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Aureobasidium pullulans strains L1 and L8 were used as an alternative strategy against Neofusicoccum parvum,
pathogen of apple wood and fruit. Both strains displayed a great ability to reduce pathogen conidia germination
of almost 50% and totally stop its sporification in wood of ‘Gala’ and ‘Fuji’ apple cultivars. In addition, by in vitro
tests the antagonistic activity displayed by non-volatile metabolites produced by both yeasts was highlighted by
70% of reduction of the pathogen mycelial growth. On apple fruit, the pathogen severity was reduced by 66%
and 50% in ‘Gala’, and 70% and 60% in ‘Fuji’ by L1 and L8 respectively. In wood, no statistical differences were

observed between L1, L8 and the control, except for ‘Fuji’ wood, where L8 strain displayed a wood lesion
reduction of 23% with respect to the untreated control. Infrared analysis showed how the presence of both
strains on woody tissues helped preserving cellulose content, preventing in this way the faster wood degradation
by the pathogen. In addition, L1 and L8 simply colonized the wood surface, probably displaying an endophytic
attitude, an essential requirement for controlling N. parvum in field.

1. Introduction

Neofusicoccum parvum is often associated with numerous woody
hosts worldwide (von Arx, 1987) and represents one of the principal
species with marked ability to cause diseases (Slippers and Wingfield,
2007; Sakalidis et al., 2013), principally on tree species such as
grapevine (Spagnolo et al., 2014; Urbez-Torres, 2011), apple (Cloete
et al.,, 2011; Rooney-Latham and Soriano, 2016), peach (Thomidis
et al., 2011), and kiwifruit (Wu, 2017). The fungus was firstly identified
as Botryosphaeria parva, belonging to a complex of woody fungi also
able to infect fruits, such as apple (Delgado-Cerrone et al., 2016).
Moreover, the constant increase of temperatures has probably led to an
increase in the occurrence of N. parvum infection also in European re-
gions such as Italy (Prodorutti et al., 2012), causing significant market
apple fruit losses. In fact, climate changes can influence many ecosys-
tems, including orchards, so increasing the pathogen potential damage
(Slippers et al., 2013; Urbez-Torres, 2011). Botriosphaeraceae diseases

control was consistently focused on the use of different synthetic fun-
gicides such as benomyl and tebuconazole (Bester et al., 2007), but
different studies showed a decrease in efficiency in time after treatment.
For this, the progressive use of fungicides for plant pathogens control
requires regular monitoring of pathogen populations for resistance.
Alternative strategies such as the use of antagonistic microorganisms
offer the potential to provide sustainable and long-term protection of
crops (Kotze et al., 2011). The application of biological control agents
(BCAs) is considered a safe and environmentally friendly alternative
(Zhang et al., 2010) and could represent an alternative method to
control N. parvum disease. In fact, recent studies showed how BCAs such
as Burkholderia sp, Trichoderma harzianum, and Bacillus subtilis (Wu,
2017; Kotze et al., 2011; Alfonzo et al., 2009) were used for increasing
resistance in host plants, and for directly compete against the target
pathogen since proven to be able to be involved in complex interaction
systems between host, pathogen, and environment (Oliveira et al.,
2016).

* Corresponding author at: CRIOF - Department of Agricultural Sciences, University of Bologna, Via Gandolfi, 19, 40057 Cadriano, Bologna, Italy.

E-mail address: alessand.difrancesc3@unibo.it (A. Di Francesco).

! Brazilian PhD Student in Agronomy — CAPES Scholarship, period CONFAP-FA at the Department of Agricultural and Food Sciences, University of Bologna.

2 These authors equally contributed.

https://doi.org/10.1016/j.biocontrol.2019.04.015

Received 8 February 2019; Received in revised form 18 April 2019; Accepted 21 April 2019

Available online 22 April 2019
1049-9644/ © 2019 Elsevier Inc. All rights reserved.



C. Rusin, et al.

Among recent studies about BCAs, Aureobasidium pullulans mole-
cularly characterized by Di Francesco et al., (2018a) showed a high
efficacy principally against fruit postharvest pathogens (Zhang et al.,
2010; Di Francesco et al., 2017, 2018a). In the present study, both
strains were tested against N. parvum of apple wood and fruit as an
alternative method to fungicides.

The objectives of this study were to evaluate the efficacy of L1 and
L8 A. pullulans strains against N. parvum through in vitro assays for
verifying the effect of volatile and non-volatile metabolites produced by
the two strains on the target pathogen growth and the antagonistic
effect on pathogen conidia germination, and through in vivo assays
detecting the efficacy of both antagonistic strains against the pathogen
in apple wood and fruit. In particular, the effects of fungal attack on the
main chemical components of apple wood (i.e. cellulose, hemicellulose
and lignin) were evaluated by using infrared (IR)spectroscopy analysis,
a technique that has already proved to be useful to monitor analogous
transformations (Pandey and Nagveni, 2007; Ozgenc et al., 2018; Beck
et al., 2018; Lucejko et al., 2018). Moreover, the same spectroscopic
technique has been applied in order to distinguish the different yeasts
glucans in polysaccharide matrices of various origin (Synytsya and
Novak, 2014). As a matter of fact, A. pullulans produces both pullulan:
a-glucan that may act as a protective agent on cell membranes and [3-
glucans that can elicit cells’ response to fungal attack (Bozoudi and
Tsaltas, 2018). This paper describes the first application of IR spectro-
scopy to monitor the antagonistic effect on fungal wood decay in fruit
trees.

2. Material and method
2.1. Antagonists

Aureobasidium pullulans strains L1 and L8 molecularly characterized
by Di Francesco et al., (2018a) were maintained on nutrient yeast
dextrose agar (NYDA) consisting of nutrient broth: 8 g; yeast extract:
5g; dextrose: 10 g and technical agar: 15 g (Oxoid, Basingstoke, UK) in
1L of distilled water and stored at 4 °C until use. Two days before the
experiments, each antagonist was grown on NYDA at 25 °C, and yeast
cells were collected in sterile distilled water containing 0.05% (v/v) of
Tween80 (Sigma-Aldrich, St. Louis, MO, USA) then adjusted to a final
concentration of 108 cellmL ™.

2.2. Pathogen

Neofusicoccum parvum (strain NP1) was isolated from cankers of
internal wood necrosis of ‘Gala’ apple tree located in the experimental
orchards of the State University of Mid-Western of Parané (Brazil) and
molecularly identified by sequencing of ribosomal DNA ITS regions
analysis.

For in vitro experiments, N. parvum was grown on Malt Extract Agar
(MEA, 50 g per 1000 mL of distilled water) (Sigma, St. Louis, MO, USA)
in Petri dishes incubated at 25°C + 1°C with 12-h dark: 12-h light
cycles for 8d and maintained at 4 °C until use. For the in vivo experi-
ments, conidial suspensions were prepared by washing N. parvum
pycnidia grown on ‘Gala’ twigs for 12d. Conidia were collected in
sterile distilled water containing 0.05% (v/v) of Tween 80 (Sigma-
Aldrich, St. Louis, MO, USA) then adjusted to a final concentration of
10° cell mL~! with hemocytometer.

2.3. Plant material: apple twigs and fruits

Twigs (50 cm long) were collected from ‘Fuji’ and ‘Gala’ apple trees
of an experimental orchard located in Cadriano (Bologna, Italy), stored
at 5°C, and used within 5d of collection. ‘Fuji’ and ‘Gala’ apple fruits
(Malus domestica L. Borkh) were obtained from the same above-men-
tioned experimental orchards. Harvested fruits, homogeneous in size,
were stored at 0 °C and used for experiments within 5d after harvest.
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2.4. Effect of L1 and L8 strains on Neofusicoccum parvum conidia
germination

The antifungal activity assay was performed on a microscope slide;
aliquots of 25 pL of N. parvum 10° conidia mL ™' were added to the same
aliquots of yeasts (108 cells mL™1) suspensions. Slides were introduced
in a sterile Petri dish and the dish was immediately sealed with a layer
of Parafilm (Pechiney Plastic Packaging, USA) to maintain high hu-
midity. After 9h of incubation at 25 °C, the slide was observed through
a microscope (Nikon Eclipse TE2000-E) and the conidia germination
(30 conidia per microscopic field) of each sample were determined. An
aliquot of 25 uL of distilled water was considered as the control. For
each treatment, three microscope slides (replicates) were observed. The
experiment was repeated twice.

2.5. Antagonistic effect of volatile and non-volatile metabolites

The effects of L1 and L8 strains volatile and non-volatile metabolites
on N. parvum mycelial growth were investigated by in vitro experiments.

The effect of volatile metabolites on pathogen colony growth was
determined as described by Di Francesco et al., (2015). For this pur-
pose, NYDA plates were inoculated by spreading 100 pL of A. pullulans
cell suspension (108 cell mL 1) of L1 and L8, respectively. The lid of the
plate was replaced, after 48 h of incubation at 25 °C, by a base plate of
MEA inoculated with 5mm pathogen mycelial plug. The two base
plates were sealed immediately with a double layer of Parafilm and
incubated at 25°C for 5d. Plates inoculated with the pathogen only
represented the control. Ten plates for each strain and control were
used.

The action of L1 and L8 non-volatile metabolites on pathogen
colony growth was determined according to Lundberg and Unestan
(1980), and Dennis and Webster (1971) methods. Plugs (5 mm dia-
meter) of each yeast strain cultured for 48 h in NYDA were grown on a
sterile cellophane disc (Courtauld Films: 90 mm thick) laying on MEA
Petri dishes for 48 h at 25 °C; the cellophane with the colony was then
removed and, in the same position where the BCAs were grown, a
mycelial plug 5mm diameter of N. parvum was inoculated. A NYDA
plug without antagonist positioned on cellophane represented the
control. Ten plates for each antagonist and control were used. Each
experiment was repeated twice.

2.6. In vivo experiments: apple wood and fruit

Apple twigs, disinfected with 70% alcohol and air-dried were cut
using a sterile blade on intermediate internodes. Superficial wounds
were inoculated with 50 pL of A. pullulans L1 and L8 (10%cellmL ™)
suspensions and subsequently air-dried for 24 h. A mycelium agar plug
(4mm) from 8d-old fungal colony was placed in the wound and
wrapped with sterile cotton wetted by 5mL of sterile water and sud-
denly covered with Parafilm. Twigs were soaked in 200 mL of sterile
water and incubated at room temperature. Negative control was con-
stituted by twigs treated with sterile water and after inoculated with
pathogen mycelium plug. Fifteen twigs for each antagonist and control
of both cultivars were used. The lesions were evaluated after 12d of
inoculation and measured by the software ImageJ 1.x (Wisconsin,
USA). Apple fruits were sterilized in sodium hypochlorite solution (1%),
washed with tap water, air-dried and inoculated through artificial
wounds by a sterile nail (3 X 3 X 3 mm) on the equator (one wound per
fruit) with 20 L of antagonists suspensions (10° cell mL ™! respectively
for L1 and L8). After 1h, 20uL of N. parvum suspension
(10° conidia mL ') were inoculated in treated fruit wound. The control
consisted of fruits inoculated with sterile water. The apples were kept at
20 °C and 90% of relative humidity (RH). The lesion diameters were
measured after 5d from the inoculation. Fifteen apples for each an-
tagonist and control of both cultivars were used. Each experiment was
repeated twice.
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2.7. Wood IR/ATR spectroscopy

‘Fuji’ and ‘Gala’ twigs were inoculated with 50 pL of A. pullulans L1
and L8 (108 cell mL ') suspensions and subsequently air-dried for 24 h.
A mycelium agar plug (4 mm) from an 8 d-old fungal colony was placed
in the wound and wrapped with sterile cotton wetted by 5 mL of sterile
water and suddenly covered with Parafilm. Twigs were soaked in
200 mL of sterile water and incubated at room temperature. Negative
control was constituted by twigs treated with sterile water and after
inoculated with pathogen mycelium plug. After 12 d, portions of decay
tissues from fifteen twigs for each antagonist and control of both cul-
tivars were examined by IR spectroscopy. IR spectra were recorded with
a Bruker ALPHA series FT-IR spectrophotometer (Bruker, Ettlingen,
Germany) equipped with a crystal diamond cell for attenuated total
reflectance (ATR). The ATR configuration was chosen in order to pre-
serve samples integrity and to focus the analysis on the surface of apple
wood; in fact, the penetration depth of the IR radiation in the ATR mode
in cellulosic materials was estimated to be in the range 2-3pum
(Rampazzo and Di Foggia, 2018). The spectra were collected from 4000
to 400 cm ™~ ! and averaged over 100 scans (resolution = 4 cm ™! on five
different wood samples for each yeast strain).

2.8. Statistical analysis

All experiments were carried out in a completely randomized de-
sign. Obtained data were analyzed by one-way ANOVA (P < 0.05).
Separation of means was performed using the least significant differ-
ence (LDS) test, at P < 0.05. All analyses were performed with the
software Statgraphic Plus Version 2.1 (Statistical Graphics Corp., USA
1996).

3. Results

3.1. Effect of L1 and L8 strains on Neofusicoccum parvum conidia
germination and mycelial growth

The antagonistic activity of both yeast strains was tested on N.
parvum conidia and their efficacy for germination inhibition evaluated,
showing that L1 and L8 A. pullulans strains reduced N. parvum conidia
germination of 48.5% and 52.9% respectively (Table 1).

The activity of both volatile and non-volatile metabolites produced
by L1 and L8 on N. parvum mycelial growth was then analyzed through
double Petri dishes assay. With respect to volatile metabolites both L1
and L8 strain did not significantly reduce the pathogen colony growth
compared to control. Conversely, in non-volatile metabolites interac-
tion experiment, both L1 and L8 strains significantly reduced the pa-
thogen colony growth (69.2%) with respect to the control without a
substantial difference between two antagonists (Table 1).

Table 1

Effect of Aureobasidium pullulans L1 and L8 strains on Neofusicoccum parvum
conidia germination (%) after 9h of co-culturing and on pathogen colony
growth (mm) exposed to antagonists volatile and non-volatile metabolites for
5 days. Data are the means of three independent experiments * standard de-
viation, each consisting of three replicates per treatment. Different letters
within the same column indicate significant differences, LSD test (P < 0.05).

Experiments

Conidia germination Volatile Non-volatile

(%) metabolites metabolites
Control 68 * 5.89b 60 + 5.20a 65 = 8.21b
L1 35 * 3.49a 59 + 9.54a 20 + 4.80a
L8 32 *+ 2.89a 61 + 9.28a 23 + 1.90a
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Fig. 1. Wood area lesions (mm?) measured on ‘Gala’ and ‘Fuji’ twigs after
12 days after antagonists (L1 and L8) and Neofusicoccum parvum inoculation.
Data are the means of two independent experiments + standard deviation,
each consisting of fifteen replicates per treatment. Different letters within the
same cultivar indicate significant differences, LSD test (P < 0.05).

3.2. In vivo experiments

The antagonistic effect of A. pullulans strains was assayed against N.
parvum on ‘Gala’ and ‘Fuji’ wood and fruit. At 12d from the pathogen
inoculation in ‘Gala’ apple wood, no statistical differences were ob-
served between wood treated with either strain or the control wood
(Fig. 1). On the contrary, in ‘Fuji’ wood, L8 strain was capable of in-
hibitory activity against N. parvum, displaying a wood lesion reduction
of 23% with respect to the untreated control, whereas no inhibitory
activity was detected in L1-treated wood compared to control (Fig. 1).
Despite this, after 12d from the fungal inoculation, both strains pre-
vented pathogen sporification on apple wood of both cvs (data not
shown).

The susceptibility of ‘Gala’ and ‘Fuji’ apple fruit to N. parvum,
measured as lesion diameter (mm), was significantly different, with
‘Gala’ as the most susceptible fruit (Fig. 2). Here, both L1 and L8 strains
inhibited the pathogen growth by 66% and 50% in ‘Gala’ apples, and by
70% and 60% in ‘Fuji’, respectively (Fig. 2).

3.3. IR/ATR spectroscopy

The spectroscopic measurements by means of IR/ATR technique
were carried out to determine the extent of structural changes in the
spectra of apple wood specimens exposed to fungal attack in compar-
ison to the spectra of specimens where the antagonistic effect of A.
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Fig. 2. Fruit diameter lesions (mm) measured on ‘Gala’ and ‘Fuji’ apple fruit
after 5 days, previously wounded and treated with antagonists L1 and L8 strains
(20 uL) and Neofusicoccum parvum (20 pL). Data are the means of two in-
dependent experiments + standard deviation, each consisting of fifteen re-
plicates per treatment. Different letters within the same cultivar indicate sig-
nificant differences, LSD test (P < 0.05).
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Table 2
Main IR bands investigated to assess the effects of fungal attack on apple wood.

Biological Control 134 (2019) 157-162

IR band/cm ™! Attribution (Tomak et al., 2013)

IR intensity ratio Attribution

2900 v C-H (cellulose + hemicellulose) T1370/12900 Crystallinity index of cellulose
1730 v C=0 (hemicellulose) Iso7/T1730 Cellulose/hemicellulose ratio
1510 v C=C (lignin) Iis10/T1370 Lignin/(cellulose + hemicellulose) ratio
1430 8 C-H, (cellulose) Iis10/T1430 Lignin/cellulose ratio
1370 8 C-H (cellulose I and II + hemicellulose) Iis10/T1730 Lignin/hemicellulose ratio
897 8 C-H + v C—C (cellulose) Li160/T1023 B-glucans/a-glucans ratio

Table 3

Diagnostic IR intensity ratios. Different letters indicates a significant difference between treatments using the LDS statistical test (P < 0.05, n = 5).

T1370/I2000 Igo7/T1730 Iis10/T1370 Iis10/T1430 Iis10/T1730 T1160/T1023

Fuji control 1.44 + 0.15ns 2.46 = 0.18ns 0.93 = 0.04a 0.93 *= 0.05a 2.00 = 0.18ns 0.153 = 0.005b
Fuji L1 1.47 += 0.13ns 2.56 = 0.10ns 0.90 = 0.03a 0.93 = 0.03a 2.09 = 0.16ns 0.169 = 0.015ab
Fuji L8 1.38 = 0.10ns 2.65 * 0.19ns 0.83 = 0.03b 0.81 = 0.05b 1.78 += 0.18ns 0.183 + 0.014a
Gala control 1.55 * 0.09ns 2.24 = 0.15b 0.96 = 0.05a 1.00 = 0.07a 2.13 = 0.14a 0.149 + 0.016ns
Gala L1 1.62 *= 0.14ns 2.68 = 0.15a 0.85 = 0.03b 0.90 = 0.03b 1.81 + 0.16b 0.154 + 0.022ns
Gala L8 1.47 + 0.09ns 2.41 = 0.11b 0.86 = 0.03b 0.89 = 0.03b 1.69 + 0.20b 0.162 + 0.011ns

ns = not statistically significant.

pullulans could show variations on the main components of apple wood,
i.e. cellulose, hemicellulose and lignin (Supplemental Fig. S1). More-
over, spectra were used to estimate the relative content of branched
(1 = 3)(1 —= 6)-B-p-glucan and linear (1 — 3)-a-p-glucan, produced by
A. pullulans (Synytsya and Novak, 2014). The assignment of the dif-
ferent IR peaks is described in Table 2 together with the IR intensity
ratios that were used in order to quantitatively estimate the above-
mentioned effects: the results are summarized in Table 3. The IR peak
attributed to the aromatic skeletal vibration (v C=C) of lignin (I;510)
was chosen as an internal standard since the lignin content is the least
affected by fungal degradation (Ozgenc et al., 2018).

In ‘Fuji’ apple wood the effects of L8 strain were statistically dif-
ferent from those induced by L1 strain (and from control samples) for
the IR ratios involving lignin and cellulose (I1510/T1430 and I;510/11370):
in both cases, the L8 strain induced a decrease in the ratio indicating a
preserving effect on the cellulose component, while L1 was found not to
be different from the control samples. Both strains showed to be less
effective on the hemicellulose fraction, since both the I;519/11730 and
the Igg7/11730 ratios were not significantly affected by the presence of L1
or L8 strain. Moreover, both strains were found to increase the relative
content of B-glucans secreted by A. pullulans (Table 3).

In ‘Gala’ apple wood, the effects of L1 and L8 strain on the de-
gradation of the different wood component were statistically different
from the control for almost all the calculated ratios (Table 3). In par-
ticular, all the ratios between lignin and the carbohydrates component
(I1s510/T1730: lignin/hemicellulose; I1s10/T1430: lignin/cellulose; Iysio/
I1370: lignin/carbohydrates) decreased, indicating a high activity on
preventing cellulose and hemicellulose degradation. Moreover, the
ratio between cellulose and hemicellulose (Igg7/I;730) was find to be
higher than in control samples (and statistically significant for the L1
strain), indicating an inhibition in cellulose degradation induced by the
presence of yeasts. Despite the above-mention activity of both strains in
preserving the cellulosic component from degradation, no clear effects
were detected on cellulose crystallinity (I3370/I2990 ratio). Contrarily to
what observed in ‘Fuji’ wood, no statistically significant effect was
detected by ATR/IR spectroscopy on the a/f glucans ratio.

4. Discussion

Usually, control of Botriosphaeraceae diseases relies on the use of
different synthetic fungicides such as benomyl and tebuconazole (Bester
et al., 2007). The present study shows the potential of A. pullulans as
BCA of the apple wood and fruit disease pathogen N. parvum.
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Beside N. parvum, this family includes other emerging pathogens of
fruit crops, as for example Botryosphaeria spp., recently reported to
cause severe losses for apple production in the Italian region of Trentino
Alto Adige, Italy (Prodorutti et al., 2012). These pathogens are probably
going to increase their virulence under predicted climate change events,
and represent a real risk of new epidemics in several geographical re-
gions. Previously, L1 and L8 strains were tested against apple fungal
pathogens, mainly associated to postharvest phase, such as Botrytis ci-
nerea, Colletotrichum acutatum, and Penicillium expansum (Di Francesco
et al., 2015), showing a great ability to control fungal diseases. Here,
we show that both strains have the ability to exert the epiphyte and
endophyte attitude (Schena et al., 1999), considering the antagonistic
effect exerted on fruit and wood and the N. parvum pathogenic attitude.

Also, our in vitro assay showed the capability of A. pullulans L1 and
L8 strains to reduce the fungal conidia germination probably due to the
mechanism of action of competition for nutrients, as previously de-
monstrated against M. laxa and B. cinerea, where both strains competed
against the target pathogens for the main fruits amino acids displaying
a great ability to reduce fungal conidia/mycelia growth (Di Francesco
et al., 2017, 2018b).

In addition, in vitro experiments were conducted to screen the effi-
cacy of secondary metabolites such as volatile and non-volatile com-
pounds against N. parvum pathogenicity.

The activity of both strains was demonstrated through in vitro tests
and the inhibitory capacity of both strains against the target pathogen
resulted not displayed through the secretion of volatile organic com-
pounds (VOCs), but by the production of other metabolites such as non-
volatile, showing a reduction of 69.2% of the N. parvum colony growth.
This is contrary to previously results obtained using L1 and L8 strains
against other fungal pathogens (Di Francesco et al., 2015), supporting
the hypothesis that these biocontrol agents act with different mechan-
isms on different target pathogens.

In in vivo experiments on wood, only L8 strain, applied 24 h before
pathogen inoculation, was capable of partial disease reduction in ‘Fuji’
wood. However, ‘Gala’ cultivar, both wood and fruit, was the more
susceptible to N. parvum. It is known that the main commercial apple
cultivars have different susceptibility to pathogens, and Spotts et al.
(1999) already reported that ‘Fuji’ and ‘Granny Smith’ apple fruit were
the most resistant varieties to fungal pathogens with respect to ‘Gala’
and ‘Golden Delicious’.

IR spectroscopy was applied to investigate both the effects of fungal
degradation on wood by examining the relative content of lignin,
hemicelluloses, and cellulose (by using the bands intensity ratios
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showed in Table 2) and the possible presence of non-volatile com-
pounds secreted by A. pullulans, such as phenolic compounds and o and
B-glucans, that could act as a chemical and physical barrier to fungal
attack (Synytsya and Novak, 2014). It must be recalled that all the
analyzed intensity ratios allow to estimate the relative content of the
different chemical components, while the quantification of the different
substances can be obtained with different analytical techniques such as
chromatography (Synytsya and Novak, 2014). However, spectroscopic
characterization is faster and does not require any sample treatment.

Interestingly, after 12 d from the pathogen artificial inoculation in
wood, both A. pullulans strains displayed the capability to inhibit N.
parvum to produce pycnidia probably due to their high influence on the
degradation of the carbohydrates fraction of wood (cellulose and
hemicellulose), as confirmed by the IR intensity ratios involving car-
bohydrates (i.e. 11510/11370, 11510/11430 and 11510/11730) that decreased in
the presence of L1 and L8. The selected IR intensity ratios has been
previously used in order to measure the wood decay induced by several
fungal attack (Ozgenc et al., 2018; Beck et al., 2018; Lucejko et al.,
2018; Pandey and Nagveni, 2007). In fact, the presence of lignin and
hemicellulose can be a barrier to the hydrolytic attack by fungi to the
cellulose fraction (Wang et al., 2013), therefore the calculated IR ratios
can give more insight into the mechanism of wood degradation by N.
parvum. The yeasts had a different outcome on the two apple cultivars:
in ‘Fuji’ L8 strain effects were statistically different from control sam-
ples while L1 was not; in ‘Gala’ both strains proved to be effective in
preserving cellulose from degradation. Tomak et al. (2013) reported an
increase of the I;510/11370 ratio on bamboo wood exposed to brown-rot
fungal attack attributed both to the degradation of the cellulosic frac-
tion of wood and to a partial increase of lignin peaks in decayed wood
due to oxidative reactions induced by reactive oxygen species. More-
over, the Iggy/I1730 intensity ratio was found to generally increase in
presence of both strains, even if it resulted significant only for the L1
strain on ‘Gala’ wood (Table 3), indicating an increase in cellulose
content in wood in comparison to hemicellulose, which might be de-
graded faster than cellulose by fungal attack (Tomak et al., 2013). As a
matter of fact, hemicellulose has a random and less order structure
compared to cellulose, therefore it can be more easily attacked by the
enzymatic hydrolysis reactions induced by fungi (Wang et al., 2013).
Another factor affecting the extent of wood decay is the crystalline
index of cellulose: this polymer can form both crystalline and amor-
phous domains that possess a different kinetic towards enzymatic hy-
drolysis, since amorphous domains are degraded faster compared to
crystalline ones (Lucejko et al., 2018). The reported spectroscopic re-
sults cannot clearly put in correlation the antagonistic effect of both
strain with the variation of cellulose crystallinity (I;370/I2900, Table 3),
probably indicating that wood decay in presence of N. parvum involves
both crystalline and amorphous domains of cellulose at similar rates.
On the contrary, Lucejko et al. (2018) reported an increase in cellulose
crystallinity following to fungal attack in consequence to a preferential
metabolization of amorphous cellulose.

Together with the characterization of the chemical modifications
induced on wood, IR spectroscopy allowed to study the relative content
of glucans secreted by A. pullulans: the I1160/11023, €xpresses the ratio
between 3 and a glucans secreted by the yeast: L8 strain showed a
significative increase of this ratio with respect to the control in ‘Fuji’
apple wood only, indicated an increased production of -glucans, that
were reported to exhibit an immune stimulatory activity (Bozoudi and
Tsaltas, 2018) and that could have supported the competition of A.
pullulans against the activity of N. parvum. Unfortunately, due to the
nature of the matrix (i.e. wood) it was not possible to gain insight into
phenolics content, identified by typical IR bands (Heneczkowski et al.,
2001) that, unfortunately, overlap with stronger bands arising from the
vibration of the functional groups present in wood components, in
particular lignin (Heneczkowski et al., 2001). As far as the in vivo assay
on fruits, results partially confirmed the above-mentioned observation:
‘Gala’ confirmed to be the most susceptible of tested cultivars, but
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conversely both L1 and L8 strains inhibited the pathogen growth
showing a high efficacy (on average 60%). It is well known that BCAs
can control diseases by a combination of different mechanisms of ac-
tion, and their effectiveness is always related to the pathogen-host in-
teractions. Taken together, our data demonstrate that A. pullulans L1
and L8 strains exerted efficacy against N. parvum through different
modes of action, especially through antibiosis by the production of non-
volatile secondary metabolites. Moreover, both strains were able to
colonize the wood surface, an essential requirement for biocontrol ac-
tivity of N. parvum in field. More investigations are required to verify a
possible L1 and L8 endophytic attitude, thus providing an alternative
supplement to environmental-friendly disease management. The pre-
sent study shows that application of L1 and L8 A. pullulans strains could
play an essential role in the biological control of N. parvum of apple or a
good conjunction system with other organic control tactics.

More investigations are necessary to understand the exact con-
tribute of both strains in the control of the tested fungal pathogen, such
as the non-volatile compounds characterization, in order to improve
their efficacy especially with regard to the study of their mechanisms of
action and possible application.
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Abstract Due to climate change, Neofusicoccum
parvum is currently emerging as a new pathogen of
Rosaceae plant species. This increases the need of
gaining knowledge on the pathogenicity of this fun-
gus, particularly on apple cultivars of considerable
economic importance. In this study, the virulence
and temperature dependence of N. parvum isolates
was assayed on ‘Gala’ and ‘Fuji’ apple fruit and
wood. At 25 °C and 30 °C, ‘Gala’ fruits showed a
higher susceptibility to all fungal strains than ‘Fuji’,
whereas low infection severity was shown at 15 °C
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and 20 °C on both cultivars. Infrared spectroscopy
revealed that ‘Fuji’ fruit tissues displayed a higher
content of phenolic compounds and pectin esterifi-
cation degree, as factors possibly correlated with
fruit susceptibility. When strain virulence was
assayed on wood, no significant difference in sus-
ceptibility was detected, as also shown by SEM
analysis. The virulence of N. parvum was also tested
by assaying the activity of lytic enzymes such as
cellulase, polygalacturonase,
polymethylgalacturonase, and xylanase.
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Introduction

Botryosphaeriaceae (Theiss & P. Syd.) are cosmopoli-
tan fungal species pathogens of a broad range of both
annual and perennial plant hosts (Slippers and
Wingfield 2007). The taxonomy of Botryosphaeriaceae
is complex and distinction of members based on mor-
phological aspects is very difficult due to the high
similarity among species (e.g. Botryosphaeria (Ces. &
De Not.)) and Neofusicoccum (Crous, Slippers and Phil-
lips) species produce very similar conidia (Phillips et al.
2013). For this reason, molecular analyses are often
required for species identification (Slippers et al.
2013). On the other hand, pathogens belonging to this
family can grow fast on fruit crops, causing significant
economic losses worldwide (Coakley et al. 1999).
Among Botryosphaeriaceae species reported to be path-
ogenic in fruit crops, Neofusicoccum parvum is one of
the common species, in warmer geographical areas
(Urbez-Torres 2011; Sakalidis et al. 2013). Some years
ago, Sakalidis et al. (2013) confirmed the widespread
diffusion of N. parvum showing its virulence on about
90 plant hosts worldwide. Generally, N. parvum is re-
ported as the causal agent of grapevine dieback (Urbez-
Torres 2011; Taylor et al. 2005; Luque et al. 2009;
Spagnolo et al. 2014) causing plant losses up to 50%
(Bertsch et al. 2013). In particular, N. parvum symptoms
are associated with orange/brown stripes located in the
longitudinal direction in the outer xylem of wood plants.
These symptoms are often associated with the foliar
symptoms (Mugnai et al. 1999) suggesting that the
pathogen is capable of producing phytotoxic metabo-
lites which can migrate systemically into the host plant.
Botryosphaeriaceae can cause severe symptoms also in
apple fruit consisting of a soft light-colored rot called
“white rot” (Khon and Hendrix 1983). In Brazil,
N. parvum is recognized as an emerging pathogen for
apple crops, raising concerns about protection strategies
(Melzer and Berton 1986; Hansen et al. 2007). Never-
theless, its ecological role in plant communities is poorly
studied (Slippers et al. 2007).

In order to gain knowledge on the infection mecha-
nism of this fungus in apple tree and fruit we set out to
study the virulence of five N. parvum Brazilian strains at
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different temperatures and on different cultivars by
in vitro and in vivo assays respectively. Scanning Elec-
tron Microscopy (SEM) was performed on apple twigs
artificially infected with the pathogen in order to assess
the infection timings. The activities of major lytic en-
zymes were quantified by in vitro agar plate assays and
infrared spectroscopy analysis of infected apples was
performed to detect metabolic profiles likely associated
with cultivar susceptibility.

Materials and methods
Pathogen

After field observations, N. parvum strains were isolated
from cankers of internal wood necrosis of ‘Gala’ apple
trees, located in different experimental orchards of the
State University of Mid-Western of Parana (Brazil)
(Supplemental Fig. 1). Wood necrotic parts were inocu-
lated on Potato Dextrose Agar (PDA, 39 g L' of
distilled water) (Sigma, St. Louis, MO, USA) at 25 °C
for 5 d. Then, fungi were morphologically selected,
purified and grown on Malt Extract Agar plates
(MEA, 50 g L™! of distilled water) (Sigma, St. Louis,
MO, USA). From each experimental orchard, three pure
cultures were isolated.

The strains NP1, NP2, NP3, NP4, and NP5 were
selected for their high virulence on apple fruit and
identified by morphological analysis and sequencing
of ribosomal DNA ITS regions. PCR was performed
using universal primers ITS1 (GCCGTAGGTGAACC
TGCGQG) and ITS4 (GCCTCCGCTT ATTGATATGC)
directly from mycelia in pure culture, using the protocol
described by Iotti and Zambonelli (2006). PCR reac-
tions were conducted in 50 puL volume reactions con-
taining 10 mM TrisHCI (pH 8.3), 50 mM KCI, 1.5 mM
MgCl,, 150 uM of each dNTP, 300 uM of each primer,
and 1.5 U of TaKaRa Taq DNA polymerase (Takara,
Otsu, Japan). Twenty micrograms of Bovine Serum
Albumin (BSA) (Fermentas, Vilnius, Lithuania) were
added to the reaction tubes containing the mycelial
fragments before adding the other PCR reagents. The
amplification reactions were carried out in a T gradient
thermal cycler (Biometra, Gottingen, Germany) with an
initial denaturation at 95 °C for 6 min followed by
30 cycles of 94 °C for 30 s, 55 °C for 30 s, 72 °C for
1 min and a final step of 72 °C for 10 min. PCR products
were run on 1% agarose gels, stained with ethidium
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bromide and visualized under UV light. The amplified
DNA was purified by Nucleospin Extracts II Kit
(Macherey—Nagel, Germany) and finally sequenced by
Eurofins Genomics (Luxemburg). The ITS sequences
were compared to those of the GenBank database
(http://www.ncbi.nlm.nih.gov/BLAST/) using the
BLASTN search.

Culture substrates

NP1, NP2, NP3, NP4, and NP5 strains were grown on
MEA, Apple Agar (AA, 15 g agar technical and 250 mL
of a commercial apple juice per 1000 mL of distilled
water), PDA in Petri dishes (90 mm) with/without four
autoclaved woody sticks (70 mm) (Supplemental Fig. 2)
and incubated at 25 °C with 12-h dark and 12-h light
cycles for 8 d, to verify the most suitable condition for
conidia production. For each medium, 10 plates were
considered as replicates.

Wood and fruit

Hardwood twigs of one year old (50 cm) were collected
from ‘Fuji’ and ‘Gala’ plants of Bologna University
experimental fields located in Cadriano (Bologna, Italy)
in February 2018, stored at 5 °C and used for experiments
within 5 d from collection. ‘Fuji’ and ‘Gala’ apples
(Malus domestica L. Borkh) were obtained from an
orchard located in Sala Bolognese (Bologna, Italy). Har-
vested fruits were stored at 0 °C and used for experiments
within 5 d after harvest. Fruits were wounded by a sterile
nail (3 x 3 X 3 mm) on the equator (one wound per fruit).

In vivo experiment: virulence in wood

One hundred and fifty twigs of ‘Gala’ and ‘Fuji’ apples
were cut into 30 cm long segments, rinsed with tap
water, surface disinfected with 70% alcohol and air
dried. Three wounds were made between buds position
on each twig using a sterile blade and a mycelium agar
plug (4 mm in diameter) from a 8 d-old colony of each
strain was placed in the wound and wrapped with sterile
cotton wetted by 5 mL of sterile water and covered with
Parafilm® (Pechiney Plastic Packaging, USA) (Fig. 1
a). For each apple cultivar, 15 twigs were inoculated
with the above mentioned five fungal strains. Negative
control was constituted by no inoculated twigs. Twigs
were soaked in 200 mL of sterile water in upright
position and incubated at room temperature (20 °C),

with 12-h dark and 12-h light at 60% of relative humid-
ity (RH). The lesions were evaluated 12 d after the
inoculation and measured by the software ImageJ] 1.x
(Wisconsin, USA) (Schneider et al. 2012). Conidia from
inoculated twigs of both apple cultivars were collected
with 2 mL of distilled water and counted through a
microscope (Nikon Eclipse TE2000-E). The experiment
was repeated twice.

Scanning Electron Microscope observation in wood

The virulence of N. parvum strain NP1 on wood was
investigated with SEM observations of inoculated ‘Ga-
la’ and ‘Fuji’ twigs as previously described. The control
twigs were not inoculated. The SEM observations were
carried out 3, 6, and 12 d after the twig inoculations. A
little portion of tissue (3 x 3 x 3 mm), corresponding to
the inoculated wound, was excised from treated twigs
and observed under SEM (Zeiss DSM 962 microscope
at 30 kV). Three samples from each twig were fixed in a
phosphate buffer (pH 7.4) containing glutaraldehyde
(3%). Before observation, the fixed tissues were rinsed
three times with phosphate buffer (pH 7.4), dried by
washing with increasing concentrations of ethanol,
stuck on aluminium stubs, and coated with gold palla-
dium (Di Francesco et al. 2017). Nine samples derived
from three twigs of the same cv were examined for each
sampling time (for a total of 54 samples).

In vivo experiment: virulence in apple fruit

Fungal virulence displayed by the isolate NP1 was also
tested on apple fruit and the influence of different tem-
peratures was assayed to evaluate the effect on the strain
virulence on apples measured as lesion diameter.
‘Gala’ and ‘Fuji’ fruits were inoculated with
N. parvum NP1 conidia suspensions (1 x 10* conidia
mL"). Conidial suspensions were prepared by washing
N. parvum pycnidia, artificially inoculated on ‘Gala’
and ‘Fuji’ apple twigs, with sterile distilled water con-
taining 0.05% (v/v) Tween 80, quantified with a hemo-
cytometer and diluted to the required concentration.
Each fruit was wounded with a sterile needle and
inoculated with 20 uL of a pathogen suspension. The
control consisted of inoculated fruit with sterile water.
Apples were kept at 15 °C, 20 °C, 25 °C and 30 °C at
90-95% RH. The lesion diameters were measured after
7 d from the inoculation. The experiment was conducted
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Fig. 1 ‘Gala’ apples twigs were
wounded and inoculated with
Neofusicoccum parvum (NP1
strain) mycelium agar plug,
wrapped with sterile cotton
wetted by 5 mL of sterile water
and covered with Parafilm. After
12 d from the artificial inoculation
are noticeable: pycnidia (a),
conidia (14 pum length on
average) (b) and symptoms (c)

with 15 fruits per temperature and cultivar and was
repeated twice (for a total of 480 fruits).

Neofusicoccum parvum pathogenesis enzyme activity

Cellulase (endo-1,4-3-glucanase), pectic enzyme
(polygalacturonase and polymethylgalacturonase) and
xylanase enzyme activities of V. parvum were evaluated
3,9, 24, and 48 h after inoculation.

Assays were performed in Petri dishes containing
modified agar medium (Di Francesco et al. 2018). Three
mycelium plugs (4 mm) from 8 d-old fungal colony
were placed equidistant in the medium. Control plates
for each enzyme-pathogen combination were inoculated
with MEA plugs without mycelium. After incubation at
25 °C, enzymes activities were determined with specific
colorimetric methods visualizing a clear zone of sub-
strate degradation around the mycelium plugs. The di-
ameter of degradation halos (mm) was measured with a
ruler. For each incubation time for pathogen and control,
four plates (replicates) were considered.

For cellulase activity, the agar medium consisted in
PYE (peptone: 0.5 g; yeast extract: 0.1 g; agar: 16 gL™")
supplemented with 0.5% Na-carboxymethylcellulose
(Sigma-Aldrich, St. Louis, MO, USA) (Mugnai et al.
1997). The halo produced by endo-1,4-(3-glucanase ac-
tivity of each fungus was visualized by staining plates
with a 0.2% Congo red water solution for 15 min, then
discolored with NaCl 1 M. Polygalacturonase activity
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was determined through the Eriksson and Pettersson
culture medium (Eriksson and Petterson 1975) enriched
with the sodium salt of polygalacturonic acid (Sigma-
Aldrich) from citrus fruit (0.5%) and agarized with low
calcium Oxoid No. 1 agar (2%, Oxoid, Basingstoke,
UK). The medium was sterilized following the proce-
dure of Ayers et al. (1966) and then the pH was adjusted
to 5 and 8 respectively by adding NaOH 1 M.
Polymethylgalacturonase activity was determined
through the above cited culture medium enriched with
Sigma citrus pectin (0.5%) and agarized with calcium-
rich Oxoid No. 3 agar (2%). The growth media was
sterilized following the procedure of Durrands and
Cooper (1988) and the pH was adjusted to 8 by adding
HCI 1 M. The halo produced by pectic enzyme activities
was visualized by 1% cetylmethyl ammonium bromide
(CTAB) dissolved in distilled water, heated to 30 °C.
For the xylanase assay, the medium contained 0.5%
beech wood xylan (Sigma-Aldrich) in a minimal medi-
um consisting of NaNOj3 0.3%; KH,PO,4 0.1%; MgSO,
0.05%; yeast extract 0.1%; agar 1.2% (St Leger et al.
1997). The clearing halo was visualized by staining with
Congo red, then de-stained with NaCl and measured as
previously described. Each assay was repeated twice.

ATR spectroscopy

Three sterile flasks containing 50 mL of Malt Extract
Broth (MEB, 50 g L' of distilled water) were
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inoculated each with 15 plugs of N. parvum NP1 my-
celium 8 d-old, and incubated at 25 °C in a rotary shaker
(250 rpm) for 8 d. The culture was centrifuged at
5000xg for 20 min at 4 °C and the mycelium was
washed with distilled water and filtered through two
layers of miracloth. Then, ‘Gala’ and ‘Fuji’ fruit slices
(70 mm thickness) were inoculated with 1 g of
N. parvum mycelium.

After 3, 9, 24, and 48 h, N. parvum mycelium
was removed and apple slices were stored at =80 °C
and suddenly lyophilized (FD-10 Freezing Dryer,
Lab kits, H.K.) for 10 d to avoid water spectroscopic
interferences. The control consisted in not inoculat-
ed apple slices.

The IR/ATR spectra of fruits at different times of
both cultivars were compared in order to ascertain
how N. parvum infection affected the chemical com-
position of fruits. Moreover, the IR/ATR spectra of
the pulp of apple fruits displayed increasing differ-
ences compared to their control references with the
inoculation time, therefore, only the longest inocu-
lation time spectra are discussed.

IR spectra were recorded with a Bruker ALPHA
series FT-IR spectrophotometer (Bruker, Ettlingen, Ger-
many) equipped with a crystal diamond cell for attenu-
ated total reflectance (ATR). The spectra were collected
from 4000 to 400 cm™' and averaged over 100 scans
(resolution =4 cm ') on three different samples for each
inoculation time.

Statistical analysis

Data were subjected to a one-way analysis of variance
(ANOVA). Separation of means was performed using
the least significant difference (LDS) test, at P <0.05.
Data were reported as mean values + standard error (SE)
of two independent experiments. All analyses were
performed with the software Statgraphic Plus Version
2.1 (USA).

Results

Pathogen

The sequence analysis of the ITS rDNA regions
identified the five pathogen strains used in this study

as N. parvum with a sequence homology percentage of
99% with the relative accession number KY053054.

The results of molecular characterization were
compared with N. parvum morphological identification
keys, showing a significant match.

Conidia production

Neofusicoccum parvum strains used in our tests,
showed the ability to grow on different culture sub-
strates, such as MEA, PDA, and Apple Agar. On
these substrates, fungi grew very fast reaching com-
plete colonization of the plate (90 mm) in only 5 d,
however they did not produce pycnidia, in any of the
different substrate (Table 1), even after 15 d (data not
shown). On the other hand, when grown for 12 d on
‘Gala’ and ‘Fuji’ apple twigs (Fig. 1 a), all the strains
produced pycnidia, but no statistical difference was
detected among their concentrations, except for NP1
strain grown on ‘Gala’ apple twigs (Fig. 1 b and c and
Table 1). At this incubation time (12 d), apple twigs
showed great lesions only in correspondence of the
fungus inoculation point and a large amount of black
pycnidia appeared under the Parafilm layer (Fig. 1 a,
b). Pycnidia derived from wood lesions contained
conidia of an average length of 14 pm, without show-
ing statistically significant differences between the
two apple cultivars (data not shown). On the contrary,
statistically significant difference was shown between
conidia concentration detected on ‘Gala’ and ‘Fuji’
twigs (Table 1), with the first cultivar (‘Gala’)
resulting the most suitable substrate for the pathogen
strains (3.07 x 10* conidia mL™' on average). The
obtained conidia were inoculated on MEA plate and
the mycelium growth and morphology were very
similar to those of the original N. parvum isolates
inoculated on twigs. After 8 d of incubation in MEA
plates, mycelium plugs were placed on artificial
wounds of new apple twigs treated as above and
similar wood lesions after 12 d were detected con-
taining pycnidia, fully satisfying Koch’s postulates,
and supporting protocol reproducibility. The
N. parvum isolates similarly colonized woody tissues
of the two tested apple cultivars. After 12 d, blackish-
brown discolorations were observed on woody tis-
sues of both apple cultivars twigs (Fig. 1 c). Lesions
were equally extended (about 20 mm?) in both culti-
vars. No clear and significant pathogenicity/virulence
difference in the inoculated twigs was detected
among the tested strains, and for this reason, one
strain (NP1) for subsequent analyses was chosen.
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Table 1 Culture substrates used to induce Neofisicoccum parvum strains to produce conidia (MEA: Malt Extract Agar, PDA: Potato
dextrose agar, AA: Apple Agar, SS: Sterile Sticks, ‘Gala’ Twigs, ‘Fuji” Twigs

Culture substrate

Strain MEA PDA AA MEA +S.S. PDA +S.S. AA+S.S. Gala twigs Fuji twigs
NP1 n.d. n.d. n.d. n.d. nd. n.d. 3.10x 10* 1.53 % 10*
cellmL™ +6.2bA cellmL™! +3.3aB
NP2 nd. n.d. n.d. nd. n.d. n.d. 3.07x 10* 1.52%10*
cellmL ™' +0.6aA cellmL ' +5.2aB
NP3 n.d. n.d. n.d. nd. n.d. n.d. 3.07x 10* 1.47 % 10*
cellmL ™! +8.9aA cell mL ™! +8.8aB
NP4 nd. nd. nd. n.d. nd. n.d. 3.06 x 10* 1.44 x 10*
cellmL ™! +9.9aA cell mL ™! +9.0aB
NP5 n.d. n.d. nd. n.d. nd. n.d. 3.07x 10* 1.47 x 10*

cellmL ™! +5.2aA

cell mL ™! +8.3aB

Conidia concentration values are the means of 15 repetitions (3 wounds) each per strain. Values within the same column followed by
different lowercase letters are significantly different (P < 0.05) according to the LSD test. Values within the same row followed by different
uppercase letters are significantly different (P <0.05) according to the LSD test

n.d., not detected

SEM analysis

Scanning Electron Microscopy (SEM) observations of
‘Gala’ and ‘Fuji’ apple twigs inoculated with N. parvum
NP1, revealed that after 3 d of incubation at 25 °C the
pathogen started to germinate and colonize the tissue
surface (Fig. 2 Aa). At 6 d (Fig. 2 Ab) after inoculation
the SEM observations displayed a great increase of the
mycelium with respect to the 3th day. In addition, the
scanning observation at higher magnification (500 x)
emphasized the difference between the healthy and the
tissue colonized by the fungus (Fig. 4 **panel).

Six days later (Fig. 2 Ac), the pathogen hyphae
already severely invaded the twigs tissues (cross
section). No differences were observed between
‘Gala’ and ‘Fuji’ twigs about the N. parvum viru-
lence (Fig. 2B (a, b, ¢)).

Virulence on apple fruit

After 7 d, the strain NP1 did not show any disease
symptoms at 15 °C on both apple cultivars, whereas
at 30 °C the fungal pathogen displayed the highest
severity (60 mm and 71 mm for ‘Fuji’ and ‘Gala’
respectively) (Fig. 3). Moreover, NP1 displayed a
higher virulence in ‘Gala’ apples with respect to
‘Fuji’ both at 25 °C and 30 °C. The fungus patho-
genicity was limited at 20 °C.

@ Springer

Enzymes activity

The pectinase, polygalacturonase, xylanase, and cellu-
lase pathogenesis enzymes activity of N. parvum strain
NP1 was evaluated after 3, 9, 24 and 48 h of fungal
growth. All the examined fungal enzyme activities
started to be detectable at 3 h from the inoculation on
the substrate, gradually increasing in time. At 24 and
48 h from the inoculation, the fungal strain showed the
highest enzymes activity (Fig. 4). Xylanase resulted the
highest enzymatic activity with respect to the other,
displaying a very intense and large halo areas, already
from 3 h of inoculation (200 mm?). Only cellulase
activity appeared to decrease after 48 h from the inocu-
lation. On the other hand, pectinase resulted in the tested
fungal time of growth the lowest enzymatic activity with
respect to the others CWDEs.

ATR spectroscopy

IR/ATR spectra gave useful information to gain insight
the chemical variation of affected fruits. In particular,
the ratio between the peaks areas centered at 1730 and
1610 cm ™" was used to monitor the esterification degree
of pectins (Supplemental Fig. 3). Figure 5 shows the
spectrum of ‘Gala’ slices after 48 h from inoculation (in
black) and the spectrum difference between this and the
control at the same time (in blue). Positive peaks in the
difference spectrum can be correlated to an increased
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Contrek

Control

Fig. 2 Scanning electron micrographs (SEM) of ‘Gala’ (A) and
‘Fuji’ (B) twigs (surface and cross section) inoculated and not
(Control) with Neofusicoccum parvum NP1 strain at different
times from the inoculation (3d (a), 6d (b), 12d (c)). SEM shown,
200 x magnification in all images. *Specifics of the hyphae fungus

penetration in twig tissue at 3 d from the artificial
inoculation.**Specifics (500 x) of the hyphae fungus colonization
in twig tissue at 6 d from the artificial inoculation. Light blue
arrows pointed NP1 mycelium
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Fig. 3 Lesion diameter (mm) of 80
Neofusiccoccum parvum NPI
strain on apple fruit artificially
inoculated after one week. Fruit
wounds were inoculated with 20
uL of Neofuisicoccum

parvum conidia suspension (10*
conidia mL ). Fruits were kept at
15°C, 20°C, 25°C and 30°C for 7
d. Data are the means of fruits for
each incubation temperature.
Lower case: analysis per cultivar -
Upper case: analysis between
cultivar; different letters indicate
significant differences according
to LSD test, P < 0.05
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Fig. 4 Polygalacturonase (PGL), Pectinase (PEC), Cellulase
(CEL) and Xylanase (X 1 IL) activity (halo-cm?) of
Neofusicoccum parvum NP1, after 3h, 9 h, 24 h and 48 h of
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1119 cm™" are typical of acetylated pectins, whose con-
centration increases in infected ‘Gala’ apples compared to
control. Moreover, other bands attributable to pectin vibra-
tions changed their relative intensities or their wavenumber
(Synytsya et al. 2003): 1406, 1343, 1252, 1141, 1080 and
964 cm™', indicating chemical changes into pectin struc-
ture induced by the fungal presence. On the other
hand, peaks related to phenolic compounds (i.e.
flavonoids, lignins and ferulate esters) showed a
marked decrease with respect to the control: in par-
ticular the bands at 1594 and 1182 cm '
(Heneczowski et al. 2001).

‘Fuji’ apples’ spectrum after 48 h from inoculation,
showed other variations in the difference spectrum (blue
spectrum, Fig. 6), indicating different chemical variations
induced by fungal attack. For example, the esterification
degree of pectins decreased (Synytsya et al. 2003): 1739,
1274, 1117, 989, 929 and 834 cm ' bands showed a
negative peak. Some of these peaks indicate that pectin
in this cv is mainly methylated: i.e. the 1739 and the
989 ¢cm ' bands are indicative of methyl esterification
(Barros et al. 2002). As in ‘Gala’, other pectin-related
bands are affected by inoculation: 1365, 977, 918 and
834 cm . Conversely, typical peaks related to phenolic
compounds increased after fungal inoculation
(Bonora et al. 2009): 1578 and 1184 cm '. Other
features typical of the IR/ATR spectra of inoculated
‘Fuji’ slices are the increase in intensity of bands
attributable to hemi-cellulose (1058 and 815 cm ')
and those related to free monosaccharides, in partic-
ular to glucose moieties (i.e. 1294, 885 and
777 em™ ') (Schulz and Baranska 2007).

Discussion

The increase of temperatures and the wide variety of
commercialized apple cultivars (Di Francesco et al.
2019) are contributing factors in the emergence of dif-
ferent fungal pathogens such as Botriosphaeraceae spp.
in Europe (Carlucci et al. 2009; Spagnolo et al. 2011).
Between Botryosphaeraceae species, N. parvum and
Neofusicoccum luteum resulted the most aggressive
(Pérez et al. 2010; Adesemoye et al. 2014; Chen et al.
2014; Delgado-Cerrone et al. 2016).

Our study aimed to characterize the infection
mechanism of N. parvum as causal agent of fruit
and wood diseases of apple. This fungus is
representing a real concern in South America and
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Europe particularly in Trentino Alto Adige region (Italy),
causing severe losses for apple production (Prodorutti et al.
2012; Javier-Alva et al. 2009; Molina-Gayosso et al. 2012;
Marques et al. 2013). The present study showed that the
pathogenicity of the strain NP1 in apple fruit and wood
was highly influenced by the temperature (25 °C/30 °C)
and the host chemical composition, especially considering
the fruit. In effect, NP1 strain did not show differences of
virulence between cultivars in the apple wood coloniza-
tion. These results can be partially confirmed by Yang et al.
(2017), who demonstrated that shoots inoculated with
conidia derived from an in vitro production method had
larger lesions than those inoculated with conidia from in
planta production. In fact, as Amponsah et al. (2008), we
could not produce spores by in vitro assays from our
N. parvum isolates but only through the twig inoculation.

Conversely between apple fruit cultivars, where
‘Gala’ apples showed a higher susceptibility to
N. parvum with respect to “Fuji”, displaying lesion
diameters 1.5-fold larger. This finding can be related to
a different biochemical response to fungal attack as re-
vealed by ATR/IR spectroscopy. In fact, ‘Fuji’ apples
showed a higher content of phenolic compounds com-
pared to the control fruits, while ‘Gala’ showed a decrease
of the corresponding IR bands. Boyer and Liu (2004)
reported a higher total phenolic and flavonoid content in
‘Fuji’ compared to ‘Gala’ apples. Several reports highlight-
ed the role of phenolic compounds such as ferulic acid and
its derivatives in fruit defense response against fungi attack
in different crops (Bonora et al. 2009; Lambert et al. 2012;
Srivastava et al. 2013). Moreover, the two apple cultivars
showed an opposite trend of the pectins esterification
degree that is reported to be affected by the fungal attack
(Bonora et al. 2009): usually the esterification degree
decreases in response to fungal infection by the action of
pectin methyl esterases secreted by fungi (Kikot et al.
2009; Vallette-Collet et al. 2003); in fact de-esterification
increases the susceptibility of the cell wall structure by
favoring the spreading of the attack (Lionetti et al. 2012).
Our results showed that ‘Gala’ preferentially displayed the
typical peaks of acetylated pectins that increase with time
after inoculation, therefore a less effective response to
fungi, while ‘Fuji’ showed the typical peaks of methylated
pectins. In fact, it is known that the main commercial apple
cultivars displayed different susceptibility to pathogens
supporting previous data reported by Spotts et al. (1999),
where ‘Fuji” and ‘Granny Smith’ apple were the most
resistant varieties to apple fungal pathogens with respect
to ‘Gala’ and ‘Golden’ cvs. Overall, significant differences
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on susceptibility to Botriosphaeriaceae fungi were detect-
ed among stone fruit cultivars by Beckman and Reilly
(2005) with the cv ‘Summergold’ as the most susceptible
and the ‘Redskin’ the least, but no significant differences in
virulence between fungal strains were observed in accor-
dance with our results.

Doubtless, N. parvum NP1 strain phytopathogenic
behaviour is related to the high production of degrada-
tive and oxidative enzymes, often simultaneously se-
creted (Esteves et al. 2014) such as cellulases and
xylanases. Fungi associated with wood diseases may
be related to different fungal activities such as the pro-
duction of phytotoxic compounds (Stempien 2017), and
enzymes. As the latter, the enzymatic activities could be
associated with the fungal behaviour: low extracellular
cellulolytic activities are indicative of a symbiotic life-
style and low polysaccharide degrading activity accom-
panied by high proteolytic and lipolytic activities may
reflect an adaptation to a non-pathogenic lifestyle
(Esteves et al. 2014). In our case, N. parvum was able
to degrade the carbohydrate components of cell walls
and exhibit mainly cellulase and xylanase activities
starting from 3 h after the inoculation, explaining its
high and rapid wood decay capability. Furthermore,
results showed that our strain particularly exerted
xylanase enzyme activity, known to be responsible for
the degradation of polysaccharides by
Phaeoacremonium minimum (esca disease) (Stempien
2017). These results are confirmed by the increase of IR
bands related to free monosaccharides (in particular
glucose) that were found in both apple cultivars. More-
over, the increase of hemicellulose bands in ‘Fuji’ spec-
tra could be related to an increased resistance of this
cultivar to fungal xylanase activity. On the contrary,
pectic and polygalacturonic enzymatic activities, princi-
pally involved in the degradation of pectic polymers of
fruits and consequence of soft-rot symptoms, were less
effective than the above-mentioned cellulase and
xylanase enzymes. This fact is probably due to
N. parvum ability to shift between endophytic and path-
ogenic phases (Amponsah et al. 2011; Sakalidis et al.
2011; Baskarathevan et al. 2012; Ramirez-Suero et al.
2012; Fernandes et al. 2014; Abou-Mansour et al.
2015). Mugnai et al. (1999) also described how some
fungal secreted compounds in the wood could be
translocated to the leaves and fruits, inducing the typical
white rot symptoms. Therefore, more investigations on
different apple fruit and wood cultivars are necessary
also to better clarify the relationship between the

increase of fungal virulence and the climate change to
prevent the real risk of new epidemics in several geo-
graphical regions.
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ABSTRACT. Grapevine trunk diseases are among the most important limiting factors of worldwide
viticulture. In this context, we aimed to verify the effect of chemical fungicides, biological agents and
plant extracts on the control of Lasiodiplodia theobromae in pruning wounds and their physiological
effects in cv. Syrah grapevines. Plant extracts (clove, cinnamon, garlic, rosemary and lemongrass),
commercial fungicides (difeconazole, tebuconazole, mancozeb, sulfur, pyraclostrobin, fosetyl-Al, and
azoxystrobin), chitosan, Trichoderma harzianum and Bacillus subtilis were used for the in vitro trials. The
protection of pruning wounds in the potted vines was studied using fosetyl-Al, tebuconazole, Trichoderma
harzianum, Bacillus subtilis, garlic extract and clove extract. The experiments were carried out through two
vegetative cycles: 2015/2016 and 2016/2017. The length of wood discoloration, pathogen re-isolation
percentage, fresh mass of the pruning material, peroxidase activity, fluorescence, chlorophyll index,
phenological stages, shoot length and leaf area were evaluated. The treatments with clove, garlic extract,
tebuconazole, pyraclostrobin, mancozeb, fosetyl-Al and B. subtilis reduced mycelial growth by more than
90%. In the grapevines, the use of T. harzianum decreased the re-isolation of L. theobromae, but no
differences were verified for the other plant evaluations. We concluded that the use of T. harzianum would
be a potential option for wound protection without altering the physiological aspects of cv. Syrah
grapevines.

Keywords: Trichoderma harzianum; pruning; protection; biological control.
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Introduction

Grapevine trunk diseases (GTDs) are among the most important limiting factors of viticulture in the
world. Several trunk fungi may be responsible for these diseases, affecting both Vitis vinifera L. and Vitis
labrusca cultivars. Among these fungi, the genus Lasiodiplodia is the causal agent of grapevine dieback,
which is also referred to as black dead arm or Botryosphaeria canker. In symptomatic plants, Lasiodiplodia
theobromae was reported to be the most prevalent (Urbez-Torres, 2011). In Brazil, Lasiodiplodia theobromae
(Pat.) Griff. & Maubl (Correia et al., 2013) and Lasiodiplodia brasiliense (Correia et al., 2015) were isolated
from grapevine decline symptomatic plants.

These pathogens usually infect plants via pruning wounds and grafting points (Urbez-Torres & Gubler,
2009); furthermore, they can be passed from the grapevine mother plants to the young through grafting or
other processes of propagation at nurseries (Gramaje & Armengol, 2011). The infection is also favoured by
conditions that reduce plant vigour, such as frost, high temperatures in the summer months, poor nutrition
and poorly conducted pruning, and is associated with several disease symptoms, including foliar chlorosis,
stunted growth, the dieback of shoots, spurs and side-branches, canker of the trunk or side-branches,
wedge-shape cankers in the vascular tissue and mortality (Larignon & Dubos, 2001).

Strategies to reduce the incidence of vine trunk pathogens are limited to the management of the crop,
using healthy plants, disposing of contaminated parts, pre-pruning or double pruning (Weber, Trouillas, &
Gubler, 2007). Several works have been carried out in vitro and in vivo to obtain products that promote the
control of these pathogens, such as chemical or biological products. However, the efficacy ranges broadly
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according to the species studied (Rolshausen et al., 2010; Amponsah, Jones, Ridgway, & Jaspers, 2012; Diaz
& Latorre, 2013).

The use of some biological control agents for the control of GTD fungi has also been tested,
demonstrating the in vitro and in vivo efficacy of these agents. Alfonzo, Conigliaro, Torta, Burruano, and
Moschetti (2009) evaluated in vitro Bacillus subtilis, getting control of Phaeoacremonium aleophilum,
Phaeomoniella chlamydospora, Verticillium dahliae and Botryosphaeria rhodina. Using biological control
agents triggers the colonization of the plants’ wounds, preventing the entry of trunk pathogens. Thus, these
agents become a plant-protection option over time (Mutawila, Fourie, Halleen, & Mostert, 2011). Mutawila,
Halleen, and Mostert (2016) reported that the application of Trichoderma species on grapevine pruning
wound surfaces reduces wound infection by trunk pathogens. The protection of wounds with chemical or
biological products can also reduce the presence of disease in the area (Halleen, Fourie, & Lombard, 2010;
Diaz & Latorre, 2013; Sosnowski, Loschiavo, Wicks, & Scott, 2013).

The application of plant extracts can be an alternative method for disease control with lower
environmental impacts. In vines, the use of garlic extract had an effect on the in vitro control of
Botryosphaeria dothidea, Diplodia seriata, Eutypa lata, Ilyonectria macrodidyma, and Phaeoacremonium
aleophilum and inhibited the development of D. seriata and P. chlamydospora in grapevine branches (Cobos
etal., 2015).

As described, various management methods, including chemicals, biological control, natural molecules
and material sanitation, have been tested against pathogens causing diseases of the stems of vines. Despite
the reported experiments and the wide range of products registered for grapevines in Brazil, until now,
there are no registered products for the control of L. theobromae.

In this context, this work aimed to verify the effect of chemical fungicides, biological agents and plant
extracts on the control of Lasiodiplodia theobromae in pruning wounds and its physiological effects on
grapevine plants cv. Syrah.

Material and methods

In vitro trials

Trials were carried out at the Phytopathology Laboratory of UNICENTRO (Guarapuava, Parand State,
Brazil) using an isolate of Lasiodiplodia theobromae (CMM 307) from the fungal collection of the Federal
University of Pernambuco obtained by the isolation of symptomatic vines (Vitis vinifera) in Petrolina,
Pernambuco State, Brazil.

For the tests with plant extracts, flower buds of clove (Caryophyllus aromaticus L.), bark cinnamon
(Cinnamomum zeylanicum), fresh bulbs of garlic (Allium sativum L.), dried leaves of rosemary (Rosmarinus
officinalis), and lemongrass (Cymbopogon citratus) were applied. The plant extracts were prepared using 30 g
of plant material in 100 mL of distilled water, shredding the mixture in a blender, and subsequently filtering
the mixture through a cheesecloth. A commercial garlic extract was also used (Natualho®, ai: 70%). The
plant extracts were added to a PDA culture medium (potato dextrose agar, K25-610102, KASVI, Lot:
100713203) to obtain final concentrations of 0, 5, 10, 15, and 20% (v/v).

To test the volatile substances, the same plant extracts were used at a concentration of 20% of each extract,
adapted from the methodology of Celoto, Papa, Sacramento, and Celoto (2008), using bipartite Petri dishes.

For the experiment with commercial products, the following treatments were added to the PDA culture
medium: difeconazole (Score®, 1 mL L, ai: 250 g L'!), tebuconazole (Folicur® 200 EC, 8.75 mL L}, ai: 200 g L-
1, mancozeb (Dithane®, 3 g L', ai: 800 g kg'!), sulfur (Kumulus®, 3 g L'}, ai: 800 g kg'!), pyraclostrobin
(Comet®, 5.33 mL L'}, ai: 250 g L'!), fosetyl-Al (Aliette®, 2.5 g L1, ai: 450 g L'!), azoxystrobin (Amistar®, 0.24 g
L, ai: 500 g L!), chitosan (Fish Fértil Quitosana®, 16 mL L', ai: 2%), Bacillus subtilis (Serenade®, 80 mL L,
ai: 13.68 g LY, Trichoderma harzianum (Ecotrich®, 4 g L !, ai: 300 g kg!) and Trichoderma harzianum
(Predatox®, 4 mL L !, ai: 20 g L'!).

The biological control agents Bacillus subtilis and Trichoderma harzianum were submitted to direct
pairing tests with the pathogen and further evaluation of the volatile metabolites; this was performed using
bipartite Petri dishes filled with PDA medium in the two compartments. First, the biological control agents
were inserted in a partition of the plate. After 48h of recording, the mycelial discs of the phytopathogen
were inserted into the other partition of the dish.
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In all the trials, mycelial discs of 5 mm diameter of an isolated Lasiodiplodia were transferred to the
centre of the Petri dishes containing culture medium with the treatments and incubated in a culture
chamber at 25°C under 12h day/night photoperiods. The experimental design was completely randomized
with five replications.

The evaluation of mycelial growth was performed daily by diameter measurements (cm) of the colony
with a digital pachymeter 8” (ZAAS Precision, Sdo Paulo, Brazil). From the evaluations of mycelial growth,
the area under the mycelial growth curve (AUCMG) was estimated, adapted from Campbell and Madden
(1990), and for the antagonism test, the index of antagonism following the methodology of Campanile,
Ruscelli, and Luisi (2007) was used. The data were analysed using analysis of variance (ANOVA), a mean
comparison by using a Scott-Knott test at 5% and a regression analysis for the doses. The percentage
inhibition of each treatment was calculated in comparison with the control, and the means comparison was
performed by a t-test at 5%. The statistical analyses were performed using the statistical software ASSISTAT
Version 7.7 (Silva & Azevedo, 2016).

In vivo trials

The in vivo trials were conducted in a greenhouse in Guarapuava, Parand State, Brazil (25°33” S and
51°29° W, altitude of 1,095 m). Nursery grapevines of cv. Syrah clone 174 (Vitis vinifera) grafted on rootstock
‘Paulsen 1103’ were transplanted into 3 L pots containing 2 L of soil, 0.9 L of organic compost and 0.1 L of
dolomitic limestone.

The experiments were performed in two seasons: summer pruning and winter pruning. The grapevines
were pruned at the height of the seventh bud in the vegetative period of the plant during the second week of
December (summer 2015) and at the third bud spurs during the first week of August (winter 2016). The
pruning scissors were disinfected with 70% (v/v) alcohol. Then, at the pruning wound sites, the treatments
were applied with a micropipette, applying 2 mL of solution per wound (Diaz & Latorre, 2013).

The treatments used were an uninoculated control (water), inoculated control (water), fosetyl-Al
(Aliette®, 2.5 g L1, ai: 450 g L'!), tebuconazole (Folicur® 200 EC, 8.75 mL L}, ai: 200 g L'), Bacillus subtilis
(Serenade®, 80 mL L, ai: 13.68 g L!), Trichoderma harzianum (Ecotrich®, 4 g L'}, ai: 300 g kg'!), plant extracts
of clove (Caryophyllus aromaticus L., dose 20%) and plant extracts of garlic (Allium sativum L., dose 20%).

For each pruning season, 24h after the application of the treatments, the fresh pruning wounds were
inoculated with a mycelial disc (5 mm in diameter), taken from the PDA cultures of L. theobromae, which
was placed upside down over the fresh pruning cut and wrapped with Parafilm M (Pechiney Plastic
Packaging) to avoid rapid dehydration. For the control, without inoculation, the PDA discs without fungi
colonization were used.

The experimental design was in randomized blocks with eight treatments, six replicates and an
experimental plot consisting of one pot.

In August (winter 2016), 230 days after the first season treatments, and in January (summer 2017), 156
days after the second season treatment, spurs were removed from the vines and returned to laboratory for
assessment. Then, the branches were cut longitudinally, and the lesions, i.e., the length of wood
discoloration (LWD) extending from the point of inoculation, were measured with a digital pachymeter 8”
(ZAAS Precision, Sao Paulo, Brazil). To confirm that the lesions were caused by trunk pathogens, 12 small
pieces of discoloured wood from the margin of each lesion were surface-sterilized following the
methodology of Almanca et al. (2013), in which the pruned branches were disinfected with 70% alcohol for
30 seconds, with 3.5% sodium hypochlorite for 2 minutes and again immersed in 70% alcohol for 30 seconds
and placed in PDA. The percent re-isolation was calculated.

The plants inoculated with L. theobromae were also examined for the presence of physiological changes.
In both trial periods, the fresh mass (g) of the pruning material (precision balance model M2202, BEL
Equipamentos Analiticos) and the chlorophyll index, with results expressed in ICF values (Falker
chlorophyll index) according to Falker, (2008) (chlorophyll meter ClorofiLOG® model CFL 1030, Falker
Automacao Agricola, Porto Alegre, Brazil) and chlorophyll a fluorescence (Fv/Fm - maximum PSII quantum
yield - measured with a modulated fluorometer (PAM-2500 model, Walz, Effeltrich, Germany)) were
evaluated.

After summer pruning, after 24h of inoculation, the activity of the guaiacol peroxidase enzyme was
analysed in a UV-visible spectrophotometer (UV-1800 model, Shimadzu, Kioto, Japan) at 480 nm (Urbanek,
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Kuzniak-Gebarowska, & Herka, 1991). A unit of GPX activity was defined as the change of 1.0 unit of
absorbance (480 nm) per milligram of soluble protein per minute (UA mg P! min.™!).

After winter pruning, were also evaluated, the length of the branches (measured monthly with a tape
measure), the phenological stages according to Eichhorn and Lorenz (1984) and the leaf area, determined
with the model leaf area LI 3100C (Licor, Nebraska, United States of America) installed on bench, and the
results were expressed in cm?.

The data were analysed with an analysis of variance and a mean comparison by a Scott-Knott test at 5%
significance using the statistical programme ASSISTAT Version 7.7 (Silva & Azevedo, 2016).

Results and discussion

In vitro trials

Antifungal activity is considered to be high when aqueous extracts provide inhibition equal to or greater
than 50% (Venturoso et al., 2011). Thus, the results obtained in the experiment demonstrated the antifungal
efficiency of cinnamon, clove and garlic. These treatments had a quadratic effect according to dose, with
inhibitions between 90 and 100% of the mycelial growth of the pathogens at all the doses used (Figure 1a).
The antifungal activities of clove and garlic extracts was proven, demonstrating the potential of these two
extracts for the in vitro control of L. theobromae. The effect of garlic extract on the in vitro control of disease-
causing fungi such as D. seriata and P. chlamydospora in grapevines was also reported by Cobos et al. (2015).

The cinnamon and rosemary extracts had quadratic effects according to dose. The highest inhibition
using a 20% dose of cinnamon was verified with a reduction of 98.5%, and for the rosemary extract, the
maximum inhibition was verified at a 10% dose (-24%). The lemongrass extract had a linear effect according
to dose and a maximum inhibition at 20% (-31%) (Figure 1b).

The action of the extracts could be directly related to its composition. In addition to the efficiency of the
extracts when added to the culture medium, the diffusion of traces of volatile compounds may induce or
inhibit germination or growth or trigger changes in the development of plants and fungi (French, 1992).
Volatile oils, essential oils, and ethereal oils or essences are complex mixtures of volatile substances,
lipophilic, usually odoriferous and liquid, and soluble in apolar organic solvents such as ether but have
limited solubility in water (Simoes & Spitzer, 2001), indicating that the extraction of the aqueous extract
carries a lesser amount of active principles. The lower drag of the active principles may explain the low
efficiency of the volatile compounds in this experiment.
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Figure 1. Area under the curve of the mycelial growth (AUCMG) of Lasiodiplodia theobromae subjected to different plant extracts. **
significant (p < 0.01). Guarapuava, Parana State, Brazil, 2016.

The majority of the chemical treatments and biological control agents decreased the mycelial growth of L.
theobromae (Figure 2a). The treatments tebuconazole, mancozeb, pyraclostrobin, fosetyl-Al, B. Subtilis, and T.
harzianum (ai: 300 g kg-1) were the most effective, followed by difeconazole and T. harzianum (ai: 20 g L-1). The
treatments with sulfur, azoxystrobin, and chitosan did not differ from the control, which showed the highest
mycelial growth.
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The volatiles of the plant extracts from cinnamon and garlic reduced the AUCMG, and the greatest
reduction was obtained from the extracts of cinnamon (-35%) (Figure 2b). Although the effectiveness of
control by the clove volatiles was not verified, they were efficient when diluted in culture medium,
indicating that direct contact with the pathogen is necessary.
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Figure 2. Area under the curve of the mycelial growth (AUCMG) of Lasiodiplodia theobromae submitted to treatments with chemical
products and biological control agents (a) and to different volatile plant extracts (b). *“Means followed by the same letter do not differ
significantly by the Scott-Knott test (p < 0.05). (1) Commercial product with 300 g kg™ of active ingredient, (2) Commercial product with
20 g L' of active ingredient. Guarapuava, Parand State, Brazil, 2016.

These results corroborate those obtained by Amponsah et al. (2012), who reported the efficacy of
carbendazim, flusilazole, methyl thiophanate, tebuconazole, iprodione, fenarimol, procymidone,
mancozeb, and chlorothalonil in inhibiting mycelial growth of Neofusicoccum australe, N. Luteum, and
Diplodia mutila, the causal agents of GTD. The efficacy of tebuconazole on the in vitro control of
pathogens has also been reported for the control of Botryosphaeriaceae by Sosnowski et al. (2013).

Another chemical active ingredient with potential control is fosetyl-Al. In addition to the efficiency
demonstrated in vitro, fosetyl-Al has the capacity to translocate into the plant via both the xylem and
phloem (Kimati, 2011), which allows the use of this product in the protection of wounds. The in vitro
efficiency of fosetyl-Al was verified in the control of Phomopsis spp. by Mostert and Crous (2000).

No significant differences were verified in the reduction of area under the curve of mycelial growth
(AUCMG) of L. theobromae subjected to treatments with volatile metabolites of biological control
agents (data not shown). Regarding the antagonist test, the biological control agents inhibited the
growth of L. theobromae, obtaining an index of antagonism of 66.4 and 62.2% for B. subtilis and T.
harzianum, respectively, with no significant difference between them.

The use of B. subtilis has also been reported to be effective in controlling L. theobromae on rubber
trees (Sajitha, Florence, & Dev, 2014). Santos et al. (2016) observed that the antagonistic indices of B.
subtilis were higher than those of T. harzianum in the control of Dactylonectria macrodidyma, a causal
agent of black foot disease. The same authors reported the efficiency of the volatiles of biological
antagonists for the tested pathogen. In this experiment, the volatiles of the biological control agents
were not efficient in controlling L. theobromae, confirming that the effectiveness of the treatments can
vary among fungal species.

Considering the results of the tests in vitro, the raw aqueous extracts of garlic and clove, the chemicals
tebuconazole, mancozeb, fosetyl-Al, pyraclostrobin, and difeconazole, and the biological control agents T.
harzianum and B. subtilis have potential for use in the control of Lasiodiplodia theobromae in grapevines.

In vivo trials

In the present experiment, the means of re-isolation of the inoculated plants without wound
protection treatments were similar in both seasons, indicating that the cultivar is susceptible to the
entry of pathogens in pruning wounds at different periods of the year, making it necessary to protect
these wounds in any pruning condition.

Nevertheless, in general, infection with fungi that cause trunk diseases is favoured by conditions
that reduce plant vigour, such as frost, high temperatures in the summer months, malnutrition and
poorly conducted pruning (Larignon & Dubos, 2001). Another important factor is the spread and
increase of infection rates when pruning is performed. Urbez-Torres and Gubler (2011) observed that
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the susceptibility in California vineyards of cvs. Chardonnay and Cabernet Sauvignon to infection by
Lasiodiplodia theobromae and Neofusicoccum parvum was significantly higher when inoculation was
performed in early winter rather than at the end of winter.

According to our findings, the plants treated with garlic extract after summer pruning differed from
all the treatments, showing an increase in the area of internal vascular discoloration (Figure 3a).
Nevertheless, for vines inoculated in winter pruning, the inoculated control and the treatments with
tebuconazole and T. harzianum differed from the other treatments, obtaining the largest length of wood
discoloration (Figure 3b).

For the inoculation performed in the summer pruning, there was a reduction in the percent re-
isolation for the treatment with T. harzianum (Figure 3c). Similarly, in the winter pruning, the use of T.
harzianum also decreased the percent of re-isolation of the pathogen, not differing from the control
without inoculation and the treatment with the clove extract (Figure 3d).

{a) (b}

- ':? ‘1 I —1
.\\“‘ X, \ ._- \ .\
; o Q‘_\\_ \\“‘ & x o p W N P ;é‘L
\'\-.‘" i - \\L\\ ] \\\L o
kb U}
a f
& a 3 a (ch a . d
100 ji-iet — - gl — a a — a B {d}
a

90
_ 80
£ b
== b
£ &0 |
= i
g a0
:\1)': 30
= oo o

10 o - | ¢ -l | | - | | — - i -

& —
% % " A
A & & O o
\ i - o [ o 2 A
& @ \3 ¢ & o & g
» 3 N " - E e
ad \& R h g B S \;‘.‘\
: e /
(e} f)

=T~

GPX act

(T7A mgP!
b e b L)l e
LT SRR 00 da =L CRLS PRI LSS

@PSIl
oo o B .o o o O
SRS LE RPNy
A ety e A e
o

=
E
=

"

s

Figure 3. Length of wood discoloration (mm) 230 days after summer pruning inoculation (a), 156 days after winter pruning inoculation (b),
percent re-isolation after summer pruning (c), percent re-isolation after winter pruning (d), PSII quantum yield (Fv/ Fm) after summer pruning
inoculation (e), and peroxidase activity (UA mg P! min™) 24 h after summer pruning inoculation (f) of vines inoculated with Lasiodiplodia
theobromae in cv. Syrah. tData transformed by Vx. *Means followed by the same letter do not differ significantly by the Scott-Knott test (p <
0.05). ns: not significant. NI: not inoculated. I: inoculated. Guarapuava, Parana State, Brazil, 2017.

Some researchers have reported the effectiveness of chemical products in pruning wound protection
to pathogenic fungi of the vine trunk and decreasing vascular symptoms (Diaz & Latorre, 2013;
Sosnowski et al., 2013). Wound protection can also be performed with plant extracts and biological
control agents. The use of wound protection decreases the severity of the disease. The use of fosetyl -Al,
B. subtilis, garlic extracts and clove extracts reduced the severity of the pathogen after winter pruning,
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but the garlic extract did not have the same effect in the different periods of inoculation, different from
the reports of Cobos et al. (2015) that verified positive effects of wound treatment with garlic extract.
According to Mutawila et al. (2011), the effectiveness of protection based on Trichoderma spp.
depends on the ability of vine pruning wound colonization by these fungi, and it depends on the
interaction with the vine and is more or less effective according to cultivar. After the infection by
pathogens in the wounds, the expression of external symptoms can occur; however, the appearance of
symptoms is not often observed in the first year of infection, or the symptoms can be observed in one
year and are more tenuous or even nonexistent in the following year (Mundy & Manning, 2011).
Generally, grapevine decline symptoms are expressed in adult vineyards that are 7 years or older
(Larignon & Dubos, 2001). In addition to the difficulty of symptom appearance in the early years, the
external symptoms of the presence of the pathogen Lasiodiplodia tend to be easily confused with the

presence of other pathogens or may result from causes that are not yet known (Urbez-Torres, 2011).
There was no significant difference in the variables fresh mass of the pruning material, phenological
stages and leaf area (data not shown). The presence of L. theobromae led to a significant reduction in
chlorophyll a fluorescence in plants of the inoculated control relative to the other treatments (Figure
3e) and showed higher guaiacol peroxidase activity than all the other treatments (Figure 3f).
The inoculated plants, those without the use of a wound protection treatment, had shorter canes at the
evaluations at 77, 119 and 156 days after winter pruning (DAWP) relative to the other treatments (Figure 4).
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Figure 4. Length of the canes (cm) after inoculation in winter pruning of vines inoculated with Lasiodiplodia theobromae in cv. Syrah.
*Means followed by the same letter do not differ significantly by the Scott-Knott test (p < 0.05). ns: not significant. **DAWP: days after
the winter pruning. NI: not inoculated. I: inoculated. Guarapuava, Parana State, Brazil, 2017.

Physiological stress in association with GTD fungi may contribute to the expression of symptoms in
vines (Mundy & Manning, 2011). Among these parameters, peroxidase activity is indicative of intercellular
stress due to the activation of the plant's antioxidant system to relieve oxidative stress. The increase in
guaiacol peroxidase (GPX) activity in the inoculated control indicates that the entry of this fungus into the
plants promotes stress. Another parameter, which confirms the stress caused by this pathogen in vines, was
the lower chlorophyll a fluorescence, which was represented by the Fv/Fm ratio. It is also possible that the
peroxidase and fluorescence evaluations of photosynthesis indicated a level of stress in the plant before
they resulted in external symptoms. Letousey et al. (2010) observed that Chardonnay grapevine plants
decreased their photosynthesis levels one week before the onset of apoplexy symptoms caused by Esca's
disease, suggesting that the vine perceives some signs of the presence of the pathogen (probably toxins) and
reacts by decreasing photosynthesis and triggering defence mechanisms. This level of stress caused a
decrease in vine growth, reducing the cane length in some evaluations.

Conclusion

Plants infected with fungi that cause diseases of the vine wood alter their metabolism, regardless of the
presence of symptoms, such as changes in chlorophyll fluorescence indices, peroxidase activity, and cane growth.

Regarding the management of L. theobromae in the grapevine cv. Syrah, the use of T. harzianum proved
to be an effective option in the protection of wounds, reducing the mycelium growth in vitro, re-isolation of

inoculated vines not altering the physiological conditions of the plant.
Acta Scientiarum. Agronomy, v. 43, e44785, 2021
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Abstract

The objective of thisstudywas to evaluate the effect of foliarapplication of siliconin different blueberry (Vaccinium
myrtillus) cultivars. The treatments were installed in a factorial design with six replications, and consisted of three
different cultivars (Brightwell, Beckblue and Climax) with or without regular application of silicon via foliar, using
siicon oxide at 1.5 g L. It was evaluated the following plant atffributes: leaf area, chlorophyll fluorescence,
and phenylalanine ammonia lyase activity, meanwhile the following postharvest atfributes were evaluated:
fruit number, diameter and weight, yield, pH, content of soluble solids, fitratable acidity, contents of phenolic
compounds and anthocyanins, and activity of peroxidase. Vegetative development of blueberry plants in
response to Si presented higher yield, leaf area, phenylalanine ammonia lyase activity, and higher chlorophyll
fluorescence relationships such as maximum photochemical efficiency and PSIl potential activity, as well as less
stressed plants, especially in culfivars Climax and Brightwell. For post-harvest physicochemical characteristfics,
silicon foliar application improved fruit weight and diameter for cvs. Beckblue and Climax, and fruit number
for cv. Brightwell. All culfivars, in response to silicon application increased the titratable acidity, the levels of
phenclic compounds, the level of anthocyanins, whereas peroxidase activity decreased. The performance of
the evaluated blueberry cultivars was better through silicon application, with greater performance of vegetative
growth, fruit yield, and fruit quality, especially in cultivar Climax, which was the most suitable in terms in of fruif

yield in this study.

Keywords: anthocyanins; phenoclic compounds, plant nutrition, productivity, Vaccinium myrfillus

Introduction

The blueberry (Vaccinium myrtillus) fruits are
important due ifs organoleptic characteristics and the
benefits o human health, related to the prevention of
diseases, such as cardiovascular (Eladwy et al., 2018),
2016},
(Davidson et al., 2018; Lin et al., 2019) and inflammmation
(Li et al., 2016; Kalt et al., 2020). Many of the benefits that
blueberries can provide were assigned fo a large amount

neurodegenerative (Debom et al., cancer

of anthocyanin, which is one of the species with the
highest content among the fruits and vegetables (Kalt et
al., 2001; GUnduUz ef al., 2015; Kalt et al., 2020). Besides
the fresh consumption, these fruits can be destined for
the preparatfion of teas, pies, cakes, puddings, cookies,
ice cream, jellies, jams, as well as processed foods (Pritts
et al., 1992).

In 2020, world production was 851 thousand tons
of blueberries (Faostat, 2022). The three largest producing

countries in the 2020 season were the United States,
Peru and Canada, which accounted for 35%, 21% and
17% of world production respectively (Faostat, 2022). In
Brazil, there are sfill no official data on the culfivation of
blueberry, however, it is esteemed that there are about
400 ha planted, divided between the states of Rio Grande
do Sul, Santa Catarina, Parand, Sdo Paulo, and Minas
Gerais (Cantfuarias-Avilés et al., 2014). The main limiting
factor for the expansion of the bluebery crop in Brazil
is the cold requirement to overcome dormancy, which
varies from 300 to 1100 hours per year (with femperatures
<7.2°C), depending upon the culfivar (Cantuarias-Avilés
et al., 2014). In southern Brazil, some regions could meet
these conditions, such as the region of Guarapuava,
which on average, can reach about 300 hours of cold in
winter season (Botelho et al., 2006), which is suitable for
some blueberry cultivars being these culfivars Aliceblue,
Beckblue, Bluegem, Brightwell, Climax, and Pownderblue
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(Rabteye) (Cantuarias-Aviles et al., 2014).

Regarding the befter performance of plants,
minerals can be used to influence the levels of organic
compounds through their action in biochemical or
physiological processes (Ferreira et al., 2006). Silicon (Si) in
plants is a stress-protective mineral nutrient (Moradtalab
et al., 2018), asitis a beneficial nutrient in plant physiology
and development (Menegale et al., 2015). In plants, Si
absorption was in the form of monosilicic acid (H,SiO,),
mainly (Menegale et al., 2015). Si benefits metabolic
functions in stressed plants, through the formatfion of
an outfer protective layer composed of silica, and the
reactivity of the absorbed silicon with heavy metal ions
and other plant compounds (Rodrigues & Datnoff, 2015).

The application of Si has beneficial effects on
many fruit crops, but there is still little information about the
effect of Si on blueberry. The application of Si in passion
fruit (Passiflora edulis) increased the photosynthetic rate of
the plant (Costa et al., 2018), and in strawberry (Fragaria
x ananassa) its improved pulp firmness and increased
the level of anthocyanins in fruits (Munaretto et al., 2018).
In tomato (Solanum lycopersicum) a similar result was
observed, where the application of Si increased pulp
firmness, fruit yield, soluble solids, vitamin C, and lycopene
contfents (Marodin et al., 2014; Marodin et al., 2016).

Based on the above information, we hypothesize
that Si application can pofentially improve blueberry
production and quality. The objective of this study was fo
evaluate the effect of Si on the physiological, agronomic,
and on postharvest affributes of different blueberry
cultivars.

Material And Methods

Site descripfion

The experiment was carried outf in Guarapuava,
Parand, Brazil (25°23'S, 51°27'W, and dltitude of 1,120
m) under humid subfropical mesothermic climate (Cfb-
Képpen) (Alvares et al., 2013), and the average chilling
accumulation in the region of Guarapuava is about 308.6
hours (Botelho et al., 2006). The soil of the experimental
area is a very clayey Typic Hapludox (USDA Soil Survey),
corresponding fo Lafossolo Bruno according fo the
Brazilian soil classification system (Embrapa, 2013).

Blueberry plants with 3 years old in a 3 x 1 m
spacing were drip irigated. The weeds were removed
and confrolled periodically. Phyfosanitary control was
conducted using Bordeaux mixture, calcium polysulfide
(lime sulfur), and Neem oil, whenever necessary.

Experimental design and evaluations

The experimental design consisted of blocks in a
randomized factorial 3 x 2 (culfivars x Si freatment), which
consisted of three cultivars (Beckblue, Climax e Brightwell)
and two Si freatments (with and without Si application),
with six replications and one plant per experimental unit.

Silicon (Si) applications were conducted weekly
with an electric backpack sprayer, between November
2018 and March 2019, ftotfaling 21
source was silicon oxide (SiO,) (98% of SiO,), applied

applications.  Si

at a concentration of 1.5 g L' in agueous solufion. Fruit
harvestingbegan on Dec. 18, 2018 (after 7 Siapplications),
being conducted every two days.

Soon after harvest, fruit diameter, average fruit
mass and productivity per plant were determined. Then,
they were stored af -18 °C for further physicochemical
analyses. To evaluate the single leaf area, ten leaves
of each plant were taken randomly and measured
with (LI-3100;
Inc.). The chlorophyll fluorescence was measured on

leaf area meter Li-COR Biosciences
fully expanded leaves three weeks after the final Si
application in the morning of sunny days (between 08 fo
11h a.m.). A Portable Chlorophyll Fluorometer (PAM-2500;
Walz) were used. Prior to this measurement, planfs were
dark adaptfed for 20 minutes and measurements were
performed. From the fluorescence in response to the first
light pulses, the following parameters were obfained:
F, (inifial fluorescence), F,, (maximum fluorescence), F,
(variable fluorescence), and the following parameters
were calculated: F /F_ (PSII pofential activity) and F /F
(maximum photochemical efficiency).

Protein concenfration was determined in leaves
and fruits by the method of Bradford, 1976). Phenylalanine
ammonia lyase (PAL) acftivity was evaluated based on the
difference in absorbance resulting from the conversion
of phenylalanine fo frans-cinnamic acid based on the
methodof (Umesha, 2006).Forthe evaluationof Proteinand
PAL, expanded leaves of plants from each experimental
plot were collected in the morning, wrapped in aluminum
foil, cooled in liquid nitfrogen, placed in a Styrofoam box
with ice for fransport to the laboratory, and subsequently
stored in a freezer af -80°C, samples were collected affer
the last application of silicon. Pulp was macerated and
was analyzed for soluble solids content (SS) with digital
refractometer model Pal-1 (Atago). The fifratable acidity
(TA) was determined as follow: 10 g of the blueberry pulp
were diluted in 50 ml of distiled water, and this solution
was fifrated with a standard solution of 0.1 mol L' NaOH
until it reached pH 8.2. Polyphenol levels of fruit peels was
analyzed according to method of (Singleton et al., 1999)
using Folin Ciocalteu reagent and calibration curve with
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gallic acid. Absorbance readings was obtfained at 740
nm (UV 1800, Shimadzu).

The evaluations of anthocyanin contents were
conducted in the fruit peel using the differential pH
method (Giusti & Wrolstad, 2001; 2003). Delphinidin-3-
O-glucoside was the major anthocyanin in blueberry.
Peroxidase enzyme (POD) activity on fruit pulp was
1976), with
determination of the enzymatic activity constituted the

determined according fo (Kar and Mishra,

conversion of guaiacol info fefraguaicol.

In Figure 1 is presented the dafa of rainfall
and maximum and minimum temperatures during the
experiment. Metfeorological data were obtained from a
meteorological station (SIMEPAR/Brazil) located around
100 m far from the experiment.
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Figure 1. Precipitation (mm), mcmmum and  minimum

temperature (°C) recorded on 2018/2019 growing season in
Guarapuava, Parand, Brazil.

Statistical analysis

The data were submitted to the Shapiro-Wilk fest
(p £ 0.05) to verity the normaility and homoscedasticity of
the variance, and when they did not meet this condition,
they were fransformed according to Box-Cox fest and
then subjected fo analysis of variance (ANOVA). Data
was submifted fo analysis of variance (a = 0.05) in a
factorial scheme (3 x 2). When significant, treatments
means were classified by the Tukey fest (a = 0.05).

Results and Discussion

Leaf applications of Si increased leaf area in
all cultivars evaluated (Figure 2A). The leaf area of cv.
Climax was higher compared to other cultivars for both
(Figure 2A).
presenfed an interaction between the cultivars and the

freatments The initial fluorescence (F )
application of Si, where within cv. Blueberny the freatment
with i reduced the F_, while there was no difference in
the other cultivars (Figure 2B). The cultivar Beckblue
presented the highest initial fluorescence emission (F_)
(Figure 2B).

Variable fluorescence (F,) presented inferaction
The

compared fo the other cultivars,

between cultivars and Si application (Figure 2C).
Beckblue culfivar,
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Figure 2. leaf area (A), initial flucrescence - F (B), variable
fluorescence - F, (C), maximum fluorescence - F, {D] maximum
primary phoiochemu:oi efficiency -F, /F,, (E), PSII poienhc:l activity
- F[F, [F) of different blueberry cuihvc:rs treated or not with silicon
in Guarapuava, Parand, Brazil. *Same lowercase letters mean no
differences between silicon freatments; and same uppercase
letters means no differences between blueberry cultivars.

presented the highest F,, but this affribute did not differ
in response to Si, whereas other cullivars presented an
increase in F, when freated with Si (Figure 2C).

Maximum fluorescence (Fu) presenfed
inferaction between cultivars and Si application (Figure
2D). The cultivar Beckblue presented the highest F,, but
no difference in Si freatment, meanwhile the cultivars
Climax and Brightwell presented higher F, with the
application of Si.

The F,/F,

cultivars and Si application (Fgure 2F). The F /F

rafio presented inferaction between
ratio
increased in the Si application for all cultivars. Within
control freatment, F /F, ratio presented the following
order between cultivars: Beckblue = Climax = Brightwell,
meanwhile within Si freatment there was no significant
difference between the culfivars (Figure 2E).

The F /F

cultivars and Si application (Figure 2F]. The F /F_

ratfio presented inferaction between
ratio
increased in the Si application for all cultivars. Within
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control treatment, F /F, ratio presented the following
order between cultivars: Beckblue 2 Climax 2 Brightwell,
meanwhile within Si freatment there was no significant
difference between the culfivars (Figure 2F).

The PAL enzyme activity presented interaction
between Si application and culfivars (Figure 3A). The Si
application improved PAL activity in cvs. Beckblue and
Climax. Within confrol treatment PAL enzyme activity
presented the following order between culfivars: Brightwell
= Climax > Beckblue; meanwhile within Si freatment
presenfed the following order between cultivars: Climax
> Beckblue > Brightwell (Figure 3A).

The number of fruits presented inferaction
between Si application and culfivars (Figure 3B). The Si
application improved fruit number only for cv. Brightwell
(+25%).

presented the following order between cultivars: Climax >

Within confrol freatment, the fruit number
Beckblue = Brightwell; meanwhile within Si freatment the
decreased sequence was Climax = Brightwell = Beckblue

(Figure 3B).
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Figure 3. PAL (A), number of fruits (B), fruit diameter (C), fruit
weight (D), yield (E), fitratable acidity (F) of different bluebemy
cultivars treated with silicon in Guarapuava, Parand, Braozil.
*Same lowercase letters mean no differences between silicon
treatment; and same uppercase letters means no differences
between blueberry culfivars.

The fruit diameter presented interaction between
Si application and culfivars (Figure 3C). The application
of Si increased the fruit diameter of cvs. Beckblue and
Climax, at 10% and 14.5%, respectively, while in cv.
Brightwell there was no difference (Figure 3C). Within
confrol freatment the diameter presented no differences
between cultivars, meanwhile within Si freatment the
diameter presented the following order beftween
culfivars: Beckblue = Climax 2 Brightwell (Figure 3C).

The average fruit weight presented interaction
between 3Si applicafion and culfivars (Figure 3D). Foliar
application of Si increased the average fruit weight
for cultivars Beckblue and Climax, by 22% and 34%.
respectively, while in Brightwell there was no difference
(Figure 3D). Within the control freatfment, the average fruit
weight had no difference among cultivars, meanwhile
with Si application, the average fruit weight presented
the following order: Climax = Beckblue 2 Brightwell (Figure
3D).

The fruit yield presented interaction between Si
application and cultivars (Figure 3E). The application of Si
improved fruit yield Climax and Beckblue culfivars (Figure
3E). Within confrol freatment, fruit vield presented no
difference among culfivars, meanwhile within Si freatment
was as follows: Climax = Beckblue = Brightwell (Figure 3E).
The fitratable acidity did not differ between culfivars both
with and without Si application, however, the application
of Siincreased acidity for all cultivars (Figure 3F).

The content of phenclic compounds differed
between culfivars andwith the applicafion of Si (Figure 4A).
Within the cultivars, the content of phenolic compounds
was as follows: Brightwell = Climax > Beckblue (Figure 4A).
The application of Si increased the confent of phenclic
compounds by 20%, 21% and 24% for the cultivars
Brightwell, Beckblue and Climax, respectively (Figure 4A).
There were no significant differences between culfivars
for anthocyanin confent in the confrol freatment (Figure
4B). The application of Si increased the concentrafion of
anthocyanins in the fruit epidermis for all culfivars. Among
the culfivars, the anthocyanin content presenfed the
following order: Climax = Brightwell > Beckblue (Figure
4B).

POD activity presented inferaction between Si
application and cultivars (Figure 4C). Within culfivars, Si
application reduced POD activity only for the cvs. Climax
and Beckblue in 54% and 60%, respectively (Figure 4C).
Without Si application, cultivars presented the following
order: Climax > Beckblue > Brightwell; meanwhile with Si
application was as follows: Climax > Beckblue = Brightwell
(Figure 4C).
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Figure 4. Total phenols (A), anthocyanins (B) and POD activity
(C) of different blueberry cultivars freated with silicon. *Same
lowercase letters mean no differences between silicon
tfreatment; and same uppercase letters means no differences
between blueberry culfivars.

The greater leaf area in response fo Si may be
related to the deposit of this element below the cuficle,
which can provide a more erect plant architecture,
thus improve light intercepfion and, therefore, with
greater potential for photosynthesis (Silva ef al., 2013).
Si accumulation below the cuticle can also reduce
water loss through franspiration, which benefits net
photosynthesis (Silva et al., 2013). The application of Si
through various sources was also reported fo increase the
leaf area of sugarcane (Saccharum officinarum) (Sobral
et al., 2011), physalis (Physalis angulata) (Assis ef al., 2013)
and passion fruit (Passiflora edulis) (Costa et al., 2018).

The greater leaf area in response to Siin all of the
culfivars can be related fo the deposit of this element
below the cuficle, which can provide a more erect
plant architecture, thus improving light infercepfion
and, therefore, more potential for photosynthesis (Silva
et al., 2013). Si accumulation below the cuticle can also
reduce water loss through transpiration, which benefits
photosynthesis (Silva et al., 2013). The increase of leaf
area affer the application of Si through various sources
was also observed in sugarcane (Saccharum officinarum)
(Sobral et al., 2011), physalis (Physalis angulata) (Assis et
al., 2013) and passion fruit (Passiflora edulis) (Costa et al.,
2018).

Higher values of F, indicate low efficiency in the
transfer of excitation energy between pigment molecules
of photosystemllight collectors (PSIl) (Goltsev et al., 2016).

They can also indicate lower energy transfer efficiency
to the PSIl reaction center after the dissociation of the
anfenna complex from PSIl and damage to the thylakoids
(Goltsev et al., 2016). Si freatment reduced F significantly
for one of the culfivars in this study (Beckblue), meaning
that the mineral improved energy use compared to the
control. In rice (Oryza sativa) plants, it was also reported
that the application of Si reduced flucrescence emission
(Fo) (Tatagiba et al., 2016).

The FV parameter is related to the maximum
quantum vyield of the PSIl. When FV is low, it indicates
the lower activity of the PS, and the dissipation of the
excifation energy as heat (Goltsev et al., 2016). Thus, if
improved P§, performance and lowered the dissipation
of energy. Another study showed that the applicafion of
Siincreased F,, in cocoa (Theobroma cacao) (Souza et
al., 2012).

When F,, values are low, it indicates that the PS,
electron acceptors cannot be fully reduced (Goltsev
et al., 2016). Therefore, the lowest level of F,, indicates
that the photosynthetic apparatus of plants without Si
application was under more significant stress than those
with Si application. Another study reported that in cocoa,
higher maximum flucrescence (F,) values were found
with the application of 7.15 mL L' of Si (Souza et al., 2012).

The F,/F, ratio represents the maximum primary
photochemical efficiency of PS,, and for most developed
plants under siress-free condifions, the maximum value is
0.83 (Pokorska & Romanowska, 2007; Goltsev et al., 2016).
In our study, the mean for culfivars with Si applicafion
was 0.76, while for plants without Si application, it was
0.74 (Figure 2E). The lower F /F,, evidence that the plant
may be under siress, which impairs P§ functions and
decreases electron transfer efficiency (Golisev et al.,
2016). Through stress reduction, Si may have allowed
greater photosynthetic efficiency and electron transfer in
the evaluated culfivars. Other studies also reported that
the application of Siincreased the F, /F,, ratio (Tatagiba et
al., 2016; Souza et al., 2012), especially at the dose of 6.5
mL L of potassium silicate (Souza et al., 2012).

In blueberry plants submitted to foliar application
of §i, the F, /F,, ratio was slighily higher (Figure 2E), the range
considered ideal for healthy plants, which is around 0.86
(Goltsev et al., 2016). Plants without Si showed an even
lower F /F,, ratio, which shows that Si allowed a greater
efficiency of the photosynthetic apparatus and in the
transfer of electrons fo the Climax and Brightwell cultivars
through the reduction of stress.

The F /F, ratio indicates the maximum efficiency
of the photochemical process in PSIl and/or the potential
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photosynthetic activity, and its decrease indicates a
decline in the photochemical rate (Goltsev et al., 2016).
Therefore, Si promoted an increase in the photochemical
rate for all of the culfivars in our study. Another study also
reported that the application of sdlicylic acid fo fomato
plants increased the F /F_ ratfio (Favaro et al., 2019).

The results of better photosynthesis parameters
for plants with Si application can be related to the
more significant leaf area for all cultivars caused by
the Si deposition below the cuticle. This deposifion can
change the architecture of the plant, making them
more upright, capturing more sunlight, and therefore
increasing the photosynthetic rate (Silva et al., 2013).
Also, it is speculated that plants freafed with Si have a
greater capacity fo fransfer the excitation of energy from
the pigments fo the formation of reducing power (NADPH
and ATP), which increases the capacity of assimilation of
CQO, in the biochemical phase of photosynthesis (Baker,
2008; Favaro et al., 2019).

The increase in PAL enzyme activity in response
to Si application in blueberry is promising. PAL is involved
in some biosynthefic routes of secondary metabolism,
such as the synthesis of phenolic compounds as
phenylpropanoids, coumarins, flavonoids, condensed
tannins andlignin (Taizet al., 2017). Another study reported
that the application of Siinrice also increased the activity
of the PAL enzyme, as well as peroxidase and polyphenol
oxidase (Cai ef al., 2008). The increase in PAL acfivity may
be associated with the ability of Si fo promote greater
expression of genes encoding this enzyme (Rodrigues &
Datnoff, 2015).

The higher productfion of lignin gives more
mechanical strength to the plant, especially in vascular
fissues, and favors the conduction of water and minerals
through the xylem (Taiz et al., 2017). Thus, the higher fruit
weight, yield and leaf area may have been indirectly
benefited as a result of the higher PAL activity. Another
study reported that ferfilization with Si, applied both via
soil and foliar improved the number of strawberry fruits
(Silva et al., 2013). The application of Si was also reported
fo increase the diameter of fruits in sapodila frees
(Manilkara achras) (Lalithya et al., 2014).

Studies on the effect of foliar application of Si on
stfrawberries have divergent results. One study reported an
increase in sfrawberry mass (Silva et al., 2013). Meanwhile,
another study reporfed no difference (Munaretto et al.,
2018). Other studies also reported that the application
of Si increased fruit yield in strawberry (Silva et al., 2013)
and fomato (Marodin et al., 2014). In sapodilla plants, the
application of Si modified leaf angle, resulting in a greater

number, diameter, and mass of fruits (Lalithya et al., 2014).
The change in leaf angle improves light inferception
and, thus, more significant photosynthetic activity, with
a consequent increase in mefabolite franslocation and
plant performance (Das et al., 2019). Siincreases carbon
fluxes and enzyme activity in the Krebs cycle, which also
leads fo greater photosynthetfic efficiency (Das et dl.,
2019).

The content of organic acids in tissue planfs can
increase by Si application, which influences the fitratable
acidity of the fruits (Silva et al., 2013). It was reporfed in
rice that foliar applicafion of Si could increase the content
of organic acids such as cifric, succinic, and malic due
fo increased carbon fluxes and enzyme activity in the
Krebs cycle and, consequently, higher production of
their metabolite intermediates (Das et al., 2019). Another
study also reported that soil and foliar application of Si
increased the fitratable acidity in strawberries (Silva et
al., 2013). In contrast, another study reported no effect
of the foliar application of Si on the fitratable acidity in
strawberries (Munaretto et al., 2018).

Si can increase the activity of enzymes such
as PAL in wheat (Trificum aesfivum), which is related
to the synthesis of phenclic compounds (Gomes et al.,
2005). Si catalyzes the deaminatfion of phenylalanine
to form phenylpropanoids, which are precursors of
phenclic compounds (Gunes et al., 2007; Gomes et
al., 2008). In addifion, Si is related to the formation of
biocactive compounds in planfts and the improvement
of the photosynthetic process and activates secondary
metabolic pathways (Gunes et al., 2007; Munaretto et
al., 2018). Studies reported that Si application did not
affect the levels of phenolic compounds in sfrawberry
(Munaretto et al., 2018) and soybean (Ferreira ef al.,
2006) plants.

Anthocyanins are flavonoids from the compound
phenclics group responsible for the blue, violet, and
shades of red (Singleton, 1987). Therefore, the increase
of anthocyanins is related to the increase of Phenolic
compounds. Other studies also reported that foliar
application of Si increased anthocyanin confent in
strawberry fruits (Munaretto et al., 2018; Silva et al., 2013).

The POD enzyme is related to cell protection
and disease resistance through the oxidation of phenolic
substances to quinones in the fissue aging process
(Mohammadi & Kazemi, 2002). POD is an enzyme with
an essentfial role in enhancing antioxidant capacity,
promoting the oxidation of phenolics, forming ethylene,
and improving respiratory strength (Chittoor et al., 1999).
POD levels increase with fruit ripening as a defensive
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response to neutralize free radicals (Chittoor et al., 1999).
The decrease in POD activity in blueberries found in this
study could be related fo the lower siress conditions in
fruits freated with Si. Si application was also reported to
improve POD activity in wheat (Gomes et al., 2005) and
potato (Gomes ef al., 2008).

Conclusions

The performance of the evaluated blueberry
culfivars was better through Silicon applicatfion, with
greater performance of vegetative growth, fruit yield,
and fruit quality, especially in cultivar Climax, which
was the most suitable in terms in of fruit yield in this
study. Photosynthetic affributes, fruit yield, fluorescence
aftributes, and phenylalanine activity were benefited
with the application of Si.

In the post-harvest aspects, foliar application of
Si improved the qudlity of blueberry fruits, with greater
mass and diameter in cultivars Beckblue and Climax,
and greater number of fruifs in culfivar Brightwell. In the
three cultivars evaluated, the application of Siincreased
the titfratable acidity confent, the content of phenclic
compounds and anthocyanins. The application of Si
reduced peroxidase activity for all culfivars.
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Abstract:

Some regions do not provide adequate chilling for growing plum trees, requiring the use
of sprouting inducers, which mostly can be highly toxic to the environment. The objective
of this work was to test the efficiency of copper sulphate and vegetable and mineral oils
in breaking dormancy of plum trees for use in an organic production system. In the first
year (2018/2019), the greatest hastening of sprouting was observed for treatments using
mineral oil 2% + vegetable oil 2% (one or two applications). Moreover, all treatments
using vegetable oil and mineral oil showed greater final sprouting, differing significantly
from the other treatments. In the second year (2019/2020), treatments with one
application of 2% copper sulfate or 1% mineral oil + 1% vegetable oil hastened
sprouting, although for final sprouting at 20 days after treatments, there were no
significant differences. In both years, there was reduction in catalase activity in plant
buds for most treatments with mineral and vegetable oils, except for mineral oil 2% + 2%
vegetable oil (1 application) in the first year. This effect was also observed for treatments
with one application of 1 or 2% copper sulphate, in both crops. In both cycles, there were
frequent periods of rain during flowering, which impaired fruit set, leading to inconsistent
results in relation to production aspects. The highest fruit mass was verified for the
treatment with an application of 2% mineral oil + 2% vegetable oil in the first year. The
treatment with an application of 2% copper sulphate showed a higher number of fruits in
both years. Considering the results, the effects of two applications of 2% mineral oil +
2% vegetable oil were promising and could be a viable alternative for breaking the
dormancy of ‘Laetitia’ plum trees in sustainable systems of fruit production.
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the most recent studies on the different dimensions of Vitis plants production. This new book is an
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Vinhos tla colhalia

dJa Tvamo

Apresentacao

A mudanca do periodo de colheita do verdo
chuvoso para o inverno seco, por meio do manejo
da dupla poda, técnica validada pela EPAMIG,
possibilitou a obtengdo de uvas com melhores in-
dices de maturagdo e sanidade, incrementando a
qualidade dos vinhos finos de colheita de inverno
(ou simplesmente denominados vinhos de inver-
no). Esta inovacéo foi concretizada por meio da
parceria publico-privada que deu inicio as pes-
quisas conduzidas com o objetivo de transferir o
ciclo de produgdo da videira da primavera/veréo
para a estacéo seca de outono/inverno do Sudeste
brasileiro, com elevada amplitude térmica.

Impulsionados pela notoriedade desses vi-
nhos, novos empreendimentos viticolas foram
implantados, inclusive na regidao central do
Brasil, ainda ndo explorada pela vitivinicultura. A
colheita de inverno tem contribuido para mudar
o cenario nacional de produgdo de vinhos finos,
inserindo as regides Sudeste e Centro-Oeste em
uma nova fronteira viticola.

Esta nova edigdo do Informe Agropecuario,
Vinhos de colheita de inverno, retine informa-
¢Oes técnicas relevantes obtidas durante 20 anos
de pesquisa com o0 manejo da dupla poda, com
destaques para: panorama atual dos vinhedos;
implantacéo e condugdo dos parreirais; resulta-
dos recentes de pesquisas sobre porta-enxertos e
cultivares; controle de maturagdo e vinificagao;
viticultura de precisdo; informacdes sobre terroir
e orientagBes para obtengdo das IndicagBes Ge-
ograficas e a criacdo da marca coletiva “Vinhos
de Inverno”. Espera-se que as informagdes conti-
das nos respectivos artigos possam atender a alta
demanda que existe hoje sobre todo o processo
produtivo das uvas destinadas a elaboragdo dos
“Vinhos de Inverno”.

Renata Vieira da Mota
Claudia Rita de Souza
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Pesquisa abre novos horizontes para
a produgdo de vinhos finos

Até o inicio do século 21, a producéo de vinho fino no Su-
deste brasileiro era inexpressiva, sendo o estado do Rio Grande
do Sul detentor da quase totalidade dessa produgdo. Condicdes
climéticas adversas & boa maturacéo e & sanidade das uvas re-
sultavam em baixa producéo, pois no ciclo produtivo da videira
a maturagdo e a colheita coincidiam com o verdo chuvoso da
regiGo. Entretanto, em algumas localidades do Sudeste, o outono/
inverno apresentava as condi¢des ideais para a maturagéo da uva
para vinificagéo, tais como escassez de chuvas, dias ensolarados
e noites frias.

Ao avaliar este potencial, a EPAMIG deu inicio, a partir
de 2001, a uma linha de pesquisa com a finalidade de alterar
o ciclo de producéo da videira, de tal forma que o periodo de
maturagéo e de colheita da uva coincidisse com os meses de
outono/inverno. Parcerias com empresas privadas proporciona-
ram avaliar a possibilidade de gerar um segundo ciclo da videira
mediante duas podas anuais. O deslocamento da colheita para
o periodo de inverno seco da Regido Sudeste permitiu a evolugdo
da maturacéo das uvas no campo.

Assim, surgiram os vinhos de colheita de inverno, elabo-
rados com uvas de variedades da espécie Vitis vinifera, como
exigido pela legislacao brasileira, para produgédo de vinhos finos.
Dentre as variedades inicialmente testadas, as que se adaptaram
melhor ao manejo da dupla poda foram as uvas ‘Syrah’ (tinta)
e ‘Sauvignon Blanc’(branca), com boa expressdo vegetativa e
excelente potencial de producéo e maturagéo.

Os vinhos elaborados a partir das uvas colhidas no inverno
tém sua qualidade comprovada pela conquista de prémios na-
cionais e internacionais, destacando-se o mais recente: Medalha
de Ouro no concurso Brazil Wine Challenge 2020, concedida ao
Vinho ‘Sirah” EPAMIG, safra 2018, cujas uvas foram produzidas
no Campo Experimental de Sdo Sebastido do Paraiso (CESP) da
EPAMIG Sul, sob o manejo da dupla poda.

Esta edicdo do Informe Agropecuério apresenta importantes
resultados para a produgdo de vinhos finos no Sudeste brasilei-
ro, demonstrando que a pesquisa é fator preponderante para o
desenvolvimento agropecuério nacional.

Nilda de Fatima Ferreira Soares
Presidéncia da EPAMIG



Tecnologia da dupla poda impulsiona
producao de vinhos finos no
Sudeste brasileiro

IA - Afamilia Stella tem tradicéo cen-
tenéria no cultivo de uvas ameri-
canas e producéo de vinho. Como
foi a passagem para a producéo
de uvas viniferas e elaboracédo de
vinhos finos?

José Procopio Stella - A fami-
lia Stella, desde 1910, cultiva uvas
americanas e hibridas e elabora vi-
nhos comuns para 0 consumo pro-
prio. Em 2002 foi feito um projeto
para a produgao de vinhos finos, com
isso foram introduzidas 36 varieda-
des de uvas viniferas. Depois de 18
anos de pesquisa, em parceria com a
EPAMIG Sul, em Caldas, consegui-

mos produzir alguns vinhos finos,
tais como: Syrah, Tempranillo e Sau-
vignon Blanc.

1A - Quais foram as principais dificul-
dades para iniciar a producéo de
vinhos finos?

José Procopio Stella - No Sudes-
te brasileiro, a colheita das uvas €
realizada nos meses de janeiro e feve-
reiro. Porém, nesta época tém-se altos
indices pluviométricos, o que dificulta
a maturagdo das uvas viniferas. Entéo,
numa parceria com a EPAMIG, foi
desenvolvida a técnica da dupla poda,
ou seja, transferimos a colheita para

O engenheiro-agrénomo, José
Procépio Stella, é formado pela
Universidade Federal de Vicosa
(UFV) e atuou na Associagdo de
Crédito e Assisténcia Rural de
Mato Grosso (Acamart) e na
Empresa de Assisténcia Técnica
e Extens@o Rural do Estado de
Minas Gerais (Emater-MG), em
Pouso Alegre. Foi superintenden-
te operacional da Plantar, em
Curvelo, MG, e gerente opera-
cional na Sementes Vigosa, em
Andradas, MG. Seguindo a vo-
cacdo familiar para a vitivinicul-
tura, atualmente é diretor-técni-
co da Vinicola Stella Valentino
Ltda., localizada em Andradas.
A Vinicola produz vinhos finos,
mantendo a heranca de cinco
geracées da familia Stella, des-
de a Itdlia até o Brasil.

0s meses de inverno. Com isso, co-
Ihemos as uvas numa época seca, com
excelente luminosidade, com ampli-
tude térmica perfeita (temperaturas
noturnas em torno de 8 °C e tempe-
raturas diurnas em torno de 25 °C) e
solo seco. O conjunto desses fatores é
tudo o que precisamos para obter uma
maturacdo plena das uvas. Assim, a
grande dificuldade que era colher uva
de excelente qualidade no verdo, con-
seguimos por meio da transferéncia
da colheita para o inverno.

IA - E quais foram as principais van-
tagens nesta mudanca, tanto na

Informe Agropecudrio. Vinhos de colheita de inverno, Belo Horizonte, v.41, n.312, 2020




producdo de uvas viniferas, quan-
to na elaboragao de vinhos finos?

José Procopio Stella - A grande van-
tagem da colheita no inverno é ob-
ter uma maturacdo perfeita das uvas.
Com isso, levamos para a vinificagao
uvas de excelente qualidade, o que
nos coloca no mesmo patamar das
grandes regides vitivinicolas do mun-
do que produzem vinhos finos. Trata-
-se de uma grande conquista e a pos-
sibilidade de ampliacdo de mercados,
tanto interno quanto externo.

IA - Qual a importancia da pesqui-
sa para o setor vitivinicola
do Sudeste e qual(is) seria(m)
o(s) principal(ais) tema(s) que
precisaria(m) ser estudado(s)?

José Procopio Stella - A pesquisa
realizada pela EPAMIG é de suma
importancia para o setor vitivinicola.
Muito ja se fez, porém precisamos da
pesquisa de maneira continua, pois
sempre novos desafios surgem e dai
a necessidade de investigacbes per-
manentes. Dentre 0s principais temas,
citamos a adaptacdo de novas culti-
vares de uvas e porta-enxertos e tam-
bém métodos de controle de doencas.
Estes dois temas sdo de extrema im-
portancia para obter uma producéo de
qualidade.

IA - Publicag¢des técnico-cientificas
como o Informe Agropecuério,
que completou 45 anos, tém
contribuido para o desenvolvi-
mento agropecuario, em especial
vitivinicola?

José Procépio Stella - A tecnologia
agricola desenvolve-se de manei-
ra muito rapida. Visto isso, todas as
publicagdes técnico-cientificas sdo
extremamente bem-vindas e o Infor-
me Agropecuario sempre mostrou-se
de alto nivel, vindo a contribuir de
maneira impar no setor vitivinicola.

IA - Como € a interacéo entre 0s pro-
dutores na cadeia vitivinicola?

José Procopio Stella - Os produtores
de vinhos de inverno criaram uma as-
sociagdo para representa-los. Trata-se
da Associacdo Nacional dos Produto-
res de Vinhos de Inverno (Anprovin).
Esta Associacdo tem o objetivo de
unir os produtores tanto no setor vi-
tivinicola quanto no setor mercadol6-
gico. Estdo sendo criados padrdes de
qualidade e, no futuro, a criacdo de
um selo atestando a veracidade dos
vinhos de inverno.

A grande vantagem da
colheita no inverno é ob-
ter uma maturac@o per-
feita das uvas. Com isso,
levamos para a vinifica-
cdo uvas de excelente
qualidade, o que nos co-
loca no mesmo patamar
das grandes regiées viti-
vinicolas do mundo que
produzem vinhos finos.

IA - Qual a sua opinido sobre a cria-
cdo do selo “Vinhos de Inverno”?

José Procopio Stella - O selo “Vi-
nhos de Inverno” é uma iniciativa de
extrema importancia para nés produ-
tores, confirmando a grande qualida-
de dos nossos vinhos. Tem também a

Informe Agropecudrio. Vinhos de colheita de inverno, Belo Horizonte, v.41, n.312, 2020

finalidade de disciplinar e padronizar
0S N0Ssos vinhos para que mantenham
alto nivel de qualidade. Este selo vem
para valorizar nossa producéo, am-
pliar a divulgacdo desses produtos
e criar uma identidade para estes vi-
nhos.

A - Quais as principais dificuldades
enfrentadas pelo setor vitivini-
cola?

José Procopio Stella - A dificuldade
do setor vitivinicola é levar até o con-
sumidor de vinho fino a informagao
da qualidade desses vinhos, visto o
grande trabalho de marketing dos vi-
nhos importados. Precisamos levar ao
consumidor a informacéo de que hoje
em dia temos vinhos com a mesma
qualidade dos importados. Os vinhos
finos da Stella Valentino s3o produ-
zidos com uvas colhidas no inverno,
100% locais e traduzem em seu pala-
dar o que ha de mais complexo e sur-
preendente.

IA - O senhor ja atua com enoturismo.
Como é esta experiéncia e quais
as demandas para incrementar
esta atividade na regido?

José Procopio Stella - A Vinicola
Stella Valentino foi criada com o obje-
tivo principal de trabalhar com o eno-
turismo. A nossa producéo é pequena,
porém os vinhos sdo de altissima qua-
lidade e a intencéo é comercializa-los
dentro da prépria Vinicola. Ja estamos
recebendo turistas desde fevereiro de
2019, os quais tém interesse em co-
nhecer todo o processo produtivo e a
historia da Vinicola.

B Por Vania Lacerda
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Uso do Trichoderma
na cultura da uva
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Introducio

Mo Braal, 2 produgio de was estd concentrada nas epies Sol, Sudeste, Centro Oeste
Mordeste, sendo que o estado do Rio Grande do Sul representa #4,85% da irea cultrvads do
Brasil, com 47383 ha plantados; No estado do Rio Grande do Sul, a vittculturs ¢ rslizada
mﬂi.ﬁumtumgﬁﬁﬂuis:m&mgx]dmﬁmpmdxdmﬂah;&mpﬂuyﬁa
& Serma do sudeste. Na Serra gatichs atwslmente s3o plintados aproxamadamente 37.900 ha,
entre wvss viniferas, smencanas & hibndss, o que corresponde 2 51% da area plantada 0o
Brasil (Riosa, 2016; [BGE, 2018 Mello et al., 2017}

Ma witscudtura hrasileics, wm dos principais entraves £ 2 ccoméncia de doengas, scarretan-
do perdas qualitativas ¢ quantitativas ne produgio de avas, vinhos, sucos & denvados. Dentre
umduﬂmxhagm@mﬂuammmcmmm&dumngmﬂpmﬁuhm
m=mo gue estas estejm afuadzs em diferentes dimas & condighes ambaentass. De maneira
geral 3 doengas flingicas mais importantes tendem 3 ser a5 mesmas nestas regtes, sendo as
prncpais o mildio [ Plmapaa wicols), o oidio {Eysphe pecator), 2 antrsmose | Esaoe
mpdﬁil,aumrﬁ:{ﬂmpﬂ&mﬁmﬁapﬂdﬁﬂh&mﬁ{ﬂnﬂ)ﬁiﬂﬁﬁﬂﬂhﬂla
podndio ds wa madura {Glomerdls angudas) e a5 doengas de trooco, tas como: fusarioss
{Emnummpporm!sp.bu{mm},m {Pracomomsells chbmydospors, Phasmarremo-
nmmspt:l.. Fomutiporia spp.) Petnt { Phaeomomells chlamydospors, Phasoscremonium spp),

{fyﬁndﬂmpnaq:p., Dyonectna spp., Crmpp:'nmrpma]:up_, Ih:r;pfmm:msm en-
tre outrzs) ¢ podndio-descendente (Botrpospheens spp, Neofusscocrum spp., Tasodiplodea
spp.) (Sonego et al, 2005; Almanca ot ol 215 Almanga et al, 20132 Cavalcann = ol 2013),



A0k Trichoderme ust 58 agriculmr

As foengas de troneo da wideirz em espeaial, tem causado prepubzce na vitiookhurs em
diversos patses desde 2 produgio de mudas ste esbelecimento dos vinhedos, cusando declinio
& morte das plantas (Fontane et al, 2016; Almanga et al, 2003x; Cavalcantt et al, M3} No
Bral, em levantamento ralizsdo por Rusin et ol (2015) em vinhedos da Serra gaiicha, obeer
vourse que e midia, 3% das plantas com sintomas externos de declinio e monte apresentavam
a presengz de pelo menos wma espéoe de fungo causador de doenga de toaco. A ocomenaa
destas doengas trar 2 necessadade de reposigio de plantas ou renovagio completa do vinhedn,
dependendn do percentual de plantas afeiadas ¢ dade do vinhedo, o que scarmeta no aumento
do custo de produgio e dimanuigio da renda do produtos. Fontaine ot 2l (2016) demonstraram
gue com o avange da idade dos vinhedos 0 ocorrencis destas doenpas sumenta e a produgio
ﬂ:mﬂmmﬂ;:uin:ptaplﬁn{mﬁmmpuﬂxpodmulmmm&i;mdm

Ohutro grupo de doengpas importante, & o das podnidies de cacho. Botryotin fuckebians
{berma sexnads Botrytis cneres) tem ccnrréncia em todas as regioes produtors de videirz &
tem side considerado um dos princspais agentes caussdones dessas podnddes, cassndo redu-
30 de produgio ¢ qualidade das weas. Fste impacto ocasons vma mi qualidade deos vinhos
produades alterando 2 composigie, mumentando a presenga de compostos témicos que afetam
a5 Jeveduras, inthindo o proceso de fermentagio e diminomdo 3 mtensidade de cor (Fednzn
ct:].,:'.ml', ﬁgtl:ldu—ﬂumndz].,!ﬂlﬂ. Asm como nas demats duumﬁ'mg:as, O S
de funzicidas guimices ¢ 2 principal estrateena no controle de controle da podndiocnzenta
{Shtienberz, 2007; Molutor et al, 2002), entretanto, nas podndaes de cacho, slem diso, =
comendsse utilizar medidas de Mpmmduﬁu]!u,pnd:vuﬂ:tadn]:qmmm:gmﬂ
adequads (Wikox, 2004}, Contudo, o desenvolnmento de produtes de controle bodogic tem
possitulitada novas posnbulidides de manejo destas doengas com menor impacto ambeental

Varias espraes do fungo Tnchodemms tem devath capacdade de controle de fangos ha-
butantes de solo e, em alzumas mhgies, tumbém destacase ne controle d= fungos cawsadores
de doengas da parte atrez. Neste sentido, 2 utilizagin deste sgente de biocontrole podena ser
ﬂmﬂamnmmmm&wﬂmd:mﬂscuﬁmmmﬂm

Com relagio ao controle de fungos de solo, wms possshilidade para o manejo do pepreto
¢ 2 utilizagio de Tnchoderma spp. em viveiros ¢ o momento do plantio. Na Afnica do Sul,
Haﬂmnﬂd.fﬂ”l}uhﬁvmqmmmﬁmﬂmwm Tnchoderma harstanem
apresentaram uma menor modinaa de Cplindmesmon spp. com resultados semelhantes aos
fungacidas utlizados. Alem diste; observou um sumento na mases otal de ralzes nos porta
enmertos com presenga de I ermanum,

Adiconalmente, alpuns trabalhos madenciaram 3 posabilidads de controle de fungos
causidores de doengss de tronco s parte atrea dis plintss de wdere Kenang et ol
{}!l:l}tL rdatasmnqlzmldmﬂ:ﬂmﬁn&ﬂmaspp.hmmcﬁmﬂusuﬁmupmﬂd:
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Chemical control of Tetranychus urticae in
strawberry crops

Francine Regianini Nerbass ™; ©= Leo Rufato'; ©» Diane Camila dos Santos'; {*) Daiana
Petry Rufato'; = Hyan de Cassio Pierezan'; > Carine Rusin'; (-’ Eduardo Massatomo Goulart
Yamaguchi’; ) Rudimar Spannemberg'

Abstract: The two-spotted spider mite, Tetranychus urticae Koch., is one of the
most important pests in strawberry crops and is the main pest in protected
environments. To assess the control potential of insecticides/acaricides registered
in Brazil, the following control agents, milbemectin, fenpropathrin, pyridaben,
abamectin and chlorfenapyr were tested for the control of T. urticae in its different
stages (larva, nymph and adult). A preliminary evaluation was carried out just
before the first spraying, and evaluations were performed 7 days after the first
application (DAA) and at 7, 14 and 21 days after the second application (DAB).
The treatments with insecticides/acaricides showed lower numbers of larvae
in the evaluations, with chlorfenapyr being the most effective. For the control
of nymphs in the comparison between all evaluations, the most effective
treatments were Chlorfenapyr and Pyridaben, followed by treatments with
Fenpropathrin, Abamectin and Milbemectin. The control of adults was similar
among the insecticides/acaricides, but Chlorfenapyr was more efficient, as it
acted considerably faster in the control, with an average control of 68.7% followed
by Abamectin 61.8%, Pyridaben 60.5%, Fenpropathrin 55.8% and Milbemectin
53.5%. It is concluded that the acaricides reduced the pest infestation, with two
sequential applications, being options for integrated management.

Index terms: acaricides, Fragaria x ananassa, two-spotted mite, phases.

Controle quimico de Tetranychus urticae na
cultura do morangueiro

Resumo: O 3acaro-rajado, Tetranychus urticae Koch., é uma das pragas mais
importantes na cultura do morangueiro, sendo a principal praga em ambiente
protegido. Com o objetivo de averiguar o potencial de controle de inseticidas/
acaricidas registrados no Brasil, foram testados o controle, milbemectina,
fenpropatrina, piridabem, abamectina e clorfenapir, no controle de Tetranychus
urticae, em suas distintas fases (larva, ninfa e adultos). Foi realizada a avaliacao
prévia, momentos antes da primeira pulverizacao e avaliagbes 7 dias apos a
primeira aplicacao (DAA) e aos 7; 14 e 21 dias apds a segunda aplicacao (DAB). Os
tratamentos com inseticidas/acaricidas apresentaram menores nimeros de larvas
nas avaliacdes, sendo o clorfenapir o mais efetivo. Para o controle de ninfas no

1State University of Santa Catarina, Center for Agro-Veterinary Sciences (CAV/UDESC), Department of Agronomy, Lages/SC, Brazil.
*Corresponding author: fnerbass@hotmail.com
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Efficacy of ACC (1-aminocyclopropane-1-carboxylic
acid) as a late chemical thinner for ‘Fuji Mishima' apple

1 Arthur Zanrosso'; (= Alex Felix Dias'; > Sabrina Baldissera'; ©-) Antonio Felippe Fagherazzi';
1) Carine Rusin™; (= Daiana Petry Rufato', /= Amauri Bogo'; > Leo Rufato'

Abstract: Chemical thinning of apple trees becomes less reliable once
fruit exceed 10 mm in diameter. This study evaluated the efficiency of ACC
(1T-aminocyclopropane-1-carboxylic acid) for late thinning of ‘Fuji Mishima’ in
two commercial orchards located at the municipality of Vacaria-RS and Sao
Joaquim-SC, in southern Brazil, during the 2020-21 and 2021-22 growing seasons.
Treatments included an untreated control, five different ACC doses applied at
either 18-20mm or 25 mm fruit diameter, and a Maxcel® protocol at the 10mm fruit
stage. In Sao Joaquim-SC, ACC at 1.00 and 1.25 kg product ha' applied at 18-20
mm fruit diameter produced the lowest fruit per cluster and a higher proportion
large and extra-grade fruit category. At 25 mm of fruit diameter, ACC at 1.25 kg
ha'and Maxcel® at 4.5 L ha' were the most effective. In Vacaria-RS, ACC at 1.25
kg ha'reduced fruit per cluster at both 18-20mm and 25mm fruit size. The 0.75
kg ha' ACC dose at either fruit diameter increased the proportion of category-3
fruit, as did 1.00 kg ha™" applied at 25mm fruit diameter. Overall, ACC at 1.00 - 1.25
kg ha' achieved effective late thinning without detrimental effects on yield or
harvested fruit quality. These results indicate that ACC s a viable late-thinning tool
for ‘Fuji Mishima’ under the edaphoclimatic conditions of southern Brazil, during
the 2020-21 and 2021-22 growing season.

Index terms: Malus domestica Borck.; abscission; ethylene biosynthesis; fruit
cluster density; grade fruit.

Eficiéncia do ACC (acido 1-aminociclopropano-1-carboxilico)
no raleio quimico tardio em macieira ‘Fuji Mishima:

Resumo: O raleio quimico em macieiras torna-se menos confidvel quando os
frutos ultrapassam 10 mm de diametro. Este estudo avaliou a eficiéncia do ACC
(acido 1-aminociclopropano-1-carboxilico) para raleio tardio de frutos de ‘Fuji
Mishima’ em dois pomares comerciais, localizados em Vacaria-RS, e Sao Joaquim-
SC, nas safras de 2020-21 e 2021-22. Os tratamentos incluiram testemunha sem
raleio; cinco doses de ACC aplicadas nos estagios de 18-20 mm ou 25 mm de
diametro; e um protocolo com MaxCel® no estagio de 10 mm. Em Sao Joaquim,
as doses de 1,00 e 1,25 kg de produto ha' aplicadas em 18-20 mm resultaram nos
menores valores de frutos por cachopa e maior proporc¢ao de frutos grandes e de
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