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ABSTRACT: Summer-planted onion ( Allium cepa L.) can increase grower profits, but the production of seedlings
for transplant is difficult. This experiment was carried out in Piracicaba, SP, Brazil, with the objective of studying
the behavior of the short-day onion hybrid Mercedes, in its initial stage, under controlled greenhouse
environment, as summer-planted onions. Four formulated substrates, two different numbers of plants per cell
were tested, and 288-cell styrofoam trays used. Trials were set up in split-plot design (n=3). Substrate and
number of plants per cell represented main plots, and N application (2 and 3 times a week) the subplots. The
number of three plants per cell decrease the earlier onset of bulbing and increase plant height; substrates did
not show differences; and the N application 3 times a week increased plant height and leaf dry weight, but did
not result in earlier onset of bulbing.
Key words: Allium cepa , tray, greenhouse, short-day onion, seedling

PLANTAS DE CEBOLA PRODUZIDAS EM BANDEJAS SOB
CULTIVO PROTEGIDO, NO VERÃO

RESUMO: Uma das dificuldades do cultivo do verão da cebola ( Allium cepa L.), que permite maior lucro pois
esta é a época de entressafra, é a produção de plantas para o transplante. Com o objetivo de verificar o
comportamento na fase de muda do híbrido Mercedes, sob cultivo protegido como cultura de verão, o
experimento foi instalado em estufa, em Piracicaba, SP com bandejas de isopor de 288 células. Foram
testados quatro substratos. e dois números de plantas por células (3 e 4 plantas/célula), sendo sub-plot a
suplementação mineral com nitrogênio 2 e 3 vezes por semana com nitrato de cálcio + nitrato de potássio. O
delineamento experimental foi inteiramente casualizado, com fatorial 4 x 2 em parcelas subdivididas, e três
repetições. A densidade de três plantas por célula apresentou menor taxa de bulbificação precoce e maior
altura da planta; não houve diferença quanto aos substratos e que a aplicação de nitrogênio três vezes por
semana apresentou os maiores valores de altura da planta e peso da matéria seca da parte aérea, não
apresentando bulbificação precoce das plantas.
Palavras-chave: Allium cepa , cebola, bandeja, cultivo de verão, muda

INTRODUCTION

Onion is one of the vegetables of highest
importance in Brazil, only behind the tomato and the
potato. Brazil is ranked tenth among onion producers,
with a total yield of 912,000 t, a productivity of 13 t ha-1,
and having a 70,000 hectare planted area. The State of
São Paulo is responsible for 28% of this production, with
a total of 245,290 t and 14 t ha-1 productivity (Kassab,
1994; Cardoso & Costa, 1999; Fnp Consultoria &
Comércio, 1999).

The Brazilian market is supplied with onions of
the southern region from January to April, of the
northeastern region from July to October, and of the State
of São Paulo from July to November. Onions are also
imported from Argentina from March to June (FNP
Consultoria & Comércio, 1999). The between-harvest
period corresponds to the short-day photoperiod and low
temperatures. Thus, from February to July onion reaches
highest prices (Camargo, 1995; Resende et al., 1996),
making summer-planted onion into a way to increase

growers profits (Camargo Filho & Mazzei, 1994; Azevedo
Jr, 1990).

The onion crop in the majority of the Brazilian
states is based on seedbed plant production, with
subsequent transplant to the field (Guimarães & Dittrich,
1997). Seedlings are transplanted with naked root,
without substrate for protection being very sensible to the
environment conditions, besides having damages that
facilitate infections by pathogenic agents (Souza &
Ferreira, 1997; Cardoso & Costa, 1999).

Onion growers are looking for an alternative
planting method that is easier to control. A conversion is
occurring from plants grown in the field after transplanting
with naked root to the production of plants in trays within
greenhouses. The transplant of these plants is feasible
and safer (Herison et al., 1993).

The local production of plants in greenhouse,
can be an option for the onion grower (Herison et al.,
1993). The technique to obtain onion seedling through
the use of multicellular trays leads to a practical and
economic method that improved onion production
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(Weerasinghe & Fordham, 1994; Tessarioli Neto, 1995;
Modolo, 1998).

The use of the tray system has provided increases
in the number of crops grown from transplants, due to the
presence of substrates that protect the root from the
transplant stress. Without this stress the cycle of the crop
in the field (after transplant) can be reduced and the crop
is more profitable to the grower (Minami, 1995).

Onion plants with more than four leaves, 0.3 g dry
weight and/or 2.5 mm pseudostem diameter at the time
of transplant, can be classified as small seedling. These
small plants answer quicker to the photoperiod than the
others and initiate bulbing earlier (Mettananda & Fordham,
1999). To onset bulbing the onion plant needs adequate
photoperiod and temperature (Currah & Proctor, 1990;
Barbedo et al., 1991; Brewster, 1994; Kassab, 1994;
Cardoso, 1997). The formation of bulbs is a reply to the
long days (Whatley & Whatley, 1982; Wilkins, 1985). When
the photoperiod is adequate the onset of bulbing and the
rate to full development depend on secondary factors, such
as temperature, nutrient availability, soil moisture and stand
density (Sobrino Illescas & Sobrino Vesperinas, 1992;
Brewster, 1994; Minami & Tessarioli Neto, 1994; Paiva,
1994; Blacksmith, 1999; Mettananda & Fordham, 1999).
If the environment is adequate the process will occur even
in the phase of seedling production, followed by the death
of the plant and the dormancy of the little bulb. This is
called “early onset of bulbing”, and is undesirable in the
seedling production phase.

Nitrogen fertilization slows the formation of bulbs.
The onset of bulbing is antecipated by nitrogen deficiency
and delayed by its excess (Sonnenberg, 1981; Cardoso,
1997). High nitrogen levels result in an increment of the
aerial part and poor bulb development (Felippe, 1986;
Kassab, 1994; Cardoso, 1997), causing delay and
reduction in the onset of bulbing (Della Vecchia, 1974).

Under field conditions, the microenvironment to
which each plant is individually exposed, is influenced by
the neighbor plants (Cardoso, 1997). Competition among
plants increases with the development of the crop, for
both light and nutrients, modifying the process of bulbing.
In plants under ideal conditions, this process is
accelerated with high density of plants, and the
precocious onset of bulbing is quicker (Rabinovick &
Brewster, 1990; Mascarenhas, 1993). The competition
among plants during propagation can reduce the size of
the seedlings and affect their development after
transplant (Weerasinghe & Fordham, 1994).

The summer-planting, of onion presents a
number difficulties, the greatest being the production of
seedlings for the transplant. During the summer, high
temperature and high rainfall coincide, and this makes
the management difficult and leads to an excess of water
in the root system. These factors may promote the
development of pathogens that cause root diseases and
weed, encroachment during a phase in which the onion
plant is less competitive.

The objective of this research was to study the
behavior of the short-day onion hybrid Mercedes in its
initial stage, under controlled environment, as summer-
planted onions.

MATERIAL AND METHODS

The experiment was carried out in Piracicaba, SP,
Brazil, with the production of seedlings in a wooden
dome-shaped greenhouse, 20 m long, 5 m wide and 3
m high, covered with a plastic screen of 50% shade. The
short-day hybrid Mercedes is precocious and low
demanding, with a life cycle of 125 to 130 days, and a
critical photoperiod of 10 to 12 hours (Topseed, s.d.)

For the production of the seedlings 288-cell
styrofoam trays were used. Each of the square-shaped
cells have a volume of 9.7 cm3 and are distributed in a
12 x 24 arrangement. Sowing (five to six seeds per cell)
occurred in 1999/Feb/05. After sowing trays were
watered. Irrigation was controlled automatically through
sensors during the experimental period. The temperature
inside the greenhouse ranged between 20 and 24°C from
18 to 8 h. Between 24 and 30°C from 8 to 18 h. The
higher temperatures (26 to 30°C) occurred from 12 to 14
o’ clock. The relative humidity varied between 85 and
98% from 18 to 8 h; and from 85 to 56% from 8 to 18 h.
The lowest relative humidity (56 to 60%) occurred from
12 to 14 h.

Germination initiated six days after the sowing
(1999/Feb/11) and the excess of the plants was thinned
seven to eight days after its emergency, keeping the
required number of plants per cell. After this, the normal
practices of the onion crop were initiated.

Four types of substrate, two numbers of plants
per cell; and N application, were the treatments. The
substrates were: S1 - Plantmax HT, commercial product,
mixture of pine bark, processed peat and vermiculite, with
NPK fertilization (1.5: 1.0: 0.5); S2 - experimental product,
of the same composition as S1, with another NPK
fertilization – the PG Mix by Hydro (1.5: 1.0: 2.0); S3 -
Test CM, experimental product, mixture of pine bark,
vermiculite and perlite, with NPK fertilization (1.5: 1.0: 0.5)
and S4 - experimental product, of the same composition
as Test CM, with another NPK fertilization – the PG Mix
by Hydro (1.5: 1.0: 2.0).

The numbers of plants after thinning (17 days
after sowing) were: M1 (three plants per cell) and M2
(four plants per cell).

N application (calcium nitrate and potassium
nitrate) started 4 days after thinning, and consisted of:
N1 (2 times a week (Monday and Thursday)) and N2 (3
times a week (Monday, Wednesday and Friday)). The
rates were: 1.5 g calcium nitrate L-1 of water (15.5 – 0 –
0) + 1.0 g potassium nitrate L-1 of water (13 - 0 - 44);
250 mL solution were applied per tray.

Each tray was a plot, divided in two sub-plots
according N frequency. Each sub-plot had 70 cells,
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leaving four rows without substrates to split the sub-plots.
The trial was set up in a split-plot design (n=3).
Substrates (S1, S2, S3 and S4) and number of plants per
cell (M1 and M2) were main plot, and N frequency (N1
and N2) the sub plot, making a total of 24 trays.

 The evaluations for the analysis of plant growth
were carried out 16, 21 and 26 days after emergence.
On those sampling occasions, four cells per sub-plot were
removed, taken to the laboratory and plants were washed
to completely remove the adherent substrate from roots.

The following responses were evaluated:
Pseudostem diameter; Plant height; Leaf dry weight,
considering all plants of one cell, in a 65°C oven.

The dates of plant evaluation after emergence
(DAE), were: 27 Feb (16 DAE), Mar/04 (21 DAE) and 9
mar (26 DAE).

RESULTS AND DISCUSSION

Pseudostem diameter
The density of four plants per cell resulting in

larger pseudostem diameters than that of 3 plants per
cell, in the first evaluation at Feb/27 (3.1 and 2.8 mm,
respectively) (Table 1) .

The higher density increases the diameter of the
pseudostem in the first evaluation, due to competition for
N and to the “temperature photoperiod” interaction which
hastens bulbing onset in seedlings; however in the final
evaluation (Mar/09) the ideal time to transplant seedlings,
there was no difference between pseudosterms,
consisting of 3.7 mm for both densities.

McGeary (1985), Mondal et al. (1986), Brewster
(1990) and Weerasinghe & Fordham (1994) showed that
lower sowing densities resulted in increased crop cycle
and production of larger bulbs. In our case the results
were the same for densities of sowing.

The larger the number of plants per cell, the
lower the weight and the diameter of the bulbs, possibly
due to increased competition among plants (Cardoso,
1999). Hartridge-Esh & Bennett (1980); McGeary
(1985); Mondal et al. (1986); Brewster (1990), Brewster
et al. (1991), also reported smaller bulb size in response
to greater number of plants per cell.

Stand density in the field is one of the most
important factors that affect growth and development of
onions, impacting commercial productivity (Weerasinghe
& Fordham, 1994). In relation to transplanted seedlings,
the competition among plants for light at high plant
densities can modify bulb development and antecipate
maturity and harvest (Mondal et al., 1986). Considering
this, it is better to transplant seedlings of a cell with three
plants, which will be able to produce larger bulbs, than
transplant from a cell with four plants.

Weerasinghe & Fordham (1994), studying the
number of onion plants per cell (one to six) to produce
plants for transplant, showed that the greater the number
of plants per cell, the smaller the size of the bulbs

produced. They concluded that the most important
competitive effect was nitrogen, affecting the size of the
bulb more than the crop cycle. In the present study N
application (two or three times a week) did not affect
pseudostem diameter, the same occurring for numerical
values of the pseudostem diameter.

Plant height
In the second evaluation (Mar./04), plants were

taller at three plants per cell, having (13.0 cm, versus 11.7
cm for four plants per cell) (Table 2). In the third evaluation
(Mar./09) plant heights were the same across densities
(16.9 cm and 15.5 cm for three and four plants per cell,
respectively). Several authors (Mascarenhas. 1993;
Kassab. 1994; Minami & Tessarioli Neto 1994; Blanco et
al., 1997) consider a seedling of 15 cm ideal for
transplanting.

The highest mean plant height in the third
evaluation (interaction between the factors sowing density
and N application, Table 3), was for three plants per cell
and three weekly N applications, (18.2 cm). With this
density and the most frequent N application rate, the
effect of competition between plants in the same cell was
attenuated, and nitrogen also stimulated the development
of the plants.

It is possible to produce onion seedlings of
different sizes at the same age with the use of different

Table 1 - Pseudostem diameter of plants grown in different
substrates, having different number of plants per
cell and different N applications, evaluated in 1999/
Feb/27; Piracicaba - SP.

CV(a) = 15.2 % LSD = 0.3               CV(b) = 18.6 %
1Significant differences for the confidence level of 95% are indicated
by different letters (Tukey Test).
2S1 - Plantmax HT; S2 - experimental product (same composition of
S1, another fertilization PG Mix by Hydro); S3 - Test CM (experimental
product); S4 - experimental product (same composition of S3, another
fertilization PG Mix by Hydro).

Plants per cell
Substrate

Mean pseudosterm
S12 S2 S3 S4

 ----- mm -----
3 2.9 2.6 2.7 2.9 2.81 b
4 3.1 3.1 3.2 2.9 3.1 a

Table 2 - Plant height for from substrates, two densites of
plants per cell and N applications, evaluated in
1999/Mar/04; Piracicaba - SP.

CV(a) = 13.4 %           LSD = 1.0                  CV(b) = 10.1 %
1Differences for the confidence level of 95% are indicated by different
letters (Tukey Test).
2S1 - Plantmax HT; S2 - experimental product (same composition of
S1, another fertilization PG Mix by Hydro); S3 - Test CM (experimental
product); S4 - experimental product (same composition of S3, another
fertilization PG Mix by Hydro).

Plants per
cell

Substrate
Mean pseudosterm

S12 S2 S3 S4
----- mm -----

3 12.4 12.3 14.4 13.0 13.01 a
4 12.6 12.1 11.3 10.6 11.7 b
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sowing densities and shade, under tropical conditions,
under which the number of plants per cell affects the size
of the seedlings and the time of transplanting
(Weerasinghe & Fordham, 1994). The growth of the
plants for low densities was faster in relation to high
density.

Plant heights were different in the second
evaluation due to N application, the taller plants with three
weekly applications, and three plants per cell, being 18.2
and 15.6 cm (three and two weekly applications
respectively). The use of fertilizers increased plant growth
until a maximum of about 50% above the control
(Brewster et al., 1991).

Leaf dry weight
On the second evaluation, (Mar./04) (Table 2) the

lower sowing density (three plants per cell) led to taller
plants as compared to the density of four plants per cell
(13.0 and 11.7 cm, respectively). This is reflected in leaf
dry weight (Table 4), with the density of three plants per
cell (0.26 g) having a greater weight than the density of
four plants per cell (0.23 g), since the greater the leaf the
larger its dry weight.

For Hibiscus esculentus the highest means
occurred in plants coming from trays with greater cellular
volume (Modolo, 1999), or with less densities of sowing.
This also reflects what was argued for plant height in
relation to sowing density.

Leaf dry weight (Tables 5 and 6), in the second
and third evaluations were greater for three weekly N
applications (0.26 g and 0.39 g, respectively).

In the third evaluation (Mar./09) an interaction
occurred between density of sowing and N application
(Table 6), three weekly N applications and three plants
per cell presenting the largest leaf dry weight (0.39 g).
Therefore N application three times a week seems to
have stimulated vegetative growth, reflected in an
increase of the leaf dry weight.

Barros (1997), evaluated the yield and tomatoes
and cucumber plants in different containers and verified
that trays with greater cellular volume lead to greater
foliar area, leaf dry weight and root system. Weerasinghe
& Fordham (1994) and Mettananda & Fordham (1999),
worked with onion plant production, and observed that
the number of leaves, leaf dry weight and the plant size
significantly decreased with the increase of the density
of sowing (1, 2, 4 and 6 plants per cell).

Boff & Debarba (1999) studying different
densities of onion sowing reported that the number of
plants per cell affected significantly plant height and the
root fresh weight. These measurements decreased
linearly when the number of plants per cell increased from
1 to 3. The number of plants for transplant was greater
for the lower density of sowing, as well as plant mean
weight, which was greater for low densities, indicating
that greater densities affect the development of the
seedlings, reducing the exploitation index during the
occasion of the transplant.

Table 3 - Pseudostem diameter of plants grown in substrates,
number of plants per cell and N applications,
evaluated in 1999/Mar/09; Piracicaba - SP.

CV(a) = 19.1 % LSD1 = 2.1 (plants per cell comparison, column)
CV(b) = 9.4 % LSD2 = 1.3 (N application comparison, line)
1Differences for the confidence level of 95% are indicated by different
letters (Tukey Test).

Plants per cell
N applications per week

2x 3x
3 15.6 1 Ab 18.2 Aa
4 15.2 Aa 15.8 Ba

Table 5 - Leaf dry weight for substrates, number of plants per
cell and N applications, evaluated in 1999/Mar/04;
Piracicaba-SP.

CV(a) = 17.40 %         LSD = 0.02                   CV(b) = 13.31 %
1Differences for the confidence level of 95% are indicated by different
letters (Tukey Test).
2S1 - Plantmax HT; S2 - experimental product (same composition of
S1, another fertilization PG Mix by Hydro); S3 - Test CM (experimental
product); S4 - experimental product (same composition of S3, another
fertilization PG Mix by Hydro).

N application
per week

Substrate
Mean dry weight

S12 S2 S3 S4
----- g -----

2x 0.25 0.23 0.23 0.22 0.231 b
3x 0.25 0.25 0.28 0.25 0.26 a

Table 4 - Leaf dry weight for substrates, number of plants per
cell and N applications, evaluated in 1999/Mar/04;
Piracicaba-SP.

CV(a) = 17.40 %         LSD = 0.03               CV(b) = 13.31 %
1Differences for the confidence level of 95% are indicated by different
letters (Tukey Test).
2S1 - Plantmax HT; S2 - experimental product (same composition of
S1, another fertilization PG Mix by Hydro); S3 - Test CM (experimental
product); S4 - experimental product (same composition of S3, another
fertilization PG Mix by Hydro).

Plants per cell
Substrate

Mean dry weight
S12 S2 S3 S4

----- g -----
3 0.25 0.24 0.29 0.26 0.261 a
4 0.25 0.24 0.22 0.20 0.23 b

Table 6 - Leaf dry weight for the substrates, number of plants
per cell and N applications. Interation between
number of plants per cell and N applications,
evaluated in 1999/Mar/09; Piracicaba-SP.

CV(a) = 21.47 %
LSD1 = 0.0897 (plants per cell comparison, column)
CV(b) = 10.99 % LSD2 = 0.0325 (N application comparison, line)
1Significant differences for the confidence level of 95% are indicated
by different letters (Tukeys’ Test).

Plants per cell
N applications per week

2x 3x
----- g -----
3 0.331 Ab 0.39 Aa
4 0.32 Aa 0.33 Ba
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CONCLUSION

It is possible to produce onion seedlings in trays
under controlled environment in the summer, and that
three plants per cell prevent the early onset of bulbing
and promote an increase in plant height. N application
three times a week increases plant height and leaf dry
weight, but does not result in earlier onset of bulbing.
Substrates did not present differences.
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