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Abstract
This work evaluated the field performance and resistance to Peronospora destructor of 46 onion cultivars in two different
experiments. Two open-pollinated experimental cultivars: BBola Precoce-Agroecológica, and BSuperprecoce-Agroecológica^
were more productive and resistant. The onion breeding by screenings in agroecological production systems may be an alterna-
tive to obtain germplasm less sensitive to biotic and abiotic stresses.
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Onion (Allium cepa) is an important vegetable crop grown all
over the world. It is the third most economically important
vegetable in Brazil, with an estimated production value of
BRL 1.81 billion (approximately US$ 600 million) in 2015
(IBGE 2017). The southern region of Brazil concentrates
about 33% of this production value. Despite the intensive
cultivation of onion in this region, two factors can significant-
ly limit yield: (i) the high occurrence and severity of downy
mildew; (ii) and use of cultivars not adapted.

Onion downy mildew, caused by Peronospora destructor,
has global occurrence and becomes more relevant in temperate
regions (Domingues and Tofoli 2009). According to Wordell
Filho and Boff (2006), downy mildew is one of the main onion
diseases in southern Brazil. van der Meer and de Vries (1990)
reported complete resistance to downymildew found in Allium
roylei. Kofoet et al. (1990) determined that the inheritance of
resistance was due to a single dominant gene, Pd1. However,
to date, there is no resistant commercial cultivar in Brazil.

The use of onion cultivars not adapted to a particular region
may hinder the formation of bulbs, reducing the yield. There
are 437 onion cultivars registered and four protected cultivars
in Brazil (MAPA 2017). This paper aimed to evaluate the field
performance of 46 onion cultivars in the southern region of
Brazil, as well as evaluate the severity and yield loss caused by
downy mildew.

Thirty-one commercial open-pollinated (OP) onion culti-
vars, eight experimental hybrids, two commercial hybrids,
and five experimental OP cultivars originated by mass selection
in agroecological systems (both during the bulb and the seed
production phases) were evaluated in two different experi-
ments. The identification of the cultivars is presented in Table 1.

The experimental OP cultivar denominated BPoranga –
Agroecológica^ was originated from BSCS366 Poranga^ for
two complete cycles in agroecological systems. The following
cultivars were selected in five complete cycles in the agroeco-
logical system: cv. BSuperprecoce - Agroecológico^ originated
from Epagri 363 Superprecoce^; BBola Precoce -
Agroecológica^ originated from BEmpasc 352 Bola Precoce^;
BJuporanga – Agroecológica^ from BEmpasc 355 Juporanga^
and BCrioula Alto Vale -Agroecógica^ from BEpagri 362
Crioula Alto Vale^.

Onion seedlings were grown on soil bed and approximately
60 days after sowing, they were transplanted to the two exper-
iments that remained from July to December in 2015. The
light hours required by cultivars of short or intermediate days
were considered for the accomplishment of the sowing and
transplantation. The experimental design of both experiments
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was in randomized blocks, with three replicates. The experi-
ments were conducted in Ituporanga, SC – Brazil, at 475 m
altitude, 27° 22’S of latitude and 49° 35’W of longitude, in
dystrophic humic cambium soil. Each experimental plot (138
plots per experiment) had 120 plants (six lines with 20 plants),
arranged in a spacing of 35 cm between rows and 7.5 cm
between plants. We evaluated the 88 useful plants of the cen-
tral area of each plot.

Experiment 1 – Field performance experiment – Cultural
practices were performed as recommended by EPAGRI (n.d.).
Seven-day intervals sprays of systemic and protective fungi-
cides started approximately 25 days after the transplant of
each cultivar. Besides, four insecticides sprays were applied.
The following variables were evaluated: i) marketable yield
(MY), in which only healthy bulbs and that had a diameter
equal or greater than 35 mm were quantified; ii) post-harvest
loss, in which the percentage of loss was measured in relation
to the initial weight of the marketable bulbs that maintained
this pattern after 80 days of storage (PHL80); iii) and percent-
age of dry matter (%DM), analysed following the protocol
presented by Pozzo Ardizzi et al. (2005).

Experiment 2 – Resistance to Peronospora destructor ex-
periment – The trial was performedwithout chemical control of
foliar diseases after transplantation. Downy mildew epidemics
occurred due to natural infection. The severity of the disease
was evaluated weekly, beginning 30 days after transplantation.
The severity was rated for each plot using a rating description
scale (1–9), which assigns notes to the entire plot (Mohibullah,
1991). The values from scale notes of the experimental plots
were used to calculate the area under disease progress curve –
AUDPC (Shaner and Finney 1977). In addition, the evaluation
also included: MY, and PHL80 according to the field perfor-
mance experiment. To allow reproducibility of the assay,
sporangia and sporangiophores from local populations of P.
destructor were stored in the Phytosanitary Laboratory at
Epagri/EEITU (code EITF 20), according to the preservation
technique of freeze-drying (Laviola et al. 2006).

The variables were analyzed using ANOVA and, in case of
significance of the treatments indicated by the F test
(p < 0.05), means were grouped with Scott-Knott cluster
analysis (p = 0.05). The analyses were performed using
computational software GENES® (Cruz, 2013).

Experiment 1: Field performance experiment: for the MY
variable, three groups were formed. The group with the
highest averages (16.13 to 26.47 ton/ha) was composed of
12 cultivars, all OP, which 11 were developed in the region
of the experiment (Table 1). Nine out of the ten hybrids eval-
uated were in the group with the lowest averages (2.54 to 8.38
ton/ha). PHL80 formed only two groups, the group of culti-
vars with the highest losses at 80 days of storage had cultivars
with losses between 62.10% and 100%. In the second group,
cultivars had losses between 23.65% and 59.32%. For the
variable %DM, five groups were formed. Eight OP cultivars

were in the group with the highest %DM (10.93 to 10.27),
while five hybrid cultivars were in the group with the lowest
%DM (4.81 to 5.94).

Experiment 2: Resistance to Peronospora destructor exper-
iment: the mean of AUDPC was divided into five groups. In
the group with the highest averages (1012.67 to 1106.00) were
four cultivars, all open-pollinated and short-day. The lowest
averages (187.83 to 358.17) were observed in 18 cultivars,
including three OP experimental cultivars: BSuperprecoce –
Agroecológica^, BBola Precoce – Agroecológica^ and
BCrioula Alto Vale – Agroecológica^ (Table 1). For the MY
variable, five groups were formed. Among the highest averages
(20.74 and 22.24 ton/ha), again were the cultivars
BSuperprecoce – Agroecológica^ and BBola Precoce –
Agroecológica^. The PHL80 formed two groups, in which 25
cultivars formed the group with the highest losses (72.77 to
100%), and the others were allocated within the group that
had losses varying from 37.62 to 68.06%.

The low yield performance of the hybrid cultivars in both
experiments suggests low adaptability to the edafo-climatic
conditions of southern Brazil. This can be partially explained
by the origin of the germplasm used as the parent of the hybrid
cultivars. The hybrids evaluated in the present experiments
come from multinational companies which often have their
breeding programs in regions with a very distinct weather
compared to the southern Brazil. According to Osman et al.
(2008), each breeding company has gathered local selections
and those form the basis of their hybrid breeding programs.
However, it seems that the genetic base used to constitute the
hybrids is not adapted to the conditions of southern Brazil.
Pike (1986) said that open-pollinated cultivars continue to
have a place because they do not have such a narrow genetic
base as hybrids and may prove to be better adapted to the
environmental stresses that occur in many areas of production.
On the other hand, the use of hybrid cultivars predominates in
the southeastern and central regions of Brazil, where the
weather is more similar to regions where hybrid cultivars are
developed.

None of the hybrid cultivars were classified in the groups
with higher mean AUDPC. However, the lower severity of the
disease did not resulted higher yields, contrariwise, hybrid
cultivars were always among the less productive. This obser-
vation is more evident when we analyse the hybrids perfor-
mance in the field performance experiment. Further studies
are needed to determine if the lower severity of the disease
is due to some level of resistance or no preference of pathogen
for less developed plants and lower leaf area.

We observed the interaction of the cultivars in the two
environments-experiments (Fig. 1). The hybrid cultivars were
located in the lower left quadrant, showing low performance
in both experiments. On the other hand, four OP cultivars
were more productive in both experiments, and were located
in the upper right quadrant. In general, it was observed that the
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cultivars had no differential response to the different environ-
ments. Therefore, for our assays, the productivity does not
depend on the experiment.

Some OP cultivars were less damaged by downy mildew
and presented satisfactory yield performance, citing the com-
mercial cultivars SCS373 Valessul and Empasc 352 Bola
Precoce, besides the breeding populations Superprecoce -
Agroecológica, Bola Precoce - Agroecológica and Crioula
Alto Vale Agroecológica. Colnago et al. (2012) evaluated
the response of 40 local germplasms from Uruguay to the
natural infection with P. destructor and reported greater resis-
tance to the pathogen in long-day cultivars. In the present
work, we did not evaluate long day cultivars, however, six
out of the 11 intermediate-day cultivars evaluated were allo-
cated within the group with lower AUDPC means. According
to Colnago et al. (2012), the severity differential response can
be partially explained by: i) different mechanisms involved in
the partial resistance that can cause a delay in the installation
as in the progression rate of the disease; ii) structural defences
of the plant, such as leaf waxiness of the cultivars, which
could prevent the formation of a continuous water film. The
duration of the leaf wetting period is fundamental for the in-
fection process by P. destructor (Hildebrand and Sutton 1982;
Schwartz and Mohan 2008). For Brazilian conditions, the
present study is the first to report contrasting severity, caused

by downy mildew, for onion cultivars. Carré-Missio et al.
(2011), when evaluating nine onion cultivars in Brazil, did
not observe significant differences for downymildew severity.

A hypothesis for the lowest severity observed in experi-
mental OP cultivars developed in the agroecological system
would be transgenerational systemic acquired resistance
(SAR). Lunna and Ton (2012) called Btransgenerational
SAR^ the resistance in progeny that, according to the authors,
requires non expressor of PR genes (NPR1) and is associated
with priming of SA-inducible defence genes. Lunna et al.
(2012) demonstrated that progeny from Pseudomonas
syringae pv. tomato DC3000-infected Arabidopsis (P1 prog-
eny) are primed for SA-dependent defence compared with
progeny from control-treated healthy plants (C1 progeny).
According to these authors, this type of resistance is effective
against (hemi)-biotrophic pathogens. However, this is only a
hypothesis and further studies are needed to establish whether
these cultivars have a true resistance mechanism or the result
of primed defenses.

Schwartz andMohan (2008) reported that in plants infected
with downy mildew, besides the loss in productivity, there is
also loss in bulb quality. In addition, infected bulbs easily
soften, wither, and sprout prematurely during storage. Lee
et al. (2016) found a negative correlation between percentage
of dry matter and losses during cold storage (0 ± 1 °C) in
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Fig. 1 Genotype-Environment interactions for yield of the 46 cultivars in
field performance and resistance to Peronospora destructor experiments.
The numbers of blue diamonds represent: 1 = cultivar B425^, 2 = 560;
3 = 17,294; 4 = 8706; 5 = Catarina; 6 =Menina; 7 = SCS366 Poranga;
8 = Poranga - Agroecológica; 9 = Epagri 363 Superprecoce; 10 =
Superprecoce - Agroecológica; 11 = Athena; 12 = Boreal; 13 = Preciosa;
14 = Sentinela; 15 = Gauchinha; 16 = RDW Luthy; 17 = Sprint; 18 =
18,612; 19 = 564; 20 = Rainha; 21 = Thesis; 22 = Empasc 352 Bola

precoce; 23 = Bola precoce –Agroecológica; 24 = SCS373 Valessul;
25 = Lola; 26 = Baia Herval; 27 = Super Bola; 28 = Primavera; 29 =
Bola Suprema; 30 = Pampeana; 31 = Onix; 32 = 10,160; 33 = Roxa
10,039; 34 = Rio da Antas; 35 = Rio Grande; 36 = Dourada; 37 =
Empasc 355 Juporanga; 38 = Juporanga –Agroecológica; 39 = BR25;
40 = Omega; 41 = Caeté; 42 = Epagri362 Crioula Alto vale; 43 =
Crioula Alto Vale –Agroecológica; 44 = Conesul; 45 = Libório; 46 =
Mulata



healthy bulbs. According to these authors, cultivars with
higher levels of dry matter tend to have lower losses during
the storage. This fact was similar to that observed in the pres-
ent study, since the hybrid cultivars composed groups with the
lowest %DM mean and the larger PHL80. According to
Galmarini et al. (2001) and Lee et al. (2012), the %DM also
presents positive correlation with total soluble solids.
Platenius and Knott (1941) reported that %DM is also linked
to onion pungency, main component of aroma and flavour in
onion. Cultivars that are in the group with the highest %DM
means can be used in breeding programs aimed at processing
and longer storage cultivars, while the cultivars that belong to
the groups with lower %DM means can be used in onion
sweet breeding programs for in natura consumption and com-
merce without storage.

According to the present study, it was possible to select and
indicate the OP experimental cultivars Superprecoce -
Agroecológica and Bola Precoce – Agroecológica as future
commercial cultivars. These two cultivars composed the
groups with higher YM and lower PHL80. In addition, these
populations have higher %DM and presented lower severity
caused by downy mildew.
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