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Abstract

The objective of this work was to evaluate the performance of cover crops over the phytomass
production, accumulation and release of micronutrients in the Brazilian Cerrado of Goids. The
experiment was performed in Rio Verde, GO, Brazil, installed in dystroferric red latossol, from
April 2008 to April 2009. The experimental design was a randomized block, in a factorial scheme
(4x6), by split-splot array, with four replications. The plots received the cover crops, and the sub-
plots consisted by biomass evaluations in six different times. The evaluated cover crops were:
Urochloa ruziziensis, Pennisetum glaucum and U. ruziziensis + Cajanus Cajan and fallow area
as reference. For the assessment of accumulation and release of biomass and micronutrients,
biomass samples were collected in six times, from the management desiccation of the cover
crops at the final off-season. The species U. ruziziensis and U. ruziziensis + C. cajan stood out in
accumulation and in the release of biomass and micronutrients in the Brazilian Cerrado of Goids.
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Infroduction

The Cerrado region in Goids state s
an important grain production center in Brozil,
with edaphoclimatic conditions favorable to
During the
2013/14 harvest, grain production was about
187 million tons (CONAB, 2014).The intensive soil
use for production of annual crops in association
with
degradation, mainly by intensification of erosion
modifying the
physical, chemical and biological soil aftributes
(Prior et al., 2004; Aguiar & Monteiro, 2005).

With  this the adoption of
technologies based in conservationist bases,

the cultivation of annual crops.

local climatic conditions results in  soil

and compaction processes,

in mind,

such as fhe use of cover crops, has become
an essentfial strategy for the
maintenance of soil quality (Azevedo et al,
2007). The direct planting system(DPS) emerges
as a viable alternative for the sustainability of
agricultural production, since it reduces erosion,
adds and maintains organic matter in the soail,
reduces infestation of spontaneous plants, and
provides nutrient cycling (Pacheco et al., 2008;
Pacheco et al. 2013).

The use of cover crops can restore

recovery and

considerable amounts of nutrients to crops, since
these plants absorb nutrients in the subsurface
layers of the soil and release them later into the
surface layer by decomposing their residues
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(Torres et al., 2008). The availability of nutrients
from these plant residues can be fast and intense,
depending on climatic factors interaction and
their chemical nature (Rosolem et al., 2003).

The millet (Pennisetum glaucum) is a
species widely used as a cover crop because of
its rapid growth, high phytomass production and
ability to absorb nutrients in deeper layers of soil,
even when managed under conditions of water
restriction (Pacheco et al., 2011a). In addition,
according to Crusciol & Soratto (2009), millet is
species with high soil nutrient extraction capacity,
with large recycling advantages, mainly N and K,
reducing the risk of leaching. Urochloa ruziziensis
presents satisfactory characteristics when used
for soil cover purposes, presenting adequate
shoot growth, high root numbers and resistance
to unfavorable conditions, such as low fertility
soils and long drought periods (Giancoftti et al.,
2010). The consortium of Urochloa species with
leguminous semi-perennial plants as the guandu
bean (Cajanus cajan) canresult in the phytomass
(Amabile et al., 2000) and nitrogen increment in
the soil by biologic fixation (Henriksen et al., 2002).

This work is justified once the studies on
micronutrient cycling in agricultural systems,
especially the insertion of upland rice cultivation
into productive systems using DPS, are limitating
(Pacheco et al., 2011b). Studies have shown
that the availability of nutrients in the soil, with
emphasis on the lower levels of nitrogen in the
ammoniacal form, may limit the initial growth
and development of rice in direct planting due to
the low activity of the nitrate reductase enzyme
(Kluthcouski et al., 2000).

The researches highlights that one of
the possible limiting factors is also the insufficient
initial availability of some micronutrients, such as
zinc. In this respect, the selection of cover crops
with the potential to accumulate and restore
considerable amounts of micronutrients to the
soil can make possible to include upland rice
cultivation to rotation of crops in the Cerrado of
Goids.

The objective of this work was to evaluate
the performance of cover crops in relation to
accumulation and release of micronutrients
in different systems of soil preparation in the
Cerrado of Goids.

Material and Methods

The experiment was
Verde, GO, at the Technological Cenfer of the
Cooperativa Mista dos Produtores Rurais do
Sudoeste Goiano - COMIGO, from April 2008 to
April 2009, in a dystroferric Red Latosol (Embrapa,
1999) during 2007/08 and 2008/09 harvests. The
soil presented the following characteristics at
the time of experiment installation, in the layer of
0 to 20 cm: 420; 110; 470 g kg™’ of clay, silt and
sand, respectively; pH 4.7 (CaCl,)); 4.2 mg kg’
of P (Mehlich'); 58.1 mg dm? K; 1.9 cmolc dm?®
Ca?; 0.4 cmolc dm= Mg?; 4.7 cmolc dm? H+ Al;
29.0 g kg of organic matter; 7.1 cmolc dm? of
CTC; and 35% of V. In the two previous harvests,
2005/06 and 2006/07, the area was cultivated
with soybean in the summer and millet in the
"safrinha” period using the direct planfing system
(DPS). The climate of the experimental areaq,
according to Képpen classification, is Cwa type
(altitude of 770 m).

The experimental design
randomized complete block, with a layout of
subdivided plofs (4 x 6), four replications, with
the cover plants allocated to the plots, and the
evaluation periods in the subplots (six sampling
of phytomass after desiccation for sowing rice).
Urochloa ruziziensis (10 kg ha' of seeds with
cultural value - CV = 70%), Pennisetum glaucum
(millet ADR300 - 13 kg ha') and U. ruziziensis +
Cajanus cajan (5 + 10 kg ha', respectively). In
the fallow treatment there was predominance
of timbete grass

installed in Rio

was a

(Cenchrus echinatus). The
cover plants were sown manually, with 0.45 m
spacing between rows, without fertilizer use,
immediately after the 2007/08 soybean harvest
in DPS (10/04/2008). The dimensions of each plot
consisted of 5x 10 m.

At the 2008/09
harvest, October 13, 2008, all the cover plants
were desiccated. After 30 days, the second
desiccation was carried out using glyphosate
herbicide (1,468 kg ha' acid equivalent) and
Paraquat (400 g ha' active ingredient), fo be
used to sow the 2008/09 crop rice in DPS. Then,
the highland rice was sown in DPS, cultivar BRS
Sertaneja, with 0.45 m spacing, with 85 seeds per
meter and fertilization in the sowing furrow of 300

the beginning of
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kg ha' of the 8-20-18 NPK formulation. Coverage following the method proposed by Nogueira et
fertilization with N was performed at 40 DAS of the  al. (2005). To determine the C / N ratio at the
rice, with 60 kg ha™ of N in the urea-form, applied time of cover crop management desiccation,
to haul on the soil surface. the total C content in the vegetable tissues was
The P. glaucum plots were desiccated  quantified by colorimetric method (Cantarella et
with glyphosate (1,468 kg ha' acid equivalent)  al., 2001).
when they were in full flowering stage, on In order to describe the release of dry
06/12/2008, in an attempt to avoid franslocation  matter and nutrients in the cover plants, the data
of photoassimilates to the grains and to maximize  was adjusted to an exponential mathematical
the production of phytomass in the system  model, described by Wieder & Lang (1982): PL =
with this species. For the evaluation of the dry  Po exp (-kt); where PLis the amount of dry matter
matter, soil cover and nutrients remaining of the  and nutrients (kg ha') at time t (days); Po is the
cover plants, the plots were subdivided in time,  fraction of dry matter and nutrients potentially
constituting six evaluation periods: 0, 15, 30, 60, 90 released (kg ha''); and k is the rate of nutrients
and 120 days after the desiccation management  release (g g'). With the k value, the half-life time
date (DMD) of the cover crops for the rice sowing  (t'2) of the dry matter and the remaining nutrients

(10/13/2008). were calculated using the formula t/2 = 0.693 / k,
The dry matter of the cover plants was  proposed by Paul & Clark (1996).
evaluated in all subplots, according to method The results were submitted to analysis of

proposed by Crusciol et al. (2005), which consists ~ variance and the qualitative means, compared
on the use of iron square with dimensions of 0.5 x by the Tukey test at 5%. The regression equations
0.5 m (0.25 m?), in which the aerial part (shoots)  used in the quantitative data were obtained with
and residues of the cover plants were collected,  the aid of Sigma Plot software, version 10.0.

with two replications per subplot. Afterwards, they

were dried in a 60 °C, during 3 days, after which ~ Results and discussion

the residue was washed manually without using The results showed that the cover plants
water to obtain the dry matter. These residues Presented significant effects on dry matter
were ground in a Wiley mill (2 mm) for further Production (DMP) and accumulated nutrient
determination of B, Mn, Zn and Cu contents confents (B, Zn, Mn and Cu) (Table 1).

Table 1. Analysis of variance (p values) for phytomass and micronutrients accumulated by cover and fallow plants,
em Rio Verde, GO.

Variation sources Phytomass Boron Zinc Manganese Copper

Crop plants (CP) 102.13** 742.38** 1063.81** 1016.18** 476.96**

Sampling time (ST) 123.18** 449.75** 849.89** 613.19** 1188.70**
CP(1) x ST(2) 4.84** 10.90** 29.51** 28.90** 26.74**

*and ** Significant to 5 and 1% of probability

with this work were found by Menezes & Leandro
At the desiccation management date  (2004), with 6.9 t ha' (U. ruziziensis) at 180 days
(0 DMD), the use of the species U. ruziziensis and  after sowing. These results are related to the high
the consortium U. ruziziensis + C. cajan presented  resistance to water stress during off-season and
higher production of DPM and micronutrients  the regrowth / germination of the U. ruziziensis
(Table 2). The monoculture with U. ruziziensis  species after the resumption of summer rains.
produced values close to 5 t ha' for DPM, Pennisetum glaucum showed the lowest
since in a consortium with C. cgjan it allowed a  DPM accumulation, reaching about 2.3 t ha
moderate increment of DPM reaching about 5.4  (table 2).Pacheco et al. (2012) found similarresults
t ha'. Similar results were found by Pacheco et with amean of 2.0t ha' of DPM at 180 days after
al., (2012), who in the same Cerrado condifions  sowing. Superior results were found by Boer et al.
found DPM on the order of 4.8 t ha™' (U. ruziziensis ~ (2007) with 10.1 t ha' of DPM. The lowest DPM
and C. cagjan). Superior results when compared  production occurred due to P. glaucum being
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desiccated at the full flowering stage, which
occurred during the off-season (June / 2008). In
this way, the mineralization of the vegetal fissues
began in advance to other cover plants, which
reduced the amount of straw on the soil surface
at the beginning of the next harvest.

The desiccation was carried out in P.
glaucum during the flowering phase, as an
aftempt to avoid the loss of DPM by the process
of grain filling. However, in considering the early
initiation of mineralization in relation to sowing of
the next crop, this process seems to have impaired
the presence of straw on the soil surface.

The vegetation
(fallow), even providing higher mean values
for DPM (about 3 t ha'), compared to P.
glaucum, did not reach the ideal amount from
a soil conservationist point of view. According
to Menezes et al. (2009), requires at least 5t ha'!
of DPM to maintain a satisfactory amount of soil

spontaneous cover

cover throughout the agricultural year.

The decomposition rate of the plant
phytomass deposited on the soil is directly related
to the carbon / nitrogen ratio (C / N). During the
evaluation period, the highest C / N ratios in
the DPM were verified in P. glaucum and in the
consortium U. ruziziensis + C. cajan obtaining,
respectively, 70 and 40 (Table 3). Carpim et al.
(2008) found distinct values of C / Nratio of 18, 19
and 22 / 1 for P. glaucum cultivar ADR 300 in the
Cerrado of southwestern Goids, in the pre-rubber,
pre-flowering and early phenological stages. For
P. glaucum this fact can be explained due the
plant rapidly reach the flowering stage at 60 DAS,
in which, after the management desiccation, the
decomposition of its cultural residues began with
significant release of N, and high levels of lignin
and cellulose, which are organic compounds of
difficult decomposition, being more resistant to
the action of microorganisms (Boer et al., 2007).

Tabele 2. Phytomass and micronutrients accumulated by cover crops at diseccation time in the 2008/2009 harvest

season, in Rio Verde, GO .

Crop plants  Dry phytomass Boron Zinc Manganese Copper
Kg ha'! g ha'!
UR® 4827 a 529.92b 93.85b 337.22 b 39.79 b
PGH 2307 b 272.44 d 46.26 d 138.24d 24.07 d
UR + CCW™ 5333 a 644.38 a 106.50 a 425.47 a 43.97 @
Fo) 3035 b 416.63 55.92 ¢ 273.39 27.35¢c
VC (%) 14.96 7.22 6.21 6.43 5.95
DMS 737.79 39.47 5.17 22.86 2.20

(1) Means followed by equal letters in the columns do not differ from each other by the Tukey test at 5% probability. (2) Uruchoa ruzizienses; (3) Pennisetun glaucum;

(4) U. ruziziensis + Cajanus cajan; (5) Fallow.

Table 3. Phytomass C/N ratio of cover crops at desiccation management datein the 2008/09 harvest, in Rio Verde,

GO,

C/N ratio in 2008/09 harvest

U. ruzizienses P. glaucum @

U. ruzizienses + C. cajan

fallow

34 70

40 45

(1) The dessications of crop plants occurred on 10/13/2008. (2) O P. glaucum was dried in the flowering season in the 2008/09 harvest, which occurred

on 12/06/2008.

After the desiccation of cover crop
management, the cultural remains deposited
on the soil surface began to decompose (Figure
1). The highest FS decomposition rates in most of
the evaluated epochs were found in U. ruziziensis
and U. ruziziensis + C. cajan, showing already at
30 days after DMD decomposition rates of 20.14%
and 24.30%, respectively .

The fallow presented a slower rate of
decomposition in relation to the other freatments
(Figure 1), due to the fact that its DPM had

a significant presence of fractions with an
advanced decomposition stage (C / N ratio of
45, Table 3), originated from spontaneous plants
that emerged and senesced in the off-season,
due to the interruption of rains.

For micronutrient accumulation in the
DPMof the cover plants, it was observed that
at desiccation management date (0 DMD), the
consortium U. ruziziensis + C. cajan presented the
highest accumulations of B, Zn, Mn and Cu (table
2). These results are related to the higher DPM
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Figure 1. Regression analysis for phytomass decomposition and micronutrient release by cover crops, during the
2008/2009 harvest, evaluated in six dates after desiccation management date (DMD), in Rio Verde, GO. * and **

significant to 5% and 1% of probability.

productivity of the aerial part obtained by U.
ruziziensis + C. cajan. In a study by Cazetta et al.
(2005) evaluating the levels of zinc in Crotalaria
and P. glaucum, it was verified a higher content
of this nutrient in P. glaucum plants. Already
Teixeira et al. (2008) evaluating P. glaucum at 119
days after planting, observed the accumulation
of 27, 280 and 289 g ha' of Cu, Zn and Mn,

respectively, for a DPM production of 2.9 t ha.
In other research, Oliveira et al. (2002) observed
accumulations of Zn, Cu and Mn, respectively,
with 292, 70 and 1409 g ha' in P. glaucum
and 279, 102 and 922 g ha' of Zn, Cu and Mn,
respectively, in sorghum when evaluated at 100
days after planting in Lavras, MG.

When the nutrient release rate was
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analyzedinthe coverresiduesspecies, U.ruziziensis  high rate of decomposition and mineralization
and the U. ruziziensis + C. cajan consortium, of DPM occurring just after the management
they presented the highest rates, which can be  desiccation. When observing the half-life of the
attested by the shorter half-life times, except for  micronutrients, it was observed that zinc and
manganese (Table 4). The regression analysis  copper had the highest release rates, and a half
showed that the cover plants presented a linear  of these nutrients were released by cover plants
behavior forthe DPM decomposition (Figure 1). As  at 29 days. On the other hand, the micronutrients
for the release of micronutrients, the cover plants  boron and manganese had the lowest release
adjusted themselves according to exponential  rate, which may be related to the minor solubility
relation. This behavior can be explained by the  of these nutrients in water.

Table 4. Half-life time in days for micronutrients of cover crops in the crop 2008/09, in Rio Verde, GO,

U. ruzizienses P. glaucum @ U. ruzizienses + C. Cajan fallow
Boron 38 68 39 25
Zinc 29 50 31 63
Manganese 173 92 66 55
Copper 29 55 28 433

(1) The cover crops desiccations occurred in 13/10/2008. (2) The P. glaucum was desiccated during the flowering phase in the crop 2008/09, which occurred in
12/06/2008.

Conclusions verdes em diferentes épocas de semeadura e

The species U. ruziziensis and U. ruziziensis ~ €sPacamentos na regi¢o dos Cerrados. Pesquisa

+ C. cajan stand out in the phytomass production Agropecuaria Brasileira 35: 47-54.

and accumulation of micronutrients at the end  Azevedo, D.M.P., Leite, L.F.C., Teixeira Neto, M.L.,
Dantas, J.S. 2007. Atributos fisicos e quimicos
de um Latossolo Amarelo e distribuicdo do
sistema radicular da soja sob diferentes sistemas
micronutrient by the cover, while copper and de preparo no Cerrado maranhense. Revista

zinc presented the highest release rates to soil. Ciéncia Agrondmica 38: 32-40.

of the off-season.
Boron was the most accumulated

The highest rates of dry matter goer c A, Assis, RL., Siva, G.P., Braz, A.JB.P.,
decomposition in most of the evaluated times  Barroso, A.L.L., Cargnelutti filho, A., Pires, F.R. 2007.
were found in both U. ruziziensis and U. ruziziensis ~ Ciclagem de nutrientes por plantas de cobertura
na entressafra em um solo de Cerrado. Pesquisa

+ C. cajan. Agropecudria Brasileira 42: 1269-1276.

The species U. ruziziensis and U. ruziziensis

+ C. cajan provided the highest release rates of ~ Canfarella, H., Quaggio, H.C., Raij, B.van. 2001.
Determinacdo da matéria orgdnica. In: RAIJ,
B.van, Andrade, J.C., Canterella, H., Quaggio,
J.A., eds. Andilise quimica para avaliagcdo da
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