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ABSTRACT

Although there exist researches about fertilization in top dressing
in the production of cabbage, these are usually made with inorganic
fertilizers, being rare the researches with organic fertilization in top
dressing in the production of most vegetables. The objective was
to evaluate the effect of different splitting of two organic fertilizers
in top dressing in the production of cabbage. Six treatments were
evaluated, with four replications in randomized block design. The
six treatments were the result of the factorial 3x2, with three types
of splitting (1/3+1/3+1/3; 4/6+1/6+1/6; 1/6+4/6+1/6 of the total dose
in each application) and two organic fertilizers (castor bean cake and
organic compost). The total dose of each fertilizer was calculated to
apply 120 kg ha' N. The evaluated characteristics were number of
external leaves, fresh weight of external leaves (g), fresh and dry head
weight (g), head diameter (cm) and length (cm), yield and crop cycle
(days after transplanting). Fertilization with castor bean cake resulted
in greater yield, producing heads with higher weight, diameter and
length in relation to the organic compost, besides reducing the cycle.
The 4/6+1/6+1/6 splitting was better than the 1/6+4/6+1/6 splitting
using castor bean cake.

Keywords: Brassica oleracea var capitata, nitrogen, castor bean
cake, organic compost.

RESUMO

Fontes e parcelamentos da adubacio organica em cobertura
na producio de repolho

Apesar de existirem pesquisas com adubagdo em cobertura
na producdo de repolho, estas geralmente sdo feitas com adubos
inorganicos, sendo raras as pesquisas com adubacdo organica em
cobertura na produgdo da maioria das hortaligas. Objetivou-se avaliar
o efeito de diferentes parcelamentos de dois adubos organicos em
cobertura na produgdo de repolho. Foram avaliados seis tratamentos,
com quatro repeti¢des no delineamento em blocos ao acaso. Os seis
tratamentos foram resultantes do fatorial 3 x 2, sendo trés tipos de
parcelamentos (1/3+1/3+1/3; 4/6+1/6+1/6; 1/6+4/6+1/6 da dose
total em cada aplicacdo) e dois adubos organicos (torta de mamona e
composto organico). A dose total de cada adubo foi calculada para se
aplicar 120 kg ha™' de N. As caracteristicas avaliadas foram niimero
e massa fresca (g) das folhas externas, massa fresca e seca da cabeca
(g), didmetro (cm) e altura (cm) da cabega, produtividade e ciclo
(dias ap0s o transplante). A torta de mamona favoreceu aumento da
produtividade, com a produgdo de cabegas com maior massa fresca,
didmetro e altura em relagdo ao composto organico, além de reduzir
o ciclo. Para a torta de mamona o parcelamento 4/6+1/6+1/6 foi
melhor que o parcelamento 1/6+4/6+1/6.

Palavras-chave: Brassica oleracea var capitata, nitrogénio, torta
de mamona, composto organico.
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In order to achieve high crop
productivity and crop sustainability,
farmers’ interest in organic fertilization
has been increasing (Magro et al.,
2015). The use of organic fertilization
promotes the improvement of soil
fertility and contributes to increase yield
and crop quality, as well as to improve
soil physical, chemical and biological
conditions thanks to its use (Magro et
al., 2010; Trani et al., 2013).

The brassicas are among the crops
that most respond to organic fertilization,
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which may replace the mineral fertilizers
with satisfactory results (Kimoto, 1993).
In general, brassicas are poorly tolerant
to soil acidity and high demanding
for some nutrients, such as calcium,
sulfur and boron (Filgueira, 2008)
and present a positive response to
organic fertilization (Magro et al.,
2010; Candian et al., 2015; Corréa et
al., 2016). Most researches are related
to the use of organic fertilizers before
planting, however, for most species
of vegetables, including the brassicas,

there are few recommendations and
publications regarding the organic
fertilization in top dressing. Among the
options of organic fertilization adopted
by vegetable producers, we have the
castor bean cake (Silva et al., 2016).
According to Costa et al. (2004),
the castor bean cake presents excellent
characteristics as organic fertilizer,
because it is a source of phosphorus,
potassium, calcium, sulfur, all
micronutrients and, mainly, nitrogen.
Although this product is used, there is
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little scientific information on its use as
an organic fertilizer. Besides castor bean
cake, there are other organic fertilizers
that should be studied in order to obtain
alternatives for the organic producers.
Among these options, we have the
organic composts, already widely used
by farmers in planting fertilization.
However, these usually have lower N
content than castor bean cake. Cordeiro
et al. (2018) reported higher yield in
cabbage using organic compost in top
dressing only when they do not use
green manure before planting.

However, in addition to the
comparison of sources, there are also
no studies indicating the best time and
parceling of these organic fertilizers
in top dressing, considering that the
need for nutrients by the cabbage plant
should be higher at the beginning of
the formation and development of the
“head”. Nitrogen fertilizers should be
splitted, with the greatest amount being
applied in top dressing (Silva et al.,
2016; Candian, 2018; Colombari et al.,
2018).

Cabbage (Brassica oleracea var.
capitata) is the brassica with the largest
area planted in Brazil and, even with
this importance, few researches were
found with organic fertilization in top
dressing (Cordeiro et al., 2018), but
several with inorganic fertilization
(Moreira & Vidigal, 2011; Moreira et
al., 2011; Corréa et al., 2013). In view
of the above, the objective of this study
was to evaluate the effect of different
splitting of two organic fertilizers in top
dressing in cabbage production.

MATERIAL AND METHODS

The experiment was carried
out under field conditions, at Sao
Manuel Experimental Farm, located
in the municipality of Sdo Manuel-SP
(22°46°28”’S, 48°34°37”W, 750 m
altitude), at Sdo Paulo State University
(UNESP), campus Botucatu-SP.
The local climate is Cfa (Temperate
Mesothermal), according to Koppen’s
international classification (Cunha &
Martins, 2009).

The soil of the experimental area
was classified as typic distrophic Red

Latosol, sandy texture. Chemical
analysis (0-20 cm) showed: pH (CaCl,)=
4.7; organic matter = 13 g dm~; P= 86
mg dm?; H+Al=25 mmol_dm; K=3.4
mmol  dm?; Ca= 28 mmol _dm”; Mg=
6 mmol_dm”; sum of bases (SB)= 37
mmol_dm~, CEC= 62 mmol_dm~ and
base saturation (V%)= 60%. In planting
fertilization, only organic compost
Provaso® (50 t ha') was applied, as
recommended by Raij et al. (1997)
for cabbage, and its chemical analysis
showed values of organic matter; N;
P,O,; K,O; Ca; Mg and S, expressed in
% of dry matter, respectively: 41; 2.15;
0.79; 1.30; 3.70; 0.50 and 0.25. The
moisture of the compost was 27.9%.

Six treatments were evaluated, with
four replications in the randomized
block design. The treatments were
the result of the factorial 3 x 2, with
three types of splitting (1/3+1/3+1/3;
4/6+1/6+1/6; 1/6+4/6+1/6 of the total
dose in each application) and two
organic fertilizers (castor bean cake and
organic compost). For all treatments,
the total dose of each organic fertilizer
was calculated to apply 120 kg ha' N,
as recommended by Raij et al. (1997).
The castor bean cake and the organic
compost had 5.0% and 2.15% N,
respectively. Top dressing applications
have been made at 14, 28 and 44 days
after seedlings transplantation (DAT).
In each application the amount of the
fertilizer was calculated (castor bean
cake and the organic compost) for
one plant and applied around the plant
above the ground, without incorporate
to avoid damaging the roots. The
organic compost used for top dressing
fertilization was the same described for
fertilization before planting. The castor
bean cake chemical analysis showed
values of organic matter; N; P,O; K,0;
Ca; Mg and S, expressed in % of dry
matter, respectively: 82; 5.00; 0.91;
0.96; 1.83; 0.76 and 0.29. The castor
bean cake moisture was 9.1%.

The plots were composed of three
lines containing six plants each, and
the useful plot being formed by the four
central plants. The spacing was 60 x
35 cm. The hybrid Kenzan used in this
research was sown on May 30,2016 and
the seedlings were transplanted on June
27,2016. Sprinkler irrigation was used,
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about 3 mm per day, and spontaneous
plants were controlled through manual
weeding.

The cabbage heads were harvested
when they were very firm; the following
characteristics were evaluated: cycle
(DAT), number of external leaves (still
green), length and diameter of the
head (cm), external leaves and head
fresh weight (g), head dry weight (g)
(obtained after drying in a forced air
circulation oven at 65°C for seven days
until reaching constant weight). Yield
was estimated considering just the fresh
weight of head and a population of
47,619 plants/ha. Data were submitted
to analysis of variance and Tukey test
(p<0.05) was used to compare averages,
using the statistical software Sisvar
(Ferreira, 2011).

RESULTS AND DISCUSSION

According to analysis of variance,
an interaction was observed between
the types of splitting and sources of
organic fertilizer for the characteristics
fresh weight of head and external leaves,
yield, head diameter and head length
(Table 1), while for dry weight of head
and cycle only the organic fertilizer
sources factor was significant (Table 2).

For the number of external leaves,
there was no difference, independently
of the fertilizer source and the splitting,
with an average of 25.1 leaves per plant
(Table 1). According to Kimoto (1993),
the external leaves are the first to be
formed and their number depends on the
genotype, the environmental conditions,
the soil fertility and the fertilization
done before planting. The top dressing
fertilization affects more intensively
the leaves that will form the head
of the cabbage, because it is applied
after the formation of the external
leaves. Therefore, considering that the
fertilization made before planting was
the same for all treatments, the result
was expected. Corréa et al. (2013) also
did not observe difference in the number
of external leaves of the same hybrid
Kenzan, in two seasons, regardless of
the dose and the potassium fertilizer
source in top dressing, with a mean of
23 leaves.
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Using castor bean cake, a higher
fresh matter weight of external leaves
was obtained compared to the organic
compost in two splittings: 4/6+1/6+1/6
and 1/6+4/6+1/6 (Table 1). For fresh
weight, diameter and length of head, and
yield, castor bean cake was superior to
organic compost in splitting 4/6+1/6+1/6
(Table 1), an increase of 78%, 22%,
25% and 78%, respectively. For head
dry weight, the castor bean cake was
superior (45%) to the organic compost,
regardless of the type of splitting
(Table 2), showing that although the
amount of N applied was the same (120
kg ha'), the castor bean cake should
exhibit faster release of nutrients than
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organic compost. According to Severino
et al. (2004), castor bean cake is a
material with high microbial activity,
and its decomposition is very fast, and
nutrients are more readily available
to the plants soon after their addition
to the soil, and may be the reason
for the superior results in relation to
the organic compost. In addition to
nitrogen, other nutrients in castor bean
cake should also have been released
faster compared to organic compost,
which favored greater dry weight
accumulation, because castor bean cake
has all macronutrients, as highlighted
in the chemical analysis performed and
presented in the methodology.

Table 1. Averages of fresh weight of head and external leaves, yield, diameter and length
of cabbage head depending on splitting and organic fertilizers in top dressing. Botucatu,

UNESP, 2017.
Sources Splitting
1/3+1/3+1/3 4/6+1/6+1/6 1/6+4/6+1/6
Number of external leaves
Organic compost 24.6 Aa 26.3 Aa 259Aa
Castor bean cake 25.2 Aa 24.3 Aa 24.3 Aa
CV (%) 9.0
Fresh weight of head (g)
Organic compost 450 Aa 329 Ab 366 Aa
Castor bean cake 417 Aa 585 Aa 455 Aa
CV (%) 23.1
Yield (t ha'")
Organic compost 24.4 Aa 15.7 Ab 17.4 Aa
Castor bean cake 19.9 Aa 27.9 Aa 21.7 Aa
CV (%) 23.1
Fresh weight of external leaves (g)
Organic compost 531 Aa 443 ABb 429 Bb
Castor bean cake 593 Ba 736 Aa 574 Ba
CV (%) 9.1
Diameter of head (cm)
Organic compost 10.7 Aa 9.7 Ab 10.8 Aa
Castor bean cake 9.9 Aa 11.8 Aa 10.7 Aa
CV (%) 9.0
Head length (cm)
Organic compost 8.5Aa 7.3 Ab 8.5Aa
Castor bean cake 7.9 Aa 9.1 Aa 8.3 Aa
CV (%) 8.6

Averages followed by same letters, uppercase in lines and lowercase in columns, do not differ
from each other, Tukey test at 5% probability. CV= coefficient of variation.
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Some studies have already
demonstrated the beneficial effect of
castor bean cake, such as in potato
(Gomes et al., 1963), lettuce (Souza,
2008) and banana (Lins et al., 2013),
but applications were made before
planting. Applied in top dressing, it
resulted in a linear increase in beet
production, the higher the dose (Silva
etal.,2016), however, it did not present
significant effects on the production
of onion bulbs in a soil of high initial
fertility (Santos et al., 2012). Candian
(2018) reported linear increases in
cauliflower production, the higher the
dose of castor bean cake in top dressing
when the author carried out the research
in an area with low fertility soil. On
the other hand, when the research was
carried out on a certified property, with
soil rich in organic matter, the results of
increased productivity were adjusted to
the quadratic model, with small increase
in the best dose in comparison to the
absence of fertilization in top dressing
with castor bean cake.

In addition to the superior results
for the characteristics of the head (fresh
and dry weight, diameter and length)
and yield, the castor bean cake was
also advantageous in relation to the
organic compost because it provided
a shorter cycle, regardless of the type
of splitting (Table 2). The harvest was
done, in average, three days before with
castor bean cake. It does not look like
much, but it is three days less to take
care of the plants, with reduced costs,
especially with irrigation. Candian
(2018) also observed a reduction of
two days in the cauliflower cycle with
the application of castor bean cake,
explaining that the nitrogen provided
by this organic fertilizer favors the foliar
development, allowing the plant to have
more photoassimilates, transforming
them into energy for its development.
Also Souza et al. (2010) observed a
reduction in the sunflower cycle with
the use of nitrogen-rich wastewater.
Besides nitrogen, castor bean cake has
all other nutrients that are released faster
than the organic compost, and favors the
development of plants, faster cycle and
greater production.

Using organic compost, splitting
did not affect the characteristics of the
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Table 2. Averages of cycle and dry weight of head of cabbage plants depending on organic
fertilizers in top dressing. Botucatu, UNESP, 2017.

Cycle (days after

Sources transplanting) Dry weight of head (g)
Organic compost 101 a! 2940

Castor bean cake 98 b 427 a

CV (%) 3.2 257

! Averages followed by same letters, in columns, do not differ from each other, Tukey test at

5% probability. CV= coefficient of variation.

cabbage head (fresh weight, diameter
and length) and yield. On the other
hand, for the fresh weight of the external
leaves, the splitting 1/3+1/3+1/3
resulted in higher values compared
to 1/6+4/6+1/6 (Table 1). However,
when the castor bean cake was used,
the 4/6+1/6+1/6 splitting resulted in
heads with higher fresh weight and yield
than the 1/6+4/6+1/6 splitting. Candian
(2018) also reported higher fresh weight
of cauliflower inflorescence when
applied 2/3 of the castor bean cake dose
in relation to 1/3 application in the first
application. So it seems that it is better
to apply a higher proportion of the castor
bean cake in the first top dressing.

Despite the higher nutrient demand
in B. oleracea being at the beginning
of head formation (Castoldi et al.,
2009), that is, in the last third of the
cycle, the organic fertilizers have a
slower release of nutrients than the
inorganic ones, being necessary to put
in the cycle sooner, so that the nutrients
are already available in the stage of
greater nutritional demand. In this way,
the higher the proportion in the first
application, the better the result, as
observed in this research. If an organic
fertilizer is put in the higher demand
stage it will not release the nutrients,
mainly N, at the proper time.

The application of the organic
fertilizers was superficial and only
partially incorporated during weeding.
Thus, contact with microorganisms
responsible for mineralization is lower
in relation to the application followed
by incorporation to the soil, which
would increase the microbial activity,
essential for the mineralization and
availability of nutrients by organic
matter (Monsalve ef al., 2017), as it was

made with fertilization before planting.
But, when the plants are already well
established, the incorporation of organic
fertilization can be harmful for the roots
and incorporation should be avoided.
In addition, organic fertilizers present
slower release compared to the inorganic
ones, and need higher doses to have the
same effect in short time, especially
when they are not incorporated. Silva
et al. (2016) obtained a linear effect
for beet yield characteristics with
increases in castor bean doses up
to the dose corresponding to 200%
of the recommended for inorganic
N. Therefore, perhaps larger doses
of organic fertilizers could increase
cabbage production. However, Candian
(2018) observed a drop in cauliflower
production with high doses of castor
bean cake when the soil is already rich in
organic matter. Fonseca & Soto-Blanco
(2014) reported that the toxic effects of
certain substances presented in this cake
are considerable. Therefore, very high
doses, besides the cost, can be harmful
to vegetable production.

For top dressing fertilizer application,
in an organic cabbage production
system, it is recommended to use castor
bean cake in relation to organic compost
and the 4/6+1/6+1/6 split form is the
best application option for the evaluated
organic fertilizers.
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