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Soil Science/ Original Article

Corrective and maintenance
phosphorus fertilization on
sugarcane yield in Oxisols

Abstract — The objective of this work was to evaluate sugarcane (Saccharum
spp.) yield in response to corrective and maintenance phosphorus fertilization
in Oxisols. Two experiments were carried out in randomized complete blocks
with four replicates. In the corrective fertilization treatments, 150 kg ha’
P,Os were broadcast and incorporated before planting. In the maintenance
fertilization treatments, 40 kg ha' P,Os per year were applied over the trash
blanket. All treatments, except the control, were fertilized with 170 kg ha' P,Os
in the planting furrow. The first experiment was carried out in a sugarcane
expansion area and the second, in a replanting area, in Oxisols with a low and
high phosphorus availability, respectively. In the first experiment, corrective
fertilization increased cane yield in 13.4 Mg ha' for plant cane and in 14.6
Mg ha' for the average of four ratoon crops, whereas maintenance fertilization
increased yield in 17.7 and 8.1 Mg ha' for the average of four ratoon crops
for the treatments without and with corrective fertilization, respectively. In the
second experiment, there were no significant differences between treatments
regarding yield. Corrective and maintenance phosphorus fertilization should be
considered for sugarcane in areas where soil phosphorus availability is limiting.

Index terms: Saccharum, fertilizer placement, phosphate rock, superphosphate.

Adubacao fosfatada corretiva e de manutengao na
produtividade de cana-de-agucar em Latossolos

Resumo — O objetivo deste trabalho foi avaliar a produtividade da cana-de-
acucar (Saccharum spp.) em resposta a adubacdo fosfatada corretiva e de
manutengdo em Latossolos. Dois experimentos foram conduzidos em blocos
ao acaso, com quatro repeti¢cdes. Nos tratamentos com adubacdo corretiva,
foram aplicados 150 kg ha' de P,Os a lango, com incorporagdo antes do
plantio. Nos tratamentos de adubacdo de manutengdo, foram aplicados
40 kg ha! de P,0O; por ano sobre o palhigo. Todos os tratamentos, exceto o
testemunha, foram adubados com 170 kg ha' de P,Os no sulco de plantio.
O primeiro experimento foi realizado em area de expansdo de cana-de-
acgucar e o segundo, em 4rea de reforma, em Latossolos com baixa e alta
disponibilidade de fosforo, respectivamente. No primeiro experimento, a
adubacdo corretiva propiciou aumentos na produtividade de colmos de 13,4
Mg ha'! para cana-planta ¢ 14,6 Mg ha' na média de quatro socas, enquanto
a adubagao de manuteng@o propiciou aumentos de produtividade de 17,7 e
8,1 Mg ha! na média das socas para os tratamentos sem e com adubagdo
corretiva, respectivamente. No segundo experimento, ndo houve diferencas
significativas entre os tratamentos em relagao a produtividade. As adubagdes
fosfatadas corretiva ¢ de manuteng¢@o devem ser consideradas para cana-de-
agucar em areas cuja disponibilidade de fosforo do solo ¢ limitante.

Termos para indexacio: Saccharum, localizagdo do fertilizante, fosfato
natural, superfosfato.
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Introduction

A great expansion has been observed in the sugar and
ethanol sector in Brazil during the past two decades.
In the Midwestern region, made up by the states of
Goias, Mato Grosso, and Mato do Grosso do Sul, and
in the mesoregions of the Cerrado biome in the state
of Minas Gerais, the area cultivated with sugarcane
grew approximately 400 and 350% from 2000 to 2018,
respectively, reaching 1.91 and 0.86 million hectares.
Overall, in the country, the growth in sugarcane arca
was 110% (IBGE, 2020).

The expansion of sugarcane in the Cerrado biome
occurred mainly in areas of pastures and grain crops,
and, to a lesser extent, in areas of native vegetation
(Ribeiro et al., 2016). Unlike crop areas, most of the
pastures in the region are not fertilized and retain the
inherited low soil fertility in the case of areas originally
under cerrado vegetation (Franco et al., 2015). The
soils of these areas are acid and with generalized
nutrient deficiencies, among which that of phosphorus
stands out as the main limiting factor for agricultural
production (Sousa et al., 2004).

Phosphorus fertilization of sugarcane is traditionally
based on high rates, up to 180 kg ha' P,Os, applied to
the bottom of the planting furrow (Spironello et al.,
1996). Broadcast-incorporated corrective fertilization
to build-up the status of soil phosphorus, in addition
to phosphorus fertilization in the planting furrow, is
recommended for crops, in general, in the Cerrado
region (Sousa et al., 2004), as well as for sugarcane
(Luz & Vitti, 2008; Rein et al., 2015; Korndorfer et
al., 2017). However, it is still not a widespread practice
for this crop. Sugarcane yield increases and economic
returns due to corrective phosphorus fertilization have
been reported in the northern part of the state of Goias,
in soils with a low phosphorus availability (Gama,
2007; Sousa et al., 2015).

Maintenance phosphorus fertilization of ratoon
crops is also not a widespread practice in the
production of sugarcane in Brazil, although it has
been increasing, but with controversies regarding
yield responses and fertilizer use efficiency (Penatti,
2013). A compilation of experimental results showed
frequent yield increases with maintenance phosphorus
fertilization in soils with a low phosphorus availability
(Rein et al., 2015). However, in soils representative of
the southern part of the state of Goias, an important
sugar and ethanol production region in Brazil, no
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known experimental data is available on phosphorus
fertilization management for the sugarcane crop.

The objective of this work was to evaluate sugarcane
yield in response to corrective and maintenance
phosphorus fertilization in Oxisols.

Materials and Methods

Two experiments were carried out in sugarcane
(Saccharum spp.) production areas of the Goiasa-
Goiatuba Alcool Ltda sugarcane mill, located in the
municipality of Goiatuba, in the state of Goias, Brazil.
The climate of the region is classified as Aw, tropical
with a dry winter season, according to Koppen’s
classification. The average annual precipitation is
1,350 mm (91% between October and April), and
the average minimum and maximum temperatures
are 199 and 29.3°C, respectively (Climatempo,
2020). Experiment 1 was established in a sugarcane
expansion area (18°06'S, 49°37'W, at an altitude of
750 m) with a Latossolo Vermelho Acrico according
to the Brazilian classification system (Santos et al.,
2018a), i.e., a sandy clay loam Anionic Acrustox (Soil
Survey Staff, 2014), derived from basic igneous rock
and sandstone, previously under pasture of Urochloa
brizantha (A.Rich)) R.D.Webster grass. Experiment
2 was established in a sugarcane replanting area
(17°56'S, 49°45'W, at an altitude of 680 m) previously
cropped with soybean [Glycine max (L. Merr.],
with a Latossolo Vermelho Acriférrico (Santos et
al.,, 2018a), i.e., a clayey Anionic Acrustox (Soil
Survey Staff, 2014), derived from basic igneous rock.
Table 1 shows the chemical characterization and
textural analysis of the two soils sampled in December
2009, respectively, nine and seven months after
experiments 1 and 2 were planted. The soils were
sampled in the sugarcane interrow of the control
treatment plots (without phosphorus fertilization), with
16 subsamples of each plot being taken at 0—20 and
20—-40 cm depths. Analyses were performed following
the methods described by Claessen (1997), with the
exception of pH in 0.01 mol L' CaCl,, titratable acidity
at pH 7 (H+Al), and available phosphorus by the resin
method (Raij et al., 2001).

Experiment 1 was planted in mid-March 2009 and
experiment 2 at the end of May of the same year in
plots of 135 m? (nine 10 m rows with 1.5 m row spacing)
and 90 m? (six 10 m rows with 1.5 m row spacing),
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respectively. A total of 3.7 and 3.5 Mg ha' dolomitic
limestone (approximately 80% effective calcium
carbonate equivalent) was applied in 2008 in the areas
of experiments 1 and 2, respectively, and incorporated
with a heavy disk harrow at a depth of approximately 20
cm. Crotalaria juncea L. was grown in the expansion
areca (experiment 1), without fertilization, broken
up, and partially incorporated with a disk harrow in
February 2009. The soybean crop grown in the replant
area (experiment 2) was harvested in April 2009.

Both experiments were carried out in a randomized
complete block design with four replicates. The
treatments consisted of phosphorus sources (only
in experiment 1), rates, and methods of application
(Table 2). Since experiment 2 was planted in late May
(“winter planting”), already in the dry season, the area

was previously irrigated with a sprinkler system before
the broadcast application of fertilizers and mechanized
operations for incorporating the fertilizers and opening
the planting furrows.

The fertilizers used for the corrective fertilization
treatments were: granular triple superphosphate (47%
total P,Os and 46% soluble in neutral ammonium
citrate + water), unground commercial Arad phosphate
rock from Israel (33% total P,Os and 10.6% soluble in
2% citric acid, 1:100 w/v), and a finely ground (96% <
0.074 mm) phosphate rock from Arraias, in the state of
Tocantins, Brazil (20% total P,Os and 6.5% soluble in
2% citric acid, 1:100 w/v). The fertilizers were manually
broadcast at 150 or 125 kg ha! P,Os in treatments D,
E, F, and G in experiment 1 and in treatment E in
experiment 2 (Table 2). The plots were split into four

Table 1. Chemical and physical characterization of the soil sampled in the interrow of the control treatment plots of the two

experiments (averages of four plots)®.

Depth pH Ca Mg K Al H+Al P (mg dm™) OM Clay Silt Sand
(cm) CaCl, - (cmol, dm3)--mmmmmmmemeeeeeeeeee Mehlich-1 ~ Resin (g kg)
Experiment 1 — sandy clay loam Anionic Acrustox
0-20 5.1 2.41 0.91 0.08 0.01 2.88 3.1 9.8 17.6 323 37 640
2040 4.7 0.44 0.18 0.04 0.12 3.37 0.6 2.6 14.0 325 40 635
Experiment 2 — clayey Anionic Acrustox
0-20 5.3 4.32 1.94 0.12 0.01 3.52 6.3 30.6 37.2 613 229 158
2040 5.2 2.72 1.62 0.05 0.03 3.57 1.4 7.9 35.7 630 220 150

MpH measured in 0.01 mol L CaCl,; Ca, Mg, and Al extracted with 1.0 mol L' KCI; K extracted with Mehlich-1 solution; H+Al (titratable acidity)
extracted with 0.5 mol L' Ca acetate at pH 7.0; P extracted with Mehlich-1 and resin methods; organic matter (OM) obtained by the Walkley-Black
method; and textural analysis (clay, silt, and sand) carried out by the pipette method after dispersion with NaOH.

Table 2. Treatments with sources, rates, and methods of application of phosphorus in experiment 1 with sugarcane (Saccharum

spp.) expansion and a low phosphorus soil and in experiment 2 with sugarcane replant and a high phosphorus soil.

Experiment 1

Experiment 2

Treatment Corrective P Planting Ratoon Treatment Corrective fertilization Planting Ratoon

Source™ Rate furrow crop? Source Rate furrow crop®
-------------- P,0;s (kg ha!)-----------—-- B 2% O N (¢ s - B

A - 0 0 0 A - 0 0 0

B - 0 170 0 B - 0 170

C - 0 170 40 C - 0 100+70® 0

D TSP 150 170 0 D - 0 170 40

E TSP 150 170 40 E TSP 150 170 0

F Arad PR 150 170 0 - - - - -

G Arraias PR 125 170 0 - - - - -

H - 0 100+70) 0 - - - -

(TSP, triple superphosphate; and Arad PR and Arraias PR, Arad and Arraias phosphate rocks, respectively. ®Maintenance annual phosphorus rate as
triple superphosphate. @100 kg ha' P,Os in the planting furrow and 70 kg ha™' P,Os side-dressed.
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quadrants for a more homogeneous broadcast of the
fertilizers, which were incorporated with a disk harrow
at approximately 15 cm depth. The rate of 150 kg ha™
P,Os was chosen based on the recommendations for
corrective phosphorus fertilization for sugarcane and
other crops in general in the Cerrado region (Sousa et
al., 2004; Korndorfer et al., 2017), as well as on the
recommendations for sugarcane in the state of Sao
Paulo in medium-textured soils with a low to medium
phosphorous availability (Rosseto et al., 2010; Vitti et
al., 2015). The applied superphosphate rate was based
on the content of P,Os soluble in neutral ammonium
citrate + water, whereas the rates of phosphate rocks
were based on the total contents of P,Os.

Afterwards, the planting furrows were mechanically
opened at approximately 25 cm depth, with a furrow
spacing of 1.5 m. A commercial bulk blend of
monoammonium phosphate and single superphosphate
(7% N, 40% P,Os soluble in neutral ammonium citrate
+ water, and 4.3% S) was manually applied at the
bottom of the planting furrows, at the corresponding
rates of 0, 100, and 170 kg ha! P,Os, based on the
content of P,Os soluble in neutral ammonium citrate
+ water, according to the treatments shown in Table 2.
Nitrogen and sulfur at the rates of 30 and 18 kg ha”,
respectively, were leveled for all treatments with urea
and ammonium sulfate. Micronutrients were also
applied to all treatments at the rate of 40 kg ha™! of the
commercial granular product FTE BR-12 (Nutriplant
Industria e Comércio S.A., Barueri, SP, Brazil),
supplying 0.72 kg ha' B, 0.32 kg ha' Cu, 0.8 kg ha’!
Mn, 0.04 kg ha! Mo, and 3.6 kg ha'! Zn as oxisulfates.
The fertilizers were lightly incorporated with a hoe
into the bottom of the planting furrows.

Then, to ensure a good stand, three seed canes of
two sugarcane varieties — SP 83-2847 and RB 86-
7515 in experiments 1 and 2, respectively — were
manually planted, chopped with a machete into billets
of approximately 40 cm, and covered by hoe with
5 to 10 cm of soil. In experiment 1 (expansion area
previously under pasture), before being covered with
soil, the chopped canes were sprayed with the fipronil
insecticide for termite control at 200 g ha' active
ingredient. In experiment 2, planted in late May,
already in the dry season, two sprinkler irrigations
were carried out just after planting and at the beginning
of cane sprouting, to ensure full sprouting.

Pesq. agropec. bras., Brasilia, v.56, ¢02160, 2021
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In August 2009, fertilizers were side-dressed in
experiment 1 just before the operation to level the
soil along the row and interrow space (manual, with
hoe), incorporating the fertilizers applied at both
sides of the sugarcane rows. Nitrogen at 60 kg ha' N
(ammonium sulfate) and potassium at 160 kg ha! K,O
(potassium chloride) were applied in all treatments. In
the H treatment plots (Table 2), 70 kg ha' P,Os were
applied as granular triple superphosphate, based on
the neutral ammonium citrate + water soluble content.
This split management of phosphorus fertilization for
plant cane (100 kg ha' in the planting furrow + 70
kg ha'! side-dressed) is already adopted at the Goiasa-
Goiatuba Alcool Ltda sugar mill and was evaluated as
a treatment in both experiments.

In experiment 2, the fertilizer side-dressing and
soil leveling operations were carried out in November
2009. Nitrogen at 60 kg ha' N and potassium at 160
kg ha! K,O were applied for all treatments as a bulk
blend of potassium chloride and ammonium nitrate.
Triple superphosphate at 70 kg ha' P,Os was applied
for treatment C (Table 2), complementing the 100
kg ha'! P,Os rate in the planting furrow.

Manual harvesting of the plant cane and ratoon
crops was done in May for both experiments, except
for the first ratoon crop, which was harvested in June
2011. Five crops were harvested for experiment 1 and
three for experiment 2. With the exception of plant
cane in experiment 1, with pre-harvest burning, the
experiments were green harvested. Millable stalk yield
was evaluated in the five central rows of experiment 1
(52.5 m?) and in the four central rows of experiment 2
(42 m?), after excluding 1.5 m borders at each end of
the row. Trash (green tops and most of the dry leaves)
was separated from the stalks and left on the plots.
The cane stacks at the plots were weighed with a
dynamometer coupled to a grab loader.

Ten millable stalks from each plot were sampled and
processed within 48 hours after harvesting for quality
analysis at the Laboratory of Technological Analysis of
the Goiasa-Goiatuba Alcool Ltda sugar mill, following
the methodologies described in Consecana-SP (2006).
Cane quality was expressed as total reducing sugars
(kg Mg millable stalks), computed from juice Brix
and POL and fiber content, with juice being extracted
with a hydraulic press. The ten stalk samples from all
plots were analyzed in the first three harvests from
2010-2012 of both experiments, but samples from only
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a few treatments were analyzed in the fourth harvest
of experiment 1, and no samples were taken for the last
harvest of experiment 1.

For the maintenance fertilization of the ratoon crops
(treatments C and E in experiment 1 and treatment D
in experiment 2), triple superphosphate, at the rate of
40 kg ha! P,Os (soluble in neutral ammonium citrate +
water), was applied every year after harvesting at the
beginning of the rainy season around October, on top
of the trash blanket at both sides of the cane rows. At
the same time, nitrogen and potassium were applied to
all plots at 120 kg ha! N and 144 kg ha! K,O as a bulk
blend of ammonium nitrate and potassium chloride.

Weeds were controlled with pre- and post-emergent
herbicides, as well as with manual hoe weeding. The
biological control of stem borers was carried out in
some of the years by releasing the Cotesia flavipes
(Cameron) wasp in the experiments.

The cane yield results of the plant cane and ratoon
crops were subjected to the analysis of variance and
the t-test, at 5% probability. Analyzes were performed
with the SAS, version 9.3.1, software (SAS Institute
Inc., Cary, NC, USA).

Results and Discussion

Significant cane yield increases were observed with
phosphorus fertilization in experiment 1 (Table 3),
a sugarcane expansion area after pasture in a sandy

clay loam Oxisol, with phosphorous availability in the
0—20 cm layer (Table 1) that was classified as medium
by the resin method and low by the Mehlich-1 method
(Sousa et al., 2004). The plant cane yield with 170
kg ha! P,Os in the planting furrow (treatment B) was
13.2 Mg ha' higher than that of the control (treatment
A). In addition, compared with treatment B, there was
an average yield increase of 13.4 Mg ha' for plant
cane in treatments D, F, and G (Table 3) with the
corrective broadcast-incorporated fertilization with
triple superphosphate and with the Arad and Arraias
phosphate rocks, respectively, with no significant
difference between the three sources. Moreover,
the residual effect of corrective fertilization was
pronounced. The average yield of the four ratoon crops
with the three phosphorus sources was 14.6 Mg ha’!
higher than that of treatment B without corrective
fertilization, which is comparable to the yield response
of the studied plant cane. As observed for the studied
plant cane, similar yields were obtained for the ratoon
crops with the three sources.

In experiment 2, a replanting area following a
soybean crop in summer, there were no significant
responses of the plant cane and ratoon crops to the
phosphorus fertilization treatments (Table 4). These
results are consistent with the phosphorus availability
in the 020 cm layer of this very clayey Oxisol
(Table 1), which is of 6.3 and 30.6 mg dm? by the

Table 3. Millable cane yields of plant cane and four ratoon crops in experiment 1 with sugarcane (Saccharum spp.) expansion

and a low phosphorus soil®.

Treatment Corrective P Planting Ratoon Cane yield Average

Source® Rate furrow crop® 2010 2011 2012 2013 2014 2011/2014
-------------- P,05 (kg ha'') (Mg ha'')

A - 0 0 0 117.4 71.4 57.6 59.7 52.8 60.4

B - 0 170 0 130.6 73.8 63.0 60.6 52.4 62.5

C - 0 170 40 133.2 78.1 85.4 80.3 77.1 80.2

D TSP 150 170 0 145.2 77.1 87.7 79.7 68.3 78.2

E TSP 150 170 40 139.8 84.3 97.9 87.9 75.0 86.3

F Arad PR 150 170 0 141.8 71.5 84.8 77.1 66.7 76.5

G Arraias PR 125 170 0 145.1 80.4 82.8 74.3 69.1 76.7

H - 0 100+704 0 131.6 79.9 78.2 72.0 62.2 73.1

Coefficient of variation (%) 7.7 6.3 12.5 8.5 13.8

Analysis of variance, p-value for treatment effect 0.0223 0.0445 0.0002 <0.0001 0.0053

LSD (t-test, p<0.05) 15.4 7.3 13.2 9.3 13.3

(OThe average total reducing sugars was 136.8, 145.7, 137.5, and 142.4 kg Mg™! cane, respectively, in 2010,2011,2012, and 2013. @TSP, triple superphosphate;
and Arad PR and Arraias PR, Arad and Arrais phosphate rocks, respectively. ®Maintenance annual phosphorus rate as triple superphosphate. @100

kg ha'! P,Os in the planting furrow and 70 kg ha! P,Os side-dressed.
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Mehlich-1 and resin methods, respectively, classified
as high according to Sousa et al. (2004).

The increase in sugarcane yield with corrective
fertilization complementing phosphorus fertilization
in the planting furrow, as observed in experiment 1
(Table 3), has been reported for soils with a low
phosphorus availability in the state of Goids and other
regions in Brazil (Morelli et al., 1987, 1991; Rossetto et
al., 2002; Gama, 2007; Sousa et al., 2015; Lisboa et al.,
2016). This is explained, not only by the higher total
rate of applied phosphorus, but also by phosphorus use
efficiency in terms of higher cane yields when granular
superphosphate or finely ground magnesium thermal
phosphate (nearly 100% soluble in 2% citric acid,
1:100 w/v ratio) are exclusively broadcast-incorporated
instead of traditionally applied in the planting furrow,
as shown in experiments with sandy soils (Reis &
Caballa-Rosand, 1986; Morelli et al., 1987, 1991;
Rossetto et al., 2002) and a very clayey Oxisol (Rein
& Sousa, 2013). However, Santos et al. (2018b) did not
find any significant difference in cane yield between
broadcast-incorporation and furrow application of
phosphorus.

Therefore, in most of the mentioned cases,
phosphorus use efficiency by sugarcane in low
phosphorus soils increases when fertilizers are applied
to a much larger soil volume instead of at the bottom of
the planting furrows (with 1.5 m row spacing). Given
the low mobility of phosphorus in the soil (Sousa et al.,
2016), broadcast-incorporation, compared with furrow
application, allows a higher fraction of the root system

to have access to the applied phosphorus, though much
more diluted in the soil.

Corrective  broadcast-incorporated  phosphorus
fertilization has been recommended in the Cerrado
region for sugarcane (Rein et al., 2015; Korndorfer
et al., 2017) and for crops in general (Sousa et al.,
2004, 2016; Zancanaro et al., 2019). Fertilizer rates
are recommended according to soil phosphorus
availability and clay content as a surrogate of
phosphorus adsorption capacity. This corrective
fertilization is justified by the well-known and long
residual effect of phosphorus application, which,
in the case of annual crops, seems to be even more
pronounced under no-tillage management (Sousa et
al., 2016; Oliveira et al., 2019), a condition analogous
to sugarcane ratooning. Under no-tillage, the long
term recovery of broadcast-incorporated phosphorus
in harvested products reached nearly 80% in a clayey
Oxisol (Oliveira et al., 2020). Contrary to previous
views that applied phosphorus is largely converted
to forms unavailable to the plant, particularly in
highly weathered soils, current analyses based on
worldwide long-term experiments have pointed out
that, once the soil phosphorus critical level is reached,
phosphorus use efficiency by crops can exceed 80—
90%, sustaining near maximum yields in the long run
(Syers et al., 2008; Johnston et al., 2014).

In experiment 1, the plant cane yield of treatment
H for which the rate of 170 kg ha! P,Os was split
(100 kg ha in the planting furrow + 70 kg ha™ side-
dressed before leveling soil surface) was comparable
to that of treatment B with the same total rate applied

Table 4. Millable cane yields of plant cane and two ratoon crops in experiment 2 with sugarcane (Saccharum spp.) replant

and a high phosphorus soil®.

Treatment Corrective fertilization Planting furrow Ratoon crop® Cane yield

Source Rate 2010 2011 2012

-------------------------- P,05 (kg ha') (Mg ha')

A - 0 0 0 119.1 79.0 85.1
B - 0 170 0 118.8 77.5 84.4
C - 0 100+70® 0 124.2 79.0 83.2
D - 0 170 40 122.3 78.6 89.2
E TSP® 150 170 0 130.4 71.7 89.8
Coefficient of variation (%) 6.8 7.1 8.4
Analysis of variance, p-value for treatment effect 0.3352 0.9948 0.6337
LSD (t-test, p<0.05) 12.9 10.5 11.2

(OThe average total reducible sugars was 184.6, 167.0, and 137.5 kg Mg cane, respectively, in 2010, 2011, and 2012. ®Maintenance annual phosphorus
rate as triple superphosphate. @100 kg ha™' P,Os in the planting furrow and 70 kg ha! P,Os side-dressed. @Triple superphosphate.
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exclusively to the planting furrow, but was, on average,
10.6 Mg ha' higher than that of treatment B for the
ratoon crops (Table 3). This result is consistent with a
higher phosphorus use efficiency when the fertilizer
is applied to a larger volume of soil, allowing of a
higher fraction of the root system to have access to
this nutrient.

The commercial unground Arad phosphate rock
and the finely ground (96% < 0.074 mm) Arraias
phosphate rock showed a similar performance to that
of the superphosphate for corrective fertilization in
treatments D, F, and G of experiment 1 (Table 3),
which could make them attractive alternative sources
for moderately acid soils if prices per unit P,Os are
lower than those for water-soluble fertilizers and
if further experimental works confirm the present
findings. Both phosphate rocks, with a solubility
in 2% citric acid higher than 30%, are classified as
“reactive” by Brazilian regulations (Brasil, 2018).
These and other reactive phosphate rocks have
actually been evaluated for sugarcane, broadcast
and incorporated in soils responsive to phosphorus
fertilization, and shown to be equivalent or slightly
inferior for plant cane, when compared with water-
soluble sources (Rossetto et al., 2002; Tomaz, 2009;
Caione et al., 2013; Rein & Sousa, 2013; Sousa et al.,
2015; Santos et al., 2018b).

The economic return of corrective phosphorus
fertilization can be assessed considering the current
costs (US$1.00 = R$4.10) in 2019: R$3.70 kg' P,Os
for the soluble fertilizer (triple superphosphate
or monoammonium phosphate); R$35.00 ha' for
broadcasting the fertilizer (200-400 kg ha');
R$90.00 ha' for incorporating the fertilizer with a
disk harrow; R$85.00 Mg for the price of millable
stalks delivered to the sugar mill; and R$30.00 Mg
for harvesting, loading, and transporting stalks to
the sugar mill. These figures allow to compute that
the purchasing and application costs of 150 kg ha'
P,05 (R$680.00 ha') are equivalent to 12.4 Mg stalks
[680/(85 - 30)]. In the case of experiment 1, the yield
increase with corrective fertilization was 13.4 Mg
ha'! for plant cane and 17.7 Mg ha' for the average
of the four ratoon crops (Table 3). Therefore, the
investment would be paid off in less than two years
after the purchase of the fertilizer, which makes
corrective fertilization very profitable in the studied
soil condition.

Significant yield increases in experiment 1 were
also obtained with the annual maintenance phosphorus
fertilization with triple superphosphate (40 kg ha’
P,Os per year) side-dressed over the trash blanket
(Table 3). The average yield increase of the four ratoon
crops for treatment C with phosphorus fertilization
in the planting furrow and annual maintenance was
177 Mg ha'! per year, in comparison with that of
treatment B with phosphorus fertilization only in
the planting furrow. The trend of higher yields in
response to maintenance phosphorus fertilization
was also observed for the treatments with corrective
fertilization with triple superphosphate. The average
yield increase for the ratoon crops under treatment E
with corrective and annual maintenance fertilization
was 8.1 Mg ha' per year in relation to treatment D
without phosphorus maintenance fertilization. Over
the five crops, the cumulative cane yield increase
with the corrective fertilization of 150 kg ha! P,Os as
triple superphosphate was 77.6 Mg ha™! for treatment C
minus B, whereas the cumulative yield increase with
the annual maintenance fertilization of 160 kg ha’!
P,0O;s over the four ratoon crops was 73.7 Mg ha! for
treatment D minus B.

A compilation of experimental results (Rein et al.,
2015) showed frequent cane yield increases around
10 Mg ha' per year with maintenance phosphorus
fertilization of ratoon crops in low phosphorus soils in
Brazil, but a lack of responses in other cases, most of
them in soils with a higher phosphorus availability. It
should be noted that the majority of these experiments
was managed with pre-harvest burning and side-dress
fertilizers incorporated into the soil. However, high
yield increases were also reported for superphosphate
applied over the trash blanket in low phosphorus
Oxisols (Moberly & Wood, 1970; Zambrosi, 2021).
Given the low mobility of phosphorus in the soil,
particularly in Oxisols (Nunes et al., 2011; Sousa et
al., 2016), in experiment 1, the efficient use of surface
applied phosphorus by sugarcane is likely due to a high
density of superficial roots in the soil-trash interface
(Vitti et al., 2008; Castro et al., 2021), which is easily
observed in sugarcane fields. Improved moisture and
temperature conditions on soil surface in the presence
of trash (Dourado-Neto et al., 1999) may also play a
role in the efficient use of phosphorus applied onto the
trash blanket of sugarcane crops.
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Conclusions

1. The cane yields of the plant cane and ratoon
sugarcane  (Saccharum  spp.) crops increase
significantly with corrective phosphorus fertilization
complementing the traditional application of
phosphorus in the planting furrow, in a low phosphorus
Oxisol.

2. The cane yields of the ratoon crops increase
significantly with annual maintenance phosphorus
fertilization in a low phosphorus Oxisol, being more
pronounced in the absence of corrective phosphorus
fertilization.

3. No significant yield increases with corrective or
maintenance phosphorus fertilization are observed in
the high phosphorus soil.

4. Both corrective and maintenance phosphorus
fertilization practices, in addition to the traditional
phosphorus application in the planting furrow, should
be considered in sugarcane expansion or replanting
areas for which soil phosphorus availability is below
adequate.
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