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Abstract

The purpose of this study was to assess the changes in soil chemical properties affected by the cover crops cultivated in crop rotation
in short-term of no-till implementation under Rhodic Hapludox soil. This research was carried out from October 2010 to February
2014. The experiment was set up in completely randomized blocks in a factorial design with eight treatments (cover crops) and three
soil depths (0-5, 5-10 and 10-20 cm) with four repetitions. The cover crops were: fall-winter maize (T,), intercropping fall-winter
maize with B. ruziziensis (T,), intercropping fall-winter maize with B. brizantha cv. Marandu (T3), intercropping fall-winter maize
with Crotalaria spectabilis (T,), B. ruziziensis (Ts), B. brizantha cv. Marandu (Tg), Pennisetum glaucum L. (T5) and fallow (Tg). The
Te and T affected exchangeable Mg*?, it was observed higher exchangeable Mg*2 in T (2.39 cmol, dm™) and T; (2.43 cmol, dm™®)
in comparison to T,. The phosphorus content showed interactive effect between cover crops and soil depth. In the comparison among
the depths, the P contents were higher in 5-10 cm, which showed improvement of 24.6% and 25.2% in comparison to 0-5 and 10-20
cm layers, respectively. The cover crops evaluated in this research affected the exchangeable Mg*? and K*, as well as Mg*? and K*
saturation. The P content changed in response of cover crops, which was important to observe that this nutrient may increase the
content with adoption of cover crops in no-till system. The species used in this research might be recommended to integrate a crop
rotation system with the possibility of increasing P availability in topsoil depth in no-till system.

Keywords: Sustainability, phosphorus content, soil fertility, crop rotation.
Abbreviations: Mg ha™*_ton ha*; CEC_Cation Exchange Capacity.

Introduction

In Brazilian savannah “Cerrado”, researchers are looking for manganese, which might decrease the toxic effect for plants
conservative  system of agricultural that promotes (Zambrosi et al., 2008; Eimil-Fraga et al., 2015). Different
improvement in soil chemical, physical and biological root depth development of each species in crop rotation might
properties, in this point of view, the no-till system shows to contribute to increase nutrients availability in soil solution
be a great option to guarantee the sustainability of soil used in (Garcia et al., 2008; Calegari et al., 2013; Rosolem and
agricultural system (Sa et al., 2014; Dang et al., 2015). Calonego, 2013).

An important step to implement a no-till system is the choice Some researches indicate the possibility of cover crops
of the cover crops species to compile the crop rotation residues changing the chemical soil, as the case of Bassegio
system, because in Brazilian “Cerrado” biome, the weather et al. (2015) who observed that millet in crop rotation has
condition is quite limited during fall-winter season and it may higher average of exchangeable potassium. The cultivation of
delay the production and maintenance of crop residues different species of plants can modify the nutrients dynamic
belowground and aboveground. It is possible that, species in in soil (Tiecher et al., 2012; Steiner et al., 2012; Landry et al.,
crop rotation might promote changes in soil chemical 2014). On one hand there are researches that indicate positive
properties (Landry et al., 2014). because plants can uptake results and improvement of chemical soil through the cover
the nutrients in soil deeper layers and deposit in topsoil, crops; on the other hand researches that did not observe any
recycling the nutrients in soil. The aboveground dry matter difference in chemical soil properties (Moreti et al., 2007;
can release the nutrients from plant tissues through the Cunha et al., 2011).

process of mineralization; this process can change the In the state of Mato Grosso do Sul, Brazil, the millet
dynamic of nutrients in the soil, according to Duda et al. (Pennisetum americanum L.), Crotalaria spectabilis and
(2003). The mineralization of SOM may release organic acid forage grass (Brachiaria spp.) are the cover crops options
that can complex the exchangeable aluminum and that have been used by farmers. The intercropping maize with

1104


mailto:ademar.serra@embrapa.br

Brachiaria spp. is an important system of production that
must be well-known to be possible the implementation
focusing on the benefits that this intercropping may bring into
an agricultural system of production. However, due to the
limited number of information about the soil chemical
properties that are affected by these cover crops in
intercropping, it is important to develop researches to
understand the benefits or not of these systems. Especially
about phosphorus content in soil, because in Brazilian
“Cerrado” the low phosphorus content in soil is a challenge
to obtain sustainability in agricultural system.

Based on the point of view above, the purpose of this study
was to assess in short-term of no-till implementation the
changes in chemical properties affected by the cover crops
cultivated in crop rotation under Rhodic Hapludox soil.

Results and discussion
Analysis of variance (ANOVA) of the parameters assessed

It was taken the joint analysis to study the effects of cover
crops and soil depths on soil chemical properties. Significant
interaction (p<0.01) between cover crops and soil depths for
phosphorus content in soil was obtained. There were effects
(p<0.01) of cover crops on exchangeable magnesium,
exchangeable potassium, magnesium saturation and
potassium saturation. In relation to soil depths, it was
observed significant effects (p<0.01) for all variables
assessed in this study.

Soil depth effects on soil chemical properties

The soil acidity increased in deeper depth, that was observed
higher values of soil pH in topsoil (0-5 cm depth) (Fig 1).
The potential acidity (H+Al) and exchangeable aluminum
showed higher values in 10-20 cm depth, which differed
statistically (p<0.01) from the topsoil (Fig 1). Due to no-till
system, the liming is broadcast in soil surface; this
application may decrease the effects of liming in deeper
layers. Even with the incorporation of liming in the beginning
of the experiment implementation in soil profile of 0-20 cm,
this effect is not long lasting. As reported by Calegari et al.
(2013), in evaluation of long-term experiment, the broadcast
of liming on soil surface in no-till system was not efficient to
correct the soil pH and aluminum exchangeable in deeper
layers. This effect of decreasing soil pH in deeper layer is not
observed in all cases, because in a no-till system evaluated by
Abdollahi and Munkholm (2013), the value of soil pH
increased in deeper layer (10-20 cm). The exchangeable Ca*?
and Mg*? decreases through the soil profile, that can be
associated with the result of decreasing soil pH (Fig 1). In
general, the exchangeable Ca™, Mg* and K*, CEC, base
saturation and sum of base showed higher value in topsoil (0-
5 cm) than in deeper layer (10-20 cm) (Fig 1). The increase
of base saturation is associated with the liming surface
broadcast and potassium in croplands, this way the
accumulation of nutrients (Ca*?, Mg*2 and K*) in topsoil can
be increased over time. Higher nutrient concentration in
topsoil in no-till system was observed by Rheinheimer and
Anghinoni (2003) and Agbede (2010). It was observed by
Willekens et al. (2014) and Garcia et al. (2008) that
potassium showed higher concentration in no-till system in
topsoil than in deeper layer. These authors suggested that this
increase was associated with the crop residues in no-till
system and capacity of nutrients recycling by plants,
promoting the no exchangeable potassium to exchangeable
potassium, increasing the viability for plants uptake.
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The accumulation of nutrients in topsoil and cation exchange
capacity (CEC) in no-till system can be associated with not-
till and maintenance of crop residues on soil surface, this
leads to increase SOM (D'Haene et al., 2009). The CEC in
Oxisol is very dependable of organic colloids, which implies
that SOM may increase the CEC. Even with no difference
observed for cover crops effects on CEC in this study, it is
important to emphasize that all cover crops produced
aboveground dry matter in high quantity (above 4 Mg ha)
that remained in the soil surface covered (data not showed).
This input of SOM may contribute to increase CEC in
topsoil, but, it is important that CEC increases in deeper layer
as well, and this is a challenge for soil scientist.

Base saturation, aluminum, hydrogen, calcium, magnesium
and potassium saturation effects by soil depth

Aluminum and hydrogen saturation increase in deeper layers,
this effect ought to be associated with decreasing in base
saturation and pH in deeper layers (Fig 2). The effects of
liming in deeper layers in no-till system is limited because of
the absence of tillage, this way the carbonate decreases in
deeper layers and aluminum and hydrogen take place in CEC.
With the impossibility of place lime in deeper layers in no-till
system after implementation, the carbonate tends to decrease
over time. As reported by Wang et al. (2015), the decrease of
carbonate in soil tends to increase the acidification, which
results in increasing Al and H* saturation in soil. The
calcium, potassium and magnesium saturation were higher in
topsoil, which differed from the other layers evaluated (Fig
2).

Effects of cover crops on exchangeable and saturation of
magnesium and potassium

On one hand, the treatment Ty and T effects on exchangeable
Mg*?, which was observed higher exchangeable Mg*? in T,
(2.39 cmol, dm™) and T; (2.43 cmol, dm™) in comparison to
Ty, on the other hand, the T¢ and T did not differ from the
other treatments (Fig 3). In relation to the magnesium
saturation, the highest value (20.19%) was observed in the
Te, Which showed significant difference (<0.01) from Ty, T,
and T,, however the Tg did not differ from T, Ts, T7 and Tg
(Fig 3). Higher values of saturation and exchangeable Mg*?
in the Tg and T, can be an indicative of these cover crops
capacity in promoting increase of magnesium in soil profile
(0-20 cm depth). The greatest performance of these species of
cover crops can be associated with the highest adaptability in
“Cerrado” soil in Brazil, most of these species show deep
root in soil and constantly renew their roots, furthermore
these species have higher capacity in biomass production that
can be able to produce high quantity of biomass and increase
SOM and nutrients content in soil. As reported by Tilman et
al. (2001), the diversity of species increase carbon stocks and
benefit the soil quality much higher than monoculture.

It is possible that Brachiaria brizantha cv. Marandu (Tg)
and millet (T;) are more efficient in magnesium uptake and
accumulation in their tissue. As reported by Torres et al.
(2008), the Brachiaria brizantha cv. Marandu and millet
showed higher magnesium content in their residues, 21.1 kg
ha® and 22.6 kg ha, respectively. The capacity of millet in
promoting the highest value of exchangeable Mg was
observed by Andrioli and Prado (2012).

In relation to exchangeable K*, the highest content was
observed in Tg, which differed from the T,, Tg and T,
however, there was no difference in relation to T,, Tg and T,
(Fig 3). To K" saturation, the highest value was observed in



Table 1. Some physical and chemical soil properties of the experimental site.

Depths

0-20 cm 20-40 cm
pH (CaCl,) 5.10 4.66
SOM (g dm™®) 28.0 19.0
P (mg dm™®) 16.30 1.08
K* (cmol, dm™®) 0.41 0.10
Ca*" (cmol, dm®) 4.15 1.90
Mg? (cmol, dm™) 1.30 0.75
H+AI (cmol, dm™) 4.98 4.83
AP (cmol, dm®) 0 0.34
SB (cmol, dm™) 5.86 2.75
CEC (cmol, dm™®) 10.84 7.58
BS (%) 54.06 36.28
Clay (g kg}) 390
Sand (g kg'%) 310
Silt (g kg™ 300

CEC: Cation Exchange Capacity; total acidity pH 7.0 (H™ +AI"); Exchangeable (KCI 1 mol L?) Ca", Mg™ and AI">, SB: Sum of Base=Ycations; BS: Base

Saturation=(3 cations/CEC)x100.

Table 2. Treatments description.

Treatments (T) Cover crops

Spring-summer season

T, Fall-winter maize Soybean
T, Intercropping fall-winter maize with B. ruziziensis Soybean
T3 Intercropping fall-winter maize with B. brizantha cv. Marandu Soybean
Ty Intercropping fall-winter maize with Crotalaria spectabilis Soybean
Ts Brachiaria ruziziensis Soybean
T Brachiaria brizantha cv. Marandu Soybean
T, Pennisetum glaucum L. Soybean
T fallow Soybean

Tg, which differed from the Ts, Tg and T,, however there was
no difference in comparison to T, T,, Ts and T, (Fig 3).

The highest exchangeable K* in Tg might be due to the
absence of cover crops, that resulted in low nutrient
requirement and recycling from deeper soil. Besides, in the
area with cover crops, the highest part of potassium in the
system soil and plant may be immobilized by plants
decreasing the exchangeable potassium in soil (Rosolem and
Calonego, 2013), but this potassium can become
exchangeable through the mineralization process in soil.

Cover crops and soil depth effects on phosphorus content in
no-till system

The P content showed interactive effect between cover crops
and soil depth (Fig 4). In comparison among the cover crops,
the T (millet) decreased the phosphorus content in 0-5 and 5-
10 cm layer, in comparison with the other cover crops.

The millet is an adaptable crop in temperate regions, due to
high root system and capacity of extract high quantity of
nutrients from soil solution, especially phosphorus and
potassium (Molina et al., 2000); these effects results in high
amount of phosphorus in plant tissue decreasing in soil
(Foloni et al., 2008). However, it is important to keep in mind
that this decreases in phosphorus content does not mean in
phosphorus lost, because with mineralization of crop residues
this phosphorus may return into the soil.

The T, showed the highest phosphorus content in the layer
5-10 cm, it showed significantly difference (p<0.01) in
relation to the layers 0-5 and 10-20 cm. In the Ts, the
phosphorus content was higher until 10 cm layer. In T4 (B.
brizantha cv. Marandu), the highest phosphorus content was
observed in 0-5 cm layer (Fig 4). In general, in the
comparison among the three depths evaluated, the
phosphorus contents were higher in 5-10 cm, which showed
improvement of 24.6% and 25.2% in comparison to 0-5 and
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10-20 cm layers, respectively (Fig 4). The highest
phosphorus content might be attributed to the no-till system
and maintenance of crop residues on soil surface (Bassegio et
al., 2015), and another possible explanation for phosphorus
content in 5-10 cm is the fertilization in the rows crops in this
soil layer (5-10 cm).

In general, considering the nutrient range optimum in soil
for plant development, it was verified in this research that the
fertilizer applied associated with the cover crops in no-till
system increased the exchangeable Ca*?, Mg*?, K" and sum
of base, which was adequate for plant development. In
relation to CEC, base saturation and soil pH until 10 cm
depth showed adequate values and the potential acidity
(H+AIl) was considered an average range value. The
exchangeable AI*® and pH below 10 cm depth were classified
as low score and phosphorus content observed in the soil was
above the critical value (9 mg dm™) (Ribeiro et al., 1999).
The utilization of cover crops improved soil chemical in no-
till system through the increasing of available nutrients,
which is important to reduce the spending with fertilizer
through the application of information like in this research to
manage the nutrients in no-till system.

Materials and methods
Site description

This research was carried out from October 2010 to
September 2013 in a Rhodic Hapludox, clayey texture, clay
mineralogy is constituted mainly by Al/Fe oxy-hydroxides,
according to taxonomy of Santos et al. (2013), located in the
municipality of Maracaju, State of Mato Grosso do Sul,
Brazil (approximately 21°36°52°’S. 55°10°06”°W, average
altitude 384 m above sea level). According to Koppen (1948),
the region is classified as tropical climate of type Cwa, with
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Fig 1. Soil chemical properties. Different letters indicate significant difference (p<0.05) among depths by Tukey test of means. The
error bars are the standard errors.
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Fig 2. Soil chemical properties. Different letters indicate significant difference (p<0.05) among depths by Tukey test of means. The

error bars are the standard errors.

rainy summer and dry winter. The rainfall and temperature in
the region of the experimental site is showed in Fig. 5.

Historic of the area

During ten years, the experimental area was cultivated with
soybean in spring-summer and maize in fall-winter season.
Before the implementation of the experiment in June 20"
2010, it was collected soil to analysis the chemical and
physical properties, in 0-20 and 20-40 cm depth (Table 1).
The dolomitic lime (2.4 Mg ha™®) and gypsum (CaS04.2H,0)
(0.6 Mg ha™) were applied in 2010, 30 days before soybeans
sowed. The lime showed calcium carbonate equivalent (CCE)
to 64%. The lime and gypsum were accomplished by
spreading on the soil without incorporation.

Experimental design and treatments

The experiment was carried out during three years, from
2010 to 2013. The assessments of the experiment were
performed in September 2013. The experimental design was
set up in completely randomized blocks with eight treatments
(cover crops) and in three soil depths (0-5, 5-10 and 10-20
cm) with four repetitions (Table 3). The experimental unit
was set in a dimension of 12 m x 2.5 m. The treatments
adopted were different cover crops sowed in the fall-winter
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season before soybean cultivation in the spring-summer
season under no-till system (Table 2).

Plant material and steps of treatments implementation

The major species in the fallow were basically for the weeds
for Bidens pilosa, Eleusine indica, Euphorbia heterophylla,
Brachiaria spp. and Ipomoea grandifolia. The sowing of the
fall-winter corn in the growing seasons was accomplished in
no-till system right after the soybean harvest. It was used the
fall-winter corn hybrid DKB 390 VTPRO. The sowing of
fall-winter corn was executed depositing three seeds per
meter in the spacing between rows of 50 cm. At the moment
of sowing in February of each year, the fertilizer was
accomplished with 256 kg ha™ of the formulation 12-15-15
(N-P,05-K,0), this fertilizer recommendation was based on
the results of soil chemical and adequate nutrient range
according to Cantaruttti et al. (1999).

The intercropping fall-winter maize with forages grass (B.
ruzizienses and B. brizantha cv. Marandu) was sowed at the
same moment through the use of automatized machine. The
space between rows for forages grass was 21 cm. The seed
cultural value for B. ruzizienses and B. brizantha cv.
Marandu were 50% and 80%, respectively. Both species of
forages grass showed seeds with 80% of germination and
62.5% of purity. To establish the intercropping fall-winter
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corn with B. ruzizienses and B. brizantha cv. Marandu, it was
used 3.0 and 3.5 kg ha™ of pure life seeds, respectively. The
plots sowed with only B. ruziziensis and B. brizantha cv.
Marandu were established with 4.0 and 5.0 kg ha* of pure
life seeds, respectively.

The P. glaucum L. sowing was accomplished in the space
between rows of 50 cm. The P. glaucum L. cultivar sowed
was BRS 1501, which was used 11 kg ha™ of seeds. The
intercropping fall-winter corn with C. spectabilis was
accomplished with 6 kg ha of seeds in the space between
rows of 45 cm. The sowing of C. spectabilis was done
manually 15 days after the winter corn sowed.

In the soybean sowing it was used an automatized machine.
In the occasion of sowing in October of each year, it was
accomplished the fertilizer with 380 kg ha' of the
formulation 02-20-20 (N-P,0s-K,0) in sowing furrow, this
fertilizer recommendation was based on soil chemical results
and soybean needs according to Cantaruttti et al. (1999). The
soybean cultivar sowed was BMX Poténcia Roundup Ready
(99% of purity and 95% of germination). It was sowed 15
seeds per meter. The soybean seeds were treated with
fungicide [Carboxin + Thiran (48 g L™)], insecticide
[Fipronil (40 g L™%)], micronutrients [cobalt (2.32 g L) and
molybdenum (40.6 g L™)], and these doses were in gram of
active ingredient per 80 kg of seeds. Besides, the seeds were
inoculated before the sowing with inoculate in turf, which
contented the bacteria Bradyrhizobium elkani (Race Semia
5019) and Bradyrhizobium japonicum (Race Semia 5079) in
the concentration of 5x10° viable cells per gram of inoculate.
It was used 100 mL of inoculate in each 80 kg of soybean
seed. The desiccation of cover crops was accomplished 20
days before the soybean sowing, through the use of
glyphosate-salt-isopropylamine (1,440 g ha® of acid
equivalent) plus 1,209 g ha™ of active ingredient of 2.4-D,
dimethylamine salt.

Soil measurement

Soil samples were collected after desiccation of cover crops
in September 2013. The measurements were taken in three
soil depths (0-5, 5-10 and 10-20 cm). The samples were
collected in trenches. These trenches were made
perpendicular to the sowing row. After collecting the
composite soil sample, it was stored in a plastic bag,
identified and forward to Soil Lab of Universidade Federal da
Grande Dourados (UFGD) in Brazil to be analyzed. The
following parameters were evaluated in the soil sample;
PHeac (1:2.5 ratio), total acidity pH 7.0 (H™+AIPY),
phosphorus content, exchangeable potassium, exchangeable
aluminum, exchangeable calcium, exchangeable magnesium,
base saturation, Cation Exchange Capacity (CEC) in pH=7.0,
base saturation (BS%), calcium (%Ca), magnesium (%Mg),
potassium saturation (%K), following the methodology of
Claessen (1997).

Statistical analysis

The variables assessed in this experiment were submitted to
the analysis of variance (ANOVA) by the F-test, which was
through a joint analysis between the cover crops and soil
depths evaluated. The means were compared through the
Tukey test of means (p<0.05). These tests were carried out
with the use of SISVAR software (Ferrreira, 2010).
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Conclusion

The cover crops evaluated in this research affected the
exchangeable magnesium and potassium, as well as the
magnesium and potassium saturation. The phosphorus
content changed in response to cover crops, which was quite
important to observe that this nutrient may increase the
content with adoption of cover crops in no-till system. These
species used in this research may be recommended to
integrate a crop rotation system with the possibility of
increasing phosphorus availability in soil. In Oxisol, as the
case of this research site, the phosphorus content is the most
limited nutrient in soil, the use of cover crops that improve its
availability is a great step to become the no-till system
sustainable.
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