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Research Article

Rates and methods of phosphorus application in cabbage crop'

Luiz Otavio Duarte?, Leonardo Angelo de Aquino?,
Ilidio Augusto Borges Caixeta’, Felipe Augusto Reis Gongalves®, Marcelo Rodrigues dos Reis®

ABSTRACT

The efficiency of phosphate fertilization may be reduced
by incorporating the fertilizer to the soil using a rotary tiller,
which is a method commonly adopted to grow vegetables.
This study aimed to evaluate the yield of cabbage crop and the
efficiency of phosphate fertilization based on rates and application
methods of P to the soil. Four experiments were carried out
[two using broadcasting application (0 kg ha'!, 200 kg ha’!,
400 kg ha!, 800 kg ha' and 1,600 kg ha' of P,O,) and two
using localized application (0 kg ha’', 80 kg ha'!, 160 kg ha’!,
320 kg ha' and 640 kg ha'' of PO, combined with the presence
or absence of phosphating - application of 200 kg ha™' of P,O,
by broadcasting)] in two growing sites [one with low (A) and
another with high (B) content of P, both showing a very clayey
texture]. The rates of 252 kg ha' and 284 kg ha' of P,0, were
estimated to obtain the maximum economic productivity in
the broadcasting application at the sites A and B, respectively.
The best rates were 183 kg ha' and 146 kg ha' of P,0, with
the localized application of P without phosphating at the sites
A and B, respectively. To obain 95 % of maximum yield, the
recovery efficiency was 48.9 % and 30.0 % at the sites A and B,
respectively. For the localized application of P in the absence of
phosphating, these values were 44.6 % and 60.4 % at the sites A
and B, respectively. With phosphating, the recovery efficiency
decreased significantly. The localized application of P is more
efficient than the broadcasting application to supply nutrients
and increase the cabbage yield.

RESUMO

Doses e modos de aplicagao de
fosforo em cultivo de repolho

A eficiéncia da adubagao fosfatada pode ser reduzida pela
incorporagao do fertilizante ao solo com enxada rotativa, método
que ¢ comumente adotado no cultivo de hortaligas. Objetivou-se
avaliar a produtividade de repolho e a eficiéncia de adubacdo
fosfatada, em func@o de doses e modos de aplicagdo de P ao solo.
Foram conduzidos quatro experimentos [dois com aplicagdo a
lango (0 kgha'!, 200 kg ha'', 400 kg ha'', 800 kg ha' e 1.600 kg ha™!
de P,0O,) e dois com aplicagdo localizada (0 kg ha', 80 kg ha',
160 kg ha'!, 320 kg ha' e 640 kg ha de P,0,, combinados com a
presenca ou auséncia de fosfatagem - aplicagdo a lango de 200 kg ha!
de P,0,)], em dois locais de cultivo [solo de menor (A) e maior (B)
disponibilidade de P, ambos de textura muito argilosa]. As doses de
252 kgha' e 284 kg ha' de P,0, foram estimadas para a obtengdo
da maxima produtividade econdmica com a aplicagdo a lango nos
locais A e B, respectivamente. As melhores doses foram 183 kg ha'' e
146 kgha' de P,O, comaaplicagdo localizada de P sem fosfatagem
nos locais A e B, respectivamente. A eficiéncia de recuperagdo para a
obtengao de 95 % da maxima produtividade foi de 48,9 % ¢ 30,0 %
nos locais A e B, respectivamente. Para o P aplicado localizado na
auséncia de fosfatagem, estes indices foram de 44,6 % e 60,4 % nos
locais A e B, respectivamente. Com a fosfatagem, a eficiéncia de
recuperacao diminui de forma significativa. A aplicagao localizada
de P ¢ mais eficiente que a aplicagdo a lango no fornecimento de
nutrientes e para a produtividade de repolho.

KEYWORDS: Brassica oleracea var. capitata, localized
phosphorous application, phosphate fertilization.

INTRODUCTION

Even under the application of high rates of
phosphate fertilizers, the accumulation levels of P
by plants is low. This is due to the low natural P
content in most Brazilian soils and the high fixation

PALAVRAS-CHAVE: Brassica oleracea var. capitata, aplicagdo
localizada de fosforo, adubacdo fosfatada.

of Fe and Al oxyhydroxides, making it unavailable to
plants (Novais et al. 2007, Raij 2011). In oleraceous
crops, P fixation is enhanced by application methods
of phosphate fertilizers, usually in total area and
followed by the incorporation up to 15-20 cm. These
application methods increase the contact between
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nutrient and soil, hence the fixation (Biill et al. 2004),
which decreases the phosphate fertilization efficiency
(Sousa et al. 2010).

To increase the efficiency of phosphate
fertilization, it is important to reduce the amounts
of P applied to the soil (Miyazawa et al. 2011) and
production costs, since Brazil imports more than
40 % of the phosphate fertilizers used locally (ANDA
2015). Moreover, the energy needed to produce
phosphate fertilizers is high and the raw materials
come from non-renewable sources.

Due to the P fixation in tropical soils, its
adequate availability is guaranteed by applying high
rates or reducing the volume of fertilized soil (Biill
etal. 2004). In order to minimize eutrophication and
decrease production costs, the volume of fertilized
soil is reduced (Sharangi & Sahu 2009), what is
more efficient than reducing the volume in the
total area application (phosphating), especially for
soluble sources of P (Franzini et al. 2009).The use
of soluble sources is justified in shorter-cycle crops
because of the rapid availability thereof (Chien et
al. 2010). Therefore, studies comparing phosphate
fertilization in total and localized areas are common
for extensive crops (Resende et al. 2006, Carneiro
et al. 2008, Oliveira Janior et al. 2008, Santos et al.
2008, Franzini et al. 2009, Nunes et al. 2011, Barbosa
et al. 2015). However, there are few studies about
application methods of P, despite the high rates of
phosphate fertilizers applied in vegetable crops (Biill
et al. 2004).

Phosphate fertilization increases the cabbage
yield, even in P-rich soils (Cecilio Filho et al.
2013). Although the latter authors tested rates up
to 720 kg ha' of PO, in soil with 93 mg dm™ of P
in resin, they obtained 67.5 Mg ha'! of cabbage at
430 kg ha! of P,O,. However, Deenik et al. (2006)
tested rates between 0 kg ha™' and 198 kg ha! of P
in soil with 351 mg dm of P and verified a positive
response with rates up to 50 kg ha' of P. Thus,
studies with phosphate fertilization are controversial
and there is a lack of information for tropical soils
with low content of P. In addition, cabbage is able
to mobilize and uptake P from the soil by additional
mechanisms, such as exudation of citric acid
(Dechassa & Schenk 2004), what may be related to
the least expressive response to P, if compared to
other vegetables.

In official recommendations, the level of P in
the soil is the main criterion to determine the rates of

phosphate fertilizer, which differ among the available
publications. Such rates range from 50 kg ha! to
400 kg ha! of PO, (Fontes 1999) and from 200 kg ha'!
to 600 kg ha' of P,O, (Trani et al. 1997).

The application method may influence the P
rates for cabbage crops. Thus, this study aimed to
evaluate the yield of cabbage crops and the efficiency
of phosphate fertilization according to rates and
application methods of P.

MATERIAL AND METHODS

Four experiments were carried out, being
two with localized application of P and two with
broadcasting application, in soils with low (site A)
and high (site B) P levels. They were conducted in Rio
Paranaiba, Minas Gerais state, Brazil, at an altitude
of 1,100 m, where the predominant climate is Cwa,
according to the Koppen-Geiger classification (Peel
et al. 2007), which is characterized by a dry season
and a well defined rainy period occuring between
October and March.

The experiments initiated on 20 December
2014 and 24 January 2015, and the collections
took place on 06 March 2015 and 17 April 2015,
respectively at the growing sites A and B. The soil
of both sites is classified as a Red Yellow Latosol,
with a very clayey texture. The soils with low and
high levels of P presented the following chemical
attributes, respectively: pH (water; ratio 1:2.5) =
52and5.3;P_ .. =148 mg L'and 10.7 mg L;
P (Mehlich-1) = 1.6 mg dm” and 4.6 mg dm?;
K (Mehlich-1) = 59 mg dm™ and 86 mg dm?;
Ca* = 2.6 cmol  dm” and 2.4 cmol dm™; Mg*" =
0.6 cmol _dm~and 0.5 cmol dm; AI’*=0.3 cmol dm™
and 0.3 cmol  dm”; H + Al = 6.8 cmol_  dm” and
6.1 cmol dm™; organic matter = 32 g kg™ and
24 g kg'.

The cabbage cultivar used was ‘Astrus Plus’,
an F1 hybrid with compact heads, medium to large
size, slightly flattened shape, and mass ranging
from 1.4 kg to 2.2 kg. Most farmers from the Alto
Paranaiba region use this cultivar because it can grow
all year long. The seedlings were produced in trays
with 200 cells, under a protected environment, using
an agricultural substrate composed of coconut fiber
and vermiculite.

Rates of 0 kg ha!, 200 kg ha!, 400 kg ha',
800 kg ha' and 1,600 kg ha™' of P,O, were tested with
P applied by broadcasting in an experiment designed
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as a randomized block, with four replications. The
plots were composed of five rows with 10 m length,
spaced at 0.40 m between rows and 0.35 m between
plants, totaling 20 m?. The three central rows, except
1.5 m from the edges, were the useful plots.

Rates of 0 kg ha!, 80 kg ha!, 160 kg ha'!,
320 kg ha' and 640 kg ha" of P,O, were tested with
localized application of P in the presence or absence
of phosphate (200 kg ha' of P,O, by broadcasting
application). This experiment was designed as a
randomized block, in a split-plot scheme, in which
phosphate was assigned to the plots and rates of P
to the subplots, with four replications. The subplots
were composed of five rows with 10 m length, spaced
at 40 cm between rows and 35 cm between plants,
totaling 20 m?. The three central rows, except 1.5 m
from the edges, were the useful plots.

At the growing site A (low P level), the
application consisted of 1.5 Mg ha! of limestone
(85 % of PRNT, 37 % of CaO and 14 % of MgO)
and, at the site B (high Plevel), 0.7 Mg ha'! of gypsum
and 1.6 Mg ha'! of limestone (80 % of PRNT, 42 %
of CaO and 10.9 % of MgO). The soil preparation
consisted of one subsoiling, two harrowings and
one rotary tiller with hole marking. Regarding the
broadcasting method, the phosphate fertilizer was
incorporated into the soil with a rotary tiller at a
depth of 0.15 m. In the experiment with localized
application of P, after the rotary tiller operation,
furrows were opened at a depth of 0.10 m, where the
phosphate fertilizer was placed. The furrows were
closed and the holes were spaced at 0.35 m from each
other. The total nitrogen and potassium fertilizers
contained 270 kg ha™' and 300 kg ha' of N and K O,
respectively (Aquino et al. 2009).

The seedlings were transplanted at 35 days
after sowing. At the transplant occasion, 30 kg ha™!
of N (via ammonium nitrate), 60 kg ha'' of K,O (via
potassium chloride), 1.5 kg ha! of B (via boric acid)
and 5 kg ha! of Zn (via zinc sulphate) were applied
by broadcasting and incorporated using a rotary tiller.
The P source used in both experiments was simple
superphosphate (20 % of P,O,). Three topdressing
fertilizations were performed at 10, 25 and 40 days
after transplanting the seedlings. In each application,
80 kg ha' of N and 80 kg ha™' of K,O were applied
as 20-00-20.

In pre-planting, oxyfluorfen was applied to
control weeds. Inhibitors of ACCase were applied
in post-planting to control Poaceae, and the other

weeds were manually controlled. Pest management
was carried out with products recommended for the
crop, when in presence of pests. When necessary,
irrigations were performed by conventional spraying,
according to the data collected in meteorological
stations installed close to the experiments.

At the beginning of the head-forming stage,
the content of P (g kg!) in younger expanded leaves
was determined to characterize the nutritional status
of P. Ten leaves were collected, washed and dried in
an oven with forced air ventilation at 70 °C, for 72 h.
After that, the samples were ground in a Wiley mill
equipped with a 1.27 mm sieve and submitted to P
analysis (Malavolta et al. 1997).

The plants were harvested when they showed
a well-shaped head and the firmness demanded by
consumers. The following variables were evaluated:
1) yield (Mg ha'): obtained by the fresh weight of
cabbage heads; 2) agronomic efficiency (AE): ratio
between yield and applied dose of P,O,, calculated
by the following equation: AE = Yfer - Ynfer/Nap,
in which AE is the agronomic efficiency (kg kg™),
Yfer the yield in the fertilized plot (kg ha'), Ynfer
the yield in the non-fertilized plot (kg ha') and NAp
the amount of nutrient applied to the soil (kg ha);
3)recovery efficiency (RE): measures the percentage
of Precovered from the fertilizer applied to the plants,
which is calculated with the following equation
(Fageria 2009): RE = (Nfer - Nnfer)/NAp x 100, in
which RE is the recovery efficiency of P applied via
fertilizer (%), Nfer the amount of nutrient absorbed by
plants in the fertilized plot (kg ha!), Nnfer the amount
of nutrient absorbed by plants in the non-fertilized
plot (kg ha') and NAp the amount of nutrient applied
to the soil (kg ha'); 4) extraction and export of
P (kg ha'): the P exported was the P accumulated in
the cabbage head, which was obtained by the product
between the dry matter and the P content of the head.
The accumulation of P in the external leaves was
calculated using the product between the dry matter
and the P content. The P extracted from the plant
shoot was obtained by summing the P accumulated
in the external leaves and in the head; 5) P-levels in
the soil (mg dm™): in each plot, 15 soil samples were
collected in the rows and 15 between the rows, at a
depth of 15 c¢m, to determine the P content, using
the extractors Mehlich-1 (Tedesco et al. 1995) and
Mehlich-3 (Mehlich 1984).

Data from the experiments with P applied by
broadcasting were submitted to analysis of variance
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and regression. The best rates (maximum economic
efficiency) were defined as those that allowed to reach
95 % of the maximum yield estimated by the fitted
models. The experiment with localized application of
P, combined or not with phosphating, had the degrees
of freedom of factors unfolded, and a regression
analysis was performed for rates of P and phosphating
within each dose applied at the furrow, if compared by
the F test. When necessary, the data were transformed
to meet the analysis of variance presuppositions.

RESULTS AND DISCUSSION

Rates of 252 kg ha™' and 284 kg ha" of P,O,
were estimated to obtain the maximum economic
productivity in the broadcasting application. They
corresponded to 119.7 Mg ha! and 127.2 Mg ha’!,
respectively at the sites A and B (Figure 1a). The best
rates were 183 kg ha! and 146 kg ha' of PO, with
localized application of P without phosphating, which
allowed a yield of 108.4 Mg ha! and 120.6 Mg ha!,
respectively at the sites A and B (Figure 1b). The site
B showed a higher yield than the site A, regardless
of the application method of P. Higher levels of P at
the site B and cultivation in the winter period, which
is more favorable to the crop, may explain the higher
yields, regarding the site A. Lower rates were used
in the localized application, although with similar
yields, what may be attributed to the partial saturation
of adsorption sites of P, and provided an increase in
the P levels in the soil close to the plant roots.

Phosphating provided a more significant
increase in the head yield at the site A with low P
content in the soil (Table 1), what may be related to
the root system growth. The P present in the region
may not have been able to supply all the plants needs.
Therefore, the roots were looking for P externally
to this region (Novais & Smith 1999), what was
guaranteed by phosphating, given the low content
of P in the soil at the site A.

The average yield at the site A was 115.4 Mg
ha!, while, at the site B, it was 132.1 Mg ha™!
(Table 1). Thus, such yields are above 56.5 Mg ha’!,
which was the amount found by Moreira et al. (2011),
and 44.5 Mg ha! and 30.0 Mg ha!, verified by
Correa et al. (2013), what may be related to the use
of different cultivars from the one used in the present
study. However, Cecilio Filho et al. (2011), using
the ‘Astrus Plus’ cultivar, obtained 72.7 Mg ha™! for
cabbage, what may be attributed to the lower plant
population. The possible explanation for this result
is the ability of cabbage to mobilize and absorb P in
the soil by additional mechanisms, such as organic
citrate acid exudation (Dechassa & Schenk 2004).

The agronomic efficiency reduced with
increasing rates in both application methods (Figures 1c
and 1d). In addition, the values obtained were higher
for the site A than for the site B, what may be attributed
to the lower P content at the first growing site. For P
applied by broadcasting, the agronomic efficiency to
obtain 95 % of maximum yield was 493 kg kg™ at the
site A and 345 kg kg™! at the site B (Figure 1c). For P

Table 1. Yield, agronomic efficiency (AE), recovery efficiency (RE), P content in the leaf, extraction and export of P for P localized

in the absence and presence of phosphating.

Rate (kg ha! of P,0s)

Variable Phosphating 0 80 160 320 640 0 80 160 320 640
Site A Site B
Yield Without 0.0b* 84.5b 104.1b 111.8a 116.5a 345b 105.8b 121.8a 125.1b 1285a
(Mg ha'') With 119.6 a 113.7a 114.0a 1172a 117.7a 119.3a 129.1a 1275a 1392a 1325a
AE Without - 1,056.2a 650.8a 349.5a 182.0a - 890.7a 5454a 283.1a 1469a
(kg kg With - 406.1b 316.7b 225.4b 1402b - 337.6b 2583b 2013b 116.6b
RE Without - 523a 545a 323a 213a - 72.8a 6l.2a 409a 225a
(%) With - 383b 323b 25.1b 16.7a - 392b 314b 253b 20.8a
P content in the Without 1.9b 29b 49b 59a 6.4a 44a 6.0a 6.9 a 72a 74a
leaf (gkg") With 43a 51a 58a 64a 6.6a 6.7a 73a 7.1a 7.7a 82a
Extraction of P Without 1.5b 197b 39.5b 46.6b 608a 172b 428b 60.1a 745a 80.1b
(kg ha'') With 492 a 482a 523a 585a 628a 492a 653a 66.6a 747a 93.6a
Export of P Without 0.0b 17.3b 34.0b 403b 499a 146b 375b 52.0a 647a 684D
(kg ha'') With 437 a 427a 453a 495a 533a 435a 560a 572a 650a 785a

* Means followed by the same letter in the column do not differ statistically by the F test at a significance of 5 %. Site A: soil with low levels of P; Site B: soil with high

levels of P.
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Figure 1. Yield of cabbage heads, agronomic efficiency and recovery efficiency of P in response to rates and methods of P application
in soil with low (site A) and high (site B) levels of P. ***_ ** and *: significant at 0.1 %, 1 % and 5 %, respectively, by

the t-test.

applied in rows without phosphating, 654 kg kg™ at
the site A and 637 kg kg! at the site B were found for
the best rates (Figure 1d). Phosphating reduced the
agronomic efficiency in the localized application of P,
especially at the site B (Table 1). A higher agronomic
efficiency with localized application of P along a
maximum yield and similar to the broadcasting
application demonstrates a greater efficiency for
localized application, if compared to the broadcasting
application.

The recovery efficiency reduced with
increasing rates of P,O, (Figures le and 1f) and,
to obtain 95 % of maximum yield, the values
were 48.9 % and 30.0 %, respectively at the sites
A and B (Figure le). For the localized application
of P in the absence of phosphating, the recovery
efficiencies were 44.6 % and 60.4 % at the sites A
and B, respectively (Figure 1f). With phosphating,
the recovery efficiency decreased significantly and
ranged from 38.3 % to 16.7 % at the site A, and from
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39.2 % to 20.8 % at the site B (Table 1). Recovery
efficiency is the percentage of nutrient applied that
the plant absorbed and, therefore, the efficiency of
the fertilizer application method.

The content of P in the diagnostic leaf
analysis increased with the rates of P in the soil
(Figures 2a and 2b). For the broadcasting application,
the contents of P were 4.7 g kg and 6.9 g kg!
at the sites A and B, respectively, to obtain 95 %
of maximum yield (Figure 2a). For the localized

P applied by broadcasting
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application of P without phosphating, the content
of P at the site A was 4.0 g kg! and, at the site B, it
was 6.8 g kg! (Figure 2b). Phosphating increased
the P content in the leaf only at the site A. Thus, for
the localized application of P with phosphating, the
contents ranged from 5.1 g kg' to 6.6 g kg! of P at
the site A, and from 7.3 g kg to 8.2 g kg! at the site
B (Table 1). The contents of P in the leaf observed
in this study are higher than those found by Cecilio
Filho et al. (2013), who observed 4.3 g kg! of P in

P applied in row
without phosphating
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Figure 2. Content of P in the diagnostic leaf analysis, extraction and export, in response to rates and application methods of P. ***,
** and *: significant at 0.1 %, 1 % and 5 %, respectively, by the t test. A: soil with low content of P; B: soil with high

content of P.
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the ‘Fuyutoyo” hybrid, applying 720 kg ha" of P,O,
in the soil with P_. of 93.0 mg dm™. In addition,
such contents are above 3.0 g kg! of P, considered
adequate by Malavolta et al. (1997), but within the
range of 4.0-7.0 g kg! recommended by Trani &
Raij ( 1997).

The extraction and export of P were contrasting
between the growing sites and application methods,
with higher values at the site A for the broadcasting
application of P and at the site B for the localized
application of P. Regarding the broadcasting
application of P at 95 % of maximum yield,
extractions were 55 kg ha! and 53 kg ha! at the
sites A and B, respectively (Figure 2c). Concerning
the localized application of P without phosphating,
extractions were 39 kg ha! and 57 kg ha'! at the sites A
and B, respectively (Figure 2d). These results evinced
a wide range of “luxury consumption”, because the
extraction at the best dose is well below those found
at the maximum yield rates for both application
methods. For the localized application of P with
phosphating, there was an increase in extractions
and exports of P at both growing sites (Table 1).
The P export exceeded 80 % of what was extracted
(Figures 2e and 2f), what highlights the importance
of P replacement. Therefore, soil impoverishment
does not occur with harvests.

The values for extraction of P in the present
study differ from those found by Cecilio Filho et
al. (2013), who, in a soil with a high content of P
and fertilized with 360 kg ha™' of P,O,, obtained
an extraction of 24 kg ha' of P and a yield of
90.4 Mg hal. Correa et al. (2013), in a soil with a
low content of P and fertilized with 420 kg ha' of
P,O,, found a similar extraction value (22 kg ha

of P), even with a low yield (44.5 Mg ha'). Most
likely, the high productive potential of the cultivar
used in association with the largest plant population
was a preponderant factor to obtain the higher yield
and, consequently, the higher extraction of P in the
present study.

The content of P in the soil with broadcasting
application was higher between rows than in rows
for both the extractors used (Figures 3a and 3c),
what shows that the P absorbed by plants was that
close to the roots, since it is a diffusion-transported
nutrient (Costa et al. 2006). For the localized
application, the contents of P increased considerably
in the cultivation rows in response to the rates
(Figures 3b and 3d), while, between the rows,
there was a slight increase, except at the site B, for
the Mehlich-1 extractor (Figure 3b). In general, it
was observed that the maximum contents reached
in the cultivation rows were close between the
application methods, although the maximum dose
by broadcasting application was much higher than
the one used in the localized application method.
Except for the inter-planting lines of the site A,
phosphating increased significantly the contents of
P in the soil (Table 2).

Thus, it can be inferred that the P present in
the crop row influenced most the yield, being more
efficiently provided by the localized application
method. Similar results have been observed in other
crops under conditions of low content of P in the
soil, especially in soils with oxidic clays. In soybean
crops, Barbosa et al. (2015) obtained a maximum
yield with the localized application of P. In carrot
crops, Gongalves (2018) verified that, although the
yield was higher in the broadcasting application,

Table 2. Content of P in the soil at the harvest time, in rows and between rows, by Mehlich-1 (M1) and Mehlich-3 (M3) extractors,
for localized application of P in the absence and presence of phosphating.

Row/ Rate (kg ha' of P,0O,)
Extractor Between Phosphating 0 80 160 320 640 0 80 160 320 640
rows Site A Site B
Row Without 14a* 07b 14b 19b 199a 39b 38b 52b 6.8b 192D
Ml With 09b 29a 29a 96a 114b 45a 54a 6.6a 1l.6a 322a
Between  Without 1.8a 09b 1.6 a 12a 53b 37b 44a 40b 3.6b 54D
TOWS With 0.8b 19a 1.7 a 13a 59a 46a 47a 5.6a 4.8a 6.0a
Row Without 39b 29b 38b 39b 146a 39b 44a 6.0a 8la 19.6a
M3 With 45a 48a 65a 94a 13.1a 45a 38b 41b 63b 128D
Between ~ Without 32b 48b 58a 57a 84b 29b 39b 73a 10.6a 234a
rows With 41a 55a 53b 54a 93a 41la 45a 550D 42b 57b

* Means followed by same letter in the column do not differ statistically by the F test at 5 % of significance.
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Figure 3. Content of P in the soil at the harvest time, in row and between rows, by Mehlich-1 and Mehlich-3 extractors. *** significant
at 0.1 % by the t-test. A: soil with low content of P; B: soil with high content of P.

the localized application showed better efficiency
indices for the phosphate fertilization. These results
show that minimizing the fixation by location of
P is essential for a greater efficiency of phosphate
fertilizations.

CONCLUSIONS

1. The localized application of P allows reaching a
yield similar to that obtained at the broadcasting
application and with smaller rates of applied P;

2. Phosphate associated with localized application
of P increases the yield only in soil with a lower

content of P and reduced agronomic and recovery
efficiencies;

3. The localized application of P is more efficient than
the broadcasting application to guarantee adequate
levels of P near the plant roots with the application
of lower rates of P.
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