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Abstract

The use of cover crops is an important strategy for soil management in the Brazilian Cerrado to improve
no-tillage (NT) systems. For this, it is necessary know the potential of cover crop species for biomass production,
nutrient cycling, and persistence of residues on the soil surface in soils and climatic conditions of this biome.
Thus, the experiment was developed to evaluate the agronomic potential of cover crops cultivated on an Oxisol
(Latossolo Amarelo) in the Cerrado of Piaui, Brazil. The experiment was conducted from January 2015 to July
2016. The experimental design was in randomized blocks with 11 treatments and four replicates. The treatments
consisted of single and intercropped cover species. The evaluations were: dry mass production, nutritional
composition of the plants, nutrient accumulation by dry mass produced and decomposition rate of the dry mass
produced for each treatment. The higher dry matter production was obtained with Crotalaria juncea, Cajanus
cajan (cv. IAC-Fava larga), Pennisetum glaucum and Brachiaria ruziziensis. The lower dry matter production
was obtained with Mucuna aterrima, and mix of Crotalaria spectabilis + Pennisetum glaucum. The higher
nutrients accumulation in the plants occurred for Cajanus cajan (cv. IAC-Fava larga), Crotalaria juncea and
Crotalaria spectabilis. The cover plants studied presented good potential for soil conservation, due to the
permanence of residues on the surface, except for Mucuna aterrima and Crotalaria spectabilis.

Keywords: nutrient cycling, decomposition rate, no-tillage
1. Introduction

The southwest region of Piaui is part of the Brazilian agricultural frontier called MATOPIBA (Maranhao,
Tocantins, Piaui and Bahia), which currently is in large agricultural expansion and intensification of land use for
the cultivation of grains, fibers, energy materials, perennial crops and irrigated agriculture (Fontana et al., 2016).
Despite the great productive potential, many technical-scientific recommendations applied to the soils come
from regions with different edaphoclimatic conditions. The region presents a dry season from May to November
and a late rainy season. Such climatic characteristics associated with the low water retention by the soils make it
impossible or more difficult to carry out a double cropping system in this region.

Soil management practices such as no-tillage (NT), crop rotation and use of cover crops are important techniques
which can maintain and/or promote yield gains and soil quality with less environmental impact (Krenchinski et
al., 2018; Pavinato et al., 2017). However, these techniques are not adapted to the soil and climate conditions of
the Cerrado in south Piaui, with poor results for NT, especially regarding the formation of straw, which is an
essential factor for the good performance of this system. Studies with techniques for introducing cover crops
capable of promoting high phytomass production and maintaining soil cover rate may favor the expansion of NT.
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Furthermore, they can improve soil quality and the accumulation of nutrients by plants cycling in the region
(Berg, 2018).

The use of cover crops in a rotational system with annual crops provides several benefits to the productive
system, especially nutrient cycling (Pacheco et al., 2017; Tiecher et al., 2012), protection from raindrop impact,
with reduced soil surface degradation (Dalla Rosa et al., 2017) and erosion reduction (Nielsen et al., 2016). It can
also increase organic carbon (Ferreira et al., 2016; Sousa et al., 2017), which improves soil physical, chemical
and biological properties and mitigates environmental impacts caused by land use (Qu et al., 2016).

Regarding nutrient cycling, the amount of these elements in the plant is proportional to the dry mass produced,
varying among species according to the absorption efficiency (Pissinati et al., 2018). However, for the cycling
efficiency of the essential elements, there should be synchrony between the nutrient released by the residue of
the cover plants and the demand for the crop grown in succession (Barbosa et al., 2015).

In the Cerrado of Piaui, studies with cover crop species are necessary to estimate the accumulation of nutrients
associated with plant biomass and the decomposition rate of plant residues and to define the appropriate species
to enable NT in the region. Therefore, the aim of this work was to evaluate the dry mass production, nutritional
composition and the plant residues decomposition of cover crop species in the Cerrado of Piaui.

2. Materials and Methods

The experiment was carried out at Fazenda Tropical in Baixa Grande do Ribeiro, PI. The farm is located at
08°42'54.2" S and 45°01'41.4" W and 495 m altitude. The climate of the region is hot and humid (Cwa) with
average annual temperature of 26.6 °C and average rainfall of 945 mm year'. The rainiest period is concentrated
from January to April and the driest is from July to November (Alvares et al., 2013). The soil is characterized as
an Oxisol (Yellow Latosol in the Brazilian classification). The soil chemical and granulometric composition
before the experiment is described in Table 1.

Table 1. Soil chemical and granulometric composition in the 0-0.20 m depth layer of the experimental area
before the experiment implantation

pH OM P K" ca® Mg® AP CEC v Sand Silt Clay
g kg ---mg dm™ - e cmol, dm™ e % g kg"1
6.0 34 25.8 34 2.0 1.7 0.3 4.9 46.5 673 71.5 255.5

Note. pH: water pH, OM: Organic matter, P: phosphorus, K': potassium, Ca®": calcium, Mg*": magnesium, AI*":
aluminum, CEC: cation exchange capacity, V: base saturation.

Daily precipitation monitoring was performed with a pluviometer installed in the experimental area (Figure 1).
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Figure 1. Precipitation accumulated monthly rainfall and recorded temperatures in the experimental area during
the study period

In 1990, the experimental area was deforested and cashew was cultivated until 2010. In 2011, cashew crops were
eliminated and the soil was tilled for pastures establishment (Urochloa brizantha), which remained in the area
until 2013. In 2013/2014 crop season, soybean (cultivar Paragominas RR) was sown on the brachiaria straw. For
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this crop, the soil was tilled with harrow leveler for the incorporation of 2000 kg ha™ dolomitic limestone with a
neutralizing index of 85%. At soybean sowing, the fertilization was performed with 173.4 kg ha™ K,0 (KCI),
22.5 kg ha™' sulfur (Sulfogran 90®) and 50 kg ha™ of P,Os (single super phosphate) as recommended by Souza
and Lobato (2004).

In January 2015, the experiment was carried out with a randomized block design with split plots and four
replicates. The cover crops species (12 m x 12 m) were allocated in the main plots, and the time of dry mass
evaluation was allocated in the subplots (1 m % 0.5 m).

The treatments were the single crops: Crotalaria juncea, Crotalaria spectabilis, Crotalaria ochroleuca, Cajanus
cajan (cultivar IAPAR 43) Cajanus cajan (cultivar IAC-fava larga), Mucuna aterrima, Brachiaria ruziziensis
and Pennisetum glaucum, and the intercropping systems using: Pennisetum glaucum + Crotalaria spectabilis and
Pennisetum glaucum + Crotalaria ochroleuca.

Sowing was performed with the incorporation of the seeds by a disc harrow, following the technical
recommendations of the company Pirai Sementes.

At 183 days after sowing (DAS), plants were desiccated using two commercial formulations based on potassium
glyphosate at 2.0 L ha™. Then, flumioxazina®-based herbicide was applied at 0.1 L ha™.

Before desiccation, aboveground mass was sampled using a 0.5 m? frame in each plot. Dry mass (DM) was
evaluated in an oven at 65 °C until reaching a constant mass. Afterwards, the plant material was ground in a
Wiley mill to determine nutrients content (N, P, K, Ca, Mg, Zn, Fe and Mn). N content was determined by the
Kjeldahl method. Nitroperchloric digestion was used for the analysis of the other nutrients, according to the
methodology described by Vitti et al. (2002).

The accumulation of nutrients was obtained from the contents in the plant tissue and the amount of dry mass
produced by each cover species.

The DM decomposition rate was evaluated at 117, 263 and 314 DAS. All material was collected on the soil
surface in an area of 0.5 m” per plot with four replicates and the material was dried in an oven at 65 °C until
reaching a constant mass. The decomposition rate as a function of time was determined at different times (0, 117,
263 and 314 days after desiccation) obtaining the percentage of remaining DM on the soil surface. Daily
decomposition rates (k) were estimated by regression models proposed by Wieder and Lang (1982). For data
adjustment, the first order exponential model proposed by Olson (1963) was applied: y = a-exp™; where, y = %
residue on the soil surface, ¢ = length of stay in days, a = coverage mass at time zero and & = daily decomposition
rate. Half-life time (%2 = 0.693/k) of each species was estimated from the constant values of dry matter
decomposition.

The results were submitted to analysis of variance with F test at 5% probability. Means were compared by the
Scoott-knott’s test (p < 0.05) through the statistical program SISVAR® (Ferreira, 2011).

3. Results and discussion

There were significant effects of cover plants for nutrient content and sampling time and for the interaction
between cover crops and sampling time for DM production (Table 2).

Table 2. Analysis of variance (F values) for dry matter and nutrient uptake of different plant cover

N\ DM N P K Ca®* Mg* Fe®* Mn Zn**
Block 049™  2.40™ 2032° 2752 105.96° 5.28° 0.12™ 797 2.68™
C.C. 7.62" 7.42° 7.02 1459°  2.80° 8.05 458" 737 771"
CV (%) 3008
S.T. 8048° - . - - - - -
C.C.xS.T. 2.59 - - - - - - - -

CV (%) 2467
Total 219

Note. C.C.: cover crops; CV: coefficient of variation; S.T.: sampling time; DM: dry mass; N: nitrogen; P:
+ . 2+ . 2+ . 3+ . 2+ .
phosphorus; K': potassium; Ca™": calcium; Mg"": magnesium; Fe”": iron; Mn: manganese; Zn“ : zinc.

* Significant (p < 0.05); ns: not significant (p > 0.05).

The overall mean of DM production was 7.4 Mg ha™ (except for Crotalaria juncea, which presented the greatest
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yield). The Pennisetum glaucum + Crotalaria spectabilis intercropping presented the lowest DM production. It is
probably related to the competition for natural resources such as light, since Crotalaria spectabilis presents faster
establishment and higher initial growth rate than Pennisetum glaucum (Table 3). The DM in this treatment was
lower than 6.0 t ha”, which is the minimum required to obtain a good soil cover rate, according to Alvarenga et
al. (2001). On the other hand, some studies performed in Cerrado biome have considered this amount of straw
low, which provides insufficient carbon input into the soil. Therefore, it is recommended to produce a larger
amount of dry straw mass, from 11.7 to 13.3 Mg ha™ (Sa et al., 2015).

Crotalaria juncea presented the highest DM production (12.5 Mg ha™). It was expected due to its size and to the
high content of lignin and cellulose in its tissues, which provide higher amount of DM.

Similar values of DM in Crotalaria juncea (approximately 12 Mg ha™ of DM) were found in the Central West
(Padovan et al., 2015). Such production was attributed to the higher rainfall during the crop’s development. The
same justification can be used in the present work (Figure 1). However, in the Central West region of Brazil,
Pittelkow et al. (2012) observed a production of 8.9 Mg ha™'. The DM production of the same cover crop species
can vary according to the location, climatic conditions, temperature, rainfall, soil fertility, and crop cycle
(Pissinati et al., 2018).

Table 3. Production of dry mass (DM) and C/N ratio of the cover crops used in the study

Cover Plants DM (Mg ha™) Ratio C/N”
Crotalaria juncea 12.5a 32
Crotalaria spectabilis 73b 26
Crotalaria ochroleuca 790 25
Cajanus cajan—cv. lapar 43 75b 19
Cajanus cajan—cv. IAC-Fava larga 87b 25
Mucuna aterrima 6.6 c 17
Brachiaria ruziziensis 83D 29
Pennisetum glaucum 79b 30
Pennisetum glaucum + C. spectabilis 56¢ 28
Pennisetum glaucum + C. ochroleuca 75b 28
‘Mean 81

Note. Mean values with the same letter in the column did not differ by the Scott-knott test (p < 0.05). * The C/N
ratio data were obtained for the purpose of characterizing the different cover plants.

Differences were observed for N, Ca and Fe contents (Table 4) in the shoot part of the plants. The concentration
of N ranged from 20.7 g kg™ to 43.4 g kg'. The highest levels of N were observed in Crotalaria spectabilis,
followed by Mucuna aterrima, Cajanus cajan (cv. IAC-Fava larga), Crotalaria ochroleuca and Cajanus cajan
(cv. IAPAR 43) (Table 4).

Table 4. Nutrient contents in the aboveground mass of the cover plants used in the study

Cover Crops Macronutrients Micronutrients

N P K Cca®t Mg” Fe®* Mn Zn*t

gkg' B

Crotalaria juncea 22.0b 4.0 12.0 269a 4.2 141 c 39.3 32.9
Crotalaria spectabilis 434a 4.0 13.9 37.9a 45 277a 509 45.1
Crotalaria ochroleuca 40.0a 4.0 14.2 34b 4.8 206b 458 38.2
Cajanus cajan—cv. lapar 43 346a 39 9.9 279a 4.6 225b  43.8 50.5
Cajanua cajan—cv. IAC-Fava larga 41.7a 3.8 12.3 242a 4.6 228b 454 433
Mucuna aterrima 40.2a 39 11.4 129b 32 240b 549 48.2
Brachiaria ruziziensis 299b 2.7 13.9 226a 44 289a  50.8 50.6
Pennisetum glaucum 20.7b 3.7 11.2 22.1a 35 237b 432 45.2
Pennisetum glaucum + C. spectabilis 263b 3.8 14.1 21.8a 4.2 370a  37.8 43.2
Pennisetum glaucum + C. ochroleuca 25.6b 3.6 15.1 27.1a 39 141 ¢ 51.7 51.4

Note. N: nitrogen; P: phosphorus; K': potassium; Ca*": calcium; Mg®": magnesium; Fe*": iron; Mn: manganese;
Zn*": zinc. Mean values with the same letter in the column did not differ by the Scott-knott test (p < 0.05).
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Crotalaria juncea presented the lowest concentrations of N (22.0 g kg') among fabaceae species. This is related
to the high content of fiber and lignin in this species. Tall Fabaceae cover crops present tissues with higher
contents of C and lignin and tend to have lower N concentration than short height species (Pissinati et al. 2018).

In contrast, Crotalaria spectabilis presented the highest N content in the plant tissue (43.4 g kg™') which is
related to the lower C/N ratio of this species (Table 3). These results confirm the efficiency of legumes in fixing
atmospheric N. The N fixed by the cover plants will be immobilized in the plant material and gradually released
to the succession crop. Concentrations of P, K, Mg, Mn and Zn in shoot were similar among treatments (Table 4).
There was a difference in the Ca concentration with the highest values in Crotalaria spectabilis (38 g kg') and
lowest in Crotalaria ochroleuca (3.0 g kg). Regarding micronutrients, there were differences among the species
only for Fe (Table 4).

The accumulation of nutrients as a function of DM was significant for N, P, K and Ca contents and not
significant for Mg (Table 5).

Table 5. Accumulation of macronutrients in the dry matter of the aboveground mass of cover plants used in the
study

Cover Plants N P K" Ca® Mg**
kg ha!
Crotalaria juncea 274 a 49.7a 151a 335a 523
Crotalaria spectabilis 316a 30.1b 108 a 269 a 34.6
Crotalaria ochroleuca 315a 312b I11a 25¢ 37.2
Cajanus cajan—cv. lapar 43 260 a 29.4b 75b 210b 344
Cajanua cajan—cv. IAC-Fava larga 363 a 32.6b 105a 208 b 40.9
Mucuna aterrima 269 a 25.6b 75b 86 ¢ 21.0
Brachiaria ruziziensis 253 a 229b 118 a 183 b 36.6
Pennisetum glaucum 163 b 29.6b 89 b 174 b 27.8
Pennisetum glaucum + C. spectabilis 144 b 213D 78 b 124 ¢ 23.5
Pennisetum glaucum + C. ochroleuca 188 b 29.2b 112a 205b 30.0

Note. N: nitrogen; P: phosphorus; K': potassium; Ca*": calcium; Mg*": magnesium. Mean values with the same
letter in the column, did not differ by the Scott-knott test (p < 0.05).

Cajanus cajan (cv. IAC-Fava larga) showed the highest amount of total N extracted (363 kg ha™), followed by
Crotalaria spectabilis (316 kg ha™) and Crotalaria ochroleuca (315 kg ha™) which did not differ statistically
from Crotalaria juncea (274 kg ha™), Brachiaria ruziziensis (253 kg ha™) and Mucuna aterrima (269 kg ha™)
(Table 5). Cavalcante et al. (2012) also verified greater N input with Cajanus cajan (fava larga). Cajanus cajan
(cv. IAC-Fava larga) also recycled considerable amounts of P, K and Ca. In the present study, N values were
similar to those found by Pissinati et al. (2018), which reported N input between 168 and 473 kg ha” in the
Central West region of Brazil.

The amount of total N in the biomass of Pennisetum glaucum indicates that although it is not a fabacea, it
accumulates and recycles a considerable amount of N (163 kg ha™), followed by K and Ca with higher amounts
of biomass (Table 5). The content of K accumulated by Pennisetum glaucum (89 kg ha™', Table 5) is within the
range observed by other authors in the Cerrado, which was from 53 to 115 kg ha™' (Pacheco et al., 2013).

Pennisetum glaucum stands out due to the ability of extracting N and K from the soil and accumulating them in
its tissue, favoring the cycling for the following crops (Pacheco et al., 2017). In addition, it has already been used
in the Cerrado region of Piaui due to its rusticity and high tolerance to water stress and it has demonstrated
efficiency when followed by soybean crop, in the production of biomass and nutrient cycling (Pacheco et al.,
2017).

The accumulation of P was very similar, with higher amount in Crotalaria juncea (49.7 kg ha™) which
accumulated from 21.3 kg ha™ to 32.6 kg ha™' P (Table 5).

Crotalaria juncea, Crotalaria spectabilis, Crotalaria ochroleuca, Cajanus cajan (cv. IAC-Fava larga),
Brachiaria ruziziensis and Pennisetum glaucum + Crotalaria ochroleuca intercropping, presented the highest
accumulations of K ranging from 112 to 151 kg ha. The lowest accumulation was in the Cajanus cajan (cultivar
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IAPAR 43) with 74.63 kg ha™. The use of cover crops should be planned to straw production and/or nutrient
cycling. Using species that prioritize the straw production is necessary to make the NT system viable. Then, the
treatments which presented low decomposition deserve special attention, since they maintained a low DM
reduction until the end of the evaluation, 314 days after the management (DAM) (Figure 2). These treatments
were: the Pennisetum glaucum + Crotalaria spectabilis, Pennisetum glaucum + Crotalaria ochroleuca
intercroppings, and the single Cajanus cajan (cv. IAPAR 43), Crotalaria ochroleuca, Cajanus cajan (cv.
IAC-Fava Larga) and Pennisetum glaucum, with half life time of 407, 346, 330, 315 and 301 days, respectively
(Figure 2). Except Cajanus cajan (cv. IAPAR 43), whose plant residues presented a C/N ratio equal to 19. For
the other treatments C/N ratio was equal to or greater than 25 (Table 2), which justifies the lower decomposition
rate (Teixeira et al., 2012).

The intercropping use allows the inclusion of species which can be an alternative to no-tillage systems.
According to Cavalli et al. (2018) the satisfactory performance of intercropping system is because of the
complementarity between the different species. Fabaceae, for example, promote N biological fixation, making
this nutrient available in the soil and consequently favoring the development of poaceae, which will later support
its growth.

(-0,0022*x) 2 o (-0,0029*x) ,2_
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Figure 2. Remaining dry mass of cover crops after desiccation. PG + CS: Pennisetum glaucum + Crotalaria
spectabilis intercropping; PG + CO: Pennisetum glaucum + Crotalaria ochroleuca intercropping

The reduction of the decomposition rate in the intercropping residues allows the permanence of crop residues on
the soil longer and contributes to the maintenance of soil moisture, protection of the soil surface against the
raindrop impact, formation of crusts (Dalla Rosa et al., 2017) and erosive processes (Bertol et al., 2017). In
addition, the presence of Pennisetum glaucum in the mixed crop may have favored the remaining residues on the
soil and the lower rate of decomposition. Approximately 40% of the accumulated phytomass of Pennisetum
glaucum is from the stem, which consists of lignified tissues with a higher C/N ratio than the leaves, which
favors the lower decomposition rate, contributing to the longer permanence of these residues (Pissinati et al.
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2018). This fact was observed in this study with the use of Pennisetum glaucum + Crotalaria spectabilis. Despite
being the treatment with the lowest DM production (5.6 Mg ha™, Table 3), it was also the one with the lowest
decomposition rate and which kept the surface covered for a longer period.

The species that presented the greatest decomposition were: Crotalaria spectabilis and Mucuna aterrima with %
life time of 165 and 238 DAM, respectively. These species presented an average DM production of 6.8 Mg ha™.
However, despite the good DM production, they also presented a very fast decomposition rate (Figure 2).

The decomposition rate is not only related to the C/N ratio, since Crotalaria spectabilis presented a higher C/N
ratio (26) than Mucuna aterrima (17), but also showed the highest decomposition rate. In addition to the C/N
ratio, lignin, polyphenol and chemical composition are factors that affect the decomposition rate in cover crops
(Lima Filho et al. 2014). These characteristics along with the stage of development at desiccation time (Padovan
et al., 2015) and the climatic conditions during the evaluated period (Collier et al., 2018) show the ability of each
species to maintain the cover on the soil.

Regarding relative losses of DM, the following decreasing order of decomposition was established at 314 days
after desiccation: i) poaceae: Brachiaria ruziziensis (83%) > Pennisetum glaucum (81%); ii) fabaceae:
Crotalaria spectabilis (95%) > Mucuna aterrima (88%) > Crotalaria juncea (85%), Cajanus cajan (cv.
IAC-Fava larga) (81%), Crotalaria ochroleuca and Cajanus cajan (cv. IAPAR 43) (79%); and iii) intercropping
systems: Pennisetum glaucum + Crotalaria ochroleuca (76%) and Pennisetum glaucum + Crotalaria spectabilis
(71%).

All the evaluated species presented potential to be used in crop rotation systems, making no-tillage system viable

in the Cerrado region of Piaui. However, it is recommended to select species according to specific purposes
(nutrient cycling or dry mass production).

Knowing the temporal dynamics of DM accumulation and decomposition of the different cover crops is
important to manage the agricultural systems in Cerrado. It is also necessary to choose the correct species to be
used and the ideal moment to sown the following crop so the decomposition and release of nutrients by the cover
plants can happen in the period of greater demand by the following crop. Therefore, for having a no-tillage
system, it is necessary to have a high mass production to cover the soil surface and low decomposition rate.

4. Conclusion

The studied cover crops have potential to be used in crop rotation in no-tillage system in the Cerrado of Piauli,
with the highest dry mass yield obtained with Crotalaria juncea, Cajanus cajan (cv. 1AC-Fava larga),
Pennisetum glaucum and Brachiaria ruziziensis.

The greatest accumulation of nutrients was obtained in Crotalaria juncea, Crotalaria spectabilis, Cajanus cajan
(cultivar IAPAR 43), Cajanus cajan (cv. IAC-Fava larga) and Mucuna aterrima.

Plant residues of Mucuna aterrima and Crotalaria spectabilis showed faster decomposition. In contrast, the
intercropping systems Pennisetum glaucum + Crotalaria spectabilis and Pennisetum glaucum + Crotalaria
ochroleuca remained longer on the soil surface.
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