungal genera have been associated with shedding of leaves in yerba
mate. The fungus Cylindrocladium spathulatum causes a symptomatology
characterized by a rounded spot on the leaves, until finally the leaves fall off the
plant (Carpanezzi et al., 1985; Grigoletti Junior and Garcia Auer, 1996; Rybak et
al., 2014; Maidana Ojeda et al., 2016; Dummel et al., 2017).

On the other hand, the abscission of green leaves is generalized annually
throughout the producing region, where its intensity is directly related to certain
environmental conditions and plantation management systems. This shedding of
leaves has been recorded in Argentina, Brazil (Rivera Flores, 1983; Carpanezzi et
al., 1985; Grigoletti and Garcia Auer, 1996) and Paraguay (Masloff et al., 2014;
Chamorro et al., 2015; Maidana Ojeda et al., 2016).

Excess rainfall can cause waterlogging of soils, which can be aggravated in
compacted soils or soils without green covers. Oxygen limitation originates
numerous physical, chemical and biological changes in the soil, with production of
toxic substances, as well as ethylene, and loss of soluble nitrogen compounds and
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imbalances in other nutrients due to microbial anaerobic activity (Bonadeo et al.,
2017). In fact there is evidence of macro- and micronutrient deficiencies in plant
tissues due to excess water in the soil (Pardos, 2004).

In summary, the above factors may be responsible for high shedding of
leaves in yerba mate. Excessive rainfall and unharvested plants can provide a
suitable microenvironment for the presence of pathogens, accentuated by
unfavorable soil and nutritional conditions.

So far, no estimates of yield losses have been made, making it difficult to
correlate them with variables that could be affecting yield.

The aim of the present study was to establish a methodology for quantifying
of shedding of leaves in yerba mate. The other objective was to determine if the

high shedding of leaves is due to a biotic or abiotic effect.

2 MATERIALS AND METHODS
2.1 STUDY SITE

The study was conducted in Colonia El Chaton (Leandro N. Alem, Misiones)
(27° 36'50" S and 55° 15' 50" W), at 330 m.a.s.l. The average annual temperature,
recorded at the EEA Cerro Azul Meteorological Station (INTA), is 20.8 °C and the
average annual precipitation is 1998.3 mm, distributed mainly between October
and April (Olinuck, 2017).

The soils of this region belong to the Naranjal Series, typical Gran Grupo
Kandiudulte, of the Order Ultisol. They are characterized by wide undulating plains
where well-defined hillocks stand out and with slopes that mostly do not exceed
3% (Godagnone and de la Fuente, 2013).

Two commercial plantations were selected with the same planting frame
(2.5 m x 1.5 m), one with normal and the other with high shedding of leaves.
Although the management of the plantations is similar, they differ from each other
in terms of planting age. The yerba mate plantation with normal shedding of leaves
is 40-year-old, while the yerba mate plantation with high shedding of leaves is 30

years old.

2.2 CHARACTERIZATION OF SOIL PHYSICAL PROPERTIES

The physical properties were characterized: penetration, structural stability,
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apparent density and total pores, infiltration and gravimetric moisture (Soil
Laboratory of the Cerro Azul Agricultural Experiment Station - INTA).

2.3 SHEDDING OF LEAVES QUANTIFICATION

Shedding of leaves was quantified through the number of leaves and dry
weight per unit area. For this purpose, a methodology frequently used in forestry
was used (Huber and Oyarzun, 1983; Prause et al., 2003; Mosquera et al., 2007;
Zapata et al., 2007; Gutiérrez et al., 2012; Murcia and Ochoa, 2012; Pinos, 2015),
which was adapted for yerba mate. It is based on the use of collectors with a certain
dimension, distributed in the plantations.

Twenty collectors were randomly installed (10 per plantations), with a
dimension of 0.50 m x 0.50 m on each side and a height of 10 cm from the ground,
to prevent the accumulation of water. The material accumulated inside the
collectors was collected weekly, during 12 months (from June 2018), in plastic
bags to avoid moisture losses. In the laboratory, the material collected was
classified (leaves with natural senescence and green leaves). In addition, the
symptoms caused by different types of fungi were recorded. Finally, the material
was dried, at 60 °C for 48 hours, until constant weight, and then the dry weight was
recorded, as recommended by Anderson (1973).

Climatic variables (rainfall, relative humidity and heliophany) were
registered in the meteorological station of the Cerro Azul Agricultural Experiment
Station (INTA).

2.4 SAMPLING FOR HORMONAL ANALYSIS

Ten plants were selected, five with normal shedding of leaves and another
five with high shedding of leaves. For hormone analysis, 10 leaves of each plant
were sampled and placed on an aluminum foil. The samples were immersed in
liquid nitrogen. Finally, the samples were lyophilized and stored at -20 ° C until

analysis.

2.5 EXTRACTION AND PURIFICATION OF ENDOGENOUS HORMONES
JA, SA and ABA were extracted from 200 mg DW (dry weight) of 10 leaves

of plants with high and normal shedding of leaves as described by Durgbanshi et
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al. (2005), with some modifications. Plant material was homogenized in an
Ultraturrax T25 basic homogenizer (IKA, Staufen; Germany) with 5 ml deionized
water. D5-OPDA and D6-JA (Leibniz-Institute of Plant Biochemistry; Halle,
Germany) were used as internal standards, and samples were added with 50 ng
of each. Samples were centrifuged at 1540 x g for 15 min, supernatant was
adjusted to pH 2.8 with 15% (v/v) acetic acid and extracted twice with diethyl ether,
and organic fraction was evaporated under vacuum. Dried extracts were dissolved
in 1 ml methanol and filtered on a vacuum manifold at flow rate < 1 ml min-t, and
eluate was evaporated at 35 °C under vacuum in a SpeedVac SC110 (Savant
Instruments; New York, NY, USA). Four biological replicates were used for assays.

Hormone identification and guantification by liquid
chromatography-electrospray  ionization tandem mass  spectrometry
(LC-ESI/MS-MS)

JA, SA and ABA were separated from plant tissues by reversed-phase
HPLC, using an Alliance 2695 separation module (Waters; Milford, MA, USA)
equipped with a Restek Ultra C18 3 um column (100 x 3.0 mm). Fractions were
separated using a gradient of increasing methanol concentration, constant glacial
acetic acid concentration (0.2% in water), and initial flow rate 0.2 ml min™. The
gradient was increased linearly from 40% methanol/60% water-acetic acid at 25
min, to 80% methanol/20% water acetic acid. Initial conditions were restored after
1 min, and the system was allowed to equilibrate for 7 min. The identification and
quantification of phytohormones was performed with a quadrupole tandem mass
spectrometer (MS/MS) (Quattro pt Ultima, Micromass, Manchester, UK) fitted with
an electrospray ion (ESI-) source, in multiple reactions monitoring mode (MRM)
using precursor ions and their transitions (m/z) to ABA (m/z 263/153), Ds-ABA (m/z
269/159), JA (m/z 209/59), De-JA (m/z 215/59), SA (m/z 137/93), D3-SA (m/z
141/97). The cone energie used was 35 V. The spectrometry software used for

data analysis was MassLynx version 4.1 (Waters).
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3 RESULTS

The results of the soil physical analysis are presented in Table 1.

Table 1. Average values of soil physical properties

Parameters Normal shedding of High shedding of
leaves leaves
Mechanical resistance to penetration (MPa) 1,51 1,50
Structural stability (mm) 1,72 1,78
Apparent density (Kg m-2) 1,08 0,95
Infiltration (min.) 1,96 1,77
Gravimetric moisture (g g1) 33,27 33,01
Total pores (%) 59,46 65,12

The data of the climatic variables recorded are presented in Figure 1.

Figure 1. Registered climatic variables: average rainfall (mm), relative humidity (%) and heliophany
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In winter, there is a greater amplitude between relative humidity (high) and
heliophany (low) (Fig. 1).

Shedding of leaves behavior was similar in both plantations evaluated.
Throughout the year, shedding of green leaves exceeded the leaves with natural
senescence, but in the plantation with high shedding of leaves this proportion was
higher. In autumn there was an increase in the percentage of leaves with natural
senescence (Fig. 2).

Studies in Environmental and Animal Sciences, Curitiba, v.3, n.2, p.699-721, apr./jun., 2022




rmal and (b) high

: (@) no

ed (%) in the two commercial plantations

llect

00000000
7777777

Figure 2. Type of leaf co

shedding of leaves

= %

—
=]
=]

al, was low during the
rded between the different

in gener

o

=
©
°

o]

-

]

S

©

nces were reco

S

was 56.9

leaves

n plantations with normal and high shedding of

at month the shedding of green

+—

=

c C ¥ T

o

E o 9 g

OOOOO

c

c
]

N

c
>
)
c

(O]

R ——
0 >
~ o

S o

>~ O © o
2 0
c © ()

., 2022 215

c
>
=
=
S
o
o
N
™~
o)
o))
-
S
~
c
.
>
<
o
=
S
]
O

ntal and Animal Sciences,

in Environme

Studies




STU D I l S Studies in Environmental and Animal Sciences
ISSN: 2764-0760

RSB RISIECEARC S ANERS

Figure 3. Average dry weight (g) of shedding of green leaves per plant, in plantations with normal
(a) and high (b) shedding of leaves. Means values (z+ S.E.) followed by different letters above bars
are significantly different at P < 0.05 (n = 10).
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In terms of yield, there was a decrease of 1,745 and 2,829 kg of green leaf
per ha, in plantations with normal and high shedding of leaves, respectively. Based
on the average yield of the plantations, these values represent a decrease of
between 14.5 and 18.9%.

Spots caused by Cylindrocladium sp., Colletotrichum sp. and Guignardia
sp. were found on shedding of green leaves and leaves with natural senescence
(Fig. 4). The symptoms of the different genera of fungi found were more frequent

on green leaves, and less frequently on chlorotic leaves.
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Figure 4. Symptoms of the fungal genera found in yerba mate plantations: (a) Colletotrichum sp.,
(b) Guignardia sp. and (¢ and d) Cylindrocladium sp.

Of the three fungal genera, Cylindrocladium sp. was the most important.
The presence of Cylindrocladium sp. spots on green leaves collected in the boxes
varied among the different months evaluated. The highest values of green leaves
with black spot symptoms were recorded in the winter months. In July 2018, 92%
of the green leaves collected in the boxes had Cylindrocladium sp. symptoms, and
in June 2019 that value reached 97% (Fig. 5).

The higher presence of Cylindrocladium sp. coincided with records of low
daily heliophany (high negative correlation) (Tabla 2). No differences were found
between the plantations in the percentage of leaves with Cylindrocladium sp. The

average data for both plantations are shown in Figure 5.
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Table 2. Pearson's correlation coefficient between heliophany and presence of green
leaves with cylindrocladium (p < 0.05).

Leaves with Cylindrocladium Heliophany
(%)
Leaves with 1,00 4,3 E-03
Cylindrocladium (%)
Heliophany -0,71 1,00

Figure 5. Shedding of green leaves with spots caused by Cylindrocladium sp. Means values (+
S.E.) followed by different letters above bars are significantly different at P < 0.05 (n = 10).
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Figure 6. Plant with high shedding of leaves.

AT

Although it was not quantified in this work, a differential behavior between
plants was observed in both plantations. Under the same management conditions,
there were plants with normal or high shedding of leaves. In plants with high
shedding of leaves, spots of Cylindrocladium were observed (Fig. 6).
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4 CHANGES IN THE LEVELS OF ENDOGENOUS HORMONES IN LEAVES OF
I. PARAGUARIENSIS

To study the relationship between endogenous hormone content and foliar
abscission triggered by fungi attack, an experiment on plants with differential level
of susceptibility to Cylindrocladium sp attack was performed to get a profile of JA,
ABA and SA hormone accumulation.

In plants with normal shedding of leaves (control), the hormonal
concentrations of all hormones remained at lower levels compared to plants with
leaf abscission. Among the quantified hormones, the ABA level was the highest
compared to the other two hormones in both control plants as well as plants with
high shedding of leaves (Fig. 7). On the contrary, the lowest level was recorded for
SA (Fig. 9).

The ABA level showed an increase of 1.33 times in plants with high
shedding of leaves compared to those with normal shedding of leaves (Fig. 7) In
a similar fashion, the JA level increased significantly (2-fold) in plants with high
shedding of leaves (Fig. 8). On the contrary, no statistical differences between

plants with normal and high leaf shedding in SA level were detected (Fig. 9).

Figure 7. Endogenous ABA content in plants with normal or high shedding of leaves. Means values
(= S.E.) followed by different letters above bars are significantly different at P < 0.05 (n = 4).
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Figure 8. Endogenous JA content in plants with normal or high shedding of leaves. Means values
(= S.E.) followed by different letters above bars are significantly different at P < 0.05 (n = 4).
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Figure 9. Endogenous SA content in plants with normal or high shedding of leaves. Means values
(= S.E.) followed by different letters above bars are significantly different at P < 0.05 (n = 4).
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5 DISCUSSION
Leaf senescence is part of the development process of plants and its

occurrence depends largely on the growth habitat to which each species is adapted
(Munné-Bosch and Alegre, 2004).

In yerba mate, leaf shedding is an event that commonly occurs in the
autumn-winter season, coinciding with periods of high rainfall and unharvested
plantations (Burtnik, 2006).

In this work, the values of the soil physical variables indicate that the
condition of the soil is fair to poor (Barbaro et al., 2017). Both plantations have high
compaction, with poor infiltration levels, which could generate waterlogging

conditions. This situation could be affecting yerba mate plants, which require well-

drained soils.
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Species more sensitive to flooding show greater growth reduction, because
they experience reductions in the rate of formation and expansion of new leaves
(Angelov et al., 1996). Thus, the photosynthetically active leaf area may also be
reduced by accelerated leaf senescence and abscission (Kozlowski, 1997). The
data obtained from the present work reinforce this theory. In the winter months, a
higher proportion of green leaf fall was observed (Fig. 2). This could be due to the
fact that during those months there was higher relative humidity, associated with
higher cloudiness, and therefore, low heliophany (Fig. 1). Thus, leaf abscission is
part of an "escape" strategy by which plants seek to reduce the size of their canopy
in response to stress (Striker, 2012).

In both plantations, high shedding of leaves was significant only in June
2019, where the lowest values of heliophany and the highest values of relative
humidity were recorded in the previous weeks. This situation caused the delay of
harvest in the plantation with normal shedding of leaves. Meanwhile, in the
plantation with high shedding of leaves, harvesting was not carried out because it
was not economically convenient for the grower. This situation created an
environment with less lighting and ventilation due to the unharvested foliage.
Similar situations occurred prior to this study. During 2017, there was an
exceptional period of excess rainfall, which caused a delay in the harvest and, as
a consequence, higher shedding of leaves in yerba mate plants. That same year
there was a decrease in heliophany (20% below the historical average) (Olinuck,
2017).

According to Crous et al. (2006), the genus Cylindrocladium represents an
important group of pathogens associated with diverse hosts in tropical and
subtropical regions of the world. It is usually associated with high humidity and
rainfall conditions (Rhodes et al., 2005; Akonda et al., 2014; Rybak et al., 2014).
In addition, it has been reported for several species of llex sp. as a cause of
numerous foliar diseases (Gill et al., 1971; Rivera Flores, 1983; Lau, 1997; Lechat
et al., 2010).

The predisposition to attack by Cylindrocladium sp. is high when stress
situations are generated in plants, the most important of which are the decrease in
soil pH, the presence of low luminosity, suboptimal temperatures and prolonged
exposure to nutritional deficit (Blanco Vieira and Romero Cardozo, 2017). In this
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context, the climatic conditions during the autumn-winter months have favored the
presence of Cylindrocladium sp., where a high percentage of shedding of green
leaves with the characteristic symptomatology of the fungus was recorded.

In addition, different plant responses to Cylindrocladium attack were found.
This could be indicating a condition of greater susceptibility of some plants to the
fungus, as already mentioned by some authors in other species (Flores et al.,
2017).

Shedding of plant leaves or other organs such as petals and flowers are
characteristics of abscission. This separation of plant organs from the main plant
body occurs when either there is an injury due to biotic/abiotic stress or as a regular
process in plant growth and development. Currently, drought is known to trigger
cauline leaf abscission; however, biotic stimuli may also initiate it (Patharkar and
Walker, 2016). Thus, pathogen-triggered leaf abscission appears to be an effector
mechanism eliminating disease leaves, which reduces the possibility of infection
spreading to healthy tissue (Patharkar et al., 2017). For example, necrotrophic
pathogens -such as Cylindrocladium sp- kill host plant cells using toxic metabolites
and then feed on the remains. Therefore, these fungi cause devastating diseases
in both horticultural and agronomic crops, but our understanding of plant defense
responses against these pathogens is still limited.

Among the factors that regulate the complex process of senescence and
abscission, plant hormones have pivotal importance based on their interaction with
each other, their transport, concentrations in different tissues, and affinities of their
receptors (Ahmad et al., 2010; Peleg and Blumwald, 2011; Estornell et al., 2013).
Therefore, a number of more classical plant hormones exert influence over
abscission, among them SA, JA and ABA (Patharkar and Walker, 2018; 2019).

In this study, we detected an accumulation of ABA, JA and SA hormones in
plants of yerba mate with high shedding of leaves, which was associated with the
attack of the Cylindrocladium sp necrotrophic fungus. Upon invasion of pathogens,
JA is synthesized and mediates a signaling cascade starting numerous defense
responses. In this sense, it has been documented that JA is involved in plant
defense against necrotrophic fungi infection through the JA-receptor, COl1
(Gimenez-lbanez et al., 2016; Zhang et al., 2017). According to our results, the

increase of approximately two-fold in JA level of plants with high shedding of leaves
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would allow us to suggest that the JA pathway may the most important defense
line triggered by Cylindrocladium infection. Chen et al. (2015) reported in
Eucalyptus leaves (E. urophylla x E. tereticornis M1) infected with Calonectria
pseudoreteaudii, teleomorph genus of Cylindrocladium, an up-regulation of key
enzymes in JA biosynthesis (LOX and AOS) and high transcript abundance of LOX
(Eucgr.J00821.1) in the susceptible clone. Therefore, those work demonstrated
that this pathogen infection could enhance the biosynthesis of JA and activate the
JA pathway. It is well documented JA acts synergistically with ethylene (ET) upon
necrotrophic pathogen attack, and both signaling pathways are required for the
production of defense proteins such as PLANT DEFENSIN 1.2 (PDF1.2), via the
APETALA2/ERF (AP2/ERF) TF family, such as ERF1 and OCTADECANOID-
RESPONSIVE ARABIDOPSIS 59 (ORA59) (Zareiet al., 2011; Pieterse et al.,
2012; Wasternack and Hause, 2013). Recently, Chen et al. (2021) reported that
the transcription factor WRKY75 positively modulates JA-mediated plant defense
to necrotrophic fungal pathogens, which may occur through its function as a
positive regulator in JA/ ET-mediated signaling pathways. Therefore, further
studies will be necessary to investigate the role of other hormones (especially
ethylene) in the regulation of leaf abscission-induced by Cylindrocladium infection
in yerba mate.

On the other hand, SA is a major regulator of defense against biotrophic
pathogens, which feed on living host tissues (Dong, 2004; Vot et al., 2009; Ding
and Ding, 2020). In this study, the activation of JA signaling has been shown to
suppress, at least in part, the SA signaling pathway because this hormone had the
lowest content in plants with high shedding of leaves. Thus, increasing evidence
indicates that the SA- and ET/JA-mediated defense response pathways are
mutually antagonistic (Li et al., 2019).

Regarding ABA, their levels and transcriptomic profling studies have that
this hormone participates in important regulation during abscission in diferent
species or organs (Giulia etal. 2013; Wilmowicz et al. 2016; Li etal. 2019).
Moreover, the effect of ABA on abscission seems to depend on its interaction with
auxin (such as indole-3-acetic acid, IAA) or ET, rather than being directly involved
on its own. Thus, ABA could have an intermediary role in organ abscission (Aurelio
et al., 2000; Agusti et al., 2007). On the other hand, ABA ABA biosynthesis is
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required for efficient disease resistance against necrotrophic fungal pathogens
(Ton and Mauch-Mani, 2004; Garcia-Andrade et al., 2011); in particular its role in
plant defense responses to necrotrophs can be positive or negative as well as
dependent of the specific plant-pathogen interactions (Ghozlan et al., 2020). In this
sense, ABA seems to play positive roles during the early events of infection by
affecting stomatal closure and deposition of callose and the negative roles usually
at later stages that include suppressing ROS accumulation and SA induction
(Asselbergh et al., 2008; Ton et al., 2009). It has been suggested that the role of
ABA inducing resistance and susceptibility may be due to the differential action of
upstream and downstream components in ABA signaling pathway (Alazem et al.,
2014). In this study, the increased ABA content quantified in plants with high
shedding of leaves was associated with presence of necrotic spots caused by
Cylindrocladium sp. detected in them. Likewise, Jelenska et al. (2007) reported
that ABA was rapidly synthesized in plants following inoculation with other
necrotrophic fungal pathogens; e.g., its concentration increased in sugar beet
(Beta vulgaris) leaves as response to Cercospora beticola infection. Moreover, the
effect of ABA appears to be complex and requires cross-interaction with SA, JA,
and ET signaling transduction pathway (Koornneef and Pieterse, 2008; Verhage
et al., 2010; AbuQamar et al., 2017).

6 CONCLUSIONS

Firstly, it was possible to use collection boxes for the quantification and
classification of shedding of leaves of yerba mate plants. It allowed periodic
monitoring to characterize the behavior of leaf fall.

Cylindrocladium sp. is a fungus that is present in the yerba mate plantations,
and has its peak of appearance in autumn-winter. Predisposing climatic conditions
such as humidity and low heliophany, caused by excessive rainfall and cloudy
days, increase the incidence of the fungus, causing excessive shedding of leaves.
This situation is aggravated when harvesting is delayed, with the consequent
decrease in yield.

In general terms, it could be thought that, with predisposing climatic
conditions, an early harvest would reduce the loss of green leaves.

The JA pathway may the most important defense line triggered by
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Cylindrocladium infection.

High accumulation of JA and ABA detected in plants with high shedding of
leaves which might suppress the SA signaling pathway responsible for the
establishment of SAR.

It is necessary to continue monitoring the plants that have shown
differences to Cylindrocladium attack. In this way, it could be assured that there is

a genetic predisposing condition of some plants to the attack of the fungus.

ACKNOWLEDGMENTS
We thank Ing. (Ms. Sc.) Sebastian Barbaro, from the Soil Laboratory - Natural
Resources Team (EEA Cerro Azul), for the characterization of soil physical
properties..

Studies in Environmental and Animal Sciences, Curitiba, v.3, n.2, p.699-721, apr./jun., 2022 225




STU D I l s Studies in Environmental and Animal Sciences
ISSN; 27640760 .”.

PUBLICGAC OES

REFERENCES

AbuQamar, S.; Moustafa, K.; Tran, L.S. 2017. Mechanisms and strategies of plant
defense against Botrytis cinerea. Critical Reviews in Biotechnology 37(2):262-
274.

Ahmad, P.; Umar, S.; Sharma, S. 2010. Mechanism of free radical scavenging and
role of phytohormones in plants under abiotic stresses. In: Ashraf M., Ozturk M.,
Ahmad M. (eds) Plant Adaptation and Phytoremediation. Springer, Dordrecht.
https://doi.org/10.1007/978-90-481-9370-7_5.

Akonda, M.M.R.; Himel, R.M. and Ali, M. 2014. First report of Cylindrocladium
cutting rot on Bangladesh tea. Tea Journal of Bangladesh 43: 15-23.

Agusti, J.; Conesa, A.; Cercos, M.; Talon, M.; Tadeo, F.R. 2007. Calcium signaling
in water stress-induced leaf abscission in citrus plants. Advances in Plant Ethylene
Research - Proceedings of the 7th International Symposium of the Plant Hormone
Ethylene. Edited by: Ramina A, Chang C, Giovannoni J, Klee H, Perata P,
Woltering E. Dordrecht, The Netherlands: Springer. 303-304.

Alazem, M.; Lin, K.Y.; Lin, N.S. 2014. The abscisic acid pathway has multifaceted
effects on the accumulation of Bamboo mosaic virus. Molecular Plant-Microbe
Interactions 27: 177-189.

Anderson, J.M. 1973. Stand structure and litter fall of a coppiced beech Fagus
sylvatica and sweet chestnut Castanea sativa woodland. Oikos 24(1):128-135.

Angelov, M.N.; Sung, S.J.S.; Doong, R.L.; Harms, W.R.; Kormanik, P.P. and Black,
C.C. 1996. Long- and short-term flooding effects on survival and sink —source
relationships of swamp-adapted tree species. Tree Physiology 16(5): 477-484.

Asselbergh, B., De vleesschauwer, D. and Hofte, M. 2008. Global switches and
fine-tuning ABA modulates plant pathogen defense. Molecular Plant-Microbe
Interactions 21:709-719.

Aurelio, G.C.; Jalel, M.; Tadeo, F.R.; Primo-Millo, E.; Talon, M. 2000. Hormonal
regulation of fruitlet abscission induced by carbohydrate shortage in citrus. Planta
210:636-643.

Barbaro, S.E.; Taboada, M.A.; Sosa, D.A.; Iwasita, B.E.; Eclesia, R.P. 2017.
Ecorregién Mesopotamica. Provincia de Misiones. Sistema Productivo: yerbatero.
En: Wilson, M.G. (editor), Manual de indicadores de calidad del suelo para las
ecorregiones de Argentina (pp. 213-218). Entre Rios: Ediciones INTA.

Blanco Vieira, M. y Romero Cardozo, P.V. 2017. Caracterizacion de la agresividad
Calonectria en plantines de Eucalyptus grandis y Eucalyptus dunnii. Tesis
presentada como uno de los requisitos para obtener el titulo de Ingeniero
Agronomo. Universidad de la Republica - Facultad de Agronomia. Montevideo,
Uruguay.

Bonadeo, E.; Moreno, |.; Bongiovanni, M.; Marzari, R.; Ganum Gorriz, M.J. 2017.
El sistema suelo-planta. Principios generales. 1la ed. Rio Cuarto: UniRio Editora.

Studies in Environmental and Animal Sciences, Curitiba, v.3, n.2, p.699-721, apr./jun., 2022 226




STU D I l s Studies in Environmental and Animal Sciences
ISSN; 27640760 .”.

PUBLICGAC OES

Libro digital. ISBN 978-987-688-204-0.

Burtnik, O.J. 2006. Yerba Mate: Manual de Produccion. INTA, AER Santo Tomé,
Corrientes, Argentina. 52p.

Carpanezzi, A.A; Cardoso, A.; Valio, I.F.M.; Gragca, M.E.C.; lede, E.T. y Higa,
R.C.V. 1985. Queda anormal de folhas de erva-mate (llex paraguariensis St. Hil.)
em 1983. X Seminério sobre atualidades e perspectivas florestais. Anais Curitiba:
EMBRAPA-CNPF. pp.141-145.

Chamorro, N.; Maidana, M. y Fretez, D. 2015. Mancha negra en yerbales.
Agrotecnologia Afio 5 — Nro.52 — Paraguay. pp.14-17.

Chen, Q.; Guo, W.; Feng, L.; Ye, X.; Xie, W.; Huang, X.; Liu, J. 2015.
Transcriptome and proteome analysis of Eucalyptus infected with Calonectria
pseudoreteaudii. Journal of Proteomics 115:117-131.

Crous, P.W.; Groenewald, J.Z.; Risede, J.M.; Simoneau, P. and Hyde, K.D. 2006.
Calonectria species and their Cylindrocladium anamorphs: species with clavate
vesicles. Studies in Mycology 55: 213-226.

Ding, P.; Ding, Y. 2020. Stories of salicylic acid: a plant defense hormone. Trends
in Plant Science 25:549-565.

Dummel, D.M.; Agostini, J.P. y Kornowski, M.V. 2017. Determinacion del
organismo asociado a la defoliacion de llex paraguariensis A. St.-Hil. En: Libro de
Resumenes: 4° Congreso Argentino de Fitopatologia. Lucero, G.S. [et al.]. 1a ed.
Codrdoba: Asociacién Civil Argentina de Fitopatélogos. pp.203.

Dong, X. 2004. NPR1, all things considered. Current Opinion in Plant Biology
7:547-552.

Estornell, L.H., Agusti, J., Merelo, P., Talon, M., Tadeo, F.R. 2013. Elucidating
mechanisms underlying organ abscission. Plant Science 19:48-60.

Flores, C.R.; Rueda, N.; Rueda, E.; Galarza, M.; Balducci, E.; Cosimi, L. y
Giacobbi, A. 2017. Caracterizacion del agente causal de defoliacion en eucaliptus
en las provincias de Salta y Jujuy, Argentina. En: Libro de Resumenes: 4°
Congreso Argentino de Fitopatologia. Lucero, G.S. [et al.]. 1la ed. Cérdoba:
Asociacion Civil Argentina de Fitopat6logos. pp.249.

Garcia-Andrade, J.; Ramirez, V.; Flors, V.; Vera, P. 2011. Arabidopsis ocp3
mutant reveals a mechanism linking ABA and JA to pathogen-induced callose
deposition. Plant Journal 67:783-794.

Ghozlan, M.H.; EL-Argawy, E.; Tokg0z, S.; Lakshman, D.K., Mitra, A. 2020. Plant
defense against necrotrophic pathogens. American Journal of Plant Sciences
11:2122-2138.

Gill, D.L.; Alfieri Jr., S.A. and Sober, E.K. 1971. A new leaf desease of llex spp.

Studies in Environmental and Animal Sciences, Curitiba, v.3, n.2, p.699-721, apr./jun., 2022 227




STU D I l s Studies in Environmental and Animal Sciences
ISSN; 27640760 .”.

PUBLICGAC OES

caused by Cylindrocladium avesiculatun sp. nov. Phytopathology 61: 58—
60.Gimenez-lbanez, S.; Chini, A.; Solano, R. 2016. How microbes twist jasmonate
signaling around their little fingers. Plants 5:9.

Giulia, E.; Alessandro, B.; Mariano, D.; Andrea, B.; Benedetto, R.; Angelo, R. 2013.
Early induction of apple fruitlet abscission is characterized by an increase of both
iIsoprene emission and abscisic acid content. Plant Physiology 161:1952-19609.

Godagnone, R.E. y de la Fuente, J.C. (editores). 2013. Inventario del recurso suelo
del Departamento Leandro N. Alem. INTA. Buenos Aires. 160p.

Grigoletti Junior, A. y Garcia Auer, C. 1996. Doencas da erva-mate: identificacéo
e controle. EMBRAPA-CNPF. Circular Técnica, 25. 18p.

Gutiérrez Vazquez, M.H.; Méndez Gonzélez, J.; Flores Lépez, C.; Ramirez Diaz,
J.A.y Gutiérrez Vazquez, B.N. 2012. Caida de hojarasca en plantaciones de Pinus
greggii Engelm. y Pinus cembroides Zucc., en Coahuila, México. Rev. Fitotec.
Mex. 35(2):123-133.

Huber, A. y Oyarzan, C. 1983. Producciéon de hojarasca y sus relaciones con
factores meteoroldgicos en un bosque de Pinus radiata (D. Don.). Bosque 5(1):1-
11.

Jelenska, J., Yao, N., Vinatzer, B.A., Wright, C.M., Brodsky, J.L. and Greenberg,
J.T. 2007. AJ domain virulence effector of Pseudomonas syringae remodels host
chloroplasts and suppresses defenses. Current Biology 17:499-508.

Koornneef, A.; Pieterse, C.M. 2008. Cross talk in defense signaling. Plant
Physiology 146: 839-844.

Kozlowski, T.T. 1997. Responses of woody plants to flooding and salinity. Tree
Physiology Monograph No. 1. 29p.

Lau, D. 1997. Caracteristicas culturais e patogenicidade de diferentes isolados de
Cylindrocladium spathulatum, obtidos a partir de folhas de erva-mate (llex
paraguariensis (St.Hil.) no estado do Parana. Monografia apresentada a
Coordenacédo do Curso de Ciéncias Biol6gicas como parte das exigéncias para
conclusédo do Bacharelado em Ciéncias Biolégicas na Area de Microbiologia -
Estagio em Patologia Basica. Curitiba, Brasil.

Lechat, C.; Crous, P.W. and Groenewald, J.Z. 2010. The enigma of Calonectria
species occurring on leaves of llex aquifolium in Europe. Ima Fungus 1(2): 101-
108.

Li, S., Peng, X., Wang, Y., Hua, K. Y., Xing, F., Zheng, Y.; Liu, W.; Sun, W.; Wei,
S. 2019. The effector AGLIP1 in Rhizoctonia solani AG1 IA triggers cell death in
plants and promotes disease development through inhibiting PAMP-triggered
immunity in Arabidopsis thaliana. Frontiers in Microbiology 10, 2228.

Maidana Ojeda, M.; Chamorro, N.; Barzala, M. y Fretes, E. 2016. Primer reporte
de la mancha negra en yerba mate (llex paraguariensis A. St.-Hill) causada por
Calonectria sphatulata en Paraguay. Investigacion Agraria 18(2):111-115.

Studies in Environmental and Animal Sciences, Curitiba, v.3, n.2, p.699-721, apr./jun., 2022 228




STU D I l s Studies in Environmental and Animal Sciences
ISSN; 27640760 .”.

PUBLICGAC OES

Masloff, V.; Caballero Zayas, V. y GOomez Florentin, A.F. 2014. Aplicacion de
bioestimulantes para reducir la caida de hojas en Yerba Mate (llex
paraguariensis). Revista sobre Estudios e Investigaciones del Saber Académico
8(8):7-10.

Mosquera, H.; Palacios, Y.A. y Bonilla, D. 2007. Cuantificacion de la caida de
hojarasca como medida de la productividad primaria neta en un bosque pluvial
tropical en Salero, ChocO, Colombia. Revista Institucional Universidad
Tecnoldgica del Choco D. L. C. 26:28-41.

Munné-Bosch, S. and Alegre, L. 2004. Review: Die and let live: leaf senescence
contributes to plant survival under drought stress. Functional Plant Biology 31:203-
216.

Murcia, M.A. y Ochoa, M.P. 2012. Respiracién del suelo y caida de hojarasca en
el matorral del bosque Altoandino (Cuenca del rio Pamplonita, Colombia).
Caldasia 34(1):165-185.

Olinuck, J.A. 2017. Anuario del Boletin Mensual Agrometeorologico. INTA-EEA
Cerro Azul.

Pardos, J.A. 2004. Respuestas de las plantas al anegamiento del suelo. Invest
Agrar: Sist Recur For (2004) Fuera de serie, 101-107.

Patharkar, O.R.; Walker, J.C. 2016. Core mechanisms regulating developmentally
timed and environmentally triggered abscission. Plant Physiology 172:510-520.

Patharkar, O.R., Gassmann, W., Walker. J.C. 2017. Leaf shedding as an anti-
bacterial defense in Arabidopsis cauline leaves. PL0oS Genetics 13(12): e1007132.

Patharkar, O.R.; Walker, J.C. 2018. Advances in abscission signaling. Journal of
Experimental Botany 69(4):733-740.

Patharkar, O.R.; Walker, J.C. 2019. Connections between abscission, dehiscence,
pathogen defense, drought tolerance, and senescence. Plant Science 284:25-29.

Peleg, Z.; Blumwald, E. 2011. Hormone balance and abiotic stress tolerance in
crop plants. Current Opinion in Plant Biology 14(3):290-5.

Pieterse, C.M.J.; Van der Does, D.; Zamioudis, C.; Leon-Reyes, A.; Van Wees,
S.C. 2012. Hormonal modulation of plant immunity. Annual Review Cell
Development Biology 28:489-521.

Pinos, J.A. 2015. Biomasa foliar, desfronde y descomposicién de la hojarasca en
los rodales de Polylepis reticulata del Parque Nacional Cajas.

Prause, J.; Arce de Caram, G. y Angeloni, P.N. 2003. Variacién mensual en el
aporte de hojas de cuatro especies forestales nativas del Parque Chaquefio
Humedo (Argentina). Quebracho — Revista de Ciencias Forestales 10:39-45.

Quesada, M.A. y Valpuesta, V. 2013. Senescencia y abscision. En: J. Azcon-Bieto
y M. Talon (eds.), Fundamentos de Fisiologia Vegetal (pp. 559-576). Madrid,

Studies in Environmental and Animal Sciences, Curitiba, v.3, n.2, p.699-721, apr./jun., 2022 229




STU D I l s Studies in Environmental and Animal Sciences
ISSN; 27640760 .”.

PUBLICGAC OES

Espafna: McGraw-Hill — Interamericana de Espafa, S. L.

Rivera Flores, S.E. 1983. Yerba mate. Informe sobre investigaciones realizadas.
Periodo 1982-83. Estacion Experimental Agropecuaria Cerro Azul (INTA),
Misiones. 47p.

Rybak, M.; Rybak, R.; Cabrera, M.G. y Alvarez, R.E. 2014. Enfermedades de
yerba mate y té en Misiones y norte de Corrientes. Miscelanea 66. EEA Cerro
Azul-INTA. 32p.

Salisbury, F.B. and Ross, C.W. 1992. Plant Physiology. Fourth edition. Belmont,
CA: Wadsworth, Inc. 682p.

Striker, G.G. 2012. Flooding Stress on Plants: Anatomical, Morphological and
Physiological Responses. Botany, ISBN: 978-953-51-0355-4, InTech.

Ton, J.; Mauch-Mani, B. 2004. Beta-amino-butyric acid-induced resistance against
necrotrophic pathogens is based on ABA-dependent priming for callose. Plant
Journal 38:119-130.

Ton, J., Flors, V., Mauch-Mani, B. 2009. The multifaceted role of ABA in disease
resistance. Trends in Plant Sciences 14:310-317.

Verhage, A.; van Wees, S.C.M.; Pieterse, C.M.J. 2010. Plant immunity: It's the
hormones talking, but what do they say? Plant Physiology 154:536—-540.

Viot, A.C.; Dempsey, D.A.; Klessig, D.F. 2009. Salicylic acid, a multifaceted
hormone to combat disease. Annual Review of Phytopathology 47:177-206.

Wasternack, C.; Hause, B. 2013. Jasmonates: biosynthesis, perception, signal
transduction and action in plant stress response, growth and development. An
update to the 2007 review in annals of botany. Annals of Botany 111:1021-1058.

Wilmowicz, E.; Frankowski, K.; Kucko, A.; Swidzinski, M.; de Dios, A.J.;
Nowakowska, A.; Kopcewicz, J. 2016. The infuence of abscisic acid on the
ethylene biosynthesis pathway in the functioning of the fower abscission zone in
Lupinus luteus. J Plant Physiology 206:49-58.

Zapata, C.M.; Ramirez, J.A.; Leon, J.D. y Gonzalez, M.l. 2007. Produccion de
hojarasca fina en bosques alto-andinos de Antioquia, Colombia. Revista Facultad
Nacional de Agronomia 60(1):3771-3784.

Zarei, A.; Korbes, A.P.; Younessi, P.; Montiel, G.; Champion, A.; Memelink, J.
2011. Two GCC boxes and AP2/ERF-domain transcription factor ORA59 in
jasmonate/ethylene-mediated activation of the PDF1.2 promoter in
Arabidopsis. Plant Molecular Biology 75:321-331.

Zhang, L.; Zhang, F.; Melotto, M.; Yao, J.; He, S.Y. 2017. Jasmonate signaling and
manipulation by pathogens and insects. Journal of Experimental Botany
68(6):1371-1385.

Studies in Environmental and Animal Sciences, Curitiba, v.3, n.2, p.699-721, apr./jun., 2022 230




