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ABSTRACT. The fungus Monilinia fructicola, which causes brown rot in fruits, is one of the main peach
pathogens. The emergence of fungicide-resistant fungus isolates, as well as the attempt to reduce sprays,
favors adoption of other control strategies. Among them, one of the most important is genetic resistance.
This study was carried out aiming to evaluate the susceptibility of 16 peach and 4 nectarine genotypes to
brown rot, as well as to evaluate how well the sporulation area and diameter correlate with number of spores
in the lesions. Both wounded and non-wounded fruits were inoculated with 10 pyL of M. fructicola
suspension. Wounded fruits from all genotypes (nectarines and peaches) showed susceptibility to M.
fructicola, from 92 to 100% of incidence. The disease incidence was between 18 and 100% when non-
wounded fruits were inoculated. High variability was detected for the fungus sporulation, in both wounded
and non-wounded fruits, with ranges between 16 to 96% and 0 to 94%, respectively. The fungus sporulation
was variable among the genotypes (between 0.1 to 96.0 conidia per mm?) and it is positively correlated with
the diameter and area of sporulation. The genotypes Conserva 947, Conserva 1662, Conserva 672, Conserva
1600, and 'Bolinha’, are the ones with less susceptible to brown rot.
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Introduction

The fungus Monilinia fructicola (Winter) Honey, the causing agent of brown rot, is one of the main
pathogens on the peach culture (Prunus persica (L.) Batsch), in Brazil and worldwide. The damages may occur
at any time of the peach cycle, starting at blooming until postharvest. The disease symptoms are blossom blight,
twig cankers and mainly fruit rots. The fruits are more resistant in early stages of development, however different
types of injuries favor the pathogen entrance, causing the disease. Under optimum conditions for the disease (high
humidity, and mild temperatures), these symptoms may be visible within 48 hours after infection (May-de-Mio,
Moreira, Monteiro, & Justiniano Junior, 2008; May-de-Mio, Garrido, Ueno, & Fajardo, 2014).

Brown rot is mainly controlled through fungicides sprays (Thomidis, Michailides, & Exadaktylou, 2009).
However, the increasing concern about the environment preservation and workers and consumers health
(Bar6-Montel et al., 2019; Elshafie, Mancini, Camele, De Martino, & De Feo, 2015), as well as the emergence
of fungicide resistant pathogen populations (Luo et al., 2010; Hily, Singer, Villani, & Cox, 2011; Zhu, Bryson,
& Schnabel, 2012; Chen, Yuan, Schnabel, & Luo, 2017; Fu, Tian, Pei, Ge, & Tian, 2017), result in the demand
for others control strategies such as genetic resistance. However, the use of this strategy is limited in
commercial orchards because, although there are significant differences in susceptibility among available
genotypes, commercial cultivars that are resistant to brown rot are not yet available (Santos & Ueno, 2014).
The Brazilian peach cultivar Bolinhapresents a lower susceptibility than other cultivars already evaluated
(Feliciano, Feliciano, & Ogawa, 1987, Santos, Raseira, & Zanandrea, 2012; Fu, Burrell, Linge, Schnabel, &
Gasic, 2018). However, poor fruit quality and productivity discouraged its cultivation.

The fruit resistance to brown rot is a quantitative, polygenic trait (Martinez-Garcia et al., 2013; Pacheco
et al., 2014; Bar6-Montel et al., 2019). This type of gene action delays the epidemic development in the
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orhcard, even when the genotype is susceptible to it (Dallagnol & Araujo Filho, 2018), and can be quantified
based on the monocyclic processes, such as infection efficiency, latent period, rate of lesion and sporulation
expansion (Kushalappa & Gunnaiah, 2013).

Sporulation studies has great epidemiological importance in the advancement of fungal diseases (Rios &
Debona, 2018) and in the case of brown rot its main incidence is as secondary inoculum (May-de-Mio et al.,
2014; Oliveira Lino et al., 2016). Knowledge of sporulation capacity of M. fructicola in fruits of a particular
genotype is necessary to be able to recommend its planting, especially under Brazilian growing conditions
which are predisposing to the disease (high temperatures, occurrence of rains and humidity during the
growing season) (May-de-Mio et al., 2014). Previous work carried out with a large number of peaches of
Brazilian cultivars (screening) indicated that conidia counting on infected fruits was effective but was labor
and time demanding (Joel Fortes, personal communication), although in some specific studies it is used to
know and compare the conidia density of Monilinia spp. (Gell, De Cal, Torres, Usall, & Melgarejo, 2009; Sun,
Gao, Liu, & Wang, 2009). The most recent literatures use other types of variables to measure this parameter,
they use the area covered by sporulation, sporulation diameter, number or percentage of fruits with
sporulation (Scariotto, Santos, & Raseira, 2015; Garcia-Benitez, Melgarejo, De Cal, & Fontaniella, 2016; Obi,
Barriuso, Moreno, Giménez, & Gogorcena, 2017; Obi, Barriuso, Usall, & Gogorcena, 2019).

The present study was carried out aiming to evaluate the susceptibility of peach and nectarines genotypes
to brown rot; as well as to check how accurate the measurement of the sporulation surface correlates with the
spores counting, thus simplifying the evaluation proccess.

Material and methods

The study was performed at Embrapa Clima Temperado, in the laboratories of fruit breeding and
phytopathology, in Pelotas, Rio Grande do Sul State, Brazil (31°40' S and 52°26' W; 57 m altitude). Fruit
susceptibility to brown rot was tested for 20 different genotypes (among cultivars and selections), four
nectarines: 'Sunmist’, Necta 506, Necta 532, and Necta 540 and 16 peaches: 'Chimarrita’, Cascata 1359,
Cascata 1577, 'BRS Rubimel', TX2D163, 'Maciel, 'Atenas’, 'Bolinha’, 'Cerrito’, Conserva 655, Conserva 572,
Conserva 947, Conserva 1526, Conserva 1600, and Conserva 1662 and a whipping type selection (Chorao).
Except for 'Sunmist' (University of Florida) and TX2D163 (Texas A&M University), all genotypes are from the
Embrapa Peach Breeding Program. All genotypes are cultivated in the same area (Embrapa work collection),
under the same cultural management. Trees were spaced 2 m between trees and 5 m between rows, conducted
in an open vase and with three trees (between 10 and 14-year-old) per genotype obtained by budding (clones).

The experimental design was completely randomized, and each genotype was considered as one treatment,
with four replications of five fruits. The inoculation was made on wounded fruits in 2015-2016, 2016-2017,
and 2017-2018 harvest seasons, and non-wounded fruits in the 2016-2017 and 2017-2018 harvest seasons.

The fungus isolate was obtained from mummified fruits infected by M. fructicola, collected at four different
peach orchards of Embrapa Clima Temperado. From these, fragments of approximately 5 mm were transferred
to Petri dishes containing Potato Dextrose Agar (PDA) culture media and incubated for seven to ten days, in
a growth chamber at 25 + 2°C and 12 hours of light. Contamination with other fungi or bacteria was eliminated
by successive cultures until the pure culture was obtained. The four fungal isolate was stored in test tubes
with PDA culture medium in a cold chamber (4 = 1°C). Whenever necessary, the fungus was cultured on ripe
peach fruits, purified again and transferred to Petri dishes with PDA. The conidia were removed from the
cultures of M. fructicola with seven to ten days of incubation, with a brush and 10 mL of distilled water. The
suspension was then filtered, and the concentration of conidia was determined using an optical microscope
and hemocytometer. Finally, the inoculum used was prepared under aseptic conditions on the day of
inoculation, using the same proportion of the four strains of M. fructicola.

Fruits at commercial ripening stage were harvested from the four quadrants of the plant. They were selected
for absence of apparent damages by insects and/or infection. Subsequently, they were submitted to disinfestation
by immersion in 70% alcohol for one minute, followed by three minutes in a 0.5% sodium hypochlorite solution.
After this period, they were washed tree times in distilled water. Fruits were arranged into transparent plastic boxes
(24 x 23 x 10 cm), being five per box, placed over plastic rings. The boxes were previously disinfested with 70%
alcohol and the bottom of them was lined with filter paper moistened with sterilized distilled water.

The inoculation was made by pippetting the inoculum suspension on fruits without wounding in a
previously marked location in the equatorial region. For the inoculation on wounded fruits (wound
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penetration of 1 mm into the fruits with the syringe tip), it was used an inoculation syringe of 100 uL coupled
to a repeating dispenser 50x (Hamilton®). In both, wounded and non-wounded fruits, 10 uL suspention of M.
fructicola (2.5 x 10* conidia mL™!) with Tween-80° (0.1 g L) was inoculated in the equatorial region of each
fruit (Crisosto, Gradziel, Ogundiwin, Bostock, & Michailides, 2009; Martinez-Garcia et al., 2013; Scariotto
etal., 2015; Fu et al., 2018; Obi et al., 2019).

After inoculation, the fruits were stored in the boxes and incubated in a growth chamber, with 23 = 1°C
temperature, 75% relative humidity and 12 hours of light. The evaluations were performed 72 hours after
inoculation (hAI), considering as infected the fruits that presented characteristic disease lesions. The severity
was evaluated by measuring the lesion diameter (LD), with a digital caliper, and using the average of two
perpendicular measurements. Presence of sporulation (SPP) was also evaluated (% of fruits with sporulation),
and if so, sporulation diameter (SPD) was measured, in the same way as the LD. The LD and SPD in wounded
fruits data were subjected to Pearson correlation.

Lesion (LA) and sporulation (SPA) areas were calculated, considering as circular shape, by the formula:
A=(mxD1xD2)/4,being D1 and D2, the diameters of each perpendicular measurements (Pazolini, Santos,
Citadin, Storck, & Flores, 2016). Likewise, the area of one side of the fruit was calculated using the measures
of fruit diameter and height. From these results, the percentage of fruit affected by the lesion and sporulation
was calculated.

In 2017-2018, three skin samples of 5 mm diameter were collected from five inoculated wounded fruits,
on the sporulation zone of each of them, using a cork borer. If sporulation was not visible, the samples were
taken from the area with brown rot lesion. The samples were maintained in vials with 1 mL of lactic acid until
the evaluation. Conidia counting was determined, in duplicate, using an optical microscope and the
hemocytometer with vials previously shaken for 30 seconds. Sporulation mm2 (SP mm2) was calculated by
multiplying the average concentration of conidia (conidia mL™') by the volume of storage media and dividing
it by the sample area (mm?), expressed in conidia per mm? (Kadish, Grinberger, & Cohen, 1990). The SP mm™ was
submitted to Sperman correlation with the other sporulation variables measured on the same harvest season
(SPP, SPD, and SPA).

The data were submitted to analysis of variance (ANOVA) and the means of the genotypes were grouped
by the Scott-Knott test (p < 0.05). For the statistical analysis, the data expressed in percentage were
transformed into arcsin V'x / 100, to meet the assumptions of homogeneity of the variances and normality of
the residues.

The divergence among genotypes was evaluated by the UPGMA hierarchical grouping method (Unweighted
Pair-Group Method using Arithmetical Averages) applied to genotype averages for all analyzed variables
regarding lesion and sporulation, grouping the genotypes for to brown rot resistance in the fruit. The average
Euclidean distance was used as a dissimilarity measure, and the fitness between the matrices and clustering
was estimated by the cophenetic correlation coefficient (CCC). The cut-off point was defined as half of the
average Euclidean distance.

Results and discussion

When the fruits were inoculated after being wounded, all genotypes were susceptible to brown rot, with
incidence range (BRI) from 92 to 100% (Figure 1). When fruits were not wounded at the inoculation, there was
high variability, with some genotypes presenting less than 30% BRI (Conserva 947, Conserva 672, and
'‘Bolinha") and others more than 90% (Necta 540, Chorao, Cascata 1359, and Cascata 1577). Bar6-Montel et al.
(2019) in a study with Monilinia fructicola inoculation, observed a slight difference on brown rot incidence in
non-wounded fruits. Other studies with inoculated non-wounded fruits had averages between 60 and 100%
(Obi et al., 2017) and between 50 and 100% (Obi et al., 2019).

Regarding to SPP, high variability was detected for both inoculation methods: inoculation in wounded
and non-wounded fruit it ranged from 16 and 96% and 0 and 94%, respectively (Figure 1). Selections
Conserva 947 (16%), Conserva 1662 (25%), Conserva 672 (28%), and 'Bolinha' (38%) stand out as the
genotypes with the least fruit SPP when inoculated after being wounded. On non-wounded fruits, two
more genotypes showed less than 3% of fruits with SPP (Conserva 947, Conserva 1662, 'Bolinha’,
Conserva 672, Conserva 1600, and 'Maciel).
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Figure 1. Brown rot incidence (A) and sporulation (B) in 20 peach genotypes inoculated with Monilinia fructicola in wounded and non-

wounded fruits, evaluated at 72 hours after inoculation. The columns correspond to the average values of three harvest seasons (2015-

2016, 2016-2017 and 2017-2018) for wounded fruits and two harvest seasons (2016-2017 and 2017-2018) for non-wounded fruits. The
vertical bars in each column refer to standard error. Embrapa Clima Temperado, Pelotas, Rio Grande do Sul State, Brazil.

ANOVAs performed between genotypes for LD and LA were highly significant (p < 0.0001) for both
wounded and non-wounded fruits, and for all harvest seasons. Wounded inoculated fruits of the evaluated
genotypes showed averages LD between 12.7 and 44.0 mm and LA between 10.2 and 81.8% (Table 1). Applying
Scott-Knott grouping test for LD, four groups were identified on the first harvest season and three in the second
and third harvest seasons. The genotype which presented the lowest averages for LD in the three harvests seasons
was Conserva 947. For LA, five groups were obtained in the first harvest season and four in the second and third.
The genotypes identified in the lowest LA group, during the three harvest seasons were Conserva 947, '‘Bolinha/,
Conserva 1600, Conserva 1662, and Conserva 672, with intervals between 10.2 and 25.0% (Table 1). Fu et al. (2017)
reported averages between 12 and 34 (wounded fruits) and between 0 and 26 (non-wounded fruits) of disease
severity index, being this index the product of the average of LD and the disease incidence.

It is important to note that the variable LA was more efficient than LD to differentiate the levels of
susceptibility, since it allows to correct the lesion area according to fruit size. Some genotypes, as 'Sunmist’,
Chorao and Necta 532, which produce small fruits, presented higher values of LA, even if LD is not in the
highest group. On the other hand, large fruits such as Conserva 672, 'Cerrito’, Conserva 655, 'BRS Rubimel’, and
‘Maciel', presented in general, lower LA than LD values. This allowed to allocate these genotypes in groups of less
susceptibility in comparison to when LD was used as a variable of severity. Similar results were obserbed by Walter
et al. (2004), who performed a screening for brown rot resistance in apricot fruits (Prunus armeniaca), observed that
the LA, measure after 72h Al, was the variable that best discriminated the genotypes.

The variability was even higher among genotypes in the case of non-wounded fruits, with values of LD and
LA ranging from 0.0 to 41.6 mm and from 0.0 to 79.5%, respectively. But, the experiment accuracy was lower,
with coefficients of variation between 62.1 and 84.1%. The genotypes located in the lower susceptibility group
with lower values for both LD and LA were Conserva 947, 'Bolinha', Conserva 1600, Conserva 672, and 'Maciel'
(Table 1). The cultivar Bolinha is known for having the lowest LD in several other studies performed in non-
wounded fruits (Feliciano et al., 1987; Santos et al., 2012; Scariotto et al., 2015; Fu et al., 2018).

When the inoculation was made without wounding, the SPD and SPA averages were between 0.0 to 36.8 mm
and 0.0 to 69.5%, respectively. Testing several peach genotypes to M. laxa, Obi et al. (2017) obtained LD averages
between 38.0 to 62.5 mm in one experiment, and 48.9 to 56.5 mm in another, in two years of evaluation (Obi et al.,
2019). The high values of LD reported in the mentioned studies may be due to the longer incubation time (120h
AI) and/or the high susceptibility of the genotypes when compared to the Embrapa’s genotypes.

Acta Scientiarum. Agronomy, v. 44, e55850, 2022
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Table 1. Means of lesion diameter (LD) and lesion area (LA) evaluated 72 hours after inoculation in wounded (2015-2016, 2016-2017
and 2017-2018 seasons) and non-wounded (2016-2017 and 2017-2018 seasons) fruits, in Embrapa Clima Temperado, Pelotas, Rio
Grande do Sul State, Brazil®.

2015-2016 2016-2017 2017-2018
Genotype Wounded Non-wounded Wounded Non-wounded Wounded

LD® (mm) LA® (%) LD(mm) LA(%) LD(mm) LA(%) LD(mm) LA(%) LD(mm) LA (%)
'Atenas’ 36.7 ¢ 474c 17.3b 15.7b 38.9¢ 46.5c 32.5b 34.0b 31.7¢ 32.6b
'‘Bolinha’ 20.1a 12.5a 8.1a 5.8a 209a 19.7a 6.5a 4.6a 20.4b 144a
'BRS Rubimel' 35.0c 31.5b 6.2 a 3.7a 30.1b 37.5b 349b 45.2Db 28.8 ¢ 31.6b
Cascata 1359 30.0b 36.6 C 25.3¢ 31.0b 28.6b 36.3b 24.0b 31.2b 31.5¢ 36.9 ¢
Cascata 1577 25.8b 29.6 b 41.3 ¢ 57.0c 38.8 ¢ 60.1d 41.6Db 58.5b 33.6 C 43.0c
‘Cerrito’ 25.7b 23.5a 16.1b 15.1b 27.9b 25.0a 14.6a 11.8a 32.7¢ 31.1b
'Chimarrita’ 37.1c¢ 42.4 ¢ 14.2b 9.5b 40.0c 46.5 ¢ 32.0b 41.1b 35.6¢ 440 c
'Chorao’ 334c 73.2 e 41.3 ¢ 69.5d 35.6 ¢ 69.7d 239b 42.5b 33.1c 79.5d
Conserva 655 33.3¢C 27.4b 14.0b 9.1b 42.8c¢ 448 ¢ 15.1a 8.8a 22.2b 16.3a
Conserva 672 27.1b 229a 6.9a 5.8a 25.1b 19.1a 8.5a 9.1a 2240 15.3a
Conserva 947 17.3a 10.2a 0.0a 0.0a 19.5a 13.3a 10.5a 79a 12.7a 12.7a
Conserva 1526 28.0b 21.5a 15.7b 12.5b 44.0 c 56.0c 124a 8.8a 38.2¢ 44.0c
Conserva 1600 23.5a 14.0a 0.0a 0.0a 24.8b 249a 7.6a 5.8a 2440 19.3a
Conserva 1662 20.8a 13.0a 12.2b 12.0b 2590 19.4a 18.2a 12.6a 17.4a 7.85a
Conserva 655 33.3¢ 27.4b 14.0b 9.1b 42.8c 44.8 ¢ 15.1a 8.8a 22.2b 16.3a
Conserva 672 27.1b 229a 6.9 a 5.8a 25.1b 19.1a 8.5a 9.1a 22.4b 15.3a
Conserva 947 17.3a 10.2a 0.0a 0.0a 19.5a 13.3a 10.5a 79a 12.7a 12.7a
'Maciel' 41.2d 38.8 ¢ 1.26a 04a 24.5b 18.6a 17.1a 14.1a 14.6a 9.35a
Necta 506 35.6 C 60.4d 10.1b 89b 40.2 ¢ 64.6d 16.0a 16.8a 36.0 ¢ 55.3¢
Necta 532 42.2d 81.8e 30.6 ¢ 46.4 ¢ 38.3¢ 63.6d 33.0b 52.3b 35.0c 79.5d
Necta 540 33.9c 50.5d 27.7¢ 40.3 ¢ 34.3c 52.1c 31.7b 48.1b 25.5b 25.5b
'‘Sunmist’ 31.3¢ 59.9d 31.5¢ 509 ¢ 31.1b 62.2d 32.2b 55.0b 33.4c¢ 57.7¢
TX2D163 29.0b 27.5b 17.5b 13.6b 27.0b 22.2 a 0.0a 0.0a 29.8 ¢ 32.4b

CV (%) 23.2 38.9 78.5 84.1 25.3 434 62.1 78.9 35.9 48.1

MMeans followed by the same letter in the column belong to the same group by the Scott-Knott’s clustering test at p < 0.05. ®LD = evaluated in two
perpendicular measures by fruits. ®LA = percentage of the one face of the fruit lesioned by Monilinia fructicola.

All ANOVASs performed for SPD, SPA, and SP mm2, were highly significant (p < 0.0001) for both wounded
and non-wounded fruits and for all evaluated seasons (Table 2).

Considering SPD, five groups were formed by Scott-Knott teste, in the first harvest, four in the second and
three in the third. The genotypes that remained in the group with lower SPD and with the lowest averages
during the three harvest seasons were Conserva 947, '‘Bolinha’, Conserva 1600, and Conserva 1662. For SPA,
four groups were stated in the three harvests and the least susceptible were the same ones with the addition
of selection Conserva 672, all with less than 7.3% (Table 2).

On non-wounded fruits, the variability among genotypes was high, with values ranging from 0.02 to 29.8
mm and from 0 to 37.8%, for SPD and SPA, respectively. However, the coefficients of variation were extremely
high, between 125.8 and 143.9%, which can be explained by the large number of fruits without fungus
sporulation. The genotypes in the lowest susceptibility group, with the lowest values for both SPD and SPA
in the two evaluated seasons, were Conserva 947, 'Bolinha', Conserva 1600, Conserva 1662, Conserva 672, and
'Cerrito’ (Table 2).

In the inoculation without wound, the lower development of the disease may be due to the delay in
infection and/or in the lower probability of conidia to succeed in fruit penetration. As a consequence, the LA
is smaller, so SPA will also be smaller. It should be pointed out that in the case of non-wounded fruits
inoculation, although the fruits are visually intact, there may have microcracks from where the fungus can
infect. In the case of M. fructicola seems that the wound is necessary for the infection to exist (Lee & Bostock,
2006; Oliveira et al., 2016). Thus, the number of conidia that would have success in infecting, in case of wound
inoculation would be much higher in relation to inoculation without wound, since the deposition of the conidia
would have to be coincident with the place where the micro-wound is located (Michailides & Morgan, 1997).

There was a high correlation (0.84) between LD and SPD of fruits inoculated with wound. An even higher
correlation (0.959) was obtained by Obi et al. (2019). However, in the present study, the correlation was not
higher due to the great presence of fruits with lesions, but without fungus sporulation (concentration of
points on the Y axis) (Figure 2). The main genotypes that had a high percentage of fruits with lesions but
without sporulation were Conserva 947, Conserva 1662, Conserva 672, 'Bolinha’, 'Cerrito’, and Conserva 1600
(Figure 1 and Tables 1 and 2).
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Table 2. Means of sporulation diameter (SPD) and sporulation area (SPA) evaluated 72 hours after inoculation in wounded fruits for
three seasons (2015-2016, 2016-2017 and 2017-2018), and conidia number evaluated in 2017-2018 harvest season, in Embrapa Clima
Temperado, Pelotas, Rio Grande do Sul State, Brazil®.

2015-2016 2016-2017 2017-2018
Genotype Wounded Non-wounded Wounded Non-wounded Wounded

SPD®  SPA® SPD SPA SPD SPA SPD SPA SP mm™2® SPD SPA

(mm) (%) (mm) (%) (mm) (%) (mm) (%) (conidiamm? (mm) (%)
'Atenas’ 22.3¢  21.3b 6.4Db 5.0a 23.8¢ 21.0b 155b 10.6Db 124 a 18.7b 13.0b
'‘Bolinha’ 54a 19a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 2.2a 5.7a 2.3a
'‘BRS Rubimel' 199¢ 11.5a 0.0a 0.0a 11.8b 10.1a 20.0b 18.1c 45.1b 16.0b 129b
Cascata 1359 16.4b 12.0a 139c 11.5b 17.0c 12.7a 124b 11.3b 3.2a 15.8b 11.4b
Cascata 1577 16.7b 12.1a 29.8d 285c 282d 32.1b 29.1b 27.6c 47.5b 19.4b 18.3b
'Cerrito’ 8.7a 5.1a 0.0a 0.0a 13.9b 9.4a 0.0a 0.0a 57.5b 16.0b 10.4b
'‘Chimarrita’ 23.3c¢ 18.1b 0.0a 0.0a 239c¢ 20.1b 204b 22.2c 37.2b 25.1c¢ 24.2 ¢
'Chorao’ 239c 429c 269d 37.8d 24.7c 39.0c 4.3a 6.4a 96.0 ¢ 26.1c¢ 50.3d
Conserva 655 19.5¢ 10.1a 5.6b 29a 23.8¢c 15.5a 5.0a 2.1a 27.1a 13.9b 6.4a
Conserva 672 13.9b 7.3a 0.0a 0.0a 4.0a 2.3a 0.0a 0.0a 124 a 2.8a 1.1a
Conserva 947 1.3a 0.7 a 0.0a 0.0a 0.0a 0.0a 2.3a 19a 0.1a 0.0a 0.0a
Conserva 1526 14.1b 74a 3.0b 1.1a 29.7d 26.8b 0.0a 0.0a 789 c 22.8¢ 17.7b
Conserva 1600 5.6a 2.0a 0.0a 0.0a 4.7a 3.2a 29a 2.1a 2.4a 5.0a 2.0a
Conserva 1662 5.8a 2.1a 0.0a 0.0a 1.5a 1.1a 0.0a 0.0a 0.6 a 0.0a 0.0a
‘Maciel' 28.1d 185D 0.0a 0.0a 4.1a 2.0a 1.3b 0.68 a 19.3a 1.0a 0.5a
Necta 506 27.9d 37.2c¢ 29D 2.8a 29.2d 38.0c 5.8a 5.6a 59.8 ¢ 25.6¢ 28.2 ¢
Necta 532 36.8e 69.5d 17.4c 15.6b 33.0d 524d 16.6b 16.8d 20.6 a 21.1c¢ 38.2d
Necta 540 22.8¢c 244b 142c 150b 18.6c 204b 155b 16.5c 52a 14.6 b 11.4b
‘Sunmist’ 23.3c 39.8¢c 12.3¢  174b 22.7c¢ 41.7c 147b 20.8c 46.9b 26.6 C 39.3d
TX2D163 11.5b 15.1b 3.3b 1.8a 8.8b 5.2a 0.0a 0.0a 13.6 a 13.0b 9.5b
CV (%) 49.9 74.9 125.8 143.9 65.6 89.0 127.7 143.3 77.6 73.0 87.3

®Means followed by the same letter in the column belong to the same group by the Scott-Knott’s clustering test at p < 0.05. ®SPD = evaluated in two perpendicular
measures by fruits; ®SPA = percentage of the one face of the fruit affected by Monilinia fructicola sporulation; 'SP mm = Sporulation mm?, evaluated in five fruits
per genotype in three samples of 5 mm of diameter per fruit, expressed in conidia per mm?.

60
50
40

30

20

Lesion diameter (mm)

y=1.0376x + 9.2766
RZ=0.7065
r Pearson = 0.84 ***
0 - T T 1
0 20 40 60

Sporulation diameter (mm)

10

Figure 2. Correlation between sporulation and lesion diameter in wounded fruits of 20 peaches genotypes inoculated with Monilinia
fructicola evaluated over three seasons (2015-2016, 2016-2017, and 2017-2018), Embrapa Clima Temperado, Pelotas, Rio Grande do Sul
State, Brazil. *** = significant at p < 0.001.

The variability for SP mm™ was also very large among genotypes, with intervals between 0.1 and 96.0
conidia per mm? of fruit surface. The Scott-Knott grouping test separated the genotypes into three groups,
being the lowest SP mm group composed by genotypes with less than 27.1 conidia per mm? whereas the
highest SP mm? group was composed by Necta 506, Conserva 1526, and Chorao, with 59.8, 78.9, and 96.0
conidia per mm?, respectively (Table 2). Quantifying the number of conidia in fruits of different apricot
genotypes, Walter et al. (2004) found values from 10 to 140 and from 20 to 270 conidia per mm?, when
inoculated with M. laxa and M. fructicola, respectively.

The genotypes Cascata 1359, Necta 540, and Necta 532 (3.2, 5.2, and 20.6 conidia per mm?, respectively),
presented high values for LD, SPD, LA and SPA, indicating that, although the susceptibility to brown rot in these
genotypes was high, the SP mm was low. Genotypes that had brown rot lesion without fungus sporulation have
great importance in epidemiological terms for the disease, reducing the secondary inoculum available in the
orchard (May-de-Mio et al., 2014; Rios & Debona, 2018). On the other hand, in fruits of 'Cerrito’, whose values for
LD, SPD, LA, and SPA were generally low, but their SP mm2 was high (57.5 conidia per mm?) (Table 2).
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The four variables studied in the 2017-2018 season related to sporulation were positively correlated among
them (p < 0.001) (Table 3). The fact that these variables are significantly and positively correlated represents
a great advantage when evaluating a large number of fruits of different genotypes (screening), since spore
counting under a microscope is a time-consuming and expensive task, and often difficult to do.

Table 3. Spearman’s correlation between sporulation variables in 2017-2018 season. Embrapa Clima Temperado, Pelotas, Rio Grande
do Sul State, Brazil®.

Sporulation variables Sporulation mm? % of fruit with Sporulation Area covered by
(conidia per mm?) sporulation diameter (mm) sporulation (%)
Sporulation mm? - 2.00°% 1.20°% 1.60°3
% of fruit with sporulation 0.74 - 4300 2.10°0¢
Sporulation diameter 0.67 0.84 - 1.301!
Area covered by sporulation 0.66 0.85 0.96 -

MValues above and below the diagonal give the p-value and Spearman’s correlation coefficients, respectively.

Using a UPGMA analysis with all the studied variables, it was found nine groups (cut-off point = 0.82), with
a CCC of 0.78 (Figure 3).

Conserva 947

Conserva 1662
Conserva 672 j
Conserva 1600
TX2DI163
'Maciel'
'Cerrito'

"Bolinha'

'Sunmist'
Necta 532
'Choréo’'

Cascata 1577

Necta 506

Conserva 1526
l—

Necta 540 ——
Cascata 1359 —— |

Conserva 655
'BRS Rubimel'
'Chimarrita'

'Atenas'

T T T 1
0.00 0.41 0.82 1.24 1.65
Average Euclidean distance

Figure 3. Dendrogram representing analysis of conglomerates among 20 evaluated genotypes, obtained by Unweighted Pair-Group
Method using Arithmetic averages (UPMGA). Average Euclidean distance based on the means of incidence and severity of the lesion
and sporulation of brown rot in fruits. Cut-off point was 0.82, corresponding to half the average Euclidean distance. Cophenetic
correlation coefficient = 0.78. Analyzed data of the 2015-2016, 2016-2017, and 2017-2018 harvest seasons. Embrapa Clima Temperado,
Pelotas, Rio Grande do Sul State, Brazil.

The genotypes Conserva 947, Conserva 1662, Conserva 672, and Conserva 1600 are in the group with
lowest averages in most of the variables related to the lesion and sporulation of M. fructicola. 'Bolinha' was
the only genotype in the second group that also presented low values in these variables, but it was allocated
on a separate group, because its lowest average BRI in wounded fruits. The selections Conserva 947 and
Conserva 1662 have cv. Bolinha and a Bolinha seedling respectively as one of their ancestors whereas the
selections Conserva 672 and Conserva 1600 have cv. Aldrighi in their genealogy. Furthermore, the cv. Bolinha
is believed to come from the cv. Aldrighi, suggesting that the common ancestor of all these genotypes goes
back to the latter cultivar which could be transmitting the low susceptibility to brown rot.

The genotypes TX2D163, 'Maciel', and 'Cerrito' established a third group with similar values to the
genotypes of the two previous groups with non-wounded fruits. However, when the fruits were inoculated
after wounding they presented higher values for LD, SPD, LA, and SPA, as well as SP capacity was higher than
the genotypes that presented the best results.

The genotypes Conserva 655, BRS Rubimel', 'Chimarrita’, and 'Atenas' formed a fourth and intermediary
group, for all evaluated conditions. Another intermediary group allocated the genotypes Necta 506 and
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Conserva 1526, which presented similar values to the previous ones in wounded fruits, but in non-wounded
fruits presented lower values mainly for SPP, LD, and SPD.

It is interesting to mention that Necta 540 and Cascata 1359 genotypes presented high susceptibility to
brown rot but were allocated in an independent group due to the low values of SP mm2 (3.2 and 5.2 conidia
per mm?, respectively). It suggests that even though these genotypes are very susceptible to brown rot their
SP mm to propagate the disease is low. The most susceptible genotypes, considering all the evaluated
parameters were 'Sunmist’, Necta 532, Cascata 1577, and Chorao.

The use of more than one parameter and different inoculation techniques (with and without wound), may
be important for the evaluation of brown rot resistance in peach. The best results were obtained with the
genotypes Conserva 947, Conserva 1662, Conserva 672, Conserva 1600, and '‘Bolinha'. The four selections have
fruit quality far superior to 'Bolinha' (fruit size, total soluble solids, industrial potential) and the fruits do not
fall before ripening as occurs with 'Bolinha’, what shows the progress regarding brown rot resistance by the
Embrapa Peach Breeding Program. Conserva 947 was not released just because it is a late-type cultivar and
growers prefer the early ones. However, when the interest for late maturing cultivars for processing arises it
would be released. Conserva 672 does not have high productivity but it is extensively used as a parent for its
phytosanitary aspects and the Conserva 1600 and Conserva 1662 are still under study.

Conclusion

Lesion and sporulation area distinguish genotypes better in terms of M. fructicola reaction than lesion and
sporulation diameter. The lesion diameter is positively correlated to the sporulation. The sporulation mm is
positively correlated to the sporulation variables (diameter, area and % of fruit with sporulation). Genotypes such
as Conserva 947, Conserva 1662, Conserva 672, 'Bolinha', 'Cerrito’, and Conserva 1600 have a high percentage of
fruits with lesions but without M. fructicola sporulation. Conserva 947, Conserva 1662, Conserva 672, and Conserva
1600 genotypes presented better results regarding brown rot resistance, being similar to Bolinha'.
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