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ABSTRACT - This study was carried out on a low-productive Brachiaria brizantha cv. Marandu pasture, mixed with
Arachis pintoi cv. Belmonte (forage peanut), established 13 years ago in a Red-Yellow Latosol in Acre State, western Brazilian
Amazon. The purpose was to evaluate the response of this pasture to different fertilizer combinations, aiming at identifying
the nutritional factors responsible for the fall of pasture carrying capacity and for the reduced vigor of forage peanut. It was
used a randomized complete block design, with three replications and 12 combinations of nitrogen, phosphorus, potassium,
lime, sulfur, and micronutrients (100 kg/ha of N, P,O5 and K,O; 300 kg/ha of dolomitic lime; 30 kg/ha of sulfur and FTE BR-10).
Fertilizers were broadcast in 5 x 5-m plots, and the experimental area was isolated from grazing for 35 days. Pasture response
to fertilizations showed that nitrogen was the main limiting nutrient to forage production. The other nutrients, applied
singly or in a combined way, without nitrogen source, did not change dry matter accumulation rate. Overall, fertilizations
with nitrogen provided dry matter accumulation rate of 115 kg/ha/day in comparison to only 32 kg/ha/day when nitrogen
was not applied. There was no response from forage peanut to fertilization, so, there are other factors responsible for its
reduced vigor of regrowth.
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Producéo e composicao botanica de uma pastagem consorciada de
graminea e leguminosa em resposta a adubacdo de manutencéo

RESUMO - Este estudo foi realizado em uma pastagem pouco produtiva de Brachiaria brizantha cv. Marandu, consorciada
com Arachis pintoi cv. Belmonte (amendoim-forrageiro), estabelecida ha 13 anos em um Latossolo Vermelho-Amarelo
no estado do Acre, Amazonia ocidental brasileira. Objetivou-se avaliar a resposta desta pastagem a diferentes combinagdes
de fertilizantes, visando identificar os fatores nutricionais responsaveis pela queda da capacidade de suporte da pastagem
e pelo reduzido vigor do amendoim-forrageiro. Foi utilizado o delineamento em blocos completos ao acaso, com trés
repeticdes, com 12 combinagdes de nitrogénio, fésforo, potassio, calcario, enxofre e micronutrientes (100 kg/ha de N,
P,05 e K,0; 300 kg/ha de calcario dolomitico; 30 kg/ha de enxofre e FTE BR-10). Os fertilizantes foram aplicados em
cobertura, em parcelas de 5 x 5 m, e a area experimental foi isolada do pastejo durante 35 dias. A resposta do pasto a
adubacdo indicou que o nitrogénio foi o principal nutriente limitante a producdo de forragem. Os demais nutrientes,
aplicados isoladamente ou de forma combinada, sem uma fonte de nitrogénio, ndo alteraram a taxa de acimulo de massa
seca. Em média, as adubagbes com nitrogénio proporcionaram taxa de acimulo de massa seca de 115 kg/ha/dia, em
comparagdo a de apenas 32 kg/ha/dia quando ndo foi aplicado nitrogénio. Ndo houve resposta do amendoim-forrageiro
a adubacgdo, logo ha outros fatores responséveis pelo seu reduzido vigor de rebrota.
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Introduction 64 million heads, representing 29% of the total pasture area
and 33% of the total Brazilian cattle herd (IBGE, 2005).
The process of regional development in Brazilian Farmers in tropical countries are under increasing
Amazon converted 65 million hectares of native vegetation pressure to cease expansion of livestock activities in native
into agricultural land use until 2004 (INPE, 2005). ecosystems areas, especially inrain forests, and at the same
Approximately 80% of this area — 52 million hectares — is time, they are called to improve land use efficiency in
occupied by cultivated pastures and a cattle population of production areas.
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The improvement of soil fertility under pastures is one
of the main steps in cattle production system intensification
in Brazilian Amazon, which are based on cultivated pastures
asthe main source of nutrients for grazing animals. Inclusion
of productive and persistent forage legumes on these
pastures has been one of the strategies used to increase the
supply of nitrogen and to intensify cattle production
systems in Acre state (Valentim et al., 2008).

Maintenance fertilization in cultivated pastures is still
apractice rarely used by cattle farmersin Brazilian Amazon,
although studies on this theme have started in the late
1970s. Currently, the available information about
maintenance fertilization is relatively scarce and somewhat
contradictory. For instance, studies recently carried out in
Acre and Roraima states have identified nitrogen as the
most important soil nutrient to be replenished to maintain
pasture productivity (Andrade etal., 2003, 2004; Andrade
& Valentim, 2004; Andrade & Braga, 2005), while studies
carried outduring the 1980s and 1990s, mainly in Rondénia
and Para states, have shown that cultivated pastures
respond markedly to phosphorus fertilization, but usually
they show little response to nitrogen fertilization (Teixeira
& SiméoNeto, 2000; Costa & Townsend, 2003; Dias-Filho, 2005).

No soil analysis method can accurately determine the
availability of nutrients in natural ecosystems, because
usually not all factors that influence the nutrient flows in the
ecosystemare considered (Binkley & Vitousek, 1989). This
is also true for cultivated pasture ecosystems, where the
availability of nutrients is strongly associated with nutrient
cycling in the soil-plant-animal system (Carvalho, 1989;
Dubeuxetal., 2007). In these cases, only field fertilization
trials are able to identify nutrient limitations correctly
(Binkley & Vitousek, 1989).

Pasture of Brachiaria brizantha cv. Marandu and
Arachis pintoi cv. Belmonte, established 13 years ago in a
dystrophic Red-Yellow Latosol in Acre, Brazilian Amazon,
was identified to study the effect of maintenance fertilization
in the region, since this pasture was never fertilized and it
showed both reduced carrying capacity and low vigor of
regrowth to the legume. Therefore, a short-term field
fertilization trial was carried out to identify if soil nutrient
deficiencies were affecting the productivity of this mixed
grass-legume pasture.

Material and Methods

This study was carried out on a private farm (09°52'35" S
and 67°25'16" W) in the municipality of Senador Guiomard,
Acre, Brazil. Average annual rainfall is 1,900 mm, with a
well defined dry season from July to September, average

daily temperature is 25°C and 87% is the mean relative
humidity. The experimental area was a Brachiaria
brizantha cv. Marandu (marandugrass) pasture
established in 1991, where Arachis pintoi cv. Belmonte
(forage peanut) was introduced in 2000. This pasture had
never been fertilized and had low carrying capacity. The
soil isclassified as a Red-Yellow Latosol (pH H,0, 5.6; P
and K (Mehlich-1), 1.1 and 35.2 mg/dm3; Ca%* and Mg?2*,
1.18 and 0.49 cmol /dm3; H + AI3*, 6.55 cmol /dm?3; BS,
1.76 cmol /dm3; CEC atpH 7.0, 8.31 cmol /dm?3; V, 21.1%;
OM, 1.70 dag/dm3; clay, 15.6%; silt, 18.3%:; sand, 66.1%).

Initial sward condition, in terms of total height and
forage mass (Table 1), indicated that this mixed pasture was
being correctly managed under continuous stocking.
However, despite its good stand, the grass component
showed signs of chlorosis. Peanut forage showed only
regular vigor of regrowth and its percentage in botanical
composition (6.7%) was lower than the expected four years
after it had been planted. The level of weed infestation
(mainly sedges) and percentage of ground cover
characterized the pasture as “productive”, according to
criteria of agricultural degradation of pastures established
by Dias-Filho (2005).

The experiment was established during the rainy
season, in December 2004, with twelve fertilizer
combinations arranged in a randomized complete block
design, with three replications. Nitrogen, phosphorus
and potassium were applied at two different levels (0 and
100kg/haofN, P,Ozand K,0), inthe forms of urea (45%
N), triple superphosphate (45% P,0z, 20% CaO, 1.5% S)
and potassium chloride (58% K,0), settinga 23factorial,
plus four additional fertilizer combinations: NPK + lime
(300 kg/ha of dolomitic lime), NPK + S (30 kg/ha of sulfur),
NPK + micronutrients (30 kg/ha of fritted trace elements
FTE BR-10) and complete — N (P, K, lime, S and
micronutrients).

Table 1 - Initial sward condition and botanical composition of
the mixed marandugrass and forage peanut pasture

Pasture Mean * standard Minimum  Maximum
characteristic deviation

Sward height (cm) 27.9 £ 2.3 20.9 32.3
Bare ground (%) 19.0 + 8.2 4.7 47.7
Forage mass

(kg/ha of DM) 2,865 + 320 1,963 3,455
Marandugrass (%) 828 £ 5.9 71.7 94.3
Forage peanut (%) 6.7 + 3.8 1.0 16.3
Weeds (%) 10.5 £ 4.3 4.0 20.0
Forage peanut

vigor (from 1 to 5) 3.3+£0.2 2.8 3.6

1 = very bad; 2 = bad; 3 = regular; 4 = good; 5 = excellent.
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The fertilizers were applied uniformly to 5 x 5 m plots
and the experimental area was protected from grazing for
35 days, when pasture response to fertilization was
evaluated. Sward condition in each plot was characterized
in relation to height (cm), ground cover (%), forage mass
(kg/ha), botanical composition (marandugrass, forage
peanut and weeds) and legume vigor, immediately before
fertilization and after grazing off period. Samplings were
performed at three points in each plot, in a systematic way.
Sward height was measured with a graduated ruler and
ground cover, botanical composition and legume vigor
were visually estimated inside a 0.5 m x 0.5-m area. Initial
forage mass was determined by double sampling technique,
based on sward height (cm) and ground cover (%) index
(HCI=height x ground cover/100) and a calibration equation
obtained from 12 samples clipped toa 10 cm stubble height
outside the plots. Final forage mass was calculated by
clippingtwo 1.0 x 1.0 m samples to a 10 cm stubble height,
in each plot, which were pooled and weighted. Forage
samples of 300 g were oven-dried at 55°C, for 72 hours, and
weighted. Dry mass (DM) accumulation rate (kg/ha/day)
was calculated dividing total forage mass accumulated
(kg/ha of DM) by 35 days.

Data obtained 35 days after fertilization for sward height,
forage mass, botanical composition and legume vigor were
adjusted by analysis of covariance using the respective
data obtained before fertilization (covariates) to account
for initial variation among plots. In addition, percentage
data were submitted to angular transformation, and back
transformed after analysis for presentation. Two data sets
were submitted to analysis of variance, both inarandomized
complete block design. The first data set was analyzed
according to a 23 factorial scheme, with two levels of N, P
and K fertilization. Significant interactions (P<0.05) were
conveniently decomposed by using SLICE command of
PROC GLM, available inthe SAS computer program (Littell
et al., 1991). The second data set, consisting of the four
additional fertilizer combinations plus the control and NPK,
was submitted to analysis of variance with means grouped
by the Scott-Knott test, at the 5% level of probability.

Results and Discussion

There was asignificanttriple interaction (P<0.05) for
DM accumulation rate (Table 2) and for sward height
(Table 3), but not for ground cover (Table 4). The
decomposition of these interactions showed that nitrogen
fertilization increased DM accumulation rate and sward
heightirrespective of P or K fertilization, but the application
of P or K fertilizers only increased pasture growth (sward

height and forage mass) when associated with N+K and
N+P fertilizers, respectively. On average, the application of
100 kg/ha of N more than triplicated pasture DM
accumulation rate and doubled sward height 35 days after
fertilization, when compared with the absence of N
fertilization. This pasture response to NPK fertilization
clearly demonstrated that availability of P and K were not
limiting pasture growth, unless high levels of N fertilization
were used.

The confirmation that this pasture did not respond
significantly to phosphorus fertilization in a soil with only
1.1 mg/dm? of P (Mehlich-1) suggests that this method of
analyzing P availability in soils under established pastures
may have serious drawbacks. The same problem was detected
in several studies carried out in established pastures in
Brazil (Luzetal.,2000; Andrade etal., 2001; Oliveiraetal.,
2001; Magalhéesetal., 2007), and apparently it is caused by
the inherent fails of the traditional P extractors that do not
have the ability to extract the labile organic and microbial P
fractionsinthesoil (Thien & Myers, 1992; Cantaruttietal., 2004;
Raij, 2004), bothimportantto plant nutrition in field conditions
(Thien & Myers, 1992; Rao, 2001; Siqueira et al., 2004).
According to Macedo (2004), the recommendations of P
fertilization to pasture establishmentare well calibrated to the
Cerrado soils, but these recommendations to pasture
maintenance are still problematic.

Percentage of ground cover was affected only by N
fertilization, which permitted complete soil coverage by the
sward after a 35-day rest period (Table 4) as a result of the

Table 2 - Dry mass accumulation rates (kg/ha/day) in a mixed
marandugrass and forage peanut pasture, after a
35-day rest period (NPK fertilization)

Effect of nitrogen

PO P100
KO K100 KO K100 Mean
NO 32.3 33.2 33.5 24.3 30.8
N100 88.7 74.1 105.3 140.0 102.0
P>F 0.001 0.001 0.001 0.001
Effect of phosphorus
KO0 K100
NO N100 NO N100 Mean
PO 32.3 88.7 33.2 74.1 57.1
P100 33.5 105.3 24.3 140.0 75.8
P>F 0.912 0.115 0.379 0.001
Effect of potassium
NO N100
PO P100 PO P100 Mean
KO0 32.3 33.5 88.7 105.3 65.0
K100 33.2 24.3 74.1 140.0 67.9
P>F 0.931 0.367 0.159 0.003
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higher pasture growth and, consequently, higher leaf area
index and light interception.

Fertilization with sulfur, dolomitic lime or micronutrients
inadditionto NPK fertilization had no significant (P>0.05)
effect on pasture DM accumulation rate, sward height and
ground cover, when compared to NPK fertilization alone
(Figure 1). In fact, pasture response in terms of DM
accumulation rate and sward condition was not affected by
the application of these nutrients in addition to PK
fertilization (complete —N), when compared to the control.
These results confirm that the mixed pasture was not limited
by deficiencies of S, Ca, Mg or micronutrients and it
contributes to increase the evidence that nitrogen was the
main soil nutrient limiting pasture yield.

Two experiments carried out on pastures established
20yearsago with Brachiariahumidicola in Quartzarenic
Neosols in Roraima, Western Brazilian Amazon, using the
same methodology of the present study, also showed that
maintenance nitrogen fertilization is essential to restart the
productivity of old grass pastures (Andrade & Braga, 2005).

The productivity of newly-sown grass pastures
generally declines after a few years in the tropics and
subtropics when maintenance fertilization is not practiced
—aphenomenon commonly referred as pasture degradation
in Latin America (Cadischetal., 1994) or pasture run-down
innorthern Australia (Myers & Robbins, 1991). Several studies
carried out in Western Brazilian Amazon (Neill etal., 1997;
Andrade et al., 2003, 2004; Andrade & Valentim, 2004;

Table 3 - Sward height (cm) in a mixed marandugrass and forage
peanut pasture after a 35-day rest period (NPK
fertilization)

Effect of nitrogen

PO P100
KO K100 KO K100 Mean
NO 42.1 44.0 41.2 40.9 42.1
N100 76.0 69.2 83.0 94.8 80.7
P>F 0.001 0.001 0.001 0.001
Effect of phosphorus
KO0 K100
NO N100 NO N100 Mean
PO 42.1 76.0 44.0 69.2 57.8
P100 41.2 83.0 40.9 94.8 65.0
P>F 0.809 0.067 0.398 0.001
Effect of potassium
NO N100
PO P100 PO P100 Mean
KO0 42.1 41.2 76.0 83.0 60.6
K100 44.0 40.9 69.2 94.8 62.2
P>F 0.598 0.933 0.073 0.005

Andrade & Braga, 2005), central Brazil (Drudietal., 1995;
Oliveira et al., 2001) and Australia (Robbins et al., 1989;
Robertson et al., 1993) have demonstrated that a decline in
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Figure 1 - Effectof fertilizer combinations on DM accumulation
rate, sward heightand ground cover inamixed pasture,
after a 35-day rest period.
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soil nitrogen availability is one of the main causes of this
phenomenon. The causes of the decreased soil N availability
have been attributed to an accumulation of low-quality
plant litter and root materials in C4 grasslands and,
consequently, to an increase in net immobilization by soil
microorganisms (Robbinsetal., 1989; Robertsonetal., 1993;
Urquiagaetal., 1998). Theannual N deficitin tropical grass
pastures have been estimated in 60 to 100 kg/ha (Myers &
Robbins, 1991; Cadischetal., 1994).

Despite the broad occurrence of soil N deficiency in
non-fertilized aged grass pastures intropical and subtropical
regions, the results of studies carried out in the Brazilian
Amazon during the 1980s and 1990s mainly in Rondéniaand
Para states, have led to a commonly accepted concept that
cultivated pastures in the region respond markedly to
phosphorus fertilization, but they usually show little
response to nitrogen fertilization (Teixeira & Siméo Neto,
2000; Costa & Townsend, 2003; Dias-Filho, 2005). The
discussion about this controversy is out of the scope of the
present paper, but the current level of knowledge about N
cycling and maintenance N fertilization in tropical grass
swards suggests that this concept may be failed. Research
ontropical areas since the 1960s clearly demonstrated the
highly responsive nature of tropical grasses to N fertilization
(Martha Jr. etal., 2007). In the Peruvian Amazon, the dry
mass production of Brachiaria decumbensincreased linearly
up to doses of 400 kg/ha of N per year (Toledo & Morales,
1982). In Acre, Panicum maximum cv. Tanzania also
responded linearly to nitrogen fertilization up to doses of
180 kg/ha of N per growing cycle (Andrade et al., 2003).

Other evidencesthat old grass pastures in the Brazilian
Amazon were limited by soil nitrogen deficiency have
been brought by studies of soil N transformations in
chronosequences of forests and pastures at different ages.
For example, Neill etal. (1997) examined soil inorganic N
concentrations, net mineralization and nitrification rates in

Table 4 - Percentage of ground cover, marandugrass and forage
peanut in a mixed pasture, after a 35-day rest period
(NPK fertilization)

N P,0g K,0
Dose (kg/ha) Ground cover (%)
0 91.3 96.5 95.4
100 100.0 94.8 96.0
P>F 0.001 0.180 0.557
Dose (kg/ha) Marandugrass (%)
0 77.6 84.5 84.7
100 89.5 82.7 82.5
P>F 0.001 0.420 0.315
Dose (kg/ha) Forage peanut (%)
0 8.9 5.7 6.6
100 5.0 8.3 7.3
P>F 0.042 0.134 0.498

six forests and eleven pastures established 3 years ago or
before on ultisols and oxisols that encompassed a wide
variety of soil textures and spanned a 700-km geographical
range on the state of Ronddnia, southwestern Brazilian
Amazon. Rates of net N mineralization and net nitrification
were lower in pasture soils than in forest soils, and this was
not related to changes in soil total carbon or nitrogen
concentrations. According to the authors, the consistent
pattern of lower rates of net N transformations on pasture
soils compared with forest soils across a range of soil types,
soil textures and pasture ages suggest that changes to soil
N cycling caused by deforestation for pasture may be
Basin-wide in extent.

The occurrence of soil N deficiency in non-fertilized
aged grass pastures is probably widespread in the Amazon
biome as in other tropical regions, and it represents one of
the main causes of the high degree of pasture degradation.
This assertion is not based only in the present study.
Several studies carried out in the Amazon region using a
similar methodology have showed that maintenance nitrogen
fertilization is essential to restart the productivity of old
grass pastures. These experiments were conducted in
pastures established with several grass species (Brachiaria
brizantha, B. decumbens, B. humidicola and Panicum
maximum) in differentsoil types in states of Acre (Andrade
etal., 2003, 2004; Andrade & Valentim, 2004) and Roraima
(Andrade & Braga, 2005), and also in other countries of the
Amazonregion, like Bolivia (Vallejos, 1986) and Venezuela
(Gonzélez & Newman, 1995; Pietrosemoli et al., 1996;
Urbano et al., 2005). The implications of this finding are
very important to help farmers, extension agents and policy
makers to deal with the great problem of pasture degradation
in the region.

Despite the short duration of the fertilization trial,
consistent changes in botanical composition were observed
inresponse to NPK fertilization in this study. N fertilization
increased the percentage of marandugrass and decreased
the percentage of forage peanut (Table 4), probably as a
consequence of the higher growth of the grass. Phosphorus
or potassium fertilization had no significant effect (P>0.05)
on the percentages of these pasture components; however,
there was a tendency for increase in the percentage of
forage peanut under P fertilization.

There was a significant triple interaction (P<0.05) for
the effect of NPK fertilization on percentage of weeds
(Table 5). Its decomposition showed that nitrogen
fertilization reduced significantly (P<0.05) the percentage
of weeds, regardless of P or K fertilization. This is a clear
effect of the enhancement of the grass competition capacity
against weeds, promoted by N fertilization. Potassium
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fertilization increased significantly (P<0.05) the percentage
of weeds only when associated with P fertilization (without
N fertilization). Phosphorus fertilization reduced (P<0.05)
weed percentage only when associated with N + K fertilizers.

Several studies show that N fertilization is detrimental
to forage peanutin mixed pastures. InVVenezuela, N fertilization
increased kikuyu grass (Pennisetum clandestinum)
percentage and decreased forage peanutand weeds percentage
after a 280-day experimental period (Urbano et al., 2005).
The same was reported in a study with the mixture of
coastcross (Cynodon dactylon) and Arachis pintoi cv.
Amarillo in Parana State (Parisetal., 2009).

Fertilization with sulfur, dolomitic lime or micronutrients
inadditionto NPK fertilization had no significant (P>0.05)
effect on pasture botanical composition when compared to
NPK fertilization alone (Figure 2), similarly to that observed
for pasture yield and sward condition. However, fertilizer
combinations including NPK increased the percentage of
marandugrass, decreased the percentage of weeds and had
no significant effect on percentage of forage peanut in
relation to the control and complete minus N.

The vigor of forage peanut was not altered (P>0.05) by
any fertilizer combination (data not presented). However,
the vigor of its plants at the end of the experimental period
was substantially higher (mean of 3.8), regardless to
fertilization, than at the onset of the experiment (mean of
3.3). One of the hypothesis of this study was that some soil
nutrient deficiencies were responsible for the reduced vigor
of the legume and, consequently, for its low percentage in

Table 5 - Percentage of weeds in a mixed marandugrass and
forage peanut pasture, after a 35-day rest period
(NPK fertilization)

Effect of nitrogen

PO P100
KO K100 KO K100 Mean
NO 14.1 12.6 10.3 15.6 13.1
N100 5.2 6.9 5.7 3.7 5.4
P>F 0.001 0.009 0.012 0.001
Effect of phosphorus
KO K100
NO N100 NO N100 Mean
PO 14.1 5.2 12.6 6.9 9.7
P100 10.3 5.7 15.6 3.7 8.8
P>F 0.101 0.726 0.174 0.041
Effect of potassium
NO N100
PO P100 PO P100 Mean
KO0 14.1 10.3 5.2 5.7 8.8
K100 12.6 15.6 6.9 3.7 9.7
P>F 0.480 0.027 0.230 0.199
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Treatments with the same color bars, in each graphic, are groups by
Scott-Knott test, at the 5% level. Dotted lines show initial sward
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Figure 2 - Effect of fertilizer combinations on botanical
composition inamixed marandugrass and forage peanut
pasture, after a 35-day rest period.
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a pasture where the grass component had its growth limited
by low soil nitrogen availability. However, the lack of
response to fertilization and the improvement of its vigor
after a 35-day rest period indicate that the hypothesis was
incorrect. In fact, considering that forage peanut is a
palatable legume, that this pasture had been continuously
grazed by milking cows without concentrate supplementation
and that the available forage were low in crude protein due
tosoil N deficiency and low legume content, it is possible
to suppose that the legume had its growth restricted by
grazing cattle exercising a high degree of selectivity.

The development of productive and persistent mixed
grass-legume pastures has been advocated as an alternative
to increase pasture sustainability in the tropics through
biological nitrogen fixation and deposition of better-quality
litter, which leads to faster nutrient turnover and an increase
in nitrogen supply (Thomas, 1992, 1995; Cantarultti et al.,
2002). However, low percentages of forage peanut in mixed
pastures, as in the present study (6.7%), are not sufficient
to solve the problem of decreasing soil N availability.
According to Thomas (1992, 1995), legumes should range
from 20 to 40% of pasture dry mass to maintain the balance
of soil N, depending, among other factors, on rates of
pasture utilization. Thus, strategies to assure higher
percentages of forage peanut in mixed pastures should be
employed to obtain significant levels of N supply to the
pasture ecosystem. Grazing management during and after
establishment is clearly one of the tools to manipulate
forage peanut percentage in mixed pastures (Ibrahim &
Mannetje, 1998; Andrade et al., 2006).

Conclusions

The low availability of soil nitrogen is one of the causes
of the decline in carrying capacity of Brachiaria brizantha
cv. Marandu pastures in Red-Yellow Latosolsin Acre. Low
percentages of Arachis pintoi cv. Belmonte in mixed grass-
legume pastures cannot overcome the low availability of
soil nitrogen.
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