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Abstract

A.B. Cecilio Filho, R.L. Cavarianni, and R.H.D. Nowaki. 2016. Accumulation of
macronutrients in cv. ‘Astrus’ cabbage as influenced by nitrogen dose and plant population.
Cien. Inv. Agr. 43(2):305-315 The influence of plant population (31,250 and 46,875 plants ha-
1) and nitrogen doses (0, 100, 200, and 300 kg ha') on the accumulation of macronutrients
by cabbage plants was studied in Jaboticabal, Brazil, from February 18 to June 2, 2004. The
experimental design was a randomized complete block in a 2 x 4 factorial scheme, with three
replications. Differences in the amount of macronutrients accumulated by cabbage as function
of N dose and plant population, were observed. The largest amounts of macronutrients were
detected at the end of the plant cycle when the plant population was the lowest. The amounts
of N, P, K, and S were not significantly different when the N dose was increased from 100 to
300 kg ha'. The accumulated amounts of Ca and Mg were not significantly different when
the N dose was increased from 200 to 300 kg ha'. The decreasing sequence of macronutrient
extraction (Ca, N, K, Mg, P, and S) was not altered by the treatments. The period from 40 to
60 days after transplantation was responsible for half of the macronutrient accumulation by the
cabbage plants.

Key words: Brassica oleracea var. capitata, spacing, uptake nutrients.

Introduction

Cabbage (Brassica oleraceae var. capitata) is the
most important horticultural species of the Bras-
sicaceae family in the world. However, in spite of
its importance, fertilizer management still lacks
information (Cecilio Filho et al., 2013). Among
nutrients, nitrogen (N) occupies a very important
position not only because of its highly probable
environmental impact (Westerveld et al., 2004)
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but also because it is the second most accumulated
nutrient in cabbage plants (Aquino et al., 2009)
and has considerable impact on plant growth,
productivity, and quality of the commercialized
product (Westerveld et al., 2003a; Aquino ef al.,
2005a; Aquino et al., 2005b; Kolota and Chohura,
2015). Cabbage is very responsive to N, with
demands of up to 500 kg N ha!, according to
the data reported by Westerveld et al. (2003a).

However, the efficiency of N fertilization is af-
fected by factors such as soil, climate, genetic
material, and cultural practices (Westerveld et



306

al.,2003b; Oktem et al., 2010; Hawkesford et al.,
2012). Consequently, the application of N should
be studied under the conditions of the crop be-
cause the N nutritional status, as determined by
the amount of N provided to the plants, interferes
directly with the rate of absorption of the other
nutrients and the dry matter accumulation of the
plant (Aquino et al., 2009; Kolota and Chohura,
2015). Therefore, an important tool to know the
demand levels and the moments of highest nutri-
ent demand, as influenced by the N doses, is the
progress of nutrient accumulation.

In addition to the N dose, the distance between
plants is an important factor that determines
the fertilization of cabbage plants. According to
Sady et al. (2001), Schellenberg et al. (2009), and
Kolota and Chohura (2015), alterations in plant
spacing change the accumulation of dry matter
by the plants. Aquino et al. (2009) studied the
effects of N doses of 0, 75, 150, 225, and 300 kg
ha' and plant distances of 80 x 30, 60 x 30, and
40 x 30 cm on the content and exportation of
macronutrients in a cabbage crop and verified that
the highest doses of N caused increments in the
P and Mg levels, whereas an increase in spacing
resulted in higher levels of P, Ca, and S, although
with reduced dry matter accumulation. Kolota and
Chohura (2015) observed that the dose of 150 kg
N ha'! was a limiting factor for the increment of
crop yield in plots with more than 44,000 plants
ha!. In the case of application, the dose of 300 kg
N ha'! for plants grown in at 63,000 and 74 000
plants ha' produced a significantly higher yield of
heads than did the treatment with 44,000 plants.

Several studies have been reported that concern
N doses for cabbage plants, including Khan et al.
(2002), Aquino et al. (2005a, 2005b), Ekbladh et
al. (2007), Haque et al. (2006), Machado et al.
(2006); Aquino et al. (2009); Moreira et al. (2011).
However, none of these investigations analyzed
the accumulation of macronutrients by cabbage
plants as influenced by the plant population and
N doses.
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Therefore, the objective of the present study was
to evaluate the interaction of the plant popula-
tion and N dose on the progress of absorption of
macronutrients by cabbage plants of the ‘Astrus’
cultivar.

Materials and methods

The experiment was carried out from February
18 to June 2, 2004, in Jaboticabal, state of Sao
Paulo, Brazil, at latitude 20°12°45.41” S, longitude
48°26’57.71” W and a mean altitude of 528 m a.s.l.

The following conditions were used: population
densities D, 31,250 plants ha™ with a plant spac-
ing of 0.80 x 0.40 m with two rows per plot, and
D,, 46,875 plants ha™ with a plant spacing of 0.40
% 0.40 m with three rows per plot triangularly
arranged, and N doses of N, = 0, N, = 100, N,
=200, and N, = 300 kg ha'. The experimental
design was a randomized complete block in a 2
x 4 factorial scheme with three replications. The
experimental plots were arranged in beds 1.1
m in width and 6.4 m in length with 32 and 48
plants for the smaller and larger plant densities,
respectively.

The soil (Red Latosol) samples were taken at the
0—20 cm layer, and the results of their chemical
analysis were the following: pH (CaCl,) 5.5; organic
matter =27 g dm?; P (resin) = 56 mg dm?; K, Ca,
Mg, H + Al, and a cation exchange capacity of 3,
38, 12,28, and 81 mmol dm?, respectively; B, Cu,
Fe, Mn, and Zn of 0.17, 6.9, 17, 32,9, and 1,5 mg
dm?, respectively, and soil base saturation (V) =
65%. Based on the chemical analysis results and
the proposal by Trani et al. (1997), the V was cor-
rected, and soil fertilization with potassium and
phosphorus was conducted. Thirty days before
sowing, the soil acidity was corrected with calcined
lime to raise the V to 80%. At sowing, 400 kg
ha of P,O, (simple superphosphate) and 180 kg
ha of K,O (potassium chloride) were applied to
the soil. An additional dose of 90 kg ha™! of K,O
was divided in two and applied in side dressing to
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the plants 30 and 50 days after transplantation. N
fertilizer (@mmonium nitrate) was initially applied
before sowing at the dose of 30 kg ha' of N and
was later side dressed to the plants at 15, 30, and
50 days after transplantation to reach the total
amounts of 100, 200, and 300 kg ha™'. Seeds of
the ‘Astrus’ cabbage were sown on February 18,
2004, in trays with a capacity of 128 plantlets,
which were transplanted to beds on March 18,
2004, when they had four leaves. The cultural
practices pertaining to the crop were conducted.

The amounts of macronutrients in the aboveground
part of the plant (stem, internal and external leaves
considered separately) were evaluated 20, 40, 60,
and 75 days after transplantation. These determina-
tions followed the methods found in Silva (2009).
For each plant evaluation, Tukey’s test was used
to differentiate the treatments. A regression study
was conducted using nonlinear models to repre-
sent the progress of nutrient accumulation. The
equations with significant adjustment and highest
determination coefficients were selected (test F).

Results and discussion

The N accumulation was influenced (P<0.01)
by the interaction between treatments and the
sampling moment.

At 20 days after transplant (DAT), the N accumula-
tion was larger in plants that were fertilized with
N, independent of the plant population. In contrast,
at 40 DAT, the treatments were different not only
as a consequence of plant fertilization but also
because of the plant population. This tendency was
confirmed to be significant at 60 and 75 DAT: the
largest amounts of accumulated N were shown by
plants that had been fertilized with N and those
growing in the lowest plant population (Table
1). The largest amount of accumulated N (5.42
g plant') was observed in the plant population
of 31,250 plants ha' that was fertilized with 300
kg ha" of N (D,N,), which was not significantly
different from the levels found for the N doses
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of 100 and 200 kg ha™ in the same plant popula-
tion (Table 1). Half the amount of accumulated
N in the plant dry matter was verified to occur
at 45 and 51 DAT in the highest and lowest plant
populations, respectively (Figure 1).

The largest amounts of N at the end of the plant
cycle varied from 2.7 (DN ) to 5.4 (DN, and D,N,)
g plant’! (Table 1). The accumulated amounts of
N at the combinations of doses of N and plant
population were between 7.67 and 2.45 g plant”,
as reported by Peck (1981) and Oliveira et al.
(2003), respectively. The plant population may
be considered the most important factor that af-
fects the amount of N in the plant. At the lower
plant population, there was an increment in the
N demand by the cabbage plants of the ‘Astrus’
variety (Table 1). In contrast, the accumulation of
N by the crop in kg ha™! was higher in the highest
population, with values of 127.9 (D,N,), 157.9
(D,N)), 163.6 (D,N,), 172.9 (D,N,), 111.2 (D,N,),
144.1 (D)\N)), 169.4 (D\N,), and 169.4 (D N,).

At 20 DAT, the amount of P was larger in the plants
that had been fertilized with N than in those that
had not, regardless of plant population. At the end
of the plant cycle (75 DAT), larger amounts of ac-
cumulated P were observed in plants that had been
fertilized with N in the lowest plant population;
on average, these values were 45.7% larger than
those observed for the highest plant population
(Table 1). The largest value of accumulated P (1.26
g plant™) was observed when the plant population
was the lowest and the N dose was 200 kg ha™!,
which was not different from the values observed
when the N dose was 100 and 300 kg ha! at the
plant population of 31,250 plants ha™' (Table 1).
The curves for the accumulated amounts of P
resulting from the combination of both factors
(Figure 2) were similar to those of N (Figure 1) for
the moments of highest demand and growth rate,
thus confirming the data presented by Aratjo and
Machado (2006), which indicated a synergistic
action between N and P on plant growth and yield.
Therefore, the plants with the highest amounts of
accumulated N also had the highest amounts of
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Table 1. Macronutrients accumulated by the aerial part of cabbage plants of the ‘Astrus’ variety as influenced by the

treatments and sampling moment.

Cycle
(DAT?) DN, DN, DN, DN DN, DN, DN, DN,
Nitrogen (g plant™)
20 0.14b! 0.36a 0.41a 0.38a 0.15b 0.30a 040 a 0.46 a
40 0.73 ¢ 1.51 abe 1.73 ab 1.84a 0.95 be 1.50 abe 1.57 ab 1.77 ab
60 227¢ 348a 3.49 ab 4.11a 225¢ 229¢ 2.60 c 2.68 be
75 3.56 be 4.61a 542a 542a 273 ¢ 3.37 be 3.49 be 3.69b
Phosphorus (g plant™)
20 0.031b! 0.072 a 0.076 a 0.074 a 0.033 b 0.063 a 0.071 a 0.089 a
40 0.149b 0.342a 0.332a 0.357 a 0.194 ab 0.305 ab 0.309 ab 0.347 ab
60 0.477d 0.791 ab 0.747 be 0.935a 0.487d 0.518d 0.583 cd 0.638 bed
75 0.825b 1.161 a 1.256 a 1.243 a 0.619 ¢ 0.847 b 0.790 b 0.873 b
Potassium (g plant™)
20 0.09 b! 0.27 a 0.22a 0.29a 0.07b 0.15a 0.18a 0.19a
40 0.59¢ 1.32a 1.18 abc 1.39a 0.66 be 1.07 abc 1.03 abe 1.25ab
60 1.29 cd 221a 2.02 ab 2.37a 1.14d 1.27 c¢d 1.49 bed 1.78 abc
75 2.11b 321a 351a 3.63a 1.79b 2.38b 233b 2.26b
Calcium (g plant™)
20 0.16 b! 0.39a 042a 04l a 0.19b 041a 048 a 0.53a
40 1.05¢ 2.04a 221a 2.36a 1.32 be 1.98 be 1.92 abe 2.10a
60 3.07 cd 4.13 ab 3.85be 4.95a 2.65d 292 cd 3.24 bed 3.51 bed
75 3.76e 5.10 be 6.44 a 6.05a 3.63e 3.96 de 4.35 cde 4.94 cd
Magnesium (g plant™)
20 0.03 b' 0.074 a 0.07 a 0.08 a 0.04b 0.07 a 0.08 a 0.10a
40 0.16 a 0.327 a 0.30a 037a 02la 03la 0.26 a 0.30a
60 043¢ 0.743 ab 0.61 abc 0.80a 0.54 be 0.55 be 0.56 be 0.61 abc
75 0.82¢ 1.095b 1.61a 1.55a 0.83 ¢ 0.83 ¢ 0.97 be 1.06 b
Sulfur (g plant™)
20 0.03 a' 0.06 a 0.06 a 0.06 a 0.03a 0.05a 0.06 a 0.03a
40 0.13b 0.26 ab 0.26 ab 027a 0.14 ab 0.22 ab 0.22 ab 0.23 ab
60 0.40 be 0.58 a 0.52 ab 0.58a 037c¢ 0.39 be 0.43 be 0.47 abc
75 0.49 be 0.69 ab 0.77 a 0.77a 0.40 ¢ 0.53 be 0.50 be 0.54b

"Means in the same line followed by the same letter are not significantly different (P<0.05), according to Tukey's test.
’D, and D, correspond to the populations of 31,250 and 46,875 plants ha' and N, N, N,, and N; to the doses of 0, 100, 200,

and 300 kg ha'! of N, respectively.
Days after transplantation.

accumulated P (Figures 1 and 2). The high level
of P in the soil (Raij et al., 1997), that is, 56 mg
dm?, may have favored the synergism between
those nutrients.

The average of the values of accumulated nutrients
in the present study was 105% larger than that
reported by Oliveira et al. (2003). As shown by

the maximum amounts of P in the cabbage plants,
the lowest plant population resulted in the highest
value of accumulated P (Table 1). However, the
amount of P accumulated by the crop, in kg ha,
was the largest when the plant population was the
largest and corresponded to 25.78 (D\N,), 36.28
(D\N)), 39.25 (D/N,), 38.84 (D \N,), 29.01 (D,N,),
39.70 (D,N,), 37.03 (D,N,), and 40.92 (D,N,).
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N accumulation (g pI'")

Cycle (days after transplanting)

Y1 =466/ (1+EXP (-0.0821* (X -
V2 =535/ (1+EXP (-0.0792* (X -
V3 =8.67/ (I+EXP (-0.0575* (X -
¥4 =6.19/ (1+EXP (-0.0808* (X -
Y5 =2.89/ (I+EXP (-0.1006* (X -
Y6 =4.47/ (1+EXP (-0.0565*% (X -
Y7 =4.10/ (1+EXP (-0.0648* (X -
V8 = 4.49/ (1+EXP (-0.0591* (X -

60.60)))
52.01)))
66.26)))
51.21)))
4731))
56.55)))
49.63)))
50.74)))

R=1 P =0.005
R=1 P=0.01
R=1 P =0.06
R=1 P =003
R=1 P=0.02
R*=0.97 P=0.16
R*=0.99 P =0.10
R*=0.98 P=0.14

Figure 1. Nitrogen accumulation during the plant cycle in the dry matter
of the aerial part of cabbage plants of the ‘Astrus’ variety, as influenced by
the doses of 0 (N,), 100 (N), 200 (N,), and 300 (N,) kg ha" of N and the
populations of 31,250 (D)) and 46,875 plants ha™ (D,).

The amount of K accumulated by the cabbage
plants was influenced (P<0.01) by the treatments
and sampling moments.

At 20 DAT, as observed for N and P, the amounts
of K in the plants growing in both plant populations
were larger in plants that had been fertilized with
N than in those that had not. At the end of the plant
cycle, the highest (3.63 g plant') amount of K was
observed in plants growing in the plant population
0f 31,250 plants ha™ that received 300 kg ha™ of N
(D,N,), which was not significantly different from
the treatments with the application of N at the same
plant population (Table 1). The DN, combination
permitted an amount of accumulated K that was
156% larger than that observed for the plants grown
in the same plant population but without N fertiliza-
tion and 114% larger than that observed for plants
that had been fertilized with N but were grown in
the highest plant population (Table 1).

Half of the K accumulated by the plants fertilized
with 300 kg ha' and at the lowest plant population
was verified to take longer to occur, that is, at 55
DAT, whereas the earliest accumulation (39 DAT)
was verified in the same dose but at the highest
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plant population (Figure 3). This earliness may be
ascribed to the higher competition for resources
between plants growing in higher plant populations.

The largest amounts of K in the plant were observed
at the end of the plant cycle, and they increased
as the amount of applied N fertilizer increased
(Table 1). The amounts of K (kg ha™') were 65.9
(DN, 100.3 (D,N,), 108.9 (D\N,), 109.7 (D,N,),
83.9(D,N,), 115.6 (D,N)), 109.2 (D,N,), and 105.9
(D,N,). In contrast to what was verified for N
and P, the accumulated amounts of K for each
evaluated dose were very close between the plant
populations. This is supposedly related to the roles
played by K in photosynthesis, which is related
to leaf area. Because plants growing in a plant
population of 46,875 plants ha' undergo more
severe intraspecific competition, they grow less;
that is, they have smaller leaf area and therefore
demand less K. Thus, even with 50% more plants,
the amounts of accumulated K at each dose of N
were similar in both plant populations.

The treatments and sampling moment interacted
significantly (P<0.01) to determine the amount of
accumulated Ca in the plant aboveground dry mass.
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P accumulation (g pl™)

20 30

Y1 =1.2381/ (1I+EXP (-0.07701* (X - 66.03)))
Y2 =1.5295/ (1+EXP (-0.0701* (X - 58.78)))
Y3 =2.3845/ (I+EXP (-0.0577* (X -73.22)))
Y4 =1.4061/ (1+EXP (-0.0889% (X - 52.16)))
Y5 =0.6747/ (1+EXP (-0.0948* (X - 49.79)))
Y6 =1.7211/ (1+EXP (-0.0485* (X - 75.96)))
V7 =0.9455/ (I+EXP (-0.0688* (X - 52.08)))
V8 =1.0785/ (14+EXP (-0.0646* (X - 53.23)))

40 50
Cycle (days after transp

60 70 80
lanting)

R=1 P =0.007

R=1 P=0.04

R’= P=0.05

R’= P =0.001

R*= P=0.01

R>=0.98 P=0.12
R=1 P=0.06
R=0.99 P=0.07

Figure 2. Phosphorus accumulation during the plant cycle in the dry matter
of the aerial part of cabbage plants of the ‘Astrus’ variety, as influenced by
the doses of 0 (N,), 100 (N,), 200 (N,), and 300 (N,) kg ha"' of N and the
populations of 31,250 (D)) and 46,875 plants ha™ (D,).

4.0

K accumulation (g pl™)

20 30 40 50
Cycle (days after transplanting)

Y1 = 33178/ (I+EXP (-0.0634* (X - 66.40)))
V2 = 42469/ (1+EXP (-0.0594* (X - 56.79)))
V3 =10.0418/ (I+EXP (-0.0458* (X - 88.80)))
V4 =5.6504/ (1+EXP (-0.0539* (X - 64.56)))
V5 =2.5873/ (1+EXP (-0.0598* (X - 62.26)))
$6=-1.0297 + (0.9133* (EXP (X/ 58.15))
Y7 = 3.7208/ (1+EXP (-0.0496* (X - 65.38)))
V8 =2.2185/ (I+EXP (-0.0964* (X - 39.41)))

60 70 80

R*=0.99 P=0.07
R?=0.98 P=0.12
R>=098 P=0.12
R’=0.98 P=0.12
R*=098 P=0.14
R>=093 P=025
R*=096 P=0.19
R*=0.97 P=0.16

Figure 3. Potassium accumulation during the plant cycle in the dry matter
of the aerial part of cabbage plants of the ‘Astrus’ variety, as influenced by
the doses of 0 (N), 100 (N)), 200 (N,), and 300 (N,) kg ha"' of N and the
populations of 31,250 (D)) and 46,875 plants ha™ (D,).
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At 20 DAT, in both plant populations, the amount
of Ca in plants that were not fertilized with N was
already lower than that found in plants that had been
fertilized with N. During plant growth, the amounts
of accumulated Ca in plants that had received 200
and 300 kg ha' of N and were growing in the lower
population were lower than those observed for the
other treatments. This tendency was ratified 75 DAT,
when the amounts of Ca accumulated by the plants
were the highest (Table 1). Similar to the observed
amounts of N, P, and K, the amounts of Ca in plants
fertilized with N were not significantly different in
the higher plant population (Table 1).

Half of the total amount of accumulated Ca was
reached between 44 and 53 DAT, with mean val-
ues of 48 and 46 DAT in the plant populations of
31,250 and 46,875 plants ha!, respectively (Figure
4). The amounts of Ca, in kg ha’', that were ac-
cumulated by the plants, as determined by the
treatments (Table 1), were 117.5 (D\N), 159.37
(D)N)),201.25 (D)N,), 189.06 (D N,), 170.15 (D,N,),
185.62 (D,N,), 203.90 (D,N,), and 231.56 (D,N,).

The treatments and the sampling moment interacted
significantly (P<0.01) to determine the amount of
accumulated Mg in the plant aboveground dry mass.

At 20 DAT, independent of the plant population,
the plants with the highest amounts of Mg were
those that had been fertilized with N. Twenty days
later, the treatments were no longer significantly
different. At 75 DAT, however, in the lower plant
population, the plants that had been fertilized
with N showed 53% more Mg than did those in
the higher plant population. The highest amount
of Mg was brought about by the N dose of 200
kg ha' in the smaller plant population, although
it was not significantly different from the plants
that had been fertilized with 300 kg ha' of N in the
same plant population. Similar to what had been
observed for K and Ca and different from that
observed for N and P, the amounts of accumulated
Mg were not significantly different in both plant
populations when no N was applied (Table 1). The
curves describing the accumulation of Mg show that

the plants growing in the smaller plant population
reached half the total of that nutrient at different
moments according to the treatment, whereas for
the DN, treatment, that moment took place at 52
DAT, and for the D|N, treatment, that moment was
verified only at 64 DAT. In contrast, when the plant
population was of 46,875 plants ha™', that moment
was approximately the same for all treatments, i.e.,
between 54 and 56 DAT (Figure 5).

The amounts of accumulated Mg, in kg ha,
were as follows: 25.7 (D\N), 34.2 (D\N)), 50.4
(D\N,), 48.3 (D\N,), 38.6 (D,N)), 38.67 (D,N)),
45.5 (D,N,), and 49.5 (D,N,).

The treatments and the sampling moment interacted
significantly (P<0.01) to determine the amount of
accumulated S in the plant aboveground dry mass.

At 20 DAT, although the amounts of nutrients
found in the plants fertilized with N were 108%
higher than those found in the plants that were not
fertilized, the treatments were not significantly dif-
ferent. At 40 DAT, only treatments DN, and DN,
were significantly different. At 60 DAT, the plants
growing in the smaller plant population that had
received 300 kg ha of N (D,N,) kept showing the
highest amount of accumulated S, although it was
not different from DN,, D,N,, and D,N.. At the end
of the crop cycle, plants growing in the lower plant
population that received N doses of 200 and 300 kg
ha' had accumulated the same amount of S, which
was not different from that accumulated by plants
that had received a N dose of 100 kg ha'' (Table 1).

In the lower plant population, the treatments by
which the plants received N were not significantly
different, such as those observed for N, P, and K.
In the larger plant population, only the dose of 300
kg ha' of N resulted in an amount of accumulated
S that was significantly superior to that shown by
the plants that did not receive N (Table 1).

According to Figure 6, half of the total accumulated
S was reached approximately 48 and 45 DAT in
the low and high plant populations, respectively,
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Ca accumulation (g pl™)

20 30 40 50 60 70 80
Cycle (days after transplanting)
Y1 =397/ (I+EXP (-0.1113* (X - 49.09))) R= P=0.05
Y2 =5.48/ (1+EXP (-0.0880* (X - 46.54))) R= P=0.04
V3 =13.98/ (1+EXP (-0.0490* (X - 78.48)))  R>=0.98 P=0.12
V4 =6.43/ (I+EXP (-0.0925% (X - 46.40))) R=1 P=0.03
Y5 =4.22/ (1+EXP (-0.0762* (X - 52.07))) R’=0.99 P=0.08
Y6 =4.41/ (I+EXP (-0.0680* (X - 46.53))) R*=0.97 P=0.16
Y7 =5.14/ (1+EXP (-0.0654* (X - 50.19))) R>=1 P=0.09
Y8 =6.41/ (I+EXP (-0.0586* (X - 55.06))) R>=0.99 P=0.10

Figure 4. Calcium accumulation during the plant cycle in the dry matter
of the aerial part of cabbage plants of the ‘Astrus’ variety, as influenced by
the doses of 0 (N,), 100 (N)), 200 (N,), and 300 (N,) kg ha" of N and the
populations of 31,250 (D)) and 46,875 plants ha™ (D,).

16 — DINO
---DINI

Mg accumulation (g pl™")

20 30

40 50 60 70 80
Cycle (days after transplanting)
Y1 =1.9058/ (1I+EXP (-0.0626* (X - 79.38))) R’=1 P=0.03
Y2 =1.4627/ (1+EXP (-0.0684* (X - 59.19))) R>=1 P=0.03
Y3 =0.0778 + (0.0107* (EXP (X/ 15.11))) R*=0.99 P=0.08
Y4 =-0.1208 + (0.1029* (EXP (X/ 26.96))) R>=1 P=0.05
¥5=1.1061/ (1+EXP (-0.0737* (X - 60.51))) R*=1 P=0.04
Y6 =-0.1151 + (0.1092*% (EXP (X/ 32.24))) R*=0.99 P=0.10
Y7 =-0.0984 + (0.0968* (EXP (X/ 31.24))) R=1 P=001
Y8 =-0.1026 + (0.1117* (EXP (X/ 32.08))) R*=1 P=0.02

Figure 5. Magnesium accumulation during the plant cycle in the dry matter
of the aerial part of cabbage plants of the ‘Astrus’ variety, as influenced by
the doses of 0 (N,), 100 (N)), 200 (N,), and 300 (N,) kg ha™ of N and the
populations of 31,250 (D)) and 46,875 plants ha™ (D,).
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with an amplitude of 44 to 51 DAT. The amounts
of accumulated S were larger in the plants grow-
ing in the higher plant population. The amounts,
inkgha', were 15.34 (D\N), 21.50 (D\N)), 23.93
(DN,), 23.93 (D\N,), 18.93 (D,N,), 24.79 (D,N)),
23.43 (D,N,), and 25.5 (D,N,).

The decreasing order with which the macronu-
trients accumulated in the plant dry matter was
not affected by the N dose and plant population.
However, the proportion among them was modified,
as indicated in Table 2. The higher accumulation
of Ca in comparison with N probably results from
luxury consumption, which was favored by the
high concentration of Ca in the soil of the experi-
ment (38 mmol_dm?, a very high concentration,
according to Raij et al. (1997)). The lime that was
applied to increase the base saturation to 80% (as
recommended by Trani et al. (1997)) probably
also contributed to that luxury consumption. The
observed order differed from that (N, K, S, Ca, P,
and Mg) noted by Furlani ez al. (1978).

In conclusion, ‘Astrus’ cabbage plants that receive
between 0 and 300 kg ha' doses of N and have
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Table 2. Decreasing order with which macronutrients
accumulated in ‘Astrus’ cabbage plants as influenced by
the treatments.

Treatments Accumulation order

DN, Ca=N>K>Mg=P>§?
DN, Cax~N>K>Mg=P>S
DN, Ca>N>K>Mg>P>S
DN, Ca>N>K>Mg>P>S
DN, Ca>N>K>Mg>P>S
DN, Ca>N>K>Mg=P>S
DN, Ca>N>K>Mg>P>S
DN, Ca>N>K>Mg>P>S

'D, and D, correspond to the populations of 31,250 and
46,875 plants ha' and N, N, N, and N, to doses of 0, 100,
200, and 300 kg ha' of N, respectively.

2>~ and = correspond to accumulations in proportions
larger than 10%, up to 10%, and up to 1% of the nutrient in
comparison, respectively.

populations of 31,250 and 46,875 plants ha™ ac-
cumulate nutrients in the following order: Ca >
N > K > Mg > P > S. Half of the total nutrients
accumulated by cabbage plants is reached between
40 and 60 days after transplantation. The amounts
of accumulated nutrients by cabbage plants are
significantly influenced by soil fertilization and
plant population.

S accumulation (g pl™)

20 30 40
Cycle (days after transplanting)

¥1 = 05219/ (1+EXP
¥2 = 0.7330/ (1+EXP
¥3 = 1.0496/ (1+EXP

V5 = 0.4132/ (1+EXP
Y6 = 0.6252/ (1+EXP
Y7 = 0.5499/ (1+EXP
Y8 = 0.5841/ (1+EXP

0.1413*

50

( (-0.1104* (X - 49.68))
( (-0.0952* (X - 46.24))
( (-0.0634* (X - 59.60))
Y4 = 0.8738/ (1+EXP (-0.0790* (X - 50.89))
( (- ( )
( (-0.0684* (X - 51.05))
( (- ( )
( (- ( ))

0.0853" (X - 45.28
0.0880" (X - 44.80

60 70 80

) R=1 P=0.02
) R’=1  P=0.003
) R’=1 P=0.06
) R’=1 P=0.03
X - 44.25))) R=1 P=0.04
) R?=0.99 P =0.08
) R’=1 P =0.005
) R*=1 P=0.02

Figure 6. Sulfur accumulation during the plant cycle in the dry matter of
the aerial part of cabbage plants of the ‘Astrus’ variety, as influenced by
the doses of 0 (N), 100 (N)), 200 (N,), and 300 (N,) kg ha" of N and the
populations of 31,250 (D)) and 46,875 plants ha™ (D,).
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Resumen

A.B. Cecilio Filho, R.L. Cavarianni y R.H.D. Nowaki. 2016. Influencia de la dosis de
nitrogeno y la poblacion de col ‘Astrus’, en la acumulacion de macronutrientes en las
plantas. Cien. Inv. Agr. 43(2):305-315. Con el fin de evaluar las interacciones entre las
densidades de poblacion (31250 y 46875 plantas ha') y el nitrégeno (0, 100, 200 y 300 kg
ha') en la acumulacién de macronutrientes en la col cv. ‘Astrus’, se realizé un experimento
en Jaboticabal (Brasil) del 18 de febrero al 2 de junio de 2004. El disefio experimental fue
de bloques al azar factorial 2 x 4 con tres repeticiones. Se observo diferencia en la cantidad
de macronutrientes de la col en funcion de N y la densidad de poblacion. Se observaron las
mayores cantidades al final del ciclo con la menor densidad de la siembra, pero las cantidades
de N, P, K y S no fueron diferentes cuando se utilizan de 100 a 300 kg ha! de N. Para Ca 'y Mg,
las cantidades no fueron diferentes cuando se fertilizo con 200 0 300 kg ha! de N. La secuencia
descendente de extraccion de macronutrientes (Ca, N, K, Mg, Py S) no se vio afectada por los
tratamientos. El periodo de 40 a 60 dias después del trasplante fue responsable de la mitad de

las cantidades acumuladas de macronutrientes en planta de la col.

Palabras clave: Brassica oleracea var. capitata, nutrientes de absorcion, espaciamiento.
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