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RECOVERY OF DEGRADED PASTURE IN RONDONIA:
MACRONUTRIENTS AND PRODUCTIVITY OF

Brachiaria brizantha®

Norberto Cornejo Noronha(®, Cristiano Alberto de Andrade®, Fernando
Célio Limonge(4), Carlos Clemente Cerri®, Carlos Eduardo Pellegrino
Cerri®, Marisa de Cassia Piccolo” & Brigitte Josefine Feigl(5)

SUMMARY

Pasture is the main form of land use in Amazonia. Over time the pasture grass
loses vigor and yields decrease, indicating a certain degree of degeneration. The
main causes of degradation are lack of pasture maintenance and subsequent weed
infestation, the choice of regionally unsuitable forage species and excessive grazing.
The main purpose of this study was to evaluate the impact of different recovery
managements on soil chemical properties and grass yield of a degraded pasture in
Rondonia. For this purpose, an experiment was installed in October 2001, consisting
of five treatments: C = control; HA = harrowing + NPK + micronutrients; HE =
Herbicide + NK + micronutrients; R = No-tillage rice + NPK + micronutrients; and
S = No-tillage soybean + PK + micronutrients. The following N, P and K sources
were used: ammonium sulfate for N, calcined phosphate for P and potassium
chloride for K. The experiment was arranged in a randomized block design with
four replications. The shoot dry matter yield of the grass was analyzed as of the
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35t%h month of experimentation, in a dry and a rainy period. Phosphorus fertilization
resulted in significant increases in Ca2* and Mg2* and increasing trend of P in the
topsoil in the initial months of the experiment in treatments HA and S and increases
in Ca?* and P (trend) in the treatment R. The cumulative production of Brachiaria
brizantha, from Sep/2004 to Mar/2005, was 30,025, 28,267 and 27,735 kg ha! shoot
dry matter in the treatments HA, R and S, respectively. These values differed
significantly from treatments C and HE, with 17,040 and 17,057 kg ha'l, respectively.
It was concluded that phosphorus fertilization associated to pasture reform was
effective to raise the dry matter yield of Brachiaria brizantha. Rice or soybean
under no-tillage is recommended as a practice of pasture recovery, due to the
residual effect of fertilization.

Index terms: pasture rehabilitation, soil, fertilization, phosphorus, phosphate.

RESUMO: RECUPERACAO DE PASTAGEM DEGRADADA EM RONDONIA:
MACRONUTRIENTES E PRODUTIVIDADE DA Brachiaria
brizantha

As pastagens consistem no principal uso da terra na Amazonia. Com o tempo de utilizagdo
do pasto, a graminea perde o vigor e reduz a produtividade, caracterizando algum estado de
degradagdo. Entre as principais causas de degradagdo estdo a falta de manutengdo do pasto
e consequente infestacdo de plantas invasoras, a escolha de espécies forrageiras inadequadas a
regido e o pastejo excessivo. O objetivo principal desta pesquisa foi avaliar o impacto de
diferentes manejos de recuperagdo sobre os atributos quimicos do solo e a produtividade da
graminea numa pastagem degradada em Rondoénia. Para atingir esse objetivo, foi instalado,
em outubro de 2001, um experimento composto de 5 tratamentos: T = testemunha (controle);
G =gradagem + NPK + micronutrientes; H = herbicida + NK + micronutrientes; A =plantio
direto de arroz + NPK + micronutrientes; e S = Plantio direto de soja + PK+ micronutrientes.
As seguintes fontes de N, P e K foram utilizadas: sulfato de aménio para N, termofosfato para
o Pe cloreto de potdssio para o K. O delineamento experimental foi em blocos ao acaso, com
quatro repetigoes. A produgdo de matéria seca da parte drea da graminea foi analisada a
partir do trigésimo quinto més de experimentagdo, englobando um periodo seco e outro imido.
A adubagdo fosfatada propiciou incrementos significativos de Ca?* e Mg?* e tendéncia de
aumento de P na camada superficial do solo nos primeiros meses de condug¢do do experimento
nos tratamentos G e S e incrementos de Ca?* e P (tendéncia) no tratamento A. A produtividade
acumulada de Brachiaria brizantha, obtida entre os meses de set/ 2004 e mar /2005, foi de
30.025, 28.267 e 27.735 kg ha'! de matéria seca da parte aérea, nos tratamentos G, A e S,
respectivamente, as quais diferiram significativamente dos tratamentos T e H: 17.040 e
17.057 kg ha'l, respectivamente. Concluiu-se que a adubagdo fosfatada, associada a reforma
da pastagem, foi efetiva no incremento de produgdo da matéria seca de Brachiaria brizantha.
O plantio direto do arroz ou da soja é aconselhdvel como prdtica de reforma de pastagens, por
propiciar o efeito residual da adubagdo.

Termos de indexagdo: reforma de pastagem, solo; adubagdo, fésforo, fosfatagem.

INTRODUCTION

The felling of forests in the Amazon region for
agricultural or livestock production is still boosting
the regional and national deforestation rates, fuelling
criticism, mainly internationally, of the loss of
rainforest biodiversity, and the contribution to climate
change and global warming, among other aspects.

Deforestation in the Amazon is usually based on
the slash-and-burn practice, followed by some years
of crop planting and subsequent pasture installation

for livestock farming (Fujisaka et al., 1996; Fujisaka
& White, 1998; Martinez & Zinck, 2004; Cerri et al.,
2007). Pasture can also directly follow the removal of
the economically most interesting trees, burning of
the remaining vegetation at the end of the dry season
and seeding of forage grasses (Feigl et al., 1995 and
Moraes et al., 1996).

Burning, considered to be cheap, provides a
satisfactory grass yield during the first years of
pasture use due to the increased concentration of basic
cations from the ashes of the forest (Dias Filho, 1998
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and Alfaia et al., 2004). However, soil fertility tends
to decrease with time (Correa & Reichardt, 1995 and
Moraes et al., 1996), resulting in loss of grass vigor
(Dias & Griffith, 1998) and, after about 5-8 years of
grazing activity, weed infestation increases
significantly, while forage yield and quality decrease
(Buschbacher et al., 1988; Fearnside, 1996). It is
estimated that in the Amazon region more than
50 million hectares of forest have been converted into
pasture and approximately half of this area is in some
stage of degradation.

The gradual decline of soil fertility is suggested as
the primary factor of pasture degradation (Euclides,
2000), mainly due to a reduction of N (Chapman et
al., 1990; Boddey et al., 1996) and P availability (Dias
Filho, 1998). However, McGrath et al. (2001) and
Alfaia et al. (2004) concluded that conversion of forest
to pasture in the Amazon does not affect the
phosphorus content in soil, which is low in both
ecosystems. When the degrading pasture loses the
potential to maintain the cattle, new areas originally
under forest are opened for incorporation into the
livestock production system, again with forest felling
and biomass burning (Buschbacher et al., 1988).
Thus, the conventional farm in the manner described
1s not sustainable over time and the deforestation
pressure is strong. As an alternative to burning,
practices such as fertilization and soil amendment,
associated (Davies et al., 1990; Bomfim, 2001) or not
(Soares Filho et al., 1992, Costa et al., 1999; Carvalho,
1999) with overturning of the surface layer, are some
of the recommended in pasture recovery to raise
productivity to desirable levels.

Summing up, there is a six-stage degradation
sequence after the deforestation of an area: 1- suitable
for crop production, 2- unproductive for crops, 3-
suitable for animal husbandry, 4- unproductive for
animal husbandry, 5- abandoned, degraded area and,
6- deforestation of a new area. Consequently, the
maintenance of soil fertility and/or recovery of
degraded pastures can help reduce deforestation in
the Amazon. The main objective of this study was to
evaluate the effects of some management practices of
pasture recovery in Rondoénia, quantifying some
variables of soil fertility and forage productivity.

MATERIAL AND METHODS

This study was conducted on the Fazenda Nova
Vida (10°10°05” S and 62°49°27” W), in
Ariquemes, BR 364 km 472, about 250 km south of
Porto Velho - RO (Moraes et al., 1996). The mean
annual temperature and precipitation are,
respectively, 25.5 °C and 2,200 mm, with a dry season
between June and September (Bastos & Diniz, 1982).
The characteristic natural vegetation of the region is
tropical forest.
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The experimental area of three hectares was chosen
in a previous study using geostatistics, which showed
the homogeneity of soil in each block, in terms of sand
and clay contents, pH, 6 13C, 6 15N, total C and N
(Cerri et al., 2004). Brachiaria brizantha had been
planted in 1983 in the area and the soil was classified
as sandy clay loam Typic Hapludox (Latossolo
Vermelho-Amarelo distréfico, textura média).

The experiment was arranged in a randomized
block design with four replications and five
treatments, totaling 20 plots. Each plot was 40 x 40 m
(1,600 m2), with an area of 35 x 35 m (1,225 m?2),
where the treatments were applied in October 2001.

The treatments of recovery of forage productivity
were:

C: Control - degraded pasture without any kind of
management, consisting of Brachiaria brizantha +
Panicum maximum +weeds; HE: Herbicide - hand-
weeding and application of herbicide Padron to woody
stumps and Garlon to palm species; fertilization with
ammonium sulphate, KCl and micronutrients;
sequential application of the herbicide Tordon (2—4 D);
HA: harrowing + NPK + micronutrients - two diskings
with a disk harrow and one with a leveling harrow
followed by sowing of Brachiaria brizantha and
fertilization with calcined phosphate (CP) incorporated
with leveling harrow; fertilization with ammonium
sulphate, KCl and micronutrients; R: No-tillage rice
— desiccation in the whole area with glyphosate and
Gramoxone, direct seeding of rice and fertilization with
CP, top dressing with ammonium sulphate, KCl and
micronutrients; application of the postemergence
herbicides Gladium and Ally and ant control; foliar
fertilizer application of zinc sulphate, and sowing of
Brachiaria brizantha after harvest; S: No-tillage
soybean — glyphosate and Gramoxone application,
tilling and fertilization of soybean with CP;
Fertilization with KCl, application of postemergence
herbicide Basagran and ant control. Application of
manganese sulfate fertilizer to the leaves; sowing of
Brachiaria brizantha after harvest.

Information related to timing of fertilizer
application, fertilizer types, quantities of nutrients
applied in the treatments and application methods
are shown in tables 1 and 2.

Base fertilization in the HA treatment with CP
was applied on the same day as Brachiaria brizantha
sowing and incorporation with leveling harrow.

Cattle was driven to the experimental area as of
April 29, 2003. The number of heads and live weight
varied according to season and pasture conditions,
since the animals were kept in the area for 3—4 days
to lower the grass to a height near the residual height
of regrowth (15 cm). After removing the cattle, if
necessary, the grass was cut with a mower to 15 cm
height. The hay was not removed from the
experimental area.
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Table 1. Schedule of fertilizer application in the recovery treatment of low-productivity pasture with the
respective sources, nutrient contents and application form

Fertilizer

Date Treat. A . N Total K Ca Mg S Micronutrients Application
(applied quantity) P form
m/d/y kg ha'l
11/08/01 HA Calcined phophate (1020) 75.5 204.0 71.4 40.8 Broadcast
11/21/01 R  Calcined phosphate (531) 39.3 106.2 37.2 21.2 Topdressing
S Calcined phosphate (531) 39.3 106.2 37.2 21.2 Topdressing
11/24//01 R Ammonium sulfate (60) 12.6 14.4 Sidedressing
KCl (80) 42.4 37.6 Cl Sidedressing
Fritas BR12 (30) 2.4 7Zm; 0.24 Cu; 0.54 B; 0.3 Mo; 0.9 Fe; 0.6 Mn  Sidedressing
S KCl(133.12) 70.5 62.6 Cl Sidedressing
12/03/01 HE Ammonium sulfate (200) 42.0 48.0 Broadcast
KCl (50) 26.5 23.5 Cl Broadcast
Fritas BR12 (30) 2.4 Zm; 0.24 Cu; 0.54 B; 0.3 Mo; 0.9 Fe; 0.6 Mn  Broadcast
HA Ammonium sulfate (200) 42.0 48.0 Broadcast
KCl (50) 26.5 23.5Cl Broadcast
Fritas BR12 (30) 2.4 7Zm; 0.24 Cu; 0.54 B; 0.3 Mo; 0.9 Fe; 0.6 Mn  Broadcast
01/4/02 S MnSO04(1.2) 0.19 0.324 Mn Foliar
R ZnS04(0.4) 0.04 0.084Zn Foliar
01/6/02 R Ammonium sulfate (100) 21.0 24.0 Sidedressing
KCl (35) 18.5 16.4 C1 Sidedressing

C: control; HA: harrowing; HE: herbicide; R: rice; S: soybean.

Table 2. Total nutrient amount applied in recovery treatments of low-productivity pasture. Note: treatment

C was not fertilized

Treatment N P total K Ca Mg S Micronutrients
kg ha-!
HA 42.0 75.48 26.5  204.0 71.40  88.8 23.5 Cl; 2.4 Zn; 0.24 Cu; 0.54 B; 0.3 Mo; 0.9 Fe; 0.6 Mn.
R 33.6 39.29 60.9 106.2 37.17 59.7 54.0Cl; 2.48 Zn; 0.24 Cu; 0.54 B; 0.3 Mo; 0.9 Fe; 0.6 Mn.
S 0.0 39.29 70.5 106.2 37.17 21.4 62.6 Cl; 0.32 Mn.
HE 42.0 0.00 26.5 0.0 0.00 48.0 23.5 Cl; 2.4 Zn; 0.24 Cu; 0.54 B; 0.3 Mo; 0.9 Fe; 0.6 Mn.

C: control; HA: harrowing; HE: herbicide; R: rice; S: soybean.

Soil samples for chemical analysis were collected
at three points per plot, in which mini-trenches
50 x 50 x 50 cm were opened, using two sides of the
trench for soil sampling. These samples were mixed
to obtain a representative composite sample from each
plot and depth. Subsequently the samples were air-
dried, sieved (2 mm mesh) and laboratory-analyzed.

Soil samples for total nitrogen analysis were
collected in the layers 0—5 and 5-10 cm after -3 (first
evaluation 3 months prior to the experiment, in July
2001), 0, 5, 9, 12, 15, 28, and 39 months. Nitrogen
content was determined by dry combustion in a LECO
CN-2000 analyzer, in air-dried soil samples, sieved
through 2 mm mesh and then ground to 100 mesh
(0.150 mm).

Soil samples for analysis of available P and
exchangeable bases were collected in the layers 0-5,
5-10, 10—-20 and 20-30 cm in month 0, before
fertilization and 5, 28 and 39 months after the
treatments. Available phosphorus and exchangeable
basic cations (Ca2*, Mg?* and K*) were extracted by

ion-exchange resin (Raij et al., 2001). Ca%" and Mg2*
were determined by atomic absorption
spectrophotometer and K* by flame spectrometry. P
was determined by colorimetry.

For the determination of the pasture biomass the
grass was successively cut in 18-42 day intervals in
a total of five assessments. The first sampling occurred
in September 2004 and the last in March 2005. For
sampling, wooden frames with an inner area of 0.5 m?2
(1.0 x 0.5 m) were placed randomly in the field, three
per plot and evaluation; the grass was cut to a height
of 15 cm from the soil. All plant material was weighed
immediately after cutting (fresh weight) and then
oven-dried at 65 °C to constant weight (dry matter).
Subsequently the entire area was grazed off to a
pasture height of 15 cm.

The mean daily forage accumulation was calculated
based on the dry matter yield and the growth period,
dividing the biomass collected in each frame by the
number of days of the growth period after cutting
(Pedreira et al., 2005). The monthly productivity was
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estimated by multiplying the mean daily rate of forage
accumulation by the number of days in the month.
The cumulative production from September 2004 to
March 2005 was calculated by summing up the
monthly yields of the sampling interval.

The results were subjected to analysis of variance
(F test), considering the split-plot design (Cochran &
Cox, 1978), in which treatments were considered the
main factor and sampling time the secondary factor,
using ANOVA procedure of SAS (SAS Institute, 1987).
The means were compared by the Tukey test at 5 %
probability level.

RESULTS AND DISCUSSION

Total soil nitrogen

The levels of total N (0.61-1.4 mg g'!) (Table 3)
were highest in the surface layer and decreased with
increasing soil depth.

At the beginning of the experiment the overall
mean N content was 1.16 mg g in the 0-5 cm layer
and close to that obtained by Neill et al. (1999) in a
21 year old pasture on the Fazenda Nova Vida. This
1s also compatible with values found in other studies
of Neill et al. (1995), Neill et al. (1997) and Neill et al.
(1998) in pastures of approximately 20 years.

In the first 10 cm depth no effects of the treatments
and of the treatment-by-time interaction on total soil
N were observed. However, the general N means
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obtained in different sampling periods (x) differed from
each other. The N values were lowest in the fifth
month of the experiment, compared to months 0, 9,
28 and 39, mainly in the 5-10 ¢m layer, which may
be related to N immobilization or export via crop
harvest at this time.

Exchangeable phosphorus

The exchangeable P contents (1.25-34.67 mg dm3)
(Table 4) were highest near the soil surface and
decreased with increasing depth.

At the beginning of the experiment, before
fertilization, the amount of P in the soil were low,
according to Sousa et al. (2001). P values tended to
increase (p > 0.05) 632, 320 and 366 % in the surface
layer, in treatments HA, R and S, respectively, in the
fifth month compared to month 0, due to the effect of
P fertilization. This resulted in significant differences
between the general means of the sampling periods
(x), where increased P contents were observed in the
second sampling period and subsequent reduction in
the last. The same trend was observed for P in the
other layers.

The absence of significant differences between
treatments in the surface layers may be related to
the heterogeneous distribution of broadcast fertilizer,
contributing to a greater variation of P to the depth of
10 cm. This variation could also be attributed to
natural spatial variability in the pasture soil, since
forages have a high ability to compete for P in the soil

Table 3. Soil nitrogen in pasture recovery treatments” in different sampling periods

Sampling periods (month)

Treat.
-3 0 5 9 12 28 39 x”
Soil nitrogen (mg g!)
0-5 cm
C 1.19 1.31 0.96 1.24 1.20 1.34 1.40 1.23 a
HA 1.22 1.01 1.00 0.99 1.09 1.39 1.22 1.13 a
HE 1.08 1.11 0.99 1.19 1.10 1.20 1.36 1.15 a
1.10 1.20 0.93 1.23 1.08 1.35 1.16 1.15 a
S 1.08 1.19 1.14 1.27 1.21 1.09 1.37 1.19 a
x’ 1.13 BC 1.16 AB 1.00 C 1.18 AB 1.14 BC 1.27 AB 1.30 A
5-10 cm
0.89 0.93 0.71 1.09 0.86 0.97 0.99 0.92 a
HA 0.88 0.97 0.81 0.87 0.94 1.11 0.94 0.93 a
HE 0.88 0.94 0.61 0.93 0.87 1.09 1.06 0.91 a
R 0.87 0.93 0.75 1.09 0.88 1.03 0.88 0.92 a
S 0.80 0.86 0.69 0.95 0.87 0.89 1.03 0.87 a
x’ 0.86 C 0.93 ABC 0.72 D 0.99 AB 0.88 BC 1.02 A 0.98 AB

@ Fertilization applied in month 0, after soil sampling. C: control; HA: harrowing, HE: herbicide, R: rice and S: soybean. n: 4; x°:
means of sampling periods, x”: treatment mean. n: 4. Means followed by the same letter or without letters are not statistically
different by the Tukey test at 5 %. Lowercase letters compare means in columns and capital letters means in the rows. For the
0-5 cm layer: CV = 12.81, F_treat = 2.03 ns, F_time = 8.57 **  F_treat * time = 1.60 ns; for 5-10 cm : CV = 12.74, F_treat = 0.51

ns; F_time = 15.69%*, F_treat * time = 1.52 ns.
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Table 4. Soil exchangeable phosphorus in pasture
recovery treatments in four sampling periods

Exchangeable phosphorus
Sampling periods (month)

Treat.
5 28 39 x”
mg dm
0-5 cm

C 6.59 10.00 10.00 9.75 9.08 a
HA 4.73 34.67 16.50 11.25 16.79 a
HE 6.34 10.25 5.50 9.25 7.83 a
R 5.83 24.50 13.25 11.25 13.71a
S 6.08 28.33 20.50 20.25 18.79a
x’ 591 B 21.55A 13.15B 12.35B

5-10 cm
C 5.32 4.75 7.00 7.25 6.08a
HA 4.31 7.25 10.25 8.25 7.51a
HE 4.48 4.50 3.50 7.00 4.87a
R 4.22 13.50 10.25 6.75 8.68a
S 4.05 8.25 6.75 4.75 5.95a
x’ 447 A 7.65A 7.55 A 6.80 A

10-20 cm
C 4.22 aB 475 aAB 7.00 aA 3.25 aB 4.81a
HA 4.05 aAB 5.00 aAB 6.25 abA 3.75 aB 4.76 a
HE 3.30 aA 3.75aA 225cA 3.75aA  3.26b
R 2.62 aA  4.75aA  4.25bcA 4.00 aA  3.90ab
S 2.79 aB  4.00 aAB 5.50 abA 4.50 aAB 4.20ab
x’ 3.39 B 445 AB 5.05A 3.85 B

20-30 cm
C 3.04 aB 3.25 aB 5,50 aA 2.75 aB 3.63a
HA 296 aA 3.50aA 4.25aA 2.50 aA 3.30a
HE 203 aA 3.00aA 1.25bA 2.25aA 213b
R 1.94 aB 3.25 aAB 4.50 aA 2.00 aB 2.92ab
S 1.86 aB  4.25 aA  4.25aA 3.25 aAB 3.40a
x’ 2.36 B 3.45 A 3.95 A 2.55 B

@ Fertilization applied in month 0, after soil sampling. C: control;
HA: harrowing, HE: herbicide, R: rice and S: soybean. n: 4; x”:
means of sampling periods, x”: treatment mean. n: 4. Means
followed by the same letter or without letters are not statistically
different by the Tukey test at 5 %. Lowercase letters compare
means in columns and capital letters means in the rows. For
the 0-5 cm layer: CV = 73.84, F_treat = 2.98 ns, F_time = 8.62
** F_treat * time = 1.20 ns; for 5-10 cm : CV = 68.0, F_treat =
3.17 ns; F_time = 2.15 ns, F_treat * time = 0.94 ns, for 10-
20 cm : CV =30.94, F_treat =4.19 *, F_time = 6.19 * F_treat *
time = 2.27 *; for 20-30 cm : CV = 31.03; F_treat = 6.83 ** =
12.33 ** F_time, F_treat * time = 2.86 **.

and recycle it (Garcia-Montiel et al., 2000). According
to Corazza (2002), low-productivity pasture
accumulates P in the soil under the tussocks, at the
expense of the areas between tussocks. Moreover,
Cameron (1996) found variations in P availability
during the rainy and dry seasons in Australia,
suggesting a seasonal effect on P availability.

Norberto Cornejo Noronha et al.

Although R and S were treated with little more
than half the dose applied in treatment HA (Table 1),
aresidual effect of P was observed in these treatments.
The increased P levels observed in these treatments
in the surface layer in the 5" month of the experiment
tended to decrease in the third sampling period.
However, according to Sousa et al. (2001), the P levels
in the fertilized treatments were still adequate 39
months after beginning the experiment.

Phosphate fertilization did not affected P levels of
the 10-30 cm layer. However, treatment-by-time
interaction was observed from 10 cm depth
downwards. Differences between treatments were
only observed in the 28th month. At this time the P
levels in the HE treatment were lower in the layers
10—20 and 20—30 cm than in the other treatments,
which is consistent with the fact that P-fertilization
had not been applied. Fertilization with other
nutrients in HE treatment must have stimulated
pasture growth and consequently P uptake,
particularly when compared to the control.

Exchangeable cations (Ca%*, Mg2* and K¥)

The values of Ca%*, Mg2+ and K* (Table 5) varied
from 4.5-39.5 mmol, dm3 for Ca2*, 1.25-
13.75 mmol, dmfor Mg" and 0.2—3.7 mmol, dm for
K*. As expected, the concentration of these cations
was higher at the surface and decreased with
increasing soil depth. This can be attributed to ash
deposition on the pasture soil surface from biomass
burning of the remains of native vegetation prior to
pasture establishment and from eventual pasture
fires, as well as to the specific pattern of nutrient
cycling in the soil plant cover, combined with
subsurface leaching (Moraes et al., 1996; Alfaia et al.,
2004; Araqjo et al., 2004) and to fertilization in the
experimental area.

Initially, high soil Ca2* contents for B.brizantha
can be noted to a depth of 20 cm (Werner et al., 1996).
However, Mg%* content can be classified as low to
medium. This pattern may be due to rapid cycling of
calcium of the grass leaves and fine roots (McGrath
et al., 2001).

Effects of pasture recovery treatments on the basic
cations were detected in the fifth month of the
experiment. At this time, Ca2* content had increased
by approximately 95, 85 and 73 % in the 0—5 cm layer,
in treatments HA, R and S, respectively, compared to
the beginning of the experiment (month 0). In the
same month and layer, Mg2" had increased by 110
and 63 % in treatments HA and S, respectively, and
K* had increased by 55 % in HA.

The high Ca2" and Mg?" concentrations in the
surface layer of the treatments in the fifth month were
due to fertilization with CP, which contains these
cations. In treatment R, despite equal applications of
phosphate fertilizer as in the S treatment, the Mg2*
contents had not increased after five months,
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Table 5. Soil exchangeable cations in pasture recovery treatments in four sampling periods. Note: Fertilization
applied in month 0, after soil sampling

T ¢ Sampling periods (months) Sampling periods (months) Sampling periods (months)
reat.
0 5 28 39 0 5 28 39 0 5 28 39
Ca? (mmol. dm™) Mg?* (mmol, dm™) K* (mmol, dm)
0-5 cm
C 24.77 aA  27.00 bA 21.25 aA 22.25 aA 7.92 aA 850 bcA 5.25 aA 875aA 256 aA  3.00 abA 2.15 aAB 1.00 bB

HA 19.86 aB  38.75 aA 20.00 aB 16.00 aB 6.54 aB 13.75 aA 6.75aB 7.25aB 238 aB 370 aA 198 aB 2.75 aAB
HE 18.24 aA  24.00 bA 1525 aA 21.75 aA 6.68 aA  8.00 bcA 5.00 aA 8.00 aA  2.18 aA  2.50 abA 1.63 aA  2.28 abA
R 20.78 aB  38.50 aA 17.50 aB 13.50 aB 7.26 aA 775 cA 575 aA 6.75aA 2.82aA 1.83bA 183 aA 248 aA

S 22.83 aB  39.50 aA 17.00 aB 19.50 aB  7.21 aB 11.75 abA 4.33 aB 7.75 aB = 2.40 aA  1.90 bA  2.00 aA  2.28 abA

x’ 21.30 B 3355 A 1820 B 18.60 B 712 B 9.95 A 542 C 17.70 B 247 A 2.59 A 1.92 B 2.16 AB
5-10 cm

C 16.12 aA 15.25 aA 13.25 aA 19.75 aA  4.51 4.50 3.00 4.00 1.83 1.18 1.08 1.43

HA 17.30 aA  21.25 aA 16.75 aA 14.50 aA  5.64 6.00 4.75 4.25 2.08 1.20 1.45 1.83

HE 12.60 aA 13.25 aA  9.50 aA 15.75 aA  3.71 4.50 2.75 4.50 1.27 0.78 0.83 1.65

R 15.45 aAB 22.25 aA 12.75 aB 10.75 aB  3.93 5.50 3.75 4.00 1.57 1.83 0.95 1.75

S 14.72 aA 19.00 aA 14.50 aA 11.25 aA  3.64 5.50 3.25 3.50 1.27 1.53 0.95 1.48

x’ 15.24 AB 1820 A 13.35 B 14.40 B 4.28 B 5.20 A 3.50B 4.05B 1.60 A 1.30 AB 1.05B 1.63 A
10-20 cm

C 10.07 aA 9.75 aA 13.25 aA 13.50 aA  2.96 3.25 1.75 2.75 1.18 0.65 0.63 0.35

HA 14.11 aA 13.00 aA  9.17 aA  9.50 abA 3.40 3.75 2.75 2.75 1.27 0.85 1.03 0.95

HE 9.38 aA 10.50 aA  7.25 aA 10.75 abA 2.73 4.00 1.75 2.75 0.83 0.98 0.35 0.80

R 10.28 aAB 1525 aA 9.00 aB  6.75 bB  2.40 2.75 2.25 2.75 0.92 0.83 0.45 1.18

S 11.11 aA 12.00 aA  9.00 aA  9.00 abA 2.83 3.00 1.75 2.75 1.16 1.13 0.38 1.15

x’ 10.99 AB  12.10 A 9.53 B 9.90 AB 2.86 A 3.35 A 2.056 B 275 A 1.07 A 0.89 AB 057 B 0.89 AB
20-30 cm

C 7.04 5.75 8.75 9.00 2.22 2.50 2.00 2.25 0.94 aA 0.18bA 0.85aA  0.65 aA

HA 11.22 8.75 7.75 7.75 2.60 2.50 2.00 2.75 0.68 aA  0.33 abA 0.83 aA  1.03 aA

HE 6.11 7.00 5.25 8.50 1.77 2.75 1.50 2.50 0.65 aA  0.25 abA 0.45 aA  1.03 aA

R 8.82 9.75 6.25 4.50 1.92 2.50 1.75 2.25 0.59 aAB 1.03 aA 0.20 aB  1.08 aA

S 7.72 8.25 6.75 7.25 1.89 2.50 1.25 2.50 0.90 aAB 0.83 aAB 0.35 aB  1.30 aA

x’ 8.18 A 7.90 A 6.95 A 7.40 A 2.08 BC 2.55 A 1.70 C 245 AB 0.75 AB 0.52 B 0.54 B 1.02 A

C: control; HA: harrowing, HE: herbicide, R: rice and S: soybean. n: 4; x”: means of sampling periods, x”: treatment mean. n: 4.
Means followed by the same letter or without letters are not statistically different by the Tukey test at 5 %. Lowercase letters
compare means in columns and capital letters means in the rows. Calcium for the 0-5 cm layer: CV =20.43, F_treat = 0.80 ns,
F_time =47.63**, F_treat*time =4.10**; for the 5-10 cm layer: CV = 27.49, F_treat = 1.30 ns , F_time = 4.91 ** | F_trat*time =
2.01%; for the 10-20 cm layer: CV = 28.27, F_treat = 0.65ns , F_time = 2.97%, F_treat*time = 2.35%; for the 20-30 cm layer: CV =
33.01, F_treat = 1.1ns, F_time = 0.94ns, F_treat*time = 1.84ns; Magnesium for the 0-5 cm layer: CV = 25.98, F_treat = 2.04 ns,
F_time = 18.24**, F_treat*time = 2.38%, for the 5-10 cm layer: CV = 24.41, F_treat = 3.15 ns, F_time = 9.29*%* F_treat*time =
0.97ns; for the 10-20 cm layer: CV = 27.56, F_treat = 0.99ns, F_time =9.98%* F_treat*time = 0.81 ns; for the 20-30 cm layer: CV
=24.63, F_treat = 1.78ns, F_time = 10.25%*, F_treat*time =0.74ns and; Potassium for the 0-5 cm layer: CV = 27.84, F_treat = 2,26
ns, F_time = 4.58%* F_treat*time = 3.12%*,; for the 5-10 cm layer: CV = 37.88, F_treat = 1.96 ns, F_time = 5.36**, F_treat*time
= 1.03 ns; for the 10-20 cm layer: CV = 56.66, F_treat = 3.49 ns, F_time = 3.80%, F_treat*time = 1.04 ns; for the 20-30 cm layer:
CV = 584, F_treat = 1.02ns, F_time = 6.34** F_treat*time = 2.15%.

suggesting nutrient uptake by rice plants and export  the 20—-30 cm layer. Carvalho (1999) reported that
through harvest. liming promoted potassium leaching.

The highest K* content was found in treatment After 28 months, the Ca?* valuesin the treatments

HA, in the surface soil layer in the fifth month ofthe ~HA, R, S and Mg®" in HA and S were statistically
experiment. This reflects K fertilization and efficient ~ similar to those found at the beginning of the
cycling by reestablished Brachiaria (Alfaia et al., 2004, ~ exXperiment in the surface layer. The differences
Torres & Pereira, 2008). A contrasting behavior was between treatments for the levels of.th(?se elements
observed in the treatments R and S, where the contents after 28 months in this layer were not significant either.
of this ion were lowest at this time due to the In the 39th month, in the C treatment in the 0—
inefficiency of cycling because of the harvest of rice 5 cm layer, K* contents were statistically lower than
and soybean. In these treatments, the lack of in HA and R. The differences between treatments for
vegetation, combined with high Ca2* contentsinthe K* were not significant at the beginning of the
system, may have favored the displacement of K*to  experiment (month 0).
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In assessments of pasture productivity, from
September 2004 to March 2005 (Figure 1), a lower
dry weight production of plant shoots in treatment C
was stated. This probably resulted in reduced ground
cover and generally lower nutrient use in this
treatment, exposing particularly K* to leaching
through the profile, which explains the low soil K*
contents in January 2005, i.e., in the 39t month, in
the period of most intense rain.

35,000

30,000 |

25,000 -
20,000

15,000

CUMULATIVE
PRODUCTION, kg ha!

10,000 1

5,000 -

0,000

c HA HE R S
TREATMENTS
Figure 1. Cumulative production of Brachiaria
brizantha in treatments C, HA, HE, R and S from
September 2004 to March 2005. Capital letters
compare treatments with each other (p < 0.01).

The trend observed in the surface layer, with lower
concentrations of basic cations in the 28" month
compared to the fifth, persisted in the deeper layers.

Productivity of Brachiaria brizantha

The results of cumulative production from
September 2004 to March 2005 indicated that the
treatment HA, with 30,025 kg ha'l, was not
statistically different from R and S, with 28,267 and
27,735 kg ha'l, respectively (Figure 1). Yieldsin these
treatments were higher than in the treatments C
(17,040 kg hal) and HE (17,058 kg ha'l); there was
no fertilizer application in C and in HE only P was
not applied. This leads to the inference that P must
be limiting the productivity of these pastures
considerably. Some studies indicate P as the main
limiting factor for pasture productivity in the Amazon
(Urquiaga et al., 1998, Dias-Filho et al., 2001).

A comparison of the dry matter yield in treatment
C, with lowest yield, with that of the most productive
treatment, HA, showed a difference of 81 %. According
to Carvalho (1999), tillage promotes Brachiaria seed
germination, which can cause an increase in pasture
production.

The studies of Arruda et al. (1987), Carvalho et al.
(1990), Soares Filho et al. (1992), Costa et al. (1999),
and Costa et al. (2003) indicate successful pasture
recovery by the use of NPK with annual or biennial
applications of these nutrients. However, N fertilization
in the initial phase of the HE treatment was not effective
to raise the productivity of Brachiaria brizantha.

Norberto Cornejo Noronha et al.

Although the same doses of N, K and
micronutrients had been applied to the treatments
HE and HA, no increase in productivity was observed
compared to the C treatment, indicating that P was
probably most limiting to productivity increase in the
HE treatment, as previously mentioned. Dias Filho
(1998) argues that grasses of degraded pastures in
the Amazon respond better to P fertilization than to
fertilization with other nutrients, since soils in the
Amazon are low in P McGrath et al., 2001).

Comparing N fertilization in the most productive
treatments, the yield in treatment HA, despite a 25 %
higher N application than in treatment R, was not
significantly higher than in the latter. Yields in the
treatments HA and R did not differ either from the S
treatment, which had not been N-fertilized. This
shows that N fertilization only at the beginning of
the experiment induced no yield changes.

The similar yield values found in the treatments
HA, R and S show that the application of a 92 % higher
P rate than in the treatments R and S did not result
in a significantly higher yield in HA than in the latter
two. This indicates that, although a lower P dose
was used in no-tillage crops of rice and soybean than
in treatment HA, and despite the possible export of
this element at harvest, the establishment B.
brizantha was favored by fertilizer residual effect in
the treatments R and S.

CONCLUSIONS

1. The effect of calcined phosphate fertilization was
observed in the surface soil layer, five months after
the beginning of the experiment in the treatments
HA, S and R. Calcium and magnesium contents
increased in the treatments HA and S, and calcium
in R, although these effects were temporary.

2. Potassium and nitrogen fertilization in the
treatments HE and R, and potassium fertilization in
S did not raise the contents of these nutrients in the
soil. In the fifth month of the experiment, the decrease
in values of these nutrients in the surfce soil layer in
treatments R and S was attributed to the
ineffectiveness of cycling, due to the harvest of the
crops.

3. Phosphate application was effective to increase
P levels in the soil, resulting in the maintenance of
exchangeable P contents considered appropriate for
B. brizantha in the long term in the P-fertilized
treatments, demonstrating the beneficial effect of P-
fertilization.

4. Crop - pasture integration in pasture recovery
and the use of phosphate fertilizer are effective to
increase grass dry matter yield and represent a
promising possibility to preserve pasture productivity
in the Amazon, which may contribute to the
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sustainability of the livestock activity and the
reduction of deforestation in the region. The practice
of no-tillage is more recommended for pasture recovery
than simple reseeding and fertilization, due to the
residual effect of fertilization in no-tillage.
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