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ABSTRACT - Nitrogen (N) at 100, 200, 300, and 400 kg ha-1 was applied to Tanzania grass swards to evaluate the animal
response and relationships between sward characteristics and the performance of young Nellore bulls (Bos indicus) under
continuous stocking. A completely randomized experimental design was used with two replications between 11 November 2001
and 15 April 2002 when the sward heights were maintained at 60 cm by using different stocking rates. The average daily gain
(ADG) (0.73 kg d-1) was not affected by N doses while the number of animal days ha-1 increased linearly from 515 to 1267.
On the other hand, the linear increase in the animal yield was 399, 653, 755, and 895 kg ha-1 for N at 100, 200, 300, and
400 kg ha-1, respectively, while the ratio between the liveweight gain (kg) and N (kg ha-1) decreased. Correlation coefficients
between ADG and herbage mass, green leaf mass, green herbage mass, proportion of green leaf and leaf:culm ratio were low
and nonsignificant. Under the conditions in Northwestern Paraná, the application of N to swards of Tanzania grass is a
management option for increasing beef cattle production.
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Produção animal em pastos de capim-tanzânia adubadas com nitrogênio

RESUMO - Doses de nitrogênio (N) de 100, 200, 300 e 400 kg/ha foram aplicadas em pastos de capim-tanzânia, utilizados
sob lotação contínua, visando avaliar a resposta animal e as relações entre características do pasto e o desempenho animal.
As avaliações foram realizadas no período de 10 de novembro de 2001 a 15 de abril de 2002 utilizando-se tourinhos da raça
Nelore (Bos indicus), em delineamento inteiramente ao acaso com duas repetições. A altura do pasto foi mantida em 60 cm
por meio de ajustes da taxa de lotação. O ganho médio diário (GMD) por animal dos tourinhos foi semelhante entre as doses
de N, com média de 0,73 kg/animal.dia. O número de animais.dia/ha aumentou linearmente com as aplicações de N, de 515
a 1.267. A adubação nitrogenada aumentou de modo linear a produtividade (animal/ha). Nas doses de N de 100, 200, 300
e 400 kg/ha, a produtividade animal foi, respectivamente, de 399, 653, 755 e 895 kg de peso vivo/ha. A razão kg de peso
vivo/kg de N aplicado reduziu com o aumento da dose de N. As correlações entre o GMD por animal e a massa de forragem,
a massa de folha verde, a massa de forragem verde, a participação de folha verde e a razão folha:colmo foram baixas e não-
significativas. Nas condições do noroeste do Paraná, aplicações de N em pastagens de capim-tanzânia são alternativas para
aumentar a produção de bovinos de corte.

Palavras-chave: adubação nitrogenada, desempenho animal, gramínea tropical, Panicum maximum

Introduction

Tropical grasses have been the most important herbage
plants for beef cattle production in Paraná State, Brazil,
where sward fertilization is still rare under most on-farm
conditions. Liming and other mineral nutrients, in
conjunction with proper management, have induced
higher animal responses to N (Vicente-Chandler, 1974)
which is the most important nutrient for increasing both the
herbage production and the animal yield (Whitehead, 1995).

Tanzania grass was released in 1990 by the Embrapa
Gado de Corte in conjunction with various research

institutes (Jank et al., 1994) where results from the
various beef cattle regions (Lima et al., 1969; Lugão,
2001; Euclides et al., 2007b) showed that fertilizing
Panicum maximum cultivars with N have had significant
responses of animal yield, i.e the liveweight gain, milk
or wool production per hectare (Mott, 1981).

High N doses have increased the ADG evaluated in
swards of pearl-millet (Pennisetum americanum (L.)
Leeke) under continuous stocking (Moojen et al. 1999),
the animal yield and stocking rates (Canto, 2003; Euclides
et al., 2007b) and have also modified the sward
characteristics of Panicum maximum (Sarmento et al.,
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2005; Euclides et al., 2007a). The ADG of young Nellore
bulls grazing swards of Tanzania grass was 0.91 kg d-1

during the growing season (Canto, 2003) and 0.63 kg d-1

in the winter (Canto et al., 2002). Furthermore, Boval et al.
(2002), who imposed similar herbage allowance, reported
that N applied to Dichathium spp. under intermittent
stocking affected the sward height, structural composition,
leaf lamina mass, and the crude protein concentration,
which were also responsible for modifying the ingestive
behavior of Creole heifers. In tropical grasses, the herbage
mass and sward heights modified the herbage intake and
animal performance (Burns & Sollenberger, 2002).
According to Gontijo Neto et al. (2006), the availability of
dry matter (DM), leaves, the sward height, and the leaf:culm
ratio had high correlation with the herbage intake of
Tanzania grass under different leaf lamina allowances
under intermittent defoliation. However, in the Brazilian
subtropics, reports of the effects of continuous stocking
on the performance of young Nellore bulls grazing Tanzania
grass swards fertilized with different N doses are still rare.
The objective of this grazing trial was to verify the effects
of four N fertilization rates on the ADG, herbage allowance,
animal yield and stocking rate of Tanzania grass under
continuous stocking and the influence of sward
characteristics on the ADG of young Nellore bulls.

Material and Methods

The present experiment was conducted on the Nossa
Senhora Aparecida Farm (latitude 23o18'S, longitude
51o51'W and altitude 405.7 m), Northwestern Paraná,  Brazil.
The climate is  Cfa with rainy summer and dry winter and the
total rainfall observed during the experimental period 10
November 2001 and 15 April 2002 was 788 mm. The average
rainfalls in the region were 201.5, 196.6, 153.8, 146.7, and
130.2 mm during December, January, February, March, and
April (Deffune et al., 1995).

The experiment was established in a dystroferric red
latosol (0xisol) (Embrapa, 1999). Previously, in the 1998/
1999 growing season, P2O5 at 180 kg ha-1 as commercial
single super-phosphate and K2O at 60 kg ha-1 as potassium
chloride (Comissão de Fertilidade do Solo RS/SC, 1995)
were applied to the soil and soon after both fertilizers were
incorporated using a tandem disk harrow. N at 250 kg ha-1

was also applied as urea. Seeds at 10 kg ha-1 were also
spread on  the soil surface and then incorporated at a depth
of 1.5 cm into the soil to establish 8.9 ha of Tanzania grass
at the end of September 1998. In the present experiment, a
mixture of P2O5 at 120 kg ha-1, boron and zinc at 3 kg ha-1

was applied in September 2001. The chemical analysis
indicated a soil with pH CaCl2 = 5.4, Al+3 = 0.0 cmolcdm-3,
H++Al+3 = 3.66 cmolcdm-3, Ca++ = 7.7 cmolcdm-3, K+ =
0.63 cmolcdm-3, P = 8.4 mg dm-3, and C = 14.5 g dm-3. No
liming or potassium fertilization was necessary. A randomized
complete design was used with four treatments and two
replicates in which N at 100, 200, 300, and 400 kg ha-1 as
ammonium nitrate were divided and one-third was applied
in 21 November 2001 and two-thirds in 15 January 2002 at
100 kg ha-1. Furthermore, three one-third levels were
applied in 21 November 2001, 15 January 2002 and 05
February 2002 at 200, 300, and 400 kg ha-1.

The experimental paddock consisted of an area of
approximately 0.9 and 1.1 ha. Every paddock had a trough
with mineral salts and a 1000 L water reservoir  which was
properly set up on the opposite side. The young Nellore
bulls, which were the animals evaluated in the present
experiment, had an average liveweight of 300 kg and
were properly wormed one-month before the beginning
of the experiment. The grazing method was continuous
stocking with variable stocking rate (Mott & Lucas,
1952). The put-and-take animals were temporarily moved
to an adjacent Tanzania grass pasture which was maintained
at 60 cm height.

The sward heights were maintained at 55 cm in the
paddocks fertilized with N at 100 kg ha-1, 61 cm for N at
200 kg ha-1, 62 cm for N at 300 and 400 kg ha-1 by using a
ruler for monitoring through 50 measurements which were
collected every week at random from ground level up to the
arc of the leaf lamina or the extreme of the uppermost leaf.
Every month, the herbage mass was evaluated by the
double sampling method (Wilm et al. 1944) and the
morphological components were harvested within
quadrats of  1.00 m2  where the plants were clipped close
to the ground. Thereafter, the samples were packed in
paper bags and frozen. The herbage mass was calculated
by the equation by Gardner (1986). The morphological
components, which were previously partitioned into leaf
lamina, leaf sheath and culm, and dead material, were
oven-dried at 60oC for 48 hours.

Three young Nellore bulls were used to evaluate the
ADG from every experimental unit under N at 100 kg ha-1

and four animal testers were used to evaluate the ADG from
every experimental unit which was fertilized with the three
other doses. They were weighed after fasting for 14 hours
at the beginning and end of the experimental period. The
animal yield was calculated by multiplying the ADG versus
the number of animal days ha-1 (Mott, 1960). The number
of animal days was calculated by using the average number
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of animals per hectare versus the number of grazing days
(Mott and Lucas, 1952); the number of animal days or
stocking rate was also expressed by the liveweight carried
per hectare. The herbage allowance was calculated from the
average of the herbage mass, herbage accumulation and the
liveweight carried per hectare (Sollenberger et al. 2005).

Analyses of variance and regression (SAS Institute,
2002) were used to investigate the sward characteristics
and the animal responses to N levels. Correlation coefficients
between the morphological composition, green leaf lamina,
and green herbage mass and the ADG were tested at 5%
probability.

Results and Discussion

The sward heights which were imposed by the grazing
management significantly affected the sward characteristics
where the herbage mass, green leaf mass and green herbage
mass were linearly increased (P<0.05) by N levels (Table 1).

According to Canto et al. (2008), the sward heights of
Tanzania grass, under continuous stocking, must be
maintained between 40 and 60 cm at the end of the spring
and during the summer. Canto (2003) and Euclides et al.
(2007a) who investigated Tanzania grass and Carassai et al.
(2008) who investigated natural grasslands, reported that
the N can modify the sward characteristics. In the present
case, the herbage mass and green leaf mass were higher
than reported by Canto et al. (2008).

The analysis of variance showed nonsignificant
differences of N levels (P>0.05) on the ADG (Table 2) which
was 0.73 kg d-1. This average indicated the cumulative
weight gain per animal of 114.6 kg for 157 days. The leaf:culm
ratio was linearly reduced (P<0.05) from 1.30 to 0.79 (Table 2)
and no effect of N levels was  detected on the proportion of
the green leaf DM which was 335 g kg-1 and green herbage
DM which was 629 g kg-1 (P>0.05).

Nonsignificant differences in the ADG (Table 2) were
caused by the green leaf mass and green herbage mass and
the proportion of green leaves on the sward structure
(Table 1). ADG of 0.83, 0.73, 0.82 kg d-1 (Euclides et al.,
1993, Euclides, 1995, Tosi, 1999) were also found in

Tanzania grass swards during the growing season. The
explanation for similar ADG is that N improves the crude
protein in the leaves of tropical grasses (Lupatini, 1996;
Canto, 2003). In addition, high quantities of available
herbage induce to bite choices from which the animals
select the more palatable parts of the plants (Maraschin,
1997).

Green leaf mass of about 1000 kg ha-1 (Chacon et al.,
1978) maximized the milk yield of grazing cows. The herbage
intake and the intake of digestible organic matter of
Bothriocloa spp. (Forbes & Coleman 1993) were improved
under green leaf mass of 1000 kg ha-1. In Brazil, tropical
bunch grass swards with leaf lamina mass greater than
1000 kg ha-1 promoted ADG about 1.0 kg d-1 (Setelich,
1999; Almeida et al., 2000; Canto, 2003).

According to Canto (2003), Tanzania grass fertilized
with N at 0, 200, 400, and 600 kg ha-1 under continuous
stocking had no influence on the ADG. Furthermore, the
ADG of animals in swards of dwarf elephant grass
(Pennisetum purpureum Schumach.) cultivar Mott
(Setelich 1999) were not significant for N at 0, 250, 500,
and 750 kg ha-1 similarly to that observed in Panicum
maximum paddocks by Lugão (2001), who evaluated the
effects of N doses on young bulls raised over spring and
summer. Similar responses of ADG to the N level at
250 kg ha-1 were found in  Paraná State where Tanzania
grass was grazed by Nellore steers (Watfe, 1999).

The ADG in  the present experiment was lower than
1.0 kg d-1 which was an average that was obtained from
animals evaluated on pearl-millet swards fertilized with N
at 0, 150, 300, 450, and 600 kg ha-1 (Lupatini, 1996) and
lower than the reports by Setelich (1999) and Almeida et al.
(2000), who investigated animal responses on swards of
dwarf elephant grass cultivar Mott. The ADG decreased
between March and April in Northwestern Paraná where
some experiments were also conducted either under
intermittent (Lugão, 2001) or continuous stocking (Watfe,
1999; Canto, 2003). This reduction was caused by the
presence of reproductive stages and also by herbage

Table 1 - Herbage mass, green leaf mass, and green herbage mass

N dose Herbage mass Green leaf mass Green herbage mass
(kg ha-1) (kg DM ha-1)

1 0 0 6600 2335 3967
2 0 0 8100 2661 4673
3 0 0 8237 3035 5444
4 0 0 9670 3204 6488
Mean 8152 2809 5143

Table 2 - Average daily gain, leaf:culm ratio, green leaf and green
herbage proportion

Dose Average daily Leaf:culm Green leaf Green
(kg ha-1) gain  ratio herbage

(kg d-1)                (g kg-1 DM)

1 0 0 0.77 1.30 3 5 1 6 0 0
2 0 0 0.70 1.18 3 2 2 5 8 3
3 0 0 0.73 0.90 3 4 6 6 6 1
4 0 0 0.71 0.79 3 2 2 6 7 1
Mean 0.73 1.04 3 3 5 6 2 9
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aging. Structural modifications in Tanzania grass are
caused by the inter-node elongation which occurs before
the reproductive stages. Sward height maintained at 60 cm
in Tanzania grass had high crude protein, digestible
herbage in the upper strata and leaf lamina mass in March
and April; however, the ADG decreased in the autumn
when part of the tillers had inter-nodes elongated by the
inflorescence development as reported by Canto (2003).
Brâncio et al. (2003) also reported reduction in the rate of
herbage intake and ADG by steers grazing Tanzania grass
in the autumn because of the same structural modifications.

Not significant correlations (P>0.05) were detected
between the ADG and the herbage mass (-0.21), green leaf
mass (-0.38), green herbage mass (-0.29), leaf:culm ratio
(0.02), proportion of green leaf (0.43) and green herbage
(-0.41). These coefficients were affected by the sward
height, green leaf mass (Table 1), and the sward structure
(Table 2).  The upper stratum was also leafy and had high
nutritive value because the diet quality is always
determined by the sward structure and selective grazing
(Boval et al., 2007). On the other hand, Tanzania grass
under intermittent stocking and fertilized with N at 50 or
100 kg ha-1 at the end of the summer (Euclides et al., 2007b)
had significant correlation coefficients between the ADG
and leaf lamina mass (0.63) or the leaf:culm ratio (0.90).

There are only a few studies on the mechanisms by
which the N affects the herbage intake rate of tropical
grasses (Boval et al., 2002) although it can be affected by
the ingestive performance (Burns & Sollenberger, 2002; Da
Silva, 2004). However, the average of sward heights
evaluated under different N levels was very small as well
as the modifications in the sward heights. Therefore,
these results indicate the need of more studies on N
effects on the relationships between sward measurements,
herbage nutritive value and the ADG. Results from Palhano
et al. (2006) and Palhano et al. (2007) showed that Mombaça
grass grazed at different heights and intermittent defoliation
by Holstein heifers modified the animal movement,
herbage search  and ingestive performance and the animals
used  compensatory strategy in response to the height and
structural composition of the swards. Experiments similar to
Palhano et al. (2006) and Palhano et al. (2007) have not yet
been conducted on swards of Tanzania grass fertilized with
increasing N levels and continuous stocking.

The relationship between N levels and the capacity of
animal carrying (CV= 10.89) (liveweight) which ranged from
1454 to 2195 kg ha-1 and the number of animal days ha-1

(CV=9.39) which ranged from 576 to 1288 for N at 100 and
400 kg ha-1 were linear (Figure 1).

The highest stocking rate after increasing the N levels
occurred because there were increases in the rate of DM
accumulation at higher doses. The DM accumulation rates
were 150 kg ha-1 d-1 for N at 100 kg ha-1, 189 kg ha-1 d-1 for
N at 200 kg ha-1, 203 kg ha-1 d-1 for N at 300 kg ha-1, and
259 kg ha-1 d-1 for N at 400 kg ha-1 (Hoeschl et al., 2007).
Previous studies indicated that N fertilization increased
tillering, leaf lifespan, leaf elongation and leaf appearance
rates (Setelich, 1999; Canto, 2003). Hernandez Garay et al.
(2004) reported that the main effects caused by higher N
levels were the increases in herbage production and stocking
rate which must also be increased to achieve an efficient
conversion of herbage production into meat. Management
is a critical factor for obtaining an efficient use of the high
herbage yield of tropical grasses (Fagundes et al. 2005)
because the stocking rate in conjunction with N have
significant influence on the animal responses. In the present
case, Tanzania grass fertilized with N at 300 and 400 kg ha-1

supported stocking rates from 2500 to 3000 kg ha-1,
respectively. Therefore, such results were expected because
N always increases the stocking rate of tropical swards
(Moojen et al., 1999; Lugão, 2001; Canto, 2003).

Figure 1 - a) Stocking rate (liveweight, kg ha-1) and b) number of
animal days ha-1.
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The animal yield was linearly increased (CV=13.11) by
N levels and the ratio between liveweight gain and N levels
decreased linearly (CV=17.47) (Figure 2). Animal yield from
swards fertilized with N at 100, 200, 300, and 400 kg ha-1 were
399, 653, 755, and 895 kg ha-1 and the ratio between the gain
of liveweight and N ranged from 3.9 to 2.1.

The animal yield was also affected by the higher stocking
rate on those swards fertilized with greater N levels. The
swards fertilized with N at 100, 200, and 300 kg ha-1 had 44.6,
72.9 and 84.3% of animal yield compared to the swards
fertilized with N at 400 kg ha-1. Such responses were
consistent with the higher animal yield from tropical grasses
fertilized with higher N levels (Vicente-Chandler, 1974;
Lugão, 2001).

The animal yield is also modified by environmental
conditions such as soil fertility, rainfall, sunlight as well as
the genetic potential of the animals. The weather conditions
are important factors which can modify the sward responses
to N. Because of the high costs of DM production, the
application of N demands intensive sward management to
transform the available herbage into meat (Lugão, 2001).

The efficiency of the animal gain which results from
the efficiency of the herbage production and intake was
estimated between 1.3 and 4.7 (Mears & Humphreys, 1974;
Jones, 1990; Humphreys, 1991) and 1.8 kg liveweight per

kg N (Euclides et al., 2007b). Fagundes et al. (2005) similarly
reported (Figure 2) that the efficiency of the higher N levels
was reduced in swards of signalgrass (Brachiaria decumbens
Stapf.).

Herbage allowance, which is the result of herbage
mass, the rate of DM accumulation and stocking rate, had
a quadratic response ( Ŷ = 39.244-0.1337X+0.0002X2;
r2 = 0.88; P = 0.0024). The highest herbage allowance from
the lowest N level was caused by fewer  animal days ha-1.
Boval et al. (2000) showed that high levels of intake and
digestibility can be obtained in Dichanthium spp. based-
swards under different N levels and herbage allowances,
which were imposed at 80, 125 and 155 g DM kg-1

liveweight of heifers. In the present experiment, the herbage
allowance from N at 100, 200, 300, and 400 kg ha-1 was
lower than the mean reported by Stobbs (1978) who
found 39.8 kg DM cow-1 d-1 from Jersey dairy cows which
grazed Panicum maximum cultivar Gatton panic fertilized
with N at 250 kg ha-1. According to Adjei et al. (1980), who
evaluated steers on Cynodon swards, the increase in
DM herbage allowance to 63 g kg-1 liveweight produced
0.6 kg d-1. In the present experiment, the herbage allowance
may have induced the animals to a similar herbage intake
and such a fact is likely to have induced to similar ADG.

Conclusions

The higher animal yield and the sward carrying capacity
indicated significant animal responses to Tanzania grass
fertilized with N during the spring and summer, in
Northwestern Paraná, Brazil. Sward height of Tanzania
grass at 60 cm and fertilized with N produced herbage mass,
green leaf mass, and leaf:culm ratio that allowed similar
average daily gain in young Nellore bulls. There were no
correlations between sward characteristics, structural
composition and animal performance.
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