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Abstract

Due to the lack of information related to fertilization of collard greens, the objective of the research was to
evaluate the influence of sulfur doses in macronutrients contents in collard greens cultivated with organic
compost and gypsum. Twelve treatments were evaluated in a split-plot: three types of soil preparation in plots
and four sulfur doses top dressing in subplots. The three types of soil preparation were the incorporatfion of
organic compost (30 t ha'); gypsum (1.2 t ha'); organic compost (30 t ha') plus gypsum (1.2 t ha''). The total
sulfur doses in top dressing were zero; 53.32; 106.68 and 160.00 kg ha' of S, equivalent to 0; 266; 532 and 800.0
kg ha'of ammonium sulfate. For standardization of the nitfrogen dose (280 kg-ha''), applied in tfop dressing if
was used urea. From the dry matter of commercial leaves, it was evaluated the N, P, K, Ca, Mg and S contents.
The types of soil preparation do not affect all macronutrients content. The sulfur top dressing applied does not
alter the contents of leaf macronutrients N, P, K and Ca on collard greens cultivated with organic compost and
gypsum. The sulfur content presents a linear increase, while for the magnesium content there is decrease the
higher the sulfur doses. The decreasing order of macronutrient content of commercial collard greens leaves was

K> N> Ca> Mg> S$> P, with averages 37.92, 36.50, 21.69, 4.50, 4.23, 3.80 g kg™, respectively.
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Intfroduction

Collard greens (Brassica oleracea L. var.
acephala) is originated in Europe and belong fo the
family Brassicaceae. This vegetable produces leaves for
several months, allowing more than one crop, being very
cultivated and consumed in the world and Brazil (Trani et
al., 2015).

In plant nutrition, brassica is characterized as
plants that require sulfur (S) in great quantity compared
with most agronomic crops, and this nutrient is present in
cysteine and methionine, two important sulfur aminoacids
in human nutrition. The low content of these aminoacids
affect protein synthesis, and S deficiency decreases the
production of chlorophyll, which negaftively affects the
growth of plants (Alvarez-Venegas et al., 2007).

The widespread use of concentrated formulations
may aggravate the deficiency of this nutrient in the plants.
However, some fertilizer containing S can be used, such

as superphosphate, ammonium sulfate and potassium
sulfate. Another conftribution can be found in the use of
gypsum, which provides calcium and sulfur by calcium
sulfate. The gypsum favors physical properties, also
decreases the excess aluminum, benefiting root growth,
providing greater absorption of water present in the soil
and the plants can get along better with dry (Dalla Nora
et al., 2014; Freitas et al., 2017).

The fertilization with organic compost is also a
source of sulfur. This fertilizer promotes the chemical,
physical and biological soil, providing betfter conditions
for the development of culture (Almeida Junior et al.,
2011).

However, the continued wuse of organic
fertilization associated with chemical fertilizer can lead to
excess or deficiency of nutrients, mainly due to nutritional
imbalance, affecting the cost of production and even in

crop productivity.
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Corréaetal. (2013) observedlinearincrease in the
sulfur confent of cabbage leaves when used potassium
sulfate top dressing, and sulfur was the third most
absorbed nutrient. In broccoli (Magro et al., 2009) and
cauliflower (Cardoso et al., 2016) S was the second most
accumulated nutrient in seeds. Despite the importance
of sulfur for brassicas, Abdallah et al. (2010) observed that
in colza (B. napus) plants deficient in sulfur showed no
difference either in whole-plant and leaf biomass when
compared to control plants with normal sulfur content.
On the other hand, Santos et al. (2012) observed yield
increasing in B. napus with the use of ammonium sulfate,
compared to urea, as top dressing. In cauliflower (B.
oleracea var. boftrytis) Jamre et al. (2010) obtained the
highest yield with sulfur fertilization (60 kg ha'), while for
Gocher et al. (2017) the best dose was 20 kg ha' of S.
For cabbage, Hemlata & Nawange (2015) obtained the
maoximum yield under freatment combination 150 kg ha
of N and 60 kg ha' of S.

In research by Takeishi et al. (2009) evaluated the
total accumulation of nutrients in cauliflower (yield 25.2
t ha'), the authors reported extraction kg ha' of 224.5
N ; 53.9 P; 156 K; 137.6 Ca; 21.8 63.4 Mg and S which
demonstrated the superiority sulfur values for phosphorus
and magnesium, highlighting the requirement of this
nufrient.

Due to lack of information related to the nutrient
content of collard greens leaves and the effect of
topdressing fertilization, this research aimed at evaluating
the influence of sulfur doses in nutrients contents of collard
greens cultivated with compost organic and gypsum.

Material and Methods

The experiment was conducted at SGo Manuel
Experimental Farm, belonging to the FCA / UNESP, in
Sdo Manuel-SP (geographic coordinates: 22 46 'south
latitude, 48 34" west longitude of Greenwich and alfitude
of 750 m). The average temperature is 20.9 °C and annual
average precipitation of 1,395 mm (Prado, 2013). The
soil is a fypical Dystrophic Red Latosol (Oxisol), and at a
depth of 0-20 cm, results of chemical analyzes were: pH
(cacy = 63 MO =13 g dm? P =82mg dm? H + Al =12
mmol_dm?3; K =1.2 mmol_dm?; Ca =28 mmol_dm?; Mg
=8 mmol_dm? § =3 mg dm3, $B = 37 mmol_dm?3; CEC =
49 mmol_dm=; and base saturation (V) = 76%.

Twelve freatments were evaluated in a split-plof,
three types of soil preparation in plots and sulfur doses top
dressing in subplots. The three types of soil preparation
were obtfained with the incorporation of pre-planting (2
days before fransplantation of seedlings) the organic
compost (30 t ha'') Visafértil® (trade mark); gypsum (1.2 t

ha); organic compost (30 t ha) plus gypsum (1.2t ha).
As recommendations Raij et al. (1997) to cover mineral
fertilizer in collard greens, total sulfur doses top dressing
were 0; 53.32; 106,68 and 160 kg ha™'S, corresponding to
0; 266; 532 and 800.0 kg ha' of ammonium sulfate. For
uniform top dressing dose of N (160 kg ha' of N) were
used 360; 237.2; 119.2 and 0.0 kg ha' of urea. At 15 days
after transplantation (DAT), fertilizers were applied to the
surface of the soil and distributed around each plant, and
repeated every 14 days, a total of four applications being
4 of the fotal dose in each application. In the third and
fourth topdressing, it was also added potash fertilizer (20
kg ha' K,O in each application).

During the preparation of the soil, concurrently
with tfreatment, the plotfs received 2.0 t ha'! formulated
04-14-08. Then, if the rotavator used to incorporate the
organic compost, gypsum and fertilizer in the soil.

In the organic fertilizers used the Visafértil®
compost was analyzed in Soil Laboratory Resources and
Environmental FCA, and had the following guarantees
the natural %: 0.7 C; P,O, 1.0; 0.7 K,O; 6.8 Ca; 0.4 Mg: §
0.4; U-65 22.0 ° C; 24.0 Total of MO-13 and C-Total; in mg
kg' to natural: Na 2558; 67 Cu; 17316 Fe; Mn 577; 97 In.
The C / Nratiois 19.1 and pH = 6.0.

The experimental design was
randomized block design with 4 replications and 18 plants
per plot arranged in three rows of planting. As useful plof,

used in a

it was considered the four main plants.

In 07.29.2016 was performed sowing collard
greens, hybrid Hi-Crop®in Carolina Soil® substrate, packed
in black polypropylene rigid trays with 162 cells containing
one plant per cell. At 27 days after sowing the fransplant
was conducted in beds at a spacing of 0.50 m between
rows and 1.60 m between plants following the quincunx
system with 12,500 plants per hectare.

Sprinkler irrigation was used, applying a middle
layer of 3 mm day' to avoid permanent wilting point. All
the techniques used in conducting plants followed the
recommendations of Trani et al. (2015).

The first harvest was made at 30 DAT, with leaves
of at least 20 cm long, repeating every ten days, and
finalizihng assessments in the fourth harvest. They were
determined as those commercial leaves with length
greater than or equal to 20 cm and no apparent visual
defects. The dry weight was obtained fresh and subsample
consisted of three commercial leaves harvested per
experimental plot in the second, third and fourth crops,
drying in an oven at 65 ° C with forced air circulation unfil
constant weight.

After weighing, the material was ground and
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digested for determination of N, P, K, Ca, Mg and S as
shown by methodologies Malavolta et al. (1997).

Data were subjected to analysis of variance and
the significance was found by F test, the average values
of fillage treatments were compared by Tukey's test at
the 5% significance level. For sulfur doses regression was
performed. We used the statistical program Sisvar.

Results and Discussion

The coverage of sulfur doses applied on collard
greens cultivated with organic compost and gypsumwere
not significant for most of these content macronutrients
in the leaves with the exceptfion of magnesium and
sulfur. The inferaction between these factors was also no
significant F test at the 5% probability (Table 1).

Table 1. Mean content of nitrogen (N), phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg) and sulfur (S) in commercial

collard greens leaves using sulfur top dressing in different preparations of the soil. San Manuel, 2016.

Soil preparation N P K Ca Mg S
g kg of dry matter
Organic Compost (OC) 37.33 4.01 38.67 22.58 4.57 3.96
Gypsum (G) 35.75 3.80 38.08 22.00 4.57 4.33
OC+G 36.42 3.58 37.00 20,50 4.36 4.40
S doses (kg ha'') N P K Ca Mg S
g kg' of dry matter
0 36.44 3.93 40.33 22.22 4.81 3.99
53.32 37.11 3.70 36.56 22.11 4.58 4.23
106.68 37.00 3.66 37.56 21.44 4.34 4.26
160 35.44 3.90 37.22 21,00 4.26 4.44
Overall average 36.50 3.80 37.92 21.69 4.50 4.23
CV1 (%) 10.00 13.88 6.81 11.74 8.00 13.26
CV2 (%) 7.22 11.69 10.87 10.79 9.18 9.70
F (soil prep.) 0.57ns 1.95ns 1.29ns 2.14ns 1.34ns 2.16ns
F(S) 0.75ns 0.89ns 1.47ns 0.55ns 3.29* 1.87ns
F (soil prep. x S) 1.20Nns 0.56ns 2.96ns 0.78ns 0.85ns 1.84ns

nnot significant at 5% the test F

Among the macronutrients analyzed, it can be
seen that potassium had greater leaf content, with an
average of 37.92 g kg of dry matter (DM) and nitrogen
content very close to the mean of 36.50 g kg' MS (Table
1). These figures are within the proper range indicated by
Trani et al. (2015) which is 20 to 40 and 30 to 55 g DM
kg’ for K and N respectively. The superiority of potassium
and nitrogen was also found in collard greens leaves the
work Corréa et al. (2013), and Cardoso et al. (2016) in
cauliflower, analyzing vegetative and reproductive part.
The fact suggests special aftention to replacement of
these nutrients in the soil through fertilization top dressing,
according to the recommendations of Trani et al. (2015).

There was suitable for foliar phosphorus second
Trani et al. (2015), averaging 3.80 g kg' DM (Table 1),
approximately 10% of potassium and nitrogen content.
Probably, the high phosphorus content in the soil (P = 82
mg dm3) as indicated by Raij et al. (1997) was sufficient
for the cultivation of collard greens, which explains the
lack of significant differences between treatments.

The calciuminthe leaves showed overall average
of 21.69 gkg' DM (Table 1). The value lies within the range
considered normal calcium by Trani et al. (2015) which
is 15 to 25 g kg' in DM. It has been found that gypsum
(16% Ca) used alone or in combination with the organic
compost, did not increase the nufrient content in the

leaves. However, the soil already had normal calcium
content (28 mmol_ dm=) was dispensed so that the liming.

In Figure 1 it was noted that even with decrease
in magnesium leaf content, as increased sulfur doses
fop dressing collard greens leaf, the values found in the
appropriate range of 3 to 7 g kg' DM second Trani et al.
(2015). Besides not having, magnesium visual impairment
was observed in leaves collected in the treatments
possibly existing magnesium content in soil is enough for
nutrition of the same. Probably the use of ammonium
sulfate, which releases sulfate in the soil, can be formed
ion pair with Mg?* or even as ions leaching. Other factors
that were associated and may be influenced are low soil
CEC study, high level of Ca* in the soil (28 mmol_ dm-
%). Frequent fertilization with potassium top dressing and
the very removal of magnesium the crops (Foloni et al.,
2006; Zambrosi et al., 2007). Despite this reduction in
the confents was not impaired magnesium observed in
leaves collected in the treatments.

By regression analysis, the sulfur leaf of collard
greens recorded linear increase to the highest dose
evaluated: 160 kg ha' (Figure 2). However, even in
the absence of coverage S (dose 0), abnormality was
not observed visually in the leaves. In the absence of
topdressing with sulfur, the supply path gypsum or organic
compost, or the two products together, in addition to
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the already present in the soil sulfur, have been sufficient
to meet the requirements of plants in the nutrient and
probably occurred luxury uptake at higher doses (Figure
2). Comparing with nitrogen, the N: S ratio was 8.6: 1. This
proved suitable as Alvarez-Venegas et al. (2007), cited
in plant fissues that the proportion of these two nutrients
varies from 8: 1 to 15: 1.

49
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Figure 1. Magnesium content in collard greens leaves according
to sulfur doses in top dressing. SGo Manuel, 2016.
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Figure 2. Sulfur content in collard greens leaves according to
sulfur doses in fop dressing. San Manuel, 2016.

The order decreasing the foliar levels in collard
greens leaves was: K> N> Ca> Mg> $> P, with potassium
being more extracted nutrient and sulfur being higher
than the phosphorus and very close to the magnesium
content. This result was similar to the study of cabbage
leaves, which Corréa et al. (2013) observed the following
order of nutrients: K> N> S$> Ca> P> Mg. Cauliflower
(inflorescence) was descending order N> K> Ca> S> Mg>
P (Castoldi et al., 2009), and leaf, stem and inflorescence
N> K> Ca> O> P> Mg (Takeishi et al., 2009); where in
these studies, the sulfur was superior to phosphorus and
magnesium. In cauliflower (Cardoso et al., 2016), the S
was the second most nutrient found. Considering the
same botanical species, B. oleracea, one realizes that
the order, although similar, are not the same. Sometimes

different organs, such as leaves, inflorescences and
seeds, can compare the difference. Other tfimes, may
influence the body's age and mobility of nutrients.
For example, the search Cardoso et al. (2016) was the
nutrient calcium with a higher content in leaves. However,
these analyzes were performed at the end of the cycle,
after harvesting the seeds. Thus, usually more nutrients
accumulated in the young leaves, C and K had already
been partly translocated to the fruits and seeds, and Ca,
slightly movable in the plant, and the leaves remained.
Therefore, the information on foliar content of nutrients by
the plants are very important for the proper management
of fertilization, aimed at better utilization of nutrients
combined with lower production costs. However, the
whole context has to be carefully analyzed. In this study,
all the nutrients present in the leaves are exported from
the field and require replacement.

Conclusions
Sulfur

the macronutrients N, P, K and Ca on collard greens

cultivated with organic compost and gypsum, while for

doses does not change contents of

the sulfur content are obtained linear increase occurs
and magnesium foliar decreased.

The decreasing order of macronutrient content
of commercial collard greens leaves was K>N>Ca> Mg>
S$> P, with averages 37.92, 36.50, 21.69, 4.50, 4.23, 3.80 g
kg', respectively.
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