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N, P or K doses on the dry matter and
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ABSTRACT

Maize and sorghum are the main raw materials in the
production of silage for animal feed, with mineral fertilization
being worthy of note when the goal is to increase gains in
the amount and quality of the forage. This study aimed at
evaluating the contribution of N, P or K doses to the dry
matter and crude protein yield in maize and sorghum grown
for silage. The experiments were carried out in a randomized
block design, with four replications, during five successive
crops of maize (three summer seasons) and sorghum (two
off-season). Five doses of N (0 kg ha'!, 50 kg ha!, 100 kg ha™!,
150 kg ha' and 200 kg ha'), five doses of P,O, (0 kg ha™,
40 kg ha', 80 kg ha', 120 kg ha! and 160 kg ha') and five
doses of K,O (0 kg ha', 30 kg ha™, 60 kg ha"', 90 kg ha’'
and 120 kg ha'') were applied to each crop in the same
experimental area. The N doses contributed to an increase
in the crude protein yield in the five successive crops of
maize and sorghum, together with an increase in dry matter
and/or protein concentration. Crude protein increased
59.5-312.9 % for both crops. The soils used for the succession
cropping system of maize and sorghum for silage had “very
high” levels of P and K. Therefore, the P fertilization had no
effect on the dry matter or crude protein yield in the first year
of cultivation, similarly to the K fertilization during the five
successive crop seasons.

RESUMO

Doses de N, P ou K na produtividade de massa
seca e proteina bruta de milho e sorgo para silagem

Milho e sorgo so as principais matérias primas na produgao
de silagem para consumo animal, merecendo destaque a adubacao
mineral, quando o objetivo for incrementar os ganhos em quantidade
e qualidade forrageira. Objetivou-se avaliar a contribui¢ao de doses
de N, P ou K na produtividade de massa seca e proteina bruta de
milho e sorgo para silagem. Os experimentos foram conduzidos em
delineamento de blocos casualizados, com quatro repeti¢des, durante
cinco cultivos sucessivos de milho (trés safras de verdo) e sorgo (duas
safrinhas). Foram utilizadas cinco doses de N (0 kg ha™', 50 kg ha'!,
100kgha', 150 kgha' € 200 kg ha'), cinco doses de PO, (0 kg ha',
40kgha',80kgha, 120kgha™ e 160 kgha™) e cinco doses de K.O
(Okgha',30kgha', 60kgha', 90 kg ha' e 120 kg ha), aplicadas
em cada cultivo, na mesma 4rea experimental. As doses de N
contribuiram para o aumento da produtividade de proteina bruta nos
cinco cultivos sucessivos de milho e sorgo, associado ao aumento
de massa seca e/ou da concentragao de proteina. O incremento de
proteina bruta foi de 59,5-312,9 % para as duas culturas. Os solos
utilizados no sistema de sucessdo de milho e sorgo para silagem
apresentaram niveis “muito altos” de P e K. Portanto, a adubagao
com P nao teve efeito sobre a producdo de matéria seca ou proteina
bruta no primeiro ano de cultivo, assim como ocorreu para a
adubagdo com K durante as cinco safras sucessivas.
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INTRODUCTION

Ensiling methods aim to maintain the quality
and nutritional value of fresh forage (Moraes et al.
2013). Accordingly, the production of silage for
animal feed concentrates on the use of maize and
sorghum as raw materials, mainly due to their high
yield, fermentation characteristics and high energy
values (Canizares et al. 2014, Carvalho et al. 2016).

PALAVRAS-CHAVE: Zea mays; Sorghum bicolor; adubagado
mineral.

The United States of America stand out as
the largest producer of maize and sorghum for both
grain and silage production (USDA 2016). In the
2014 crop season, the maize production for silage
was estimated at 128 million tons, in addition to
4 million tons for sorghum (USDA 2016). In Brazil,
the maize production for silage was approximately
13 million tons, being no greater than 3 million tons
for sorghum, in 2006 (SIDRA/IBGE 2012).

1. Manuscript received in Aug./2016 and accepted for publication in Mar./2017 (http://dx.doi.org/10.1590/1983-40632016v4742722).
2. Universidade Federal de Santa Maria, Departamento de Ciéncias Agrondomicas e Ambientais, Frederico Westphalen, RS, Brazil.
E-mails: juniormelodamian@hotmail.com, clovisdaros@gmail.com, rodrigosilva@smail.ufsm.br, coldebellaijc@gmail.com.

3. Grupo AGROS, Erechim, RS, Brazil. £-mail: tecsimon@hotmail.com.



54 J. M. Damian et al. (2017)

Maize and sorghum crops used as fodder for
silage production show a high productive potential
with the use of appropriate technology. Under
Brazilian soil and climate conditions, studies show
a production of 23,145 kg ha'! of dry matter for
sorghum and 37,287 kg ha! for maize (Oliveira et
al. 2010, Silva et al. 2005a). However, in spite of
existing specific fertilization recommendations for
the silage production in these crops, which demand
large amounts of nutrients (CQFS-RS/SC 2004),
in many areas these recommendations are not
adopted or are based on recommendations for grain
production. In such situations, the nutritional demand
is not met, compromising yield.

Studies show that maize for silage production
export 56 % more N, 74 % more P and 384 % more K,
when compared to the export of grains only (Ueno et
al. 2013). In addition to the inadequate management
of nutrient supply at the time of fertilization (Castoldi
et al. 2011), unfavourable climate conditions
(Guareschi et al. 2010, Wijewardana et al. 2015)
also contribute to the low yield of forages destined
for silage production.

Nitrogen fertilization is necessary in a
production system of maize and sorghum for
silage, as soil organic matter is not always able to
satisfy the needs for N by plants. N determines a
productive potential for dry matter and crude protein,
besides improving silage quality by increasing
N concentrations in leaves and grains (Ksi¢zak
et al. 2012, Szulc et al. 2013). The silage quality
contributes to increases in digestibility and voluntary
intake by animals, and is achieved by the adequate
management of N fertilization (Costa et al. 2006).

Phosphorus fertilization in soils with a high
capacity for P adsorption is the principal way of
increasing the availability of this nutrient to plants
(Dovale & Fritsche-Neto 2013), especially when the
soils are clayey and have high levels of iron oxide.
In areas of successive forage cultivation for silage,
the reduction of P availability in the soil may be
increased, along with the capacity for adsorption by
soil colloids and exportation in the forage dry matter.
Roy & Khandaker (2010) highlighted significant
responses to doses of P in the increase of crude
protein in sorghum silage, and Tiritan et al. (2010)
pointed out that increases are higher in soils that have
low levels of the nutrient.

The high rate of K export by the biomass
of forages used for silage is the main factor in

reducing the availability of the nutrient in the soil,
and gradually reduces yield in areas of successive
cultivation (Ueno et al. 2013). K is an element that has
a direct influence on almost all the bio-physiological
processes of the plant (Otto et al. 2010). In areas
destined to silage production, K is usually found in
low concentrations in the soil due to the high rate of
export, often limiting increases in yield. In a system
of forage produced for silage over six years, with
maize or sorghum in the summer and ryegrass or
black oats in the winter (total of 12 crops), Silva et
al. (2010) found a reduction in the initial levels of K
(0-10 cm layer) from 235 mg dm™ to 66 mg dm>, at
the end of the sixth year, with the use of 40 kg ha’!
of K,O per crop.

Fertilization is a factor that determines yield
in forages, but may vary depending on the soil and
climate conditions of each region. This involves
adjusting nutrient doses for each region, considering
the type of soil, in order to meet the plants demands
and supply the amounts exported, especially in the
successive cultivation of forages produced for silage.
Thus, this study aimed at evaluating the contribution
of N, P or K doses to dry matter and crude protein
yield, in an area of successive cultivation of maize
and sorghum for silage.

MATERIAL AND METHODS

The study was conducted over three years,
with three maize crops (harvested in the summer) and
two sorghum crops (off-season), in the experimental
area of the Universidade Federal de Santa Maria
(27°23°23.75”S, 53°25°41.18”W and altitude of
484 m), in Frederico Westphalen, Rio Grande do Sul
State, Brazil. The climate of the region is type Cfa,
subtropical humid with hot summers and maximum
temperature equal to or higher than 22 °C, minimum
temperature from -3 °C to 18 °C, and average
annual rainfall of 1,900-2,200 mm (Alvares et al.
2013). Figure 1 details the rainfall and maximum
and minimum temperatures during the experiment
(October 2013 to January 2016).

The experimental area had been managed under
a no-tillage system for over five years, with soybean
[Glycine max (L.) Merr.] and maize (Zea mays L.)
cultivated in the summer and black oats (Avena
strigosa Schreb) as a cover crop during the winter.

The soil in the experimental area was
characterized as a Red Latosol (Embrapa 2013), with
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Figure 1. Rainfall and monthly maximum and minimum temperatures, during the experiment with maize and sorghum crops, in
Frederico Westphalen, Rio Grande do Sul State, Brazil.

the following attributes determined before setting up
the experiment (0-10 cm layer): 630 g kg of clay;
13.4 mg dm? of P; 309.5 mg dm™ of K, extracted
by Mehlich-1; 4.7 cmol_dm” of Ca; 2.5 cmol dm™
of Mg, extracted with 1.0 mol L' of'a KCl solution;
10.0 mg dm of S, extracted with a calcium phosphate
solution; 11.2 mg dm™ of Cu; 3.3 mg dm™ of Zn,
extracted with 0.1 mol L' of HCI; 12.4 cmol, dm?
of potential CEC; 62.9 % of base saturation; 1.9 %
of Al saturation; 28.2 g kg! of organic matter; pH in
water of 5.5; and SMP index of 5.8.

The study was divided into three experiments
conducted in a randomized block design with four
replications, in plots of 4 m x 3 m, with a total
area of 12 m? per plot. Each experiment comprised
doses of one nutrient applied to each crop, totaling
five treatments in each experiment. Urea, triple
superphosphate and potassium chloride were used
in the three experiments as sources of N, P and
K, respectively, spread over the surface and not
incorporated to the soil.

Experiment I consisted of five topdressing N
doses (0 kg ha'!, 50 kg ha'!, 100 kg ha'', 150 kg ha™!
and 200 kg ha'!) applied when the two crops showed
four expanded leaves. Immediately after sowing,
20 kg ha' of N, 120 kg ha" of PO, and 90 kg ha™' of
K,O were applied to each plot.

Experiment II consisted of five P,O, doses
(0 kg ha', 40 kg ha'!, 80 kg ha!, 120 kg ha' and
160 kg ha') applied immediately after sowing,
together with 20 kg ha! of N and 90 kg ha'! of
K,O in each plot. When the two crops had four

expanded leaves, 150 kg ha! of N was applied as
topdressing.

In the experiment I11, five K O doses (0 kg ha'!,
30 kg ha'!, 60 kg ha!, 90 kg ha! and 120 kg ha')
were applied immediately after sowing, together
with 20 kg ha"' of N and 120 kg ha" of PO, in each
plot. When the two crops had four expanded leaves,
150 kg ha! of N were applied as topdressing.

For the three years under evaluation, the
maize crop was sown in October, using a no-
tillage seeder, with spacing of 0.45 cm. The Dow
AgroSciences 2A120Hx hybrid was used in the
2013/2014 and 2014/2015 seasons, while the
Morgan Sementes 30A77Hx hybrid was used in
the 2015/2016 season. An average of 3.8 plants
were used per linear meter, for an average final
population of 70,000 plants ha™!, 75,000 plants ha!
and 78,000 plants ha! in the 2013/2014, 2014/2015
and 2015/2016 seasons, respectively. The sorghum
was sown in February of the two years under
evaluation, at the same spacing and employing
the same seeder used for maize. The AG 2501
hybrid from Agroceres was used in 2014 and the
Sunchales NR forage sorghum from Wolf Seeds
in 2015. On average, 8.0 plants were used per
linear meter, with an average final population for
the respective seasons of 140,000 plants ha' and
120,000 plants ha!. The sorghum crop was sown
at 30 days after removing the maize plants from
the experimental area, simulating areas of forage
production for silage. In winter, the area remained
fallow, with no cultivation of forage crops.
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Whole plants were collected to determine
dry matter, at the farinaceous to hard grain stage
recommended for ensiling. Eight maize plants and
2.0 linear meters of sorghum were collected from the
working area of each plot, 15 cm from the ground.
The plants were ground in a forage grinder and oven
dried at 65 °C to constant weight. The data were
transformed and expressed as dry matter production
(kg ha''), which in maize was calculated based on the
number of collected plants and the final population,
and in sorghum based on the collection area (0.90 m?).
Sub-samples were later ground in a Wiley mill with
a 1.0 mm screen. N concentrations in the dry and
ground material were quantified as described by
Silva & Queiroz (2002) and multiplied by a factor of
6.25, to be expressed as crude protein concentration.
Based on the crude protein concentration and on the
respective dry matter production, the crude protein
yield (kg ha') was calculated.

The results were submitted to analysis of
variance for each crop and the mean values of the
treatments were adjusted by polynomial regression
analysis at 5 % (p < 0.05), using the SAS 8.0 software.
Based on the regression equations, the maximum
increase, when compared to a dose of zero N, Por K,

was calculated for each variable analyzed. The dose
of maximum technical efficiency was estimated with
the formula: x* =-A /2A , where A and A, are values
estimated by the polynomial regression equation,
corresponding to x and x2, respectively (Stork et al.
2000).

RESULTS AND DISCUSSION

The dry matter yield in the maize and sorghum
for silage indicated significant responses to the
topdressing N doses applied in four of the five
successive crops under study (Table 1). Increases
for dry matter were seen up to the maximum dose
of nitrogen fertilization (200 kg ha' of N) in the
two maize crops (2013/2014 and 2014/2015) and
in one sorghum crop (2014), and up to the dose of
maximum technical efficiency with 143 kg ha'! of
N in the last maize crop (2015/2016). In these four
crops, increases in dry matter were between 43.4 %
and 109.6 %, if compared to the dose of zero N,
and the maximum dry matter yield varied between
21,015 kg ha! and 25,533 kg hal. These yields are
similar to those obtained by Oliveira et al. (2010), in
maize and sorghum for silage.

Table 1. Regression equation, maximum technical efficiency (MTE), increment (IC) and maximum value (MV) for dry matter yield
(DMY), crude protein concentration (CPC) and crude protein yield (CPY) in maize and sorghum for silage, as a function

of nitrogen doses.

Evaluated parameter Regression equation ke hell\'/'l?fEPz 0. {,Z MV R? —(5/2/
Maize (2013/2014)

DMY (kg ha') 9= 14,658 + 31.78x - 43.4 21,015 0.89 8.3

CPC (g kg™) 9=6.47+0.01x - 30.9 8.5 0.97 15.5

CPY (kg ha') 9=971 +3.19x - 65.7 1,608 0.94 17.3

Sorghum (2014)

DMY (kg ha') ¥=13,263 + 61.35x - 92.5 25,533 0.88 8.8

CPC (g kg™) g=y=11.13" - 0.0 11.1 - 18.5

CPY (kg ha'') ¥ =1,470 + 6.84x - 93.1 2,838 0.64 17.7
Maize (2014/2015)

DMY (kg ha'') ¥=11,719 + 64.2x - 109.6 24,559 0.95 8.6

CPC (g kg™) 9 =4.62+0.02x - 86.6 8.6 0.80 11.0

CPY (kg ha') 9 =488 +7.64x - 312.9 2,016 0.87 17.1

Sorghum (2015)

DMY (kg ha'') v =y =10,446" - 0.0 10,446 - 17.6

CPC (gkg™) 9=5.16+0.01x - 38.7 6.2 0.77 6.8

CPY (kg ha'') ¥ =524 +1.96x - 59.5 836 0.81 17.8
Maize (2015/2016)

DMY (kg ha') 9= 15,035 + 132.13x - 0.462x> 143 52.8 22,981 0.95 13.1

CPC (g kg™) J=9=6.58" - 0.0 6.6 - 13.2

CPY (kg ha'') §=2819+12.61x - 0.043x> 147 112.8 1,744 0.80 21.4

" Non-significant (p < 0.05).
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The response to the nitrogen fertilization on
dry matter yield in the forages may be related to the
organic matter content of the soil. It can be seen that,
when starting the experiment, the organic matter
content of the soil in the 0-10 cm layer (28.2 g kg™')
was close to the lowest level (<25.0 gkg™!), increasing
the response to nitrogen fertilization (CQFS-RS/SC,
2004). In addition, the successive cultivation of
grasses in the same area favoured the N extraction
through the mineralization of soil organic matter, as
legumes were not included in the system of forage
production (Castoldi et al. 2011). In addition to these
factors, the crop residues from maize and sorghum
remaining after the plants were removed (15 cm of
stem and roots) may have immobilized part of the
N, due to the high carbon/nitrogen ratio (Silva et
al. 2009).

The lack of response to the N doses in the
sorghum crop of 2015 may be related to the hybrid
having a lower productive potential for dry matter,
in relation to that used in the previous year (Table 1).
The difference in dry matter production between the
two years of cultivation was 15,087 kg ha'. Normally,
the dry matter yield in sorghum was higher than that
obtained in 2015 (Oliveira et al. 2010, Franco 2011).
The occurrence of drought between March and April,
with periods of 21 and 12 days with no rainfall in
the respective months, may also have affected the
initial growth of the sorghum plants, despite the
high resistance of sorghum to drought (Ksigzak et
al. 2012).

The values for dry matter obtained in maize
and sorghum crops with no water restriction indicate
a high productive potential under the conditions
of the experiment. These dry matter values were
greater than those found by Silva et al. (2015b),
with adequate soil water availability, and by Moraes
et al. (2013), with maize and sorghum hybrids used
for forage, grain and dual purpose production.
Furthermore, the dry matter yield of the crops may
reach even higher levels, since there was a response
up to the maximum N dose applied. Silva et al.
(2015a) estimated a maize yield at 37,287 kg ha
with the use of 890 kg ha! of N. The high demand
for this nutrient, especially in grasses, is due to its
C4 photosynthesis and high biomass growth capacity
(Amin 2011). This demonstrates a high response to
nitrogen fertilization and the need to adjust the dose
to obtain a maximum economic efficiency in the
production of silage from these two crops.

The crude protein yield significantly increased
with N doses in all maize and sorghum crops
(Table 1). The responses to the N doses were
linear, except for the maize silage in the last year
of evaluation (2015/2016), which was quadratic.
For maize crops with a linear response to the N
doses, the maximum crude protein yield obtained
at the maximum dose of N (200 kg ha!) ranged
from 1,608 kg ha' (2013/2014) to 2,016 kg ha'
(2014/2015), with increases of 65.7 % and 312.9 %,
in relation to the dose of zero N, respectively. In the
2015/2016 harvest, the maximum crude protein yield
for maize (1,744 kg ha'!) was obtained with a dose of
147 kg ha! of N, which is similar to the maximum
technical efficiency dose for the dry matter yield in
the same year. In the sorghum crop, 2,838 kg ha'
and 836 kg ha'! of crude protein were obtained in
2013 and 2014, respectively, with the maximum N
dose representing increases of 93.1 % and 59.5 %,
in relation to the dose of zero N.

The response of crude protein yield to the
N doses, irrespective of the year of evaluation,
is associated with the increase in dry matter and
crude protein concentration (Table 1). A significant
linear response can be seen in the crude protein
concentration for N doses in three of the five crops,
with increments between 30.9 % and 86.6 %, what
reinforces the importance of nitrogen fertilization.
As nutrient uptake increases, the protein synthesis
in the plants tends to increase (Amin 2011), with
increases in the crude protein yield per cultivated
area, together with a higher protein concentration
in the dry matter (Ksi¢zak et al. 2012) and grains
(Szulc et al. 2013).

The maximum crude protein concentration
achieved with the N doses varied from 6.6 %
to 8.6 % in the maize silage, and from 6.2 % to
11.1 % in sorghum (Table 1). In only two crops
the crude protein concentration was below the
minimum of 7.0 %, considered the limit for positive
nitrogen balance in the animal rumen (Costa et al.
20006). It is noteworthy that adequate crude protein
concentrations in the maize silage were only obtained
with nitrogen fertilization, which results in higher
digestibility and voluntary intake by animals (Costa
et al. 20006).

When comparing the two crops, sorghum
usually presents a higher crude protein concentration,
in relation to maize (Table 1), as was previously
observed in other studies (Ksigzak et al. 2012, Moraes
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et al. 2013). Considering the dry matter yield and
nutritional quality, Von Pinho et al. (2007) pointed
out that replacing sorghum silage with maize is not
viable. It is also worthnoting the higher tolerance
of sorghum to drought and low fertility soils, when
compared to maize (Stone et al. 1996). However, a
silage production system with successive cultivation
of maize and sorghum is an alternative that may
increase the silage production in the same area, using
two crops that show a high response to nitrogen
fertilization.

The maximum N dose used in the experiment
(200 kg ha' N) was based on a recommendation by
the CQFS-RS/SC (2004) for maize, with an expected
dry matter yield of 18,500 kg ha''. It was found that,
in the four crops with no water deficit, the average
yield was 23,522 kg ha'! of dry matter, higher than
predicted (Table 1). Under the conditions of the
experiment, there was probably a greater efficiency
in the use of N, as the conditions of humidity
and temperature were suitable for N fertilization.
Another possible explanation for this higher than
expected yield may be that the CQFS-RS/SC (2004)
recommendation overestimates the need for nitrogen
fertilization in these crops.

Phosphorus fertilization contributed to an
increase in the dry matter and crude protein yield
only after the third successive crop of maize and
sorghum (Table 2). The lack of significance for the P
doses in the first two crops may be associated with the
adequate levels of this nutrient in the soil, which were
classified as “very high” (13.4 mg dm? of P) at the
beginning of the experiment (CQFS-RS/SC 2004).

The response to phosphorus fertilization from
the third crop shows that the soil P stocks can be
depleted rapidly during the course of cultivation,
given the high rate of nutrient export by the removal
of forage plant biomass in the silage production
(Oliveira et al. 2010). This suggests that phosphorus
fertilization should be prioritized in areas of silage
production, similarly to nitrogen fertilization, since
year-on-year fertilization probably increased the
nutrient absorption and use efficiency by plants
(Dovale & Fritsche-Neto 2013).

In addition to the increasing dry matter yield,
the P doses contributed with a 17.7 % increase in
the crude protein concentration in maize, for the
2014/2015 harvest (Table 2). This result is similar
to that by Roy & Khandaker (2010), who found
a significant effect of P doses on sorghum crude

Table 2. Regression equation, maximum technical efficiency (MTE), increment (IC) and maximum value (MV) for dry matter yield
(DMY), crude protein concentration (CPC) and crude protein yield (CPY) in maize and sorghum for silage, as a function

of phosphorus doses.

Evaluated parameter Regression equation ke hgf)]fEPz 0. {)/f MV R? —CO/Z/
Maize (2013/2014)

DMY (kg ha™) y=y=18,709 - 0.0 18,709 - 9.6

CPC (g kg") = }7 =7.69™ - 0.0 7.7 - 11.9

CPY (kg ha) y=y=1430" - 0.0 1,430 - 9.6

Sorghum (2014)

DMY (kg ha™) y=y=18,063™ - 0.0 18,063 - 10.4

CPC (gkg") y= }7 13.420 - 0.0 13.4 - 10.1

CPY (kg ha) y=y=2416" - 0.0 2,416 - 12.2
Maize (2014/2015)

DMY (kg ha') 9=18,567 + 103.63x - 0.580x> 89 24.9 23,190 0.90 7.2

CPC (gkg") 9=9.04+0.01x - 17.7 10.6 0.95 6.3

CPY (kg ha) 9=1,713 + 5.08x - 0.044x> 58 8.6 1,860 0.72 10.3

Sorghum (2015)

DMY (kg ha) g=9y=11235™ - 0.0 11,235 - 18.2

CPC (gkg") y=y=_8.10" - 0.0 8.1 - 9.8

CPY (kg ha) Jg=y=911™ - 0.0 911 - 18.1
Maize (2015/2016)

DMY (kg ha) 9=18,619 + 78.20x - 0.307x> 127 26.8 23,600 0.82 7.2

CPC (gkg") y=y=7.58" - 0.0 7.6 - 19.7

CPY (kg ha) 9= 1,448 + 5.86x - 0.026x> 113 22.8 1.778 0.91 20.0

" Non-significant (p < 0.05).
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protein, suggesting that, in the long term, phosphorus
fertilization may influence the crude protein yield in
soils with “very high” levels. Normally, the response
of silage dry matter yield to phosphorus fertilization
occurs when P levels are less than critical (Tiritan
et al. 2010). However, even with an adequate soil
content, phosphorus fertilization is necessary to
maintain the silage production in areas of successive
forage cultivation (CQFS-RS/SC 2004).

The responses to phosphorus fertilization on
the production of maize for silage were quadratic,
with maximum technical efficiency at 89 kg ha! and
127 kg ha'* of P,O, for dry matter, and 58 kg ha™' and
113 kgha'' of P O, for crude protein, in the 2014/2015
and 2015/2016 harvests, respectively (Table 2). It can
be seen that, in these two harvests, the maximum dry
matter and crude protein yield of silage were similar,
but, in the final crop of maize, it was necessary to
apply a greater amount of P than in the previous
crop, to allow an equivalent silage production. This
reinforces the premise of a reduction in the initial
stock of available P in the soil, and indicates that,
in the following crops, an even greater dose of the
nutrient may be necessary to maintain the same
yield. This is supported by the recommendation

of the CQFS-RS/SC (2004), which indicates up to
170 kg ha! of PO, for an expected production based
on the average maximum dry matter yield obtained
in the five sorghum and maize crops (18,959 kg ha'!).

The K doses showed no significance for the dry
matter yield and crude protein concentration in the
five maize and sorghum crops evaluated in succession
(Table 3). There was only a response of the K doses
on the crude protein yield in the final maize crop, but
with an increase of only 16.5 %, in relation to the dose
of zero K. Similarly to P, this lack of significance for
K doses may be associated with the “very high” levels
of this nutrient at the beginning of the experiment
(309.5 mg dm? of K), as per CQFS-RS/SC (2004).
These levels were 5.2 times higher than the critical
level, and possibly enough to maintain the dry matter
yield for five successive maize and sorghum crops.
The data show that, in soils with “very high” levels of
K, fertilization can be suspended for a certain length
of time without affecting the forage production. This
interval should be monitored, based on an analysis
of the soil, as recommended by the CQFS-RS/SC
(2004).

In six years of study with a system of
successive forage cultivation for silage, with maize or

Table 3. Regression equation, maximum technical efficiency (MTE), increment (IC) and maximum value (MV) for dry matter yield
(DMY), crude protein concentration (CPC) and crude protein yield (CPY) in maize and sorghum for silage, as a function

of potassium doses.

Evaluated parameter Regression equation ke hall\’/‘[?fEPz 0. {’2 MV R? —(j/:/
Maize (2013/2014)

DMY (kg ha) 9=9=20,196" - 0.0 20,196 - 6.7

CPC (gkg™) y=y="7.68" - 0.0 7.7 - 12.6

CPY (kg ha) J=9y=1,550™ - 0.0 1,550 - 15.5

Sorghum (2014)

DMY (kg ha™) 9=9=19,849" - 0.0 19,849 - 14.4

CPC (gkg™) y=y=11.68> - 0.0 11.7 - 15.5

CPY (kg ha) J=9y=2,335™ - 0.0 2,335 - 23.3
Maize (2014/2015)

DMY (kg ha™) v=y=20,018"* - 0.0 20,018 - 12.2

CPC (gkg™) y=y=_8.72™ - 0.0 8.7 - 5.7

CPY (kg ha'') y=y=1,740" - 0.0 1,740 - 134

Sorghum (2015)

DMY (kg ha') y=y=11,696" - 0.0 11,696 - 17.7

CPC (gkg™) y=y=_8.20" - 0.0 8.2 - 11.6

CPY (kg ha') J=9=957" - 0.0 957 - 17.9
Maize (2015/2016)

DMY (kg ha') v=y=22,820" - 0.0 20,820 - 12.9

CPC (gkg™) y=y=746" - 0.0 7.5 - 21.5

CPY (kg ha'') ¥=1,669 + 11.7x - 0.124x> 47 17.5 1,945 0.73 14.4

" Non-significant (p < 0.05).
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sorghum in the summer and ryegrass or black oats in
the winter, Silva et al. (2010) found a reduction in the
initial levels of K, in the 0-10 cm layer. K decreased
from 235 mg dm? to 66 mg dm and 100 mg dm™ at
the end of the sixth year, with the use of 40 kg ha!
and 155 kg ha™' of K, O per crop, by means of mineral
and organic fertilization, respectively. The authors
pointed out that, in the absence or with small doses
of K, the nutrient was depleted along the entire soil
profile, probably due to the high export rate, via the
silage biomass.

The response to potassium fertilization occurs
in areas where the nutrient content is below the
critical level (Galvao et al. 2015), except when levels,
despite being low in the surface layer, are average
at a depth of more than 20 cm (Rabélo et al. 2013).
However, in areas of successive forage cultivation
for silage, it is necessary to add large doses of the
nutrient to maintain high yields, due to the high rate
of K export (Ueno et al. 2013).

The three maize and two sorghum crops
were not sufficient to induce large responses with
phosphorus and potassium fertilization. Sorghum,
due to its greater genetic variability and depending
on the cultivar, may be more efficient in metabolizing
P and K, in relation to maize (Han et al. 2011).
Moreover, when compared to maize, sorghum may
be more or less responsive to variations in P and K
doses (Morrill et al. 2012, Uribe & Ticianeli 2014).
However, under the conditions of this study, with
“very high” levels of P and K in the soil, a larger
number of harvests would be required to confirm
any differentiated response to P and K fertilization
between the two crops.

The maintenance of dry matter and crude
protein yield in the first two successive crops
(maize and sorghum), even without addition of
P, and in five successive crops without the use of
K fertilization, is an important finding for future
fertilization recommendations for these forages. In
the crops that responded to the P fertilization, the
maximum technical efficiency doses were between
58 kg ha'' and 127 kg ha' of P,O,, values lower
than the maintenance fertilization suggested by the
CQFS-RS/SC (2004), for the average productive
levels of the five forage crops obtained in the present
study. With respect to N fertilization, the response
up to the maximum dose of N applied (200 kg ha™!)
demonstrates the need to use higher doses of fertilizer,
when planning new studies with this nutrient.

CONCLUSIONS

1. Nitrogen doses increased the crude protein yield
by 59.5-312.9 %, in the five successive maize and
sorghum crops;

2. In soils with “very high” levels of P and K, the
successive maize and sorghum cultivation for
silage does not require fertilization with these
nutrients, in the first years of cultivation.
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