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Abstract

The objective of this work was to evaluate the performance of cover crops as for biomass production and
nutrient accumulation during the crop off-season in an oxisol in Cerrado, in Goias State, Brazil. The experiment
was performed in Rio Verde, GO, Brazil, from November, 2007 to October, 2008. It was used a randomized
block design, with plots divided according to time, with cover crops, and subplots, concerning biomass sampling,
with four repetitions. The evaluated cover crops were: Brachiaria ruziziensis, Pennisetum glaucum and B.
ruziziensis + Cajanus cajan, and as a reference, fallow treatment with sponteneous species. The biomass samples
were collected five times, since the desiccation date of P. glaucum, 60 days after cover crop sowing, which
occurred on June, 12", 2008. The P. glaucum has shown the greatest amount of biomass and nutrient
accumulation at 60 days after sowing, while the B. brizantha, B. ruziziensis and B. ruziziensis + C. cajan have
shown significant accumulation in the end of the crop off-season.
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1. Introduction

The Cerrado, in Goias States tands outs for grain production in Brazil, presenting topographic and climatic
conditions that favor the development of annual crops, such as soybeans, corn, cotton and rice. During 2011/12
crop season, areas for the cultivation of grain in the state reached 4.5 million hectares, producing 18.3 million
tonnes, representing 8.3% and 11.4% of the total cultivated area and production amount of Brazil [National
Company Supply (CONAB, 2012)], respectively. No-tillage systems are recommended to minimize
environmental impacts on agricultural production systems, causing soil disturbance just in the row, using crop
rotation (Crusciol et al., 2005) and leaving biomass on the soil surface for the sowing of the next crop (Bertin,
Andrioli, & Centurion, 2005). Studies have shown that this system viability is related to the quality and quantity
of mulch produced by cover crops and its capacity of persistence on the soil surface (Nunes et al., 2006; Pires et
al., 2008; Fabian, 2009).

Cover crops are used in order to reduce erosion and to increase soil organic matter (Prior, Torbert, Runion &
Rogers, 2004), besides providing nutrient cycling after the annual crop harvesting (Aita & Giacomini, 2003;
Boer et al., 2007; Torres & Pereira, 2008). Some species have been recommended for the Cerrado, such as
Pennisetum glaucum (pearl millet), which presents rapid growth, high biomass production and the ability to
cycle nutrients, being a specie that even in conditions of water deficit has been widely used (Pacheco et al.,
2011). To have cover specie which is effective in nutrient cycling there should be synchronization between the
nutrient released by the cover crop mulch and the demand of the commercial culture of interest, grown in
sequence (Braz, Silveira, Kliemann, & Zimmermann, 2004). According to Crusciol & Soratto (2009), P. glaucum
is a specie which has a high ability to extract nutrients, especially nitrogen and potassium. Boer et al. (2007)
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have found that in the Cerrado, in Goias State, Brazil, the cultivar ADR 300, sowned in April, has obtained the
flowering stage at 60 days after emergence, with dry biomass production exceeding 10 000 kg ha™.

Brachiaria species if compared to P glaucum have slow initial growth, but after it starts to rain, in
September/October, its potential to accumulate significantly amount of dry biomass and nutrients increases
(Pacheco et al., 2011). According to Giancotti et al. (2010), Brachiaria ruziziensis presents adequate
characteristics to soil covering, such as significant growth of aerial parts and roots, besides tolerance to water
stress conditions. In studies performed by Amabile, Fancelli & Carvalho (2000), it was possible to observe that
intercropping of Brachiaria species of the genus Urochloa with legumes such as Cajanus cajan (pigeon pea),
could mean an increase of biomass and soil nitrogen biological fixation (Henriksen, Michelson & Schlonvoigt,
2002). Torres, Pereira, Andrioli, Polidoro & Fabian (2005) have observed that Cajanus cajan obtained 62 kg ha™
of nitrogen in its biomass at 110 days after sowing in the off-season. Gama-Rodrigues, Gama-Rodrigues & Brito
(2007) have shown that the introduction of leguminous as cover crops has increased the quality of mulch, due to
the higher supply of nitrogen, phosphorus and calcium to soil.

Although some studies have been conducted with the use of cover crops in the off-season, after harvest of annual
crops, it is still necessary to perform a study to identify the species that have potential to develop on water deficit
conditions, with significant biomass production. Moreover, the ability of cover crops to promote nutrient cycling
may represent an increase in the adoption of no-tillage system, since the high cost of chemical fertilizers has
favored the development of techniques that can promote greater efficiency as for the use of soil nutrients. The
objective of this study was to evaluate the performance of cover crops as for the production of biomass and
nutrient accumulation during the crop off-season in an Oxisol in Cerrado, in Goias State, Brazil.

2. Materials and Methods
2.1 Area Descriptions

The experiment was conducted in Rio Verde, Goiés, Brazil, at the Technological Center of COMIGO (17°47'30
"S, 50°57'44" W and altitude 770 m) from December, 2007 to October, 2008 in an Oxisol (Embrapa, 1999), with
the following characteristics as for 0-20 cm layer: 420, 110, 470 g kg clay, silt and sand, respectively, pH
(CaCl,) 4.8, 4.2 mg kg P (Mehlich 1), 0.14 cmolc dm™ K, 1.9 cmol, dm™ Ca, 0.4 cmol, dm™ Mg, 4.7cmol, dm™
H + Al, 29.0 g kg™ organic matter, 7.1 cmol, dm™ cation exchange capacity (CEC) and 32% of saturation of base
V).

In previous crop seasons (2005/06 and 2006/07), the area was planted with soybeans and millet in crop
off-season, in a no-tillage system. The study location climate, according to K&ppen classification is Cwa. The
precipitation that was observed during the experiment is shown in Figure 1.
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Figure 1. Precipitation and average temperature in Rio Verde, Goias, Brazil, during the experiment

2.2 Statistical Design and Treatments

The soybean harvest in 2007/08 occurred on April 9, and on April 10, 2008 cover crops seedlings were sown in a
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randomized blocks design, in a split-splot array (4 x 5 m), with four replications. The plots consisted of three
species of cover crops and fallow: Brachiaria ruziziensis (10 kg ha™ seed), Pennisetum glaucum (millet ADR
300 - 13 kg ha™"), Brachiaria ruziziensis + Cajanus cajan (pigeon pea, 5 kg ha™ + 10 kg ha™ respectively) and
fallow (weed, with a predominance of spiderwort - Commelina benghalensis, bulva - Conyza bonariensis and
beggarticks - Bidens pilosa). The plots were tested with cover crops, which were sown handly, with a 50 cm
sowing line space, without the use of fertilizers. The area of each plot consisted of (5 m x 10 m). As for the
subplots, five sampling periods of biomass were evaluated: 0, 15, 30, 60 and 120 days from the date of
desiccation of Pennisetum glaucum at the time of flowering stage, which occurred on June, 12, 2008,
corresponding to 60, 75, 90, 120 and 180 days after cover crops sowing.

2.3 Variables and Methods

Cover crops dry matter was evaluated in all subplots, according to the methodology proposed by Crusciol et
al. (2005), using an iron square (0.25 m®), with two replicates per subplot. Then, matter was dried in a forced
circulation oven and weighed to obtain the amount of dry biomass. These residues were triturated in Willey type
mill (2 mm mesh) for subsequent determination of total nitrogen (N), phosphorus (P), potassium (K), calcium
(Ca) and magnesium (Mg), following the methodology proposed by Nogueira et al. (2005). To determine the
C/N ratio, the concentration of total carbon in plant tissues was quantified by colorimetric method (Cantarella,
Quaggio & Raij, 2001).

The soil coverage rate was obtained using an iron square 0.5 x 0.5 m (0.25 m?) with a network of 5cm spaced,
ten-point form, in which it was possible to note the presence or absence of coverage provided by residues in each
of these points (Sodré Filho, Cardoso, Carmoral & Carvalho, 2004).

To describe the decomposition of biomass and cover crops nutrient release, after P. glaucum desiccation, the data
were fitted into an exponential mathematical model, described by Wieder and Lang (1982), PL = Po exp (-kt)
and PL = Co + Po exp (-kt), in which, PL is the amount of biomass and nutrientsduring time t (kg ha™), Co is an
adjustment constant of the model and Po is the fraction of biomass and nutrients potentially released (kg ha™); k
is the nutrient released rate (g g'). With the value of k, we have calculated the half-life (t % life) of biomass and
remaining nutrients, using the formula t ' life = 0.693 / k, proposed by Paul and Clark (1989). To describe the
accumulation of biomass and nutrients by cover crops, a linear polynomial equation was used: Pa = Po + ax, in
which Pa is the amount of biomass and nutrients in time x (kg ha™), a the daily accumulation rate of dry biomass
and nutrients (kg day™).

2.4 Statistical Analysis

The results were subjected to variance analysis, and, the averages, compared by Tukey test at 5%
probability. The regression equations were obtained using the software Sigma Plot, version 10.0.

3. Results and Discussion

The cover crops have presented significant effects as for biomass production, soil covering and nutrient
accumulation at different sampling times (Table 1). Concerning the production of biomass (DB) and the rate of
soil covering (SC) at 60 DAS, it was possible to verify higher values for P. glaucum (Table 2), due to the rapid
growth and high production of DB (more than 3 000 kg ha™) at the early flowering stage. This value was lower
than those found by (Boer et al., 2007) and (Pacheco et al., 2008), who have found 10 100 kg ha” and 8 700 kg
ha™', respectively. The low production of DB in this work was related to late sowing and low water availability
(Figure 1), what have difficulted the development of cover crops. These results demonstrate that this species
requires water availability for its initial development, what appears to be crucial to its survival under conditions
of water deficit during the off-season

Table 1. Variance analysis (F value) for biomass, soil covering rate, carbon/nitrogen ratio and nutrients
accumulation and releasing, crop season 2007/2008 in Rio Verde, GO, Brazil

Source of Biomass SC" C/N® N P K Ca Mg
variation
Cover crops 7.33%%* 18.16%* 15.01*%* 16.60** 6.06%*  10.27%* 38.34%*  27.26%*

Sampling times ~ 47.09**  0.49™ 22.88**  6.88**  10.16%¥* 22.05%* 114.47*%* 66.05%*
cCc¥xPps? 18.06%*  3.19%*  2.11*  11.06** 11.28%*% 26.44** 20.26**  25.75%*
™S Not significant F * and ** Significant at 5 and 1% probability level, ‘" Rate of soil coverage, ¥ Carbon
/ Nitrogen Ratio, > Cover Crops,  Sampling times.
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From 120 DAS on, cover crops U. ruziziensis and U. ruziziensis ruziziensis + C. cajan have adquired highlight
as for the production of DB in no-tillage system, exceeding the millet residues left by its desiccation at 60 DAS,
which resulted in a higher SC. These results can be certified by a linear increasing DB concerning the
accumulation of these species during the off-season (Table 2). At the end of the off-season, tolerance to drought
and regrowth of the species U. ruziziensis after the resumption of rains have contributed to the increase of SC
and DB.

At 180 DAS, U. ruziziensis grown single and in consortium had similar production in both systems,
approximately 5 000 kg ha” of DB (Table 2). These results corroborate with Pacheco et al. (2011), Pacheco et
al. (2008) and Torres, Pereira, Andrioli, Polidoro & Fabian (2005), who have found similar values in Cerrado
region (4 908 kg ha™', 5400 kg ha™ and 6 000 kg ha™ respectively), but differ from Menezes & Leandro (2004),
who have observed 6 893 kg ha™' at 180 DAS. It was possible to observe that as for the consortium U. ruziziensis
+ C. cajan, the U. ruziziensis, the first has presented major contribution to DB production, what reinforces the
low efficiency of leguminous species in off-season, due to the deleterious effects of water stress on initial growth
of these species.

At the end of the off-season, beginning of precipitation, the fallow area has presented a higher DB if compared to
the P. glaucum residues (Table 2). However, these DB quantities are insufficient to the development of a soil
conservation management. Menezes et al. (2009) have observed that it is necessary at least 12 kg ha™ DB to
maintain a fair amount of soil surface covering throughout the growing season. The adoption of the use of fallow
hasnot been recommended in Cerrado region due to the difficulty for weed management during the growth of
annual crops (Pires et al., 2008).

Table 2. Biomass and cover crops soil covering rate (Urochloa ruziziensis, Pennisetum glaucum and U.
ruziziensis + Cajanus cajan) and fallow, sowned after the soybean harvest in crop season 2008/2009 and
evaluated during five periods in Rio Verde, GO, Brazil "

DAS® Equation R
Cover Crops
75 90 120 180
Biomass ( kg ha™)
UR® 1.190b 2.033b  2517a 2.808ab 4.827a (Y =1415,7500+27,9833*x)** 0,97
PG® 3392a 2970a 2444a 2277b  2.033c¢ (Y =2014,5206+1397,3806%exp(-0,0317*x)** 0,98
UR+CC®  828b 2237ab 2.760a 3.342a 4.833a (Y =14658250+29,6483%x)** 0,92
p© 1.051b 1.941b 2430a 2499b  3.035b (Y =1575,5250+13,6817*x)* 0,94
CV (%) 17,00
Rate of soil coverage (%)
UR 862a 863a  863a 806a 100,0a (Y = 83,1475+0,1052*x)ns 0,48
PG 737a 73,8a  738a 750a  60,0b (Y =76,3225+(-0,1125)*x)ns 0,71
UR + CC 825a 825a  825a 769a  950a  (Y=79,6125+0,0948*x)ns 0,45
P 762a 763a  763a 83,1a  73,7b  (Y=77,5625+(-0,0098)*x)ns 0,02
CV (%) 9,63

(DMeans followed by same letters in columns do not differ by Tukey test at 5% probability, > DAS, days after
sowing of cover cropsin Rio Verde, GO, 04/10 /2008, ® U. ruzizienses,  P. glaucum in flowering stage,
©) U.ruzizienses intercropped with C. cajans, © fallow. * and ™" Significant at 5% and 1% probability by Tukey
test ™ - not significant.

It was found that the highest C/N ratios were related to P. glaucum biomass (Table 3). This fact can be explained
since this species quickly reach the stage of flowering at 60 DAS, and after desiccation management, it
hasinitiated the decomposition of its residues. Boer et al. (2007) have observed that P. glaucum have provided
more persistence residues concerning decomposition, what can be attributed to its cellular composition, higher
levels of lignin and cellulose, organic compounds which are difficult to decompose, making it more resistant to
the action of microorganisms. Carpim et al. (2008) have found different values of C/N ratio of 18, 19 and 22:1
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for P. glaucum cultivar ADR 300 in Cerrado, in the southwestern of Goias State, in stages of dormancy-booting
and pre-flowering.

During the off-season, U. ruziziensis and the consortium U. ruziziensis + C. cajan have shown the lowest C/N
ratios due to its slow development if compared to P. glaucum and fallow at all evaluation periods (Table 3). The
lowest C/N ratios provided by these plants at the end of the off-season after desiccation management can provide
increased rate of plant residues decomposition, with a faster release of nutrients to be used during the next
harvest. In fallow, with rains onset, there is a rapid establishment and development of weeds, what have
increased the soil coverage. At 120 DAS, the fallow has stood out with a higher C/N due to heavy infestation of
species of the grass family (Table 3), what corroborates the studies of Torres & Pereira (2008), who have
observed values of C/N ratio in grasses almost three times higher than in legumes.As for nutrient accumulation
in cover crops, it was observed that, at 60 DAS, P. glaucum has accumulated higher levels of N, K, P, Ca and Mg
(Table 3). This is related to a higher aerial parts biomass production, since this species quickly reaches the
flowering stage. Concerning N accumulation, similar values have been found by Pacheco et al. (2011), 70 kg ha™',
while Boer et al. (2007) have found values higher than 121 kg ha™'. The K amount was lower than those reported
by Carpim et al. (2008) and Torres & Pereira (2008), with 218 and 447 kg ha™!, respectively.

Regarding the nutrient accumulation by cover crops that were not desiccated in initial reproductive stage, it was
observed that at 180 DAS, the nutrient accumulated in greater quantity was N, in U. ruziziensis single and
U. ruziziensis + C. cajan (Table 3). The use of leguminous C. cajan intercropped with U. ruziziensis did not
make it possible to increase the N accumulation , if compared with the single cultivation of grass U. ruziziensis,
what can be explained by the slow development of the leguminous grown on low-water regime. Moreover, the
use of grass can alleviate the loss of N through its immobilization in biomass, besides promoting an increase in
soil covering during the growth of annual crops, since these residues had higher C/N ratio (Lara Cabezas, Alves,
Urquiaga, & Santana, 2004; Perin, Santos, Urquiaga, War, & Cecon, 2004). The Pglaucum has shown a
reduction in the N accumulated amount in their residues due to the decomposition of biomass after the
desiccation on initial reproductive stage, what has occurred at 60 DAS (Table 3).

Table 3. Carbon/nitrogen ratio and nutrient accumulated (kgha™)in the biomass of cover crops sown in the
second crop, after soybean harvest, 2007/2008 season, evaluated at five sampling periods during the off-
season, in Rio Verde, GO V

Plants DAS® Equation Ty, Ry
cover 60 75 90 120 180

Carbon/Nitrogen Ratio
UR® 21b 30b 38a 44b 37a (Y = 28,9000+0,1133*x)ns - 0,37
PG 38a 47a 46 a 46b 50 a (Y = 42,2500+0,0700%x)ns - 0,56
UR+CCY® 200 30b 37a 40 b 38a (Y =27,5250+0,1217*x)ns - 0,50
p® 24b 35 ab 45a 62a 50a (Y = 33,8250+0,2083*x)ns - 0,46

CV (%) 18,38

Nitrogen (kg ha™)

UR 37,66b 49,54a  48,04a  4484ab 80,44a (Y =38,0835+0,3116%x)* - 0,80
PG 68,44a 49,88a 41,03a  3245bc  26,08b (Y =26,1773+41,8438%exp(-0,0350*x))** 20 0,99
UR +CC 2438b 50,71a  5563a 60,09a  7584a (Y=37,6475+0,3485%x)* - 0,80
P 26,52b 38,80a  39,88a  26,18c  39,61b (Y =32,1588+0,0453*x)ns - 0,09

CV (%) 21,25

Potassium (kg ha™)

UR 21,54b 33,30ab 37,35a 39,53 a 62,67a (Y =25,0547+0,3072%x)** - 0.94
PG 51,12a 4227a 34,62 a 27,51b 18,82 ¢ (Y =15,5538+35,4501*exp(-0,0193*x))** 36 0,99
UR + CC 13,27b 37,85ab 39,31a 43,51 a 58,75a (Y =24,8550+0,3041*x)* - 0,77
P 1725b 31,13b 30,97 a 4191 a 32,02b (Y =26,3787+0,0951*x)ns - 0,26
CV (%) 15,00
Phosphorus (kg ha™)

UR 397b  6,05a  600a  404ab  74la (Y =4,6630+0,0185*x)ns . 0,35
PG 9,93 a 7,96 a 6,31 a 5,48 ab 3,36 b (Y =2,8927+6,9117*exp(-0,0199*x)** 35 0,98
UR + CC 2,79b 7,30 a 6,26 a 5,93 a 8,50 a (Y =4,7160+0,0320*x)ns - 0,51
P 3,52b  722a  658a  3,67b  4,67b (Y =5,4740+(-0,0076)*x)ns - 0,04
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CV (%) 20,47

Calcium (kg ha™)

UR 8,44 b 18,05ab 16,70 ab 26,34a  53,66a (Y =8,3990+0,3609*x)** - 0,96
PG 23,774a 20,77ab 12,26b  13,75b  18,30c (Y =15,1678+9,0217*exp(-0,0753*x))ns 9 0,62
UR +CC 6,93b 2484a 20,70a 30,76a 56,45a (Y =11,2980+0,3697*x)** - 0,93
P 7,36 b 1584b  9,56b 14,03b  31,88b (Y =7,4758+0,1835*x)* - 0,81
CV (%) 19,23
Magnesium (kg ha™)

UR 238b  3,78b 4,78 a 6,88 a 17,71a (Y = 1,4098+0,1266*x)** - 0,95
PG 64la 599a 4,88 a 3,88b 352b (Y =3,1528+3,4227*exp(-0,0214*x))* 320,97
UR + CC 1,67b  447ab  571a 6,96 a 15,09a (Y =2,0738+0,1046*x)** - 0,97
P 2,10b  3,63b 396a 435b 448b (Y =3,0118+0,0154*x)ns - 0,58

CV (%) 20,82
'Means followed by same lettersin columnsdo not differby Tukey testat 5% probability,
@ U. ruzizienses ® P. glaucum in dried flowering, ' DAS, days after ~ sowing of cover cropsin  Rio
Verde, GO, 10/4 / 2008, ® U.ruzizienses intercropped with C. cajans, ' fallow. *And ** significant at 5% and
1% probability level, ™not significant.

There was greater nutrients accumulation and releasing present in P. glaucum on the initial reproductive stage, in
which its desiccation has occurred (Table 3). Being contrary to previous studies (Boer et al., 2007; Pacheco et al.,
2011), K has shown the lowest rate of decomposition of the nutrients studied, what can be explained by high
conditions of water stress to which the plants were under during the time of desiccation in its flowering stage,
with a high number of dry leaves and low K into cell tissues. Moreover, considering that K is a quite water
soluble nutrient, the low soil moisture after the desiccation of P glaucu, may have reduced its rate of
decomposition.

The P. glaucum at DAS 60, together with U ruziziensis and the consortium U. ruziziensis + C. cajan at 180 DAS
have shown high amounts of P, Ca and Mg in their biomass. These accumulations are directly related to the high
development of grass roots, since the root surface in contact with the soil is large, not to mention their ability to
produce exudates that can promote the solubilization of nutrients in the rhizosphere region. According to Aratjo,
Sampaio & Medeiros (2005), the use of cover crops that have high capacity to absorb phosphorus can contribute
to the agricultural system, since the phosphorus fertilizers and soil acidity correction represent the largest part of
the cost with the implementation of a crop in the Brazilian Cerrado.

The P. glaucum has shown a higher half-life (T;;,) for K, P and N followed by Mg and Ca, at 60 DAS, if
compared to other cover crops, explained by the higher C/N ratio inherent to grasses, demonstrating this species
accumulative potential (Table 3). However, values were higher than those found by Pacheco et al. (2011), who
have worked with P. glaucum; Boer et al. (2007), with the ADR 300; Torres, Pereira, Andrioli, Polidoro &
Fabian et al. (2005), Torres & Pereira (2008), with P. americanum sin typhoides. These results demonstrate that
the dynamic of DB decomposition and nutrient releasing is significantly influenced by each season
environmental conditions, what may be related to the quantity and time of precipitation onset, average
temperatures, in addition to mesofauna and soil microbes.

4. Conclusion

The Pennisetum glaucum has stood out as for biomass production and accumulation of macronutrients (N, K, P,
Ca and Mg) in the early off- season crop.

B. ruziziensis and the consortium B. ruziziensis + Cajanus cajan have shown a high amount of biomass and
nutrient accumulation in the end of the off-season crop.

The highest C/N ratios were found in Pennisetum glaucum.

The nutrient with the highest release rate in soil was calcium.
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