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Nutritional value of sugarcane varieties in relation to nitrogen

fertilization for the pre-Amazon Region of Brazil

Valor nutritivo de variedades de cana-de-acucar em funcao da

adubacio nitrogenada na regiao pré-Amazonica do Brasil

Mayanna Karlla Lima Costa'; Francirose Shigaki**; José Roberto Brito Freitas?;

Rosane Claudia Rodrigues?; Heloisa Carneiro?

Abstract

This study evaluated the nutritional value of sugarcane varieties in relation to nitrogen fertilization. The
varieties studied were RB 863129, RB 867515, and RB 92579, and nitrogen fertilizer was applied at
doses of 0, 60, 80, 120, and 140 kg N ha!. The experiment was divided into two stages: i) Year I — plant
cane, when the yield and nutritional quality of the three sugarcane varieties were evaluated; ii) Years
IT and III, when and the effect of nitrogen fertilization on the nutritional quality of the first and second
ratoon crops of the same varieties was evaluated. In plant cane the yield (t ha'') and DM (dry matter) and
CP (crude protein) contents were higher for the RB 863129 variety. There was no difference between
the varieties regarding their NDF (neutral detergent fiber) and ADF (acid detergent fiber) contents and
IVDMD (in vitro dry matter digestibility). In the first and second ratoon crops, there was a difference
between the varieties and fertilizer doses for the evaluated parameters, with the exception of the DM
content and IVDMD, which were influenced by the varieties, doses of N, and cutting years. The RB
92579 variety showed the best yield of the two ratoon crops (131 t ha! of stems) and the best nutritional
parameters (26% ADF, 41% NDF, 2.4% CP, and 69.4% I[VDMD). The sugarcane yield and its nutritional
quality can be influenced by the cutting year and nitrogen fertilization management system and by the
variety type.

Key words: /n vitro digestibility. Animal nutrition. Saccharum officinarum.

Resumo

Este estudo avaliou o valor nutritivo de variedades de cana-de-actcar em fun¢do da adubag@o nitrogenada.
As variedades estudadas foram RB 863129, RB 867515 e RB 92579, e as doses nitrogenadas 0, 60, 80,
120 e 140 kg N ha''. O experimento foi dividido em duas etapas: i) Ano I — Cana-planta: avaliou-se a
produtividade e qualidade nutricional de trés variedades de cana-de-agucar; ii) Anos II e III: avaliou-se
a influéncia da adubacdo nitrogenada na qualidade nutricional da primeira e segunda soca das mesmas
variedades. Na cana-planta foram determinados o teor de Brix e a relagdo FDN/Brix. Para a cana-planta,
aprodutividade (t ha') e os teores de MS e PB, foram superiores (P < 0.05) para a variedade RB 863129.
Nao houve diferenga (P < 0,05) entre as variedades para os teores de FDN e FDA e para a DIVMS. Na
primeira e segunda soqueira houve diferenca (P < 0,05) entre variedades e doses de adubagao para os
parametros avaliados, com exce¢ao do teor de MS e digestibilidade in vitro, que foram influenciados
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(P < 0,05) pelas variedades, doses de N e anos de corte. A variedade RB 92579 apresentou nas duas
soqueiras a melhor produtividade (131 t ha' de colmos), aliada aos melhores parametros nutricionais
(FDA 26%, FDN 41%, PB 2,4% e DIVMS 69,4%). A produtividade da cana-de-agucar, assim com a
sua qualidade nutricional, pode ser influenciada pelo manejo da adubagio nitrogenada, ano de corte e

pela variedade.

Palavras-chave: Digestibilidade in vitro. Nutri¢ao animal. Saccharum officinarum.

Introduction

the
primary problem faced by farmers is the seasonality

In pasture-based ruminant production,

of forage production, which is responsible for
oscillations in animal production. Such variations
arise from the fact that approximately 80% of the
forage dry matter produced in pastures during the
year is available only in the rainy season, which
makes the dry season a critical period in which
forage production is insufficient (BONOMO et al.,
2009). Considering this situation, the search for
alternative food sources to supply the roughage
shortage during the dry season and to meet the
nutritional requirements of the animals is of the
utmost importance.

Sugarcane is used as an alternative food product
for a variety of reasons, which include its high
dry matter (DM) production per hectare, ease of
cultivation, hardiness, and, primarily, high dry
matter digestibility even when the plant reaches
maturity. The latter factor confers sugarcane an
advantage as a forage plant because tropical forages
suffer quantitative and qualitative losses during
the dry season, which is when sugarcane contains
the highest energy content in the form of sucrose
(ABRANCHES; BOLONHEZI, 2011). Various
studies have been performed on the use of sugarcane
as animal feed; however, the nutritional value of
this crop has been the object of much discussion,
primarily with regard to identifying varieties with
more suitable characteristics for forage production
and with regard to management (SIQUEIRA et al.,
2012). The hypothesis postulated by Boin et al.
(1987), i.e., that the best forage sugarcane varieties
are those that exhibit a high proportion of leaves
and stems relative to the total green matter, is no
longer supported because the green matter yield and

nutritional value must also be considered together
with the sugar content and neutral detergent
fiber fraction (NDF). This last factor directly
influences the dry matter digestibility and intake
(BERCHIELLI et al., 2011), and thus, varieties can
differ in terms of their nutritional quality (ANON,
2007).

According to Scarpari and Beauclair (2009),
different exhibit different
maturation curves with differences

sugarcane varieties
in sucrose
percentages and flowering. Variations in the contents
of crude protein (CP), neutral detergent fiber, acid
detergent fiber (ADF), and dry matter digestibility
(DMD) were observed by Carvalho et al. (2010).

In addition to variety type, another factor that
can influence the nutritional quality of sugarcane
for animal feeding is nitrogen fertilization
management; however, studies on this subject are
still scarce. Nitrogen (N) is one of the essential
nutrients required most in terms of quantity by
sugarcane, which has a C4 metabolism. This type of
metabolism is characterized by a high photosynthetic
rate and thus requires an adequate supply of N for
the physiological processes and the biochemical
reactions responsible for photosynthesis to process
satisfactorily (MUCHOVEJ; NEWMAN, 2004).
Thus, the large demand by sugarcane for this nutrient
makes the participation of N in the production
process substantial relative to the total cost of
implementation and maintenance of sugarcane
fields (RAKKIYAPPAN et al., 2007). However,
considering the requirement for N by sugarcane
crops, the N dynamics in the soil, the biochemical
processes that involve N assimilation, and the
aspects related to the use of nitrogen fertilization,
primarily regarding their possible effects on the

nutritional quality of sugarcane, must be better
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clarified; the available studies in literature mostly
focus on other tropical forage plants. In the study
by Waramit et al. (2012), the authors evaluated the
influence of three doses of N (0, 65, and 140 kg N
ha!) on the nutritional value of four forage grasses,
Indiangrass
Nash), big bluestem (Andropogon gerardii Vitman),
Eastern gamagrass (Tripsacum dactyloides L.), and
switchgrass (Panicum virgatum L.). The results
showed that nitrogen fertilization significantly
increased (P<0.05) the values of in vitro dry matter
digestibility (IVDMD) and crude protein in the four
grass species evaluated, and the best NDF value
(52%) was obtained with the intermediate fertilizer
dose of 65 kg N ha'.

namely, (Sorghastrum mutans L.

In addition to the possible effect on the nutritional
quality of sugarcane, the adequate management of
nitrogen fertilization can contribute greatly to the
sustainability of agro-ecosystems.

Thus, the objective of this study is to evaluate the
nutritional value of sugarcane varieties in relation to
nitrogen fertilization for the Pre-Amazon region of
Brail, where these studies are just beginning.

Materials and Methods
Description of the experimental area

The experiment was performed in an area
provided by the Varzea Farm in the municipality of
Brejo, Lower Parnaiba Region, state of Maranhao,
Brazil, which is located at 03°44°33” W latitude,
43°21°21”W longitude. The soil was classified as a
Yellow Latosol (Oxisol) (Embrapa Manual for Soil
Classification, 1997) and exhibited the following
characteristics: pH 5.12 in water, 2.2 cmolc dm=Ca,
2.5 cmolc dm™ Mg, 0.02 cmol  dm~ Na, 0.11 cmol_
dm? K, 0.6 cmolc dm? Al, 9.4 cmolc dm™ H+Al,
and 2.5 mg kg! P.

Experimental setup

The experiment began in 2009 with conventional
soil tillage, and the planting was performed in
30-cm deep furrows spaced 1.00 m apart. The
seedlings, which were aged between 10 and 12
months, were placed in the bottom of the furrows
with the basal portion of a seedling in contact with
the apical portion of the subsequent one. After the
seedlings were manually cut using a knife into
billets with three to four buds, the billets were
placed in the furrows, which were then covered with
approximately 10 cm of loose soil. Fertilization
at planting was performed according to the soil
analysis recommendations, using 120 kg ha' PO,
and 100 kg ha" K O. The experiment lasted three
years (Year | — Plant cane, Year Il — first ratoon,
and Year III — second ratoon). The temperature and
precipitation data were obtained through the Real-
Time Climate Monitoring Program of the Northeast
Region (Programa de Monitoramento Climatico em
Tempo Real da Regido Nordeste — PROCLIMA) at
the site of the CPTEC INPE (Figures 1, 2, and 3).

The experiment was divided into two stages:
a) in the first stage, which consisted of the first
experimental year (Year I), the yield and nutritional
quality of the three sugarcane varieties (plant cane)
were evaluated; b) in the second stage, which
consisted of the second and third years (Year Il and
Year III), the effect of nitrogen fertilization on the
nutritional quality of the same varieties evaluated in
the first year was evaluated, though for the first and
second ratoon crops. The varieties evaluated were
RB 863129, RB 867515, and RB 92579.

An experimental design in randomized blocks
with three treatments (sugarcane varieties) and three
replicates (experimental plots) was adopted for Year
I, where in each experimental plot had an area of
900 m?, with a total area of 8,100 m2.
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Figures 1 and 2. Precipitation and air temperature- Year 1; Precipitation and air temperature- Year 2.
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Figure 3. Precipitation and air temperature- Year 3.
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For the evaluations of Years II and III, the plots  Analyses

from Year I were divided into sub-plots where
different doses of N were applied, which also
adopted a randomized block design, with a 5x3x2
factorial arrangement with five doses of nitrogen
fertilizer (0, 60, 80, 120, and 140 kg N ha™!), three
sugarcane varieties (RB 867515, RB 863129, and
RB 92579) and two periods (Ist and 2nd ratoon
crops) in subdivided plots with three replicates.

The data obtained were subjected to analysis of
variance using the F-test. In case of a significant
difference, the averages were compared by Tukey’s
test at a 5% probability using InfoStat® software
(Infostat, 2004).

To analyze the yield and nutritional value, three
sugarcane samplings were performed, one at the end
of each experimental year. An analysis of the stem
yield was performed in a 3-m? area of each plot.
After determining the fresh weight, three plants were
randomly collected from each plot, each plant was
separated into stem and tops + leaves, and the plants
were identified and pre-dried in a forced air oven at
60°C for 72 hours or until they reached a constant
weight. The plant material was then ground in a
Willey mill to obtain 1.0-mm particles to determine
the contents of dry matter and crude protein on a
DM basis according to the methodologies described
by Silva and Queiroz (2002). The neutral detergent
fiber and acid detergent fiber were analyzed by

Semina: Ciéncias Agrdrias, Londrina, v. 38, n. 4, p. 2091-2106, jul./ago. 2017



Nutritional value of sugarcane varieties in relation to nitrogen fertilization for the pre-Amazon Region of Brazil

the Van Soest method described and simplified by
Souza et al. (1999).

The in vitro digestibility was determined
according to the methodology described by Tilley
and Terry (1963). For this purpose, ruminal fluid
was collected from three Holstein cows cannulated
in the rumen with an average weight of 600 kg.
The animals were fed a diet composed of 80% of
roughage (Cynodon grass hay) and 20% concentrate
(20% crude protein — PB), water and mix mineral in
abundance.

The ruminal inoculum was collected into
thermal bottles that had been previously heated
to 39°C and immediately taken to the laboratory,
where it was homogenized and filtered through two
layers of gauze. The filtrate was kept in a water
bath at 39°C under CO, saturation until the other
solutions were added to reproduce the conditions
in the ruminoreticular compartments. The formula

(incubated DM/DM) x 100 was used to calculate

Table 1. Yield and nutritional value of sugarcane varieties.

the results. The Brix content (%) of the sugarcane
was measured using a field refractometer according
to the methodology of Consecana (2006). For this
purpose, three plants were randomly removed from
each plot, and stem juice samples were collected.
The stem juice drops were extracted from the 4
internode beginning at the base of the plant and
from the top of the last internode of the sheath.

Results
Yield and Nutritional Value of Plant Cane — Year |

For Year I, the yield of the RB 863129 variety
was 23% higher (P<0.05) compared with those of
the RB 867515 and RB 92579 varieties (Table 1).
There was not a significant difference (P>0.05) for
the neutral detergent fiber and acid detergent fiber
contents between the studied varieties, with values
similar to those observed by Oliveira et al. (2012),
who obtained NDF values that varied from 35 to
63% and ADF values that varied from 21 to 36%.

Yield DM NDF ADF

CP Brix

Treatment (t ha') (%) %) %) %) IVDMD (%) (%) NDF/Brix (%)
RB863129 144a 19,2a 54,8 36,0 3,38a 64,7a 18a 3,04a
RB 867515 112b 19,4a 61,8 37,5 1,70b 63,7a 17a 3,63a
RB 92579 111b 18,6b 55,1 32,5 1,89b 69,5a 17a 3,24a
CV (%) 18 8,3 7,6 3,5 4,8 8,0 2,1 12,3

Averages followed by an lowercase letter in the columns do not differ by Tukey’s test at a 5% significance level.

The CP content was higher (P<0.05) for the RB
863129 variety, 53% higher on average than those of
the other varieties. There was no difference between
the varieties (P>0.05) in terms of the in vitro DM
digestibility. The three evaluated varieties showed
greater than 60% digestibility.

Stem Yield — Year Il and 111

There was an interaction (P<0.05) between
varieties and doses of nitrogen fertilizer for the stem
yield in the first and second ratoon crops (Table 2).

The highest yield values (p<0.05) were observed for
the RB 92579 variety at doses of 80 and 140 kg N
ha'! for the first and second ratoon, respectively.

For all the varieties, a yield increase was observed
with increased N dosage. However, for the RB
867515 and RB 92579 varieties in the first ratoon
and for the RB 867515 and RB 863129 varieties in
the second ratoon, this increase was only observed
at a dose of 120 kg N ha'! followed by a decrease in
yield at a dose of 140 kg N ha™’.
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Table 2. Stem yield (t ha') from the first and second ratoon crops of sugarcane varieties in relation to nitrogen

fertilizer doses.

Stem t ha’!

1° Ratoon Nitrogen rate (kg ha™)

Variety 0 60 80 120 140
RB 867515 65,7 Bba 82,4 ABba 80,8 ABba 96,2 Aba 62,5 Bba
RB 863129 58,8 Cba 69,2 BCba 86,5ABba 86,2 ABba 94,4 Aaa
RB 92579 110,6 Baa 116,5 ABaa 134,3 Aaa 135,6 Aaa 109,3 Baa
2° Ratoon Nitrogen rate (kg ha!)

Variety 0 60 80 120 140
RB 867515 65,7 Babo. 82,4 ABaa. 80,7 ABba. 96,1 Aaa 68,1 Bba
RB 863129 40,8 Cbp 77,6 Baa 106,0 Aaa 95,0 Baa 105,9 Aaa
RB 92579 76,0 Cap 75,4 Cap 81,3 BCabp 102,5 Baf 128,8 Aaf

Averages followed by an uppercase letter in the rows, lowercase letters in the columns, and Greek letters in the tables do not differ

by Tukey’s test at a 5% significance level. CV (%) = 16.65.

For the second ratoon, a greater variation was
observed in the yield (from 40.87 to 128.80), where
the greatest yield was obtained for the RB 92579
variety at the dose of 140 kg N ha'l. The lowest
yield for the first ratoon was observed for the RB
863129 variety with the control treatment, which
was 40% lower on average than those for the other
treatments.

In addition to greater stem production, the RB
92579 variety also had the highest agronomic
efficiency at the dose of 140 kg N ha', which
was 59% greater than that of the control (without
the application of N). The response of the ratoon
was also positive for the other treatments with the
application of 60, 80, and 120 kg N ha™.

Regarding the RB 863129 variety, which had
the highest stem yield in the plant cane crop, its
average yield in the second ratoon was lower
than that observed for the RB 92579 variety. The
treatments that obtained the highest yield values
were for 80 and 140 kg N ha! (P<0.05), which both
had an average of 106 t ha'! of stems and a yield
38% higher on average than that obtained from the
control treatment.

Overall, the lowest stem yields in the second
ratoon were obtained from the RB 867515 variety
without observing any interaction between the

experimental years for any of the doses evaluated.
For the variety RB 863129, a temporal effect on
yield was only observed for the control treatment. In
the first ratoon, the stem yield was 30% higher than
in the second ratoon for the control treatment. For
the RB 92579 variety, there was a temporal effect
for all of the treatments, with higher yield values
for the first ratoon compared with the second ratoon
for the majority of treatments with the exception of
the 140 kg N ha' dose. The overall average stem
yield of the first ratoon was greater than that for
the second ratoon. This finding may be explained
by the diameter of the stems, which gradually
decreased over time; thus, with the decrease in the
stem diameter due to successive cuts, the number
of tillers of clumps also decreased over time, and
consequently, the ratoon cane yield decreased.

Dry Matter Content in the Stems — 1 and 2" Ratoon
crops

The dry matter content for the first and second
ratoon crops varied from 20.1 to 25.6%, which are
within the expected values for sugarcane with a
resprout age of 10 months. There was no interaction
between the different nitrogen doses, varieties, and
experimental years (Table 3).
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Table 3. DM content of the stems from the first and second ratoon crops of the three sugarcane varieties in relation to
increasing doses of nitrogen fertilizer.

Dry mater, %

1° Ratoon Nitrogen rate (kg ha™)
Variety 0 60 80 120 140
RB 8675515 24,1Aaa 25,1Aaa 25,1Aaa 25,1Aaa 25,0Aaa
RB 863129 25,0Aan 25,6Aan 25,6Aaa 25,3Aan 25,6Aan
RB 92579 25,0Aan 25,6Aaan 25,5Aaa 25,0Aan 25,9Aaa
2° Ratoon Nitrogen rate (kg ha!)
Variety 0 60 80 120 140
RB 8675515 24,5Aa0 24 2Aan 24, 3Aan 25,6Aan 24,6 Aan
RB 863129 24,2 Aaa 24,4Aan 25,0Aaan 25,1Aaa 25,0Aaa
RB 92579 20,6Aan 24,6Aao 24,1Aan 25,3Aaa 25,0Aaa

Averages followed by an uppercase letter in the rows, lowercase letters in the columns, and Greek letters in the tables do not differ
by Tukey’s test at a 5% significance level. CV (%) = 6.18.

Crude Protein — 1** and 2" Ratoon crops in the 2™ ratoon. In the RB 863129 variety, the best
CP contents were observed at doses of 120 and
140 kg N ha’'!, with values of 2.49 and 2.19% CP,
respectively. In the RB 92579 variety, the best CP
value found was with the dose of 120 kg N ha’,
which was significantly different from the control
treatment (Table 4).

Regarding the stem CP contents in the 1%
sugarcane ratoon crop, there was a significant
difference between doses for the RB 863129 and
RB 92579 varieties, whereas no differences were
observed between the varieties and nitrogen doses

Table 4. CP contents in the stem from the first and second ratoon crops of the three varieties of sugarcane with five
nitrogen fertilization treatments.

Crude protein, %

1° Ratoon Nitrogen rate (kg ha'))
Variety 0 60 80 120 140
RB 8675515 1,14Aac0 1,51Aan 1,20Aa0. 2,20Aaa 1,38Aaan
RB 863129 1,23BCaa 1,02Caa 1,39BCaaq 2,49Aaa 2,19ABaa
RB 925795 1,37Baa 1,81ABaa 1,75ABaa 2,52Aaa 1,64ABaa
2° Ratoon Nitrogen rate (kg ha)

Variety 0 60 80 120 140
RB 8675515 1,54Aao 1,56Aao 2,34Aan 2,19Aan 2,05Aan
RB 863129 1,94Aaa 1,83Aaa 1,70Aao 1,95Aaa 2,04Aaa
RB 925795 2,09Aa0 1,74Aao 2,00Aan 1,75Aa0 2,39Aa0

Averages followed by an uppercase letter in the rows, lowercase letters in the columns, and Greek letters in the tables do not differ
by Tukey’s test at a 5% significance level. CV (%) = 10.19.

Neutral Detergent Fiber — I*' and 2" Ratoon crops ~ the treatments for each variety and the interaction
between varieties and treatments, a significant

Table 5 shows the average values for the neutral
difference was found in the NDF.

detergent fiber of the stem fraction from the studied
sugarcane varieties. Considering the responses to
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Table 5. NDF contents in the stem from the first and second ratoon crops of the three sugarcane varieties with five

nitrogen fertilization treatments.

Neutral detergent fiber, %

1° ratoon Nitrogen rate (kg ha)

Variety 0 60 80 120 140
RB 867515 53,9Aap 50,4Cba 53,2Aaa 47,6Bbp 51,6Aac
RB 863129 56,5Aaa 42,0Dcp 45,6Cba 57,5Aac 50,9Bap
RB 92579 56,9Aa0 54,0Aaa 55,6Aaa 55,7Aaa 41,2Bbf

2° ratoon Nitrogen rate (kg ha!)

Variety 0 60 80 120 140
RB 867515 58,2Aa0 51,0Aao0 41,3Bbp 55,2Aa0 55,1Aba
RB 863129 56,6Aan 45,8Cba. 42,3Dba 50,9Bbp 55,0Aba
RB 92579 56,1Baa 41,2Dcf 46,1Cap 56,3Baa 62,1Aaa

Averages followed by an uppercase letter in the rows, lowercase letters in the columns, and Greek letters in the tables do not differ

by Tukey’s test at a 5% significance level. CV (%) = 2.08.

The NDF values exhibited large variability with
a difference of 20% between the highest value
(62.1%) and lowest value (41.2%), both of which
were observed in the RB 92579 variety in the 2™
ratoon.

Forallthe varieties, regardless of the experimental
year, the best NDF content differed from that of the
control treatment (p<0.05), which demonstrates that
nitrogen fertilization positively affects the reduction
of the NDF fraction in sugarcane. Regarding the
interaction between the different nitrogen doses and
the studied varieties, there was a difference in the
NDF contents at all N doses according to the variety
used, and within each dose, the variation between
varieties was 10.6% on average. For the dose of
60 kg N ha'!, there was a difference between the
years for all the varieties, whereas for the control
treatment, a difference was only observed between
the 1% and 2" ratoon for the RB 867515 variety,
where the NDF content was 4.3% greater for the
2" ratoon relative to the 1% ratoon. In this variety,
differences were also observed in the NDF contents
between the years at doses of 80 and 120 kg N ha’!,
with a variation of 11.8 and 7.6% from the first to
the second ratoon, respectively. However, the trends
were different because for the dose of 80 kg N ha”!,

there was a decrease in the NDF content from the
I* ratoon to the 2" ratoon, whereas there was an
increase from the 1% ratoon to the 2" ratoon when a
dose of 120 kg N ha'! was used.

For the RB 863129 variety, differences were
observed in the NDF contents between years at the
doses of 120 and 140 kg N ha! in addition to the 60
kg N ha'! already mentioned. The RB 92579 variety
in turn exhibited differences between years at doses
of 60, 80, and 140 kg N ha'!, and the best NDF result
in terms of nutritional quality was observed in the
first ratoon with 140 kg N ha'’.

Acid Detergent Fiber — I and 2" Ratoon crops

The acid detergent fiber values varied from
26.4% to 31.8% in the first ratoon and from 20.8%
to 32.7% in the second ratoon (Table 6).

Regarding the stem ADF contents in the 1%
sugarcane ratoon, there was a significant difference
between the nitrogen fertilizer doses for the RB
863129 and RB 92579 varieties, with distinct
behaviors in the ADF contents of each studied
treatment within these varieties. A difference was
observed for all the varieties in the second ratoon.
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Table 6. ADF contents in the stem from the first and second ratoon crops of the three sugarcane varieties with five

nitrogen fertilization treatments.

Acid detergent fiber, %

1° Ratoon Nitrogen rate (kg ha™)

Variety 0 60 80 120 140
RB 867515 29,2Aan 29,8Aaa 29,4Aaa 28,1Aaa 30,5Aaa
RB 863129 29,3ABao 28,1Baa 31,7ABaao. 31,4ABaao. 31,8Aan
RB 92579 26,4Baa. 29,7ABaa 31,8Aaa 30,3Aaa 28,5ABaa

2° Ratoon Nitrogen rate (kg ha)

Variety 0 60 80 120 140
RB 867515 31,9Aa0 31,8Aan 25,5Bbp 27,7Baa. 32,7Aa0
RB 863129 26,2Bba 29,7Aaba 20,8Ccp 25,5Bap 25,7Bbp

RB 92579 27,6BCba. 28,0ABba 30,9ABaa 24,5Cap 31,2Aaa

Averages followed by an uppercase letter in the rows, lowercase letters in the columns, and Greek letters in the tables do not differ

by Tukey’s test at a 5% significance level. CV (%) = 3.85.

For the first ratoon, a difference of 3.6%
between the lowest and highest ADF values was
observed for the RB 863129 variety, whereas this

In Vitro Digestibility — I** and 2" Ratoon crops

The IVDMD values for the first ratoon varied
from 55 to 66%, which are within the range expected

difference was 5.3% in the RB 92579 variety. In
terms of nutritional quality, the RB 92579 variety
in the control treatment showed the best result for
ADF (26.4%), with the lowest value, which differed
significantly from the doses of 80 and 120 kg N ha-
I, In the second ratoon, the best ADF value (20.8%)
was found in the RB 863129 variety, which differed
significantly from all the doses.

for sugarcane with a resprout age between 10 and 12
months (OLIVEIRA et al., 2001). For the 2™ ratoon,
the values varied from 63 to 79%, which is slightly
higher than those reported in the literature for this
period. There was no significant difference between
the treatments and no interaction between the
different nitrogen doses, varieties, and experimental
years (Table 7).

Table 7. Digestibility content in the stem from the first and second ratoon crops of the three sugarcane varieties with
five nitrogen fertilization treatments.

In vitro Digestibility

1° Ratoon Nitrogen rate (kg ha')

Variedade 0 60 80 120 140
RB 8675515 63,9Aa0 64,5Aa0 64,9Aa0. 66,2Aan 61,0Aa0
RB 863129 63,5Aan 67,5Aan 64,5Aa0 58,8Aaon 63,8Aan
RB 92579 61,1Aan 56,3Aao 58,6Aao0 55,0Aa0 65,5Aa0

2° Ratoon Nitrogen rate (kg ha')

Variedade 0 60 80 120 140
RB 8675515 68,4Aaa 79,8 Aaa 71,8Aaa 63,2Aaa 64,6Aaa
RB 863129 68,4Aa0 67,9Aa0 75,5Aa0 68,9Aa0 69,2Aao

RB 92579 69,5Aa0 71,3Aan 68,7Aan 69,7Aan 68,0Aa0

Averages followed by an uppercase letter in the rows, lowercase letters in the columns, and Greek letters in the tables do not differ
by Tukey’s test at a 5% significance level, CV (%) = 10.19.
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Discussion

Yield and Nutritional Value of the Plant Cane — Year
1

For the plant cane, the average yield of the three
varieties was 122.33 t ha''; this value is greater
than the national average, which is currently 74.1
ton ha'! (CONAB, 2014). The high yield can be
justified by the environmental conditions during the
experimental period, which influenced the tillering
capacity of the varieties. An average temperature of
29°C was observed during the experimental period
with an average precipitation of 153 mm in the
first 180 days of the crop cycle (Figure 1), which
is the period when the greatest tillering occurs,
and consequently, there is a greater need for water
availability and favorable temperatures. According
to Inman-Bamber (2004), water deficit in the initial
plant development phase limits sugarcane growth,
development, and yield.

The RB 863129 variety showed a higher yield
than the regional and national averages, which are
57 and 77 t ha!, respectively (CONAB, 2011). This
higher yield from RB 863129 is closely related to
the growth data that were obtained for this variety in
this experimental year, such as the number of plants
(average of 14 plants per linear meter) and dry mass
of the stems (2,700 g plant'); these parameters of
this variety had the best results relative to the other
varieties.

The average NDF of the three varieties in the
plant cane crop was 57%. In contrast to other tropical
grasses, in sugarcane, the NDF contents are lower in
the stems than in the leaves. This aspect is important
because the NDF or cell wall represents the chemical
fraction of the forage that has the closest correlation
with animal intake and performance. The ADF is
the less digestible fraction of the cell wall of forage
plants, which consists almost entirely of lignin and
cellulose (SILVA; QUEIROZ, 2002). According to
Van Soest (1994), the greater the ADF content, the
lower the digestibility will be, whereas the NDF
has a negative correlation with forage intake with

contents greater than 40% ADF and 60% NDF,
which are considered to be the limiting factors
for digestibility and intake, respectively. Thus,
these fractions were outside the limiting range for
digestibility and intake in cattle.

Variations in the CP content between sugarcane
varieties appear to be an intrinsic characteristic of
each variety primarily due to different stem/leaf
ratios between varieties. In addition, the CP content
can vary according to the age of cutting because
there are reports of a decreasing trend in the CP
content throughout the crop cycle (MELLO et al.,
2006).

The average in vitro digestibility of this study
was similar to that obtained by Okano et al. (2006)
and Carvalho et al. (2010). The NDF/Brix ratio had
an average value of 3.3; this value can be accepted
as adequate for this ratio between the analyzed
varieties to avoid the higher NDF content of certain
varieties limiting sugar intake by the animal, which
is the component that provides the largest portion
of digestible energy to the animal. A variety that
contains a lower NDF content will allow the animal
to consume more energy compared with another
variety with a slightly lower sugar content and
higher NDF content.

Stem Yield — Year 1l and 111

The average stem yield for the RB 92579
variety was similar to the maximum yield per area
according to data from the CONAB (2013), which
refer to the 2011/2012 harvest. This is explained
primarily by the maintenance of straw in the soil, by
nutrient replenishment through fertilization, and by
improved rainfall distribution during the vegetative
cycle of the crop. The average temperature between
the months of November 2010 and April 2011,
which corresponds to the first 180 days of the
crop cycle, varied between 23 and 26°C; the water
balance of the crop exhibited a short, reduced water
deficit period (Figure 2). Thus, the environmental
conditions that prevailed during this experimental
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year were determinant in the tillering capacity
of the variety. As the air temperature increases
to approximately 30°C, there is a considerable
increase in tillering and growth in terms of height,
which favors a greater vegetative propagation of
sugarcane (BONNETT et al., 2006).

The response of the ratoon cane to the application
of nitrogen fertilizer can be explained by various
factors. Anjos (1995) suggests that the response
can be explained by differences in vigor for the root
systems of the plant cane and ratoon crops, where
the latter exhibits considerably less vigor, which
makes them less able to absorb N at greater depths.

Nitrogen fertilization with increasing doses up
to 180 kg N ha! resulted in a linear increase in
stem yield of the second ratoon, where the effect is
extended to the third ratoon (VITTI et al., 2007). In
a study performed by Uribe (2010), the highest stem
yield was found when 140 kg N ha! was applied,
which confirms the results obtained in this study.

These results can be attributed to the effect of
mineralization of N from the remaining straw, which
accumulated from the previous years because,
although the straw that remained on the soil surface
had a low nitrogen content (compared with the soil
reserve), the successive harvests without straw
removal (via burning) must contribute to a higher
accumulation of N in the soil over time. The positive
effect of the presence of straw on sugarcane yield
was also reported in other studies (SOUZA et al.,
2005).

The majority of the literature available on
nitrogen fertilization in plant cane or ratoon crops
only evaluated one agricultural year and did not
consider the response to the application of fertilizers
in subsequent agricultural cycles due to the residual
effect. This is important in sugarcane because this
crop is a semi-perennial plant and uses reserves
from the root system for resprouting (VITTI et al.,
2007).

The sugarcane stem yield may be related to
the genetic characteristics of the variety, namely,

drought tolerance and rapid growth with high yield
(SCHULTZ et al., 2010). In addition, sugarcane is
an excellent soil nitrogen extractor due to the long
cycle and abundant root system. Recent research
data show that there is an enormous variation in the
extraction of N by the various varieties of sugarcane
in Brazil, which varies from 100 to 200 kg N ha™!
for the production of 100 t ha'! of stems. Of the
extracted N, 18% to 64% is exported through the
stems depending on the variety. In the study by Paes
et al. (1997), who tested three sugarcane varieties
in relation to three nitrogen fertilizer doses (0, 50,
and 100 kg ha' N), the authors obtained a positive
response for the increase in stem yield per hectare in
two of the three studied varieties and concluded that
there is a difference in the efficiency of nitrogen use
between sugarcane varieties.

Dry Matter Content in the Stems — 1°' and 2" Ratoon
crops

The literature values are in the range of 20.4
to 33.9% DM. Sallas et al. (1992) evaluated the
variation of the bromatological composition of
20 sugarcane varieties used as ruminant feed and
observed variations in the DM content between 20.1
and 27.8%. Orlando Filho et al. (1980) found that the
dry matter accumulated in the leaf + green tops for
the SP79-1011, RB72454, RB855113, RB867515,
RB92579,RB93509, C0997, and CB 4176r varieties
was higher than the amount accumulated in the stem
up to 180 and 300 days after planting (DAP). These
periods were similar to those observed in this study.

Crude Protein — I*' and 2" Ratoon crops

Oliveiraetal. (2012)evaluated the bromatological
composition and in vitro digestibility of four
sugarcane varieties, including RB 867515, and
found a CP content that varied from 2.39 to 2.52%.
No effect of the cutting year was observed on the
CP contents for the varieties and nitrogen doses. In
the study by Viana et al. (2011), a linear effect was
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observed for the crude protein content in response to
the applied nitrogen. This increase in protein content
as a response to nitrogen fertilization is observed in
various studies with other forage grasses (PUOLI et
al., 1991; KERING et al., 2011).

Generally, sugarcane leaves have a nitrogen
content five to six times higher than the stems, which
is most likely due to the higher enzymatic activity
in the leaves. However, because the stems represent
80% of the plant, the crude protein content in the
entire plant rarely exceeds 2% of the DM.

Neutral Detergent Fiber — I*' and 2" Ratoon crops

The variations in the NDF contents of this study
are in accordance with those found by Nussio et al.
(2006), who observed a large NDF variation ranging
from 37.9 to 63.9% in sugarcane samples. This
difference in percentage units is of great importance
considering the limited capacity for NDF intake by
animals.

In general, the NDF content of sugarcane is low
compared with other tropical forages with high dry
matter production potential per hectare. This fact is
explained primarily by the cutting age of the plant,
which occurred at 10 months; the cane had already
reached maturity and contained a high sucrose
content.

Korndorfer et al. (2002) compared the effect of
nitrogen fertilization in seven sugarcane varieties
and observed that the fiber content in the canes
decreased as the nitrogen increased. According
to Toppa et al. (2010) N increases the length of
the sugarcane stems, which reduces the cell wall
thickness, potentially reducing the percentage of
fibers in the plant. In studies with other forage plants,
a reduction in the NDF content has been attributed
to nitrogen fertilization (DUPAS et al., 2010,
FREITAS et al., 2012). The NDF from sugarcane
exhibits low digestibility, 40% on average, and thus,
the reduction in its levels leads to better quality
roughage (MAEDA et al., 2011)

Acid Detergent Fiber — I*' and 2" Ratoon crops

PATE et al. (2001) studied the nutritional value
of commercial sugarcane varieties and observed a
wide variation in the percentage of ADF (28.3% to
41.5%), where 66 varieties were evaluated.

In general, a clear trend in the improvement of
the ADF content with an increase in the nitrogen
fertilizer dose was not observed in this study. The
differences between the treatments with regard to
the ADF content can be explained by the intrinsic
characteristic of etiolation and internodal distance
of each variety.

Other tropical forages have shown contradicting
results regarding the response of the ADF content
to increased nitrogen doses. Kering et al. (2011)
analyzed the nutritional quality of Cynodon dactylon
fertilized with four doses of nitrogen fertilizer, with
the results showing a decrease of 25% in the ADF
content at the highest N dose. In turn, Dupas et al.
(2010) evaluated the effect of five N doses on the
nutritional quality of marandu grass (Brachiaria
brizantha, cv. Marandu) and observed that the
NDF content decreased with increased nitrogen
doses, whereas the ADF content was unaffected by
fertilization.

In Vitro Digestibility — I** and 2" Ratoon crops

Despite the statistical similarity of the averages,
the numerical differences between the varieties
occurred due to factors such as the accumulation
of sugars in the cane plant and the stage of plant
maturity at the time of harvest (SUZUKI et al.,
2010). The high IVDMD value is characteristic
of sugarcane because this forage maintains high
digestibility, including a slight increase at the end of
the vegetative cycle that coincides with maturation.
As in the work by Waramit et al. (2012), this study
also did not find a consistent pattern in the response
of the IVDMD to nitrogen fertilization. Thus, it was
difficult to draw conclusions regarding the beneficial
effect of nitrogen fertilization on the [VDMD.
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Rodrigues et al. (1997) studied 11 sugarcane
varieties and observed high digestibility coefficients;
the authors found variations between 67.57 and
77.23% in the IVDMD, though for the entire plant.

Conclusions

The RB 863129 sugarcane variety showed the
best yield and nutritional quality as plant cane with
a yield of 144 t ha! of stems, 54.80% NDF, 36.0%
ADF, 3.38% CP, and a NDF/BRIX ratio of 3.04. The
RB 92579 variety exhibited a better yield together
with the best nutritional parameters, with averages
of 131 t ha' of stems, 26% ADF, 41% NDF, and
2.44% CP in the 2" and 3 year after planting for
nitrogen fertilizer doses of 120 and 140 kg N ha™'.
Thus, this variety is recommended for the soil and
climatic conditions of the region.

Sugarcane yield and its nutritional quality
can increase considerably with the appropriate
management of nitrogen fertilization in ratoon crops.
Additionally, the observed responses of the majority
of the evaluated parameters were influenced by the
variety type.
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