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ABSTRACT

Onion production is conditioned to the adopted techniques during the cultivation. Sowing depth, soil preparation
and cultivars are determinant factors for productivity to be incre@sgdexperiments were developed, the first with
the objective of evaluating the effect of sowing depths and soil preparation methods on the germination and development
of onion seedlings, while the objective of the second was to evaluate the productivity of onion cultivars as a soil
preparation function. In experiment I, the split plot scheme was adopted, where the main plots consisted on soil tillage
methods (total area and bed) and in the subplots, the sowing depths (0.5; 1.0; 1.5 and 2.0 cm), with six replicates.
Experiment Il was carried out in a split plot scheme, in which the main plots consisted on soil tillage methods (total area
and bed) and in the subplots, such as onion cultivars (ltajuba, Rainha, Salto Grande, Omega, Mulata and BR29), with
four replicates. The 1.5 cm sowing depth provided greater speed of germination and plant stand. Raising beds offers
the best initial seedling development. The onion cultivation under beds offers the highest vegetative development and
productivity.

Keywords: Allium cepa emergency speed; productivity; cultivars, sowing depth.

INTRODUCTION lho Filhoet al, 2007). In this comixt, the development of

Onions are among the most consumed foods in tpkoduction systems that ensure the environment balance
world. In Brazil it stands out alongside potatoes an@nd its resources, with the aim of reducing erosion pro-
tomatoes as one of the most economically importaRESSes caused by soil overturning are extremely important
vegetables, in which its production in 2018 reachedavellaetal, 2010).
1,538,499.00t (IBGE, 2019). In the 2017/18 harvest in Parana For the implementation of the culture in the field, the
state, about 125,737.55 t of onion were produced, in whigi¢ed for a good seedling emergence is also highlighted,
the Southwest region participates with 0.8% of the totsfhere the sowing depth ends up becoming a determining
production of the state, with an average of 26.06 hdactor, since, when high depths are adopted, there is a
(SEAB, 2018). downfall in germination and/or uneven staAdlower

Various techniques are studied in order to increasepths, the seeds are susceptible to inclement weather
the crop productivityamong them it can be mentionedsuch as rain and wind, in addition to encountering
the soil preparation, with harrows and raising of beds, dfficulties in absorbing water by decreasing the contact
it presents the advantage of eliminating invasive plantsurface of the seed with the soil (Sargbal, 2019).
draining excess water and inducing the augmentation of It is also noteworthy the choice of cultivars adapted
the root system, howevehe adoption of this technique to the region which favor gradual and constant increases
has been discussed, due to the damage of the soil (Caliviayield and, at the same time, bring low cost to the
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producerThe use of open pollinated varieties (OPV) can The seedling emergence speed index (ESI) of 5.0 m in

present advantages to rural producers, since whimgth was evaluated on the central line of each plot. The

compared to hybrid seeds, similar characteristics end apunt of emerged seedlings was performed daily until the

in the production of the bulbs, in terms of coltiemeter number of seedlings was constant, according to Maguire

and functional characteristics. Howey&PV draws (1962).

attention due to the low cost of seeds and greater plasticity The initial seedling stand was determined when they

in stress conditions (Ciancaleatial, 2014). were about six centimeters high, by counting on the cen-
Within this context, the objective of this work was taral line in five linear meters of each plot and the values

determine the ideal sowing depth for onion cultivationvere expressed in seedlingstha

and evaluation of the cultivar performance (OPV) under After stabilizing the emergency (15 days after sowing),

soil tillage methods. 10 samples were collected from each experimental unit, to
measure the height of the aerial part. The parts of the
MATERIAL AND METHODS seedlings obtained in the stature assessment were

Two experiments were performed, the experiment | hasansferred to paper bags and these were placed in an
the objective of evaluating the effect of the sowing deptlwsen with forced air circulation at 65 °C, until constant
and soil preparation methods on the germination amdassAfterwards, they were weighed on a scale with an
development of onion seedlings, while the experiment Hccuracy of 0.001 g, the dry matter result was expressed in
aimed to evaluate the productivity of onion cultivars inmass (mg).
function of soil preparation. The data were submitted to analysis of variance and

The experiment was carried out in the experimentathen there was a significant difference (p d” 0.05),
area of UTFPR - Pato Branco Campus, located atlditional tests were deployed using the R software ( R
coordinates 26°10'31.28 and 52°41'24.2W. According  CoreTeam, 2018)The normality and homogeneity of the
to Embrapa (2013), the regiensoil is classified as response variables were determined using the Shapiro-
dystrophic Red Latosol, with a very clayey texture (83.0%Vilk and Oneillmathews tests, respectively
clay, 15.4% silt and 1.6% sand)he climate is Cfa type, Experiment Il was developed in a commercial field, in
humid subtropical (Alvarest al,, 2013). Pato Branco-PR municipaljtpcated at 26°16°12.2S and

The experiment was carried out until the seedlin§2°39’55.5” W coordinates in a dystrophic Red Latosol,
emergence stabilized, in a split plot scheme, where théth clay texture (56% cla®5% clay silt and 19% sand),
main plots consisted on two soil tillage methods (totalith the following chemical characteristics of the top soll
area and bed) and in the subplots, four sowing dept(@0,20 m) layerpH in CaC| = 4.8; P (Mehlich-1) = 34.45
(0.5;1.0; 1.5and 2.0 cm) in a randomized block design withg dm?; K, Ca, Al = 0.83, 27,27, 0.20 cmolc dn
six replications. Each experimental unit consisted of amespectively; CTC =16.60, V =6.63%, and MO =46.91 g
areaof 9.0mz2(1.0x 9.0 m). dnrd,

The soil preparation was made in a total area with a The experiment was carried out in a split plot scheme,
tillage and two leveling harrows and, for the treatmentshere the main plots consisted on two soil tillage methods
with preparation of beds, the accomplishment of th@otal area and bed) and in the subplots, six onion
embedment was added with the aid of a embedded rotawltivars (ltajuba, Rainha, Salto Grande, Omega, Mulata
hoe. The beds were 0.2 m high x 1.0 m wide x 9.0 m lon@nd BR29), in a randomized block design with four

Sowing was carried out in simple rows, spaced 0.25 replications. Each experimental unit consisted of a 7.0 m2
apart, using cultivar BR29, with sowing density of 13 seed4.0 x 7.0 m) area.

m*. A pneumatic precision seeder for conventional The sowing depth of 1.5 cm was used, as it was the
planting, of the Jumil® brand, model “JM NARA air one that provided the best seedling development in
24007, with five seeding lines and displacement speed ekperiment |. For the soil preparation and sowing, it was

1.8 km h* was used. used the same methodology described in the first
To ensure the good development of the onioaxperiment.
seedlings, irrigation was carried out when necesgatty For the correction of the soil pH, a simple mineral gra-

the aid ofAgropolo® sprinklers, model N80, with a nular fertilizer of calcium carbonate FO&lcid® was
pressure of 30 mca, a diameter of 31.80 meters range arapalied, and for the fertilization of the area, the result of
flow of 2.66 m3 H. the chemical analysis of the soil was taken into account,

For the control of invasive plants, Herbadox® (Pendimaking basic application and the fractionation of the
methalin) was applied at a dose of 3.0 },hwith a spray covering fertilization in two stages following the
volume of 300 L h& with a costal sprayer at constantrecommendations of the manual of fertilization and liming
pressure (C0), equipped with a 2.0 meter long spout bar for the state of Parana (SBCS, 2017).
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For physical characterization of the soil, at the time (RESULTS AND DISCUSSION
harvest, the measurement from resistance to penetration

was performed, with the aid of a penetromdtemd Falker H hof th . . o
with a tip (cone) of 1.0 cfin area, with ten samples per & emegency march ofthe onion crop increased from

unit being randomly performed. experimental, whosg]_e twelfth day after sowing and stabilized at the twenty-

maximum values observed in the 0.0-0.20 m layer was 1.%“1 dayWhen sown at the depth of 1.5 cm, it resulted in
MPa in embedded soil and 2.87 MPa for the total area.7o'10% of emergence against 69.10% for the depth of 1.0

For leaf evaluations, 10 bulbs were collected from ealti 64.10% for 2.0 cm and 29.65% when sown at 0.5 cm

experimental unit, when about 20% of the plants fell. Th%eep (Figure 1A).

number of photosynthetically active and fully developed Le(_e.et ‘T"L (2011_) describe thf"‘t the depth of seed
leaves were counted, dry or deteriorated leaves Weqlgposmon in the soil, affects germination, emergence and
disregarded (Kurtet al, 2013) plants establishment, through the availability of humjdity

To evaluate the height of the leaves, a ruler graduatlaednperatu_re and exposure to light. Or_1 the other hand, the
in millimeters was used, measuring the stretched |eavéi§crease in emergence as the sowing depth increases,

from the pseudostem to the apex of the highest leaf, tH&Y be related to the fact that greater depths represent a
results were expressed in centimeters (Olivetral, Physical barrier imposed by the soil, and because they
2018). are small seeds, their reservoires are insufficient for them

The cycle was calculated by the number of days thift 2PPear in greater quantities (lael, 2011).
comprised the development of the plants, from sowing to For the different solil tillage (Figure 1B), it is noted that
tipping. The point of harvest was determined visuallj® tillage with a bed provided a greater response, with
when 75% of the plants in the experimental unit present&d-07% against 49.59% when the crop was sown in total
a fall over of the aerial part (Santtsal, 2017). area. This result is related to the size of the aggregates,
The final plant stand was held prior to the bulb harves?!”ce when cultivated under a bed the soil undergoes greater
by counting the plants present in the two central lines gisintegration due to the effect of the rotary hoe, improving
each experimental unit. Subsequenthye bulbs were the soil-seed ratio, thus providing a higher percentage of
harvested on the two central lines in two linear meters §fergence in refation to the sown in total area.
each line and left on the ground with the leaves distributed FOr the emergence speed index (Figure 1C), when the
over the bulbs so that they were protected from the stffOP Was sown in preparation with a bed, the highest index
After 10 days of cure in the field, the bulbs were removeld7-85) occurred in the depth of 1.34 cm. When sowing
from the site and sent to the laboratory where subsequé total area, the index of 21.16 was reached when sowing
assessments were made. at a depth of 1.87 cm, that is, the preparation of the soil
In the evaluation of the bulb diameter average, 10 bul¥4th a bed, resulted in a higher rate of emergence speed
from each experimental unit were measured, where tMéth less depth of sowing, when compared to cultivation
equatorial diameter was analyzed with the aid of a digitH) total area. This can be explained due to the better soil/
caliper with the results expressed in millimeters (Oliveir£€€d relation obtained with the spraying of the soil,
etal, 2018). provided by the rotary hoe, making it cover most of the
The average mass of commercial bulbs was determing@ed, providing a higher moisture content to promote
by dividing the mass of commercial bulbs (perfect bulbgermination, initial root growth and elongation of tissues.
with a transverse diameter > 50 mm and < 70 mm) by the This soil/seed relation is described by Carvalho &
number of commercial bulbs. Nakagawa (2012), where the authors mention that the
In order to evaluate productivity by class, the bulbgreater contact of the seed with the soil, allows the
harvested in the two central lines were classified by tHghydration of its tissues, increasing the respiratory
largest transverse diameterccording to the Ceagespactivities and germination, as the water content, aeration,
(2001) classification. The bulbs were classified as: Clasg@d the availability of oxygen are essential for the
or refuse: <15 mm; Class 1: 15 to 35 mm; Class 2: 35 to §@rmination process of any agricultural specie.
mm; Class 3: 50 to 70 mm; Class 4: 70 to 90 mm, the results In addition, it is worth highlighting the importance of
were expressed in tons per hectare. the ideal sowing depth in the emergence speed of the
The data were submitted to analysis of variance ardion crop. When adopted at very high depths, the seeds
when there was a significant difference (p d” 0.05), thare prepared for a longer period of susceptibility to
complementary tests were deployed using the R softwapathogens, the appearance of physical barriers to seedling
(R CoreTeam, 2018)The normality and homogeneity of emergence and reduced expression of seed force. On the
the variables responses were analyzed using the Shapther hand, sowing carried out at depths close to the
Wilk and Oneillmathews tests, respectively suffaces, predispose the seeds to water or thermal deficit.

Experiment |
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These stresses can reflect on the formation of small asabstances so that the cotyledons are dragged towards
fragile seedlings (Alvest al, 2014). the soil surface. This high energy expenditure often affects

For the initial seedling stand (Figure 1D) the depth dhe emergence of seedlings in the soil, which possibly
1.34 cm showed a greater increase, resulting in 454,88y have occurred in the preparation of soil in a total
seedlings hiafor soil preparation with embedment. Forarea, where due to the presence of larger aggregates, they
the sowing in total area, the depth of 1.79 cm resulted ireaded up becoming a physical barrier to the seedlings
maximum stand of 345,366 seedlings.ha emergence.

The knowledge about germination of a given specie is The difficulties that species with epigeal germination
also important for decision making before cultivation. Thencounter in their development at different depths are
onion crop has epigeal germination, that is, when thadescribed byazquezt al (2011), where the aerial part of
hypocotyl elongates, causing the cotyledons to excedtk seedling develops using the reserved substances that
the soil surface (Cardoso, 2008). remain after the emergency rotational movement. The

The efforts that the seedlings need to make in tliendency is for the height of the seedlings to be smaller
epigeal germination, results in the use of the reserve tissuigh an increase in the sowing depth.
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Figure 1: Onion seedling emergency march according to sowing depths (A) and soil tillage methods (B). Index of emergence speed
(C) and initial stand of onion seedlings (D). Height of aerial part of seedlings (E) and dry matter of aerial part of onion seedlings (F)
according to sowing depths and soil preparation methods.
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For the height of the aerial part of onion seedlings, The number of leaves is related to the number of leaf
soil preparation did not influence development. Howevesheaths, in its turn, they have the development influenced
the sowing depths showed a significant difference, wheby several factors, both intrinsic and extrinsic of each
the depth of 1.44 cm provided seedling development wittultivar (Menezes Junior ¥ieira Neto, 2012).

6.0 cm height (Figure 1E). According to Oliveiraet al (2018), both the height of

The sowing depth is specific to each species anthe plant and the number of leaves, influence the final
when appropriate, provides germination and emergenbealb size. By the fact of the bulb is formed by the
of uniform seedlings and, when excessive, prevents theiccumulation of reserves at the base of the sheath, the
emergence in the soil, causing their death before breakiggeater the photosynthetic area, the greater the accumula-
the soil, due to problems related to the physiologicaion of photoassimilates, resulting in an increase in dry
quality of the seed, such as attack by insects or microwatter (Brewste2008).
organisms, physical impediments of the soil or other When analyzing the behavior of leaf height, it is noted
factors (Almeidaet al, 2010). that the cultivars Itajub4 and Omega presented statistical

The soil preparation with bed and total area showetifference between them, in which the cultivar Itajuba
higher production of dry matter in the aerial part at deptishowed greater leaf development (59.19 cm), while the
of 1.04 and 1.62 cm, respectiveélyne highest production cultivar Omega showed the lowest average among the
achieved in the construction site was 5.24 mg, while fatudied cultivars (53.76 cm). The other cultivars showed
thetotal area 4.63 mg (Figure 1F). no significant difference, with averages ranging from 55.01

The measurement of dry matter of parts of plant$p 58.05 cm.
can be related to crop yield, which depends on the In the cycle analysis it is noted that only the cultivar
production of total biomass and the distribution of drfDmega showed a significant difference between the soil
matter between the productive and non-productive pangiseparations, and when sown in total area, the cultivar
of the plant. Brewster (2008) describes that the onighowed a delay of 5.25 days until the tipping of the
has low dry mass accumulation rates during the eanhgseudostem when compared to enbedded satillé12).
stages of development, followed by rapid growth and Analyzing the cycle between the cultivars studied, it
finally by a stationary phase whose length varieis noted that when preparing soil with a bed, the cultivar
depending on the cultivaplant health and climatic Omega showed the lowest cycle, differing from the other
conditions. Low leaf dry matter results are also relateclltivars. But for the cultivation of onion in soil preparation
to bulb productivity It is important to search for the in total area, the cultivars Omega and Itajuba took less
ideal sowing depth, which leads to good developmetitme to develop completeglwithout difering statistically
for the seedling, since the initial responses will continuieom each other
throughout the cultivation cycle. The cycle of cultivars is an important characteristic to

. be considered when planning to conduct the crop, since
Experiment 1 the shorter the cycle, the better the use of the soil, allowing

For the variable number of leaves, the cultivar Mulatehe entry of other crops during the yeidus increasing
showed a higher average, but did not differ significantlshe profitability of the area (Farét al, 2012).
from the cultivars Salto Grande, Itajuba and Omeghl€r For the final plant population, there was no significant
1). The cultivar Rainha presented the lowest number pfteraction between cultivars and soil tillage, demons-
leaves, differing statistically from the cultivars Mulata andrating only one significance for the soil tillage factor in
Salto Grande. isolation, with the highest values obtained in cultivation

under beds, with an average of 480,000 bulBslgainst

403,333 for the cultivation of onion in total area. The
Table 1: Average number of leaves per bulb and average leal . L .
height of onion cultivars preparation of soil with a tillage and two harrows, plus the
embedment practice, provided greater soil spraying and

Cultivars Average number Average leaf |oq compaction, thus explaining the response to the larger
of leaves height (cm) .
plant population.

Mulata 8.65a 56.49 ab The compaction and presence of soil aggregates ends
Salto Grande 8.35ab 58.05ab up becoming a limiting factor in onion production, where
ltajuba 7.95abc 59.192a seed germination, as it is a fragile and still developin
Omega 7.70 abc 53.76 b 9 ' . g . ping
BR29 6.95 be 55 36 ab plant organ, may have its emergency compromised when
Rainha 6.80 ¢ 55,01 ab encountering physical barriers, explaining the low final
Averages followed by the same lefteertically, do not difer by population of bulbs in the cultlvatloin under tOtal_area
Tukey's test, at a level of 5% probability of error (Alveset al, 2014). Because of the soil aggregates, if they
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constitute physical barriers in the emergence of onigneld of bulbs when preparing soil with a bed. The
seedlings, Nick & Borém (2018) describe the need to uparameter of average bulb mass is similar to the results
a rotary hoe for the destructuring of aggregates. lobtained in the average diameter of bulbs, in which the
addition, the use of a rotary hoe to make beds facilitatesltivation of onion under beds, provides greater
drainage, increases soil porosity and reduces the incidentselopment for the evaluated parameters.

of pathogens present there (Carvadthal, 2007). Costaet al (2007) describe that onion cultivation

In the average bulb diametehe cultivars Mulata, should be carried out in soils free from physical
Omega, BR29 and Rainha presented larger average bimipediments so that it favors the good development of
diameters, when cultivated under bed soil preparatiorgots and bulbs. The embedded soil structure, in addition
without differing statistically from each otherdfle 3). to presenting greater porosity and lower densitgo
On the other hand, when analyzing the cultivation of onigoresents lower barriers, thus, making the bulb to have the
in total area, the cultivars do not show significanpossibility to develop and consequently lead to greater
difference in the average diameter of bulbs. mass obtaining.

It was verified that the cultivars Salto Grande, Itajuba For the total bulb productivity @ble 4), the production
and Omega maintained a statistically similar developmeaf 50.86 t h& is observed when cultivated in a bed, being
in both soil preparations. When the Mulata, BR29 ankligher than the national average (28.13% ldithe state
Rainha cultivars were analyzed, inferior results weref Parana (24.93 t Haand from the southwest region
observed in the cultivation under total area. Howebwer which is 11.35 t & (IBGE, 2019). This satisfactory
values found are still within the limits that provide theproductivity can be explained by the technologies applied
greatest economic return, since bulb diameters greater tltaming the conduct of the work, such as direct seeding,
50 mm are the most demanded by consumers (Cetstrdractional fertilization, irrigation and other cultural
al., 2005). This lesser development may be related to ttreatments carried out carefyllyhenever necessary
genetic capacity of the cultivar to carry out cell expansion Among the cultivars studied, it is noted that the cul-
under conditions in which they are found. tivar Rainha had higher productivity with 55.12 ttha

For the average bulbs mass, when preparing soil wittithout differing statistically from the cultivar Itajuba
a bed, it is noted that the cultivars Mulata, BR29 and R#éhat produced 47.61 t Fawhile the lowest bulb
inha, obtained greater results, without differing statigaroductivity was obtained with the cultivar Mulata (32.29
tically from cultivar BR29 (@ble 3). In the onion cultivation t hat) (Table 4).
in total area, there was no statistical difference between The high productivity of the cultivar Rainha may be
the cultivars studied. The cultivar Itajuba presented rimked to the edaphic conditions of the region, showing
significant difference between the studied soil tillagethat the choice of the onion variety is dependent on factors
whereas for other cultivars there is a higher average masgh as photoperiod and temperature, and each cultivar

Table 2: Average cycle of onion cultivars (days until tipping) according to soil preparation

Soil Cycle (days until tipping)

preparation Salto Grande Itajuba Mulata Omega BR29 Rainha
Bed 167.25 Ca 157.75 Da 165.75 Ca 152.50 Eb 179.25Aa 175.25 Ba
Total area 167.25 Ca 157.75 Da 165.75 Ca 157.75 Da 178.75Aa 177.75 Ba

Average followed by the same uppercase letter horizontailg lowercase letters verticallywithout difering by theTukey test, at a level
of 5% probability of errar

Table 3:Average bulb diameter and average bulb mass in function of soil preparation and onion cultivars

Soil Average bulb diameter(mm)

preparation Salto Grande Itajuba Mulata Omega BR29 Rainha

Bed 59.78 Ba 59.18 Ba 60.10Aa 59.74ABa 63.13Aa 64.23Aa

Total area 57.86Aa 58.36Aa 56.51Ab 57.31Aa 55.66Ab 58.13Ab
Average bulb mass (g)

Bed 92.48 Ba 91.19 Ba 108.55Aa 91.90 Ba 102.14ABa 117.84Aa

Total area 70.13Ab 76.87Aa 62.99Ab 61.54Ab 60.36Ab 80.61Ab

Average followed by the same uppercase letter horizontally and lowercase letters vewitdadlyt difering by theTukey test, at a level
of 5% probability of errar
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has its genotypic characteristics, specific to eagbroductivity with 37.04 t h&d Regarding cultivars, it is
producing region, which are necessary for its fulhoted that in cultivation under a bed, there was no
development and production of bulbs (Menezes Junior tatistical difference between them, with average values
Vieira Neto, 2012). ranging from 30.15 to 40.02 thadoweverwhen analyzing

For the total productivity of bulbs class Zafile 5), the cultivation under total area, cultivar Rainha obtained
the onion cultivation under bed presented higher average$igher average, however it did not differ statistically
when compared to the total area. When analyzing the sfsdm cultivar BR29.
preparation with a bed, it is noted that there was no The bulbs production with a diameter between 50 and
statistical diference between the cultivars analyzéd. 70 mm (class 3), is the most preferred by the consumer
for the onion cultivation under total area, the cultivarsarket, which consequently reaches higher market prices
Omega, BR29 and Rainha had the highest average of bufldligal et al, 2010) The importance of the bulb classes is
in class 2, respectively also demonstrated by Menezes Junidfi&ira Neto (2012),

The cultivars Omega, BR29 and Rainha showed nehere they describe that the price paid to the producer is
statistical difference between the soil tillage methodselated to the productivity of a certain class, in which
However the cultivars Salto Grande, Itajuba and Mulatadulbs with caliber from 35 to 50 mm (class 2) cost half the
had higher performance in cultivation under embeddaatice of higher classes bulbs with a transverse diameter
soil. Epagri (2016) describes that the cultivation systenggeater than 50 mm (class 3), highlighting thus the
adopted for the production of onion, lead to a differerimportance of obtaining class 3 bulbs, for greater
development of the bulbs, influencing both the lengtprofitability of the producer (Menezes Junior & Kurtz,
and diameter of the bulb and its production. 2016).

For the productivity of class 3 bulbsafile 5), it is The determination of the cultivation system in the
noted that the Mulata cultivar was the only one to preserdot development of the onion is extremely important, as
a statistical difference between the soil preparation, whi¢he soil preparation promotes accented soil loss and
when cultivated under a bed it presented greatewotrients, which may reduce the productive capacity of

the soil. Howevemot turning over the soil and the fiaf
Table 4: Total onion bulb productivity as a function of soil of 'mP'eme”t_S can promote Its den5|f|cat|on 'r_‘ th_e su-
preparation perficial layer in relation to the conventional cultivation,
manifested by the increase in the soil densigcrease

Soil Total onion bulb . . . .
. . N in the macroporosity and aeration porosity (Gozubuyuk
preparation productivity (t ha?) .
et al, 2014)Attached to this, the presence of aggregates
Bed 50.86 A . - . .
can be considered a limiting factavhich can restrict
Total area 39.23B . .

_ the growth of the bulbs, leading to morphological
Cultivars changes in diameter and a decrease in length, making
Mulata 3239C them tortuous.

Salto Grande 45.67 B

Itajuba 47.61AB CONCLUSIONS

g:;gga jg'ié E The sowing depth of 1.5 cm stands out as being the
Rainha 5512 A most favorable onion cultivation, resulting in higher rates

rmination nd plant stand. For soil preparation
Averages followed by the same uppercase letter horizontally ar?J,g,e atio spged and P a_ S and. For so prepa a, on,
lowercase letters verticallydo not difer by theTukey test, at a aiSing beds provides better initial development of onion

level of 5% probability of error seedlings.

Table 5: Total productivity of bulbs class 2 and class 3 as a function of soil preparation and onion cultivars

Soil Total productivity of bulbs class 2 (t h&)

preparation Salto Grande Itajuba Mulata Omega BR29 Rainha

Bed 8.63Aa 7.94Aa 7.64Aa 8.52Aa 8.08Aa 7.45Aa

Total area 4.94 Bb 4.45 Bb 4.38 Bb 7.49Aa 7.99Aa 6.22ABa
Total productivity of bulbs class 3 (t Ha

Bed 37.11 Aa 33.8%Aa 37.04Aa 31.13Aa 30.15Aa 40.02Aa

Total area 33.73Ba 31.58 BCa 21.42 Cb 30.90 BCa 36.68ABa 45.55Aa

Averages followed by the same uppercase letter horizontally and lowercase letters vedfticabtly difer by theTukey test, at a level of
5% probability of errar
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The Rainha cultivar presented better performance finbrapa - EmpresarBsileira de Pesquisagropecuaria (2013)
the parameters of productivityn relation to soil Sistema brasileiro de classificacdo de sold$e®. Brasilia,
. . . . Embrapa. 353p.
preparation, the onion cultivation under beds provides _ L B
t tative development and vields of rOdUCtiVitEMGRI - Empresa de Pesquis@ropecuaria e Extensdo Rural de
greater vegeta P y P Y santa catarina (2016) Manual de boas praticas agricolas.

For onion cultivation under total area, it is possible to Available at: http://ciram.epagri.sc.gbv/ciram_arquivos/arqui-
indicate the use of cultivars BR29 and Rainha. becaus os/cebola/acervol/livro_boas_praticas_cebola.pdtessed on:
. ' ecember ¥, 20109.
for the class 3 bulbs productivitthe most acceptable

| for th ket th did t sh Faria MV, Morales RGFResende JTVZanin DS, Menezes CB &
class for the consumer market, they did not Show anyy o rr (2012) Desempenho agrondémico e heterose de

difference among the studied soil preparations. genétipos de cebola. Horticultura Brasileira, 30:220-225.
Gozubuyuk Z, Sahin U, Ozturk I, Celik & Adiguzel MC (2014)

ACKNOWLEDGEMENTS' FINANCIAL Tillage effects on certain physical and hydraulic properties of a

SUPPORI AND FULL DISCLOSURE loamy soil under a crop rotation in a semi-arid region with a

. cool climate. Catena, 118:195-205.
The authors are indebted to the Coordenacapde ) o ] o
IBGE — Instituto Brasileiro de Geografia e Estatistica (2019)

feicoamento de Pessoal de Nivel Superior (Capes), for Revantamento sistematico de producdo agricola/fevereiro.

scholarship. Available at: https://wwvibge.govbr/estatisticas/economicas/
Authors declare there is no conflict of interests in agricultura-e-pecuaria/9201-levantamento-sistematico-da-

carrying the research and publishing this manuscript. ~Producao-agricola.html?=&t=downloads Accessed on:
September 10 2019.
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