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a  b  s  t  r  a  c  t

Nutritive  value  of  tropical  forages  is extremely  dependent  on  management  strategies
adopted.  The  objective  of  this  study  was  to  evaluate  the  effects  of N fertilization  doses
(0, 150,  300,  or 450  kg N/ha/year)  on chemical  composition,  in  vitro digestibility,  and  neu-
tral monosaccharides  from  cell  walls  of Panicum  maximum  Jacq. cv. IPR-86  Milenio.  Grass
samples  were  collected  after  35 d of  regrowth  from  paddocks  managed  under  rotational
stocking  (35-d  resting  and  5-d  occupation).  All nutrient  concentrations  were  affected  by
N fertilization,  except  ether  extract.  Although  crude protein  (CP)  increased  linearly  with
N dose,  most  nutrients  were  altered  according  to  a quadratic  trend.  Each  kilogram  of  N
resulted in  a  0.13  percentage  unit  increase  in  CP  content  (P  <  0.01).  Nitrogen  fertilization
led  to  a quadratic  increase  of cellulose  (P <  0.01)  and  lignin  (sa)  (P  < 0.01)  and,  thus, ADF  con-
tent  (P  <  0.01).  In  contrast,  hemicellulose  was  quadratically  decreased  (P < 0.01),  resulting
in lower  contents  of NDF with  N  application  rates  higher  than 89.3 kg/ha/year  (P < 0.01).
For  fiber  monosaccharides,  arabinose  decreased  quadratically  (P < 0.01),  following  hemi-
cellulose  decrease.  Hemicellulose  is  mainly  composed  of  arabinose  and  xylose.  Glucose
content  increased  linearly  with  the  N  supply  (P <  0.01),  and  hence,  cellulose  accumulation.
The  xylose  content  was  unaffected  by treatments.  Glucose  and  xylose  were  quantitatively
more  important  than  arabinose  in  cell  walls of Milenio  grass.  In vitro digestibilities  of  DM,
OM,  and  ADF  increased  linearly  with  N fertilization  (P <  0.01),  whereas  NDF digestibility
followed  a quadratic  trend  (P  < 0.01),  with  a maximum  response  at 349  kg  N/ha.  Improve-
ments  in  digestibility  were  also observed  for neutral monosaccharides  (P <  0.01).  For  all
treatments,  xylose  was  less  digestible  than  arabinose  and  glucose.  In  conclusion,  N fer-
tilization  increased  CP content,  stimulated  the  formation  of  glucose  and  arabinose  in  cell
walls, leading  to  a higher  forage  quality.  Forage  quality  was enhanced  with  N doses  up to
300 kg/ha/year.

© 2013 Elsevier B.V. All rights reserved.

Abbreviations: DM, dry matter; OM,  organic matter; CP, crude protein; NDF, neutral detergent fiber assayed without a heat stable amylase and expressed
inclusive of residual ash; ADF, acid detergent fiber expressed inclusive of residual ash; CEL, cellulose; HEM, hemicellulose; NFC, nonfiber carbohydrates;
IVDMD, in vitro dry matter digestibility; IVOMD, in vitro organic matter digestibility; NDFD, neutral detergent fiber digestibility; ADFD, acid detergent fiber
digestibility.
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1. Introduction

Nutritional value of forages is extremely dependent on management adopted. Growth of tropical grasses is mainly affected
by such factors as age of crop, light intensity, water, temperature, and level of fertilization. In the 1960s, Dienum et al.
conducted several experiments to evaluate the effects of temperature, light intensity, and nitrogen fertilization on nutritive
value of grasses. In a trial involving tropical grasses, high temperatures promoted dry matter (DM) production, but an adverse
effect on digestibility was reported (Dienum and Dirven, 1972). Higher DM yields were achieved at 35 d of regrowth and
were associated with N fertilization (Dienum and Dirven, 1975). These authors speculated that high temperature in tropical
areas could be a plausible explanation for the poor quality of tropical grasses. Despite Wilson and Minson (1980) confirmed
that the temperature is an important factor for the low quality of tropical species, other factors were also important, such
as the plant growth potential and nitrogen utilization, leaf morphology, stem development, and sward structure.

Wilson (1973) reported that an increase in N application from low to moderate rates increased the digestibility by
3–5 percentage units and had a small positive effect on the percentage of water-soluble carbohydrates in a tropical grass
(Panicum maximum Jacq. var. trichoglume). Overall, N supply is often considered the most important limiting factor for
biomass accumulation, followed by water availability (Lemaire et al., 2008). Because the climate is variable, large amounts
of N fertilizer have been frequently applied in efforts to obtain higher DM yields.

Protein accumulation in the cell due N fertilization dilutes cell wall components, leading to a high forage digestibility
(Van Soest, 1994). Furthermore, protein accumulation in fertilized crops may  improve the ruminal environment and increase
microbial growth and fiber digestion due to increases in rumen NH3 (Hoover and Miller-Webster, 2000). In grazing systems,
forage prehension might be additionally facilitated by N fertilization, mainly due to the higher green leaf mass per unit area
(Peyraud and Astigarraga, 1998).

Few studies have evaluated in detail the nutritional quality of Panicum maximum Jacq. cv Milenio in rotational stocking
systems under N fertilization. Thus, the objective of this study was  to evaluate the effects of N application rates (0, 150,
300, or 450 kg N/ha/year) on NDF monosacharides composition and in vitro digestibility of Milenio grass. We  hypothesized
that intermediate doses of N could maximize grass quality and production, avoiding N excess in tropical grazing systems.
Grazing study data has been previously published (Sarmento et al., 2005; Lugão et al., 2001).

2. Materials and methods

2.1. Location, treatments and sampling

The experiment was  conducted at the Agronomic Institute of Paraná, in Paranavaí, PR, Brazil. Soil was  classified as a
dystrophic Red-Yellow Argisol with a sandy texture; with composition 89% sand, 10% clay, and 1% silt, and 69.2% base
saturation and 10.7 mg/dm3 phosphorus.

A total of 32 paddocks (varying from 839 m2 to 1687 m2 each) cultivated with Panicum maximum Jacq. cv. Milenio grass
(IPR 86) randomly received one of the following N fertilization treatments: 0, 150, 300, and 450 kg N/ha/year as ammonium
nitrate (eight paddocks per treatment). The paddocks were managed with rotational stocking (35-d resting and 5-d occupa-
tion periods). Grass samples were collected at 35 d of regrowth in one grazing cycle during the summer (December 2001).
Five different points of the paddock were randomly sampled immediately before animal occupation. Samples were cut at a
5 cm height from the soil surface and composed by paddock.

2.2. Sample analysis

After collection, samples were manually chopped, dried in a forced-air oven at 60 ◦C for 72 h and ground using a Wiley
mill with a 1 mm sieve. Sub-samples were analyzed for dry matter at 105 ◦C (DM; index no. 934.01), ash (index no. 942.05),
and ether extract (index no. 920.39; AOAC, 1990), crude protein (CP; Wiles et al., 1998), neutral detergent fiber (NDF;
without sodium sulfite and alpha amylase, expressed inclusive of the residual ash) and acid detergent fiber sequentially
(ADF; expressed inclusive of the residual ash), according to Van Soest et al. (1991), and lignin (sa) (Robertson and Van Soest,
1981). Organic matter (OM) was calculated as the loss in sample weight upon ashing. Nonfiber carbohydrates was computed
as OM – CP – NDF – ether extract. Hemicellulose (HEM) was estimated as NDF minus ADF and cellulose as ADF minus lignin
(sa).

In vitro true digestibility of DM (IVDMD), OM (IVOMD), NDF (NDFD), and ADF (ADFD) were measured according to Goering
and Van Soest (1970). Briefly, 100 mL  tubes containing 500 mg  sample (dry and 1 mm milled), 10 mL  of buffer solution, and
12 mL  of rumen fluid (from a non-lactating cow fed hay) were sealed and incubated for 48 h at 39 ◦C. The true digestibility
was obtained after washing the residuals with neutral detergent solution (Goering and Van Soest, 1970).

Concentrations of neutral monosaccharides (arabinose, xylose, and glucose) were analyzed both in the forage NDF  and
in the residual NDF after in vitro digestibility incubation. Shortly, after NDF isolation (Van Soest et al., 1991), cell walls
were hydrolyzed with sulfuric acid 72% (w/w) and the solution was  neutralized with ammonia hydroxide. Monosaccharides
were reduced by sodium borohydride and converted into alditol acetate by adding 1-methylimidazole and acetic anhydride
(Harris et al., 1988). Monosaccharides were determined by gas-liquid chromatography (Hewlett-Packard 5890 Series II using
a 12 m × 0.32 mm  capillary column SGE-ID-BPX70 0.25 [S/N 4010A53 and P/N 054605]). The operational parameters of the
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